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This review of the properties of leptons, mesons, and baryons is an updating of Review of Particle Properties, Particle 
Data Group [Rev. Mod. Phys. 52 (1980) No. 2, Part U|. Data are evaluated, listed, averaged, and summarized in tables. 
Numerous tables, figures, and formulae of interest to particle physicists are also included. A data booklet is available. 
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I. Introduction, credits, consultants 

This review is an updating through December 1981 
of our previous review of particle properties [Particle 
Data Group (1980)]. As in previous editions we have 

attempted to make the text as complete and self-con
tained as possible. 

As usual, the results of our compilation are pre
sented in two sections, the Tables of Particle Proper
ties and the Data Card Listings. The Tables summarize 
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the properties of only those particles whose existence 
is in our judgment experimentally well founded and 
which have a high probability of standing the test of 
time. This is a conservative judgment, and surely some 
genuine resonances are omitted, awaiting confirmation 
(see section V below). 

The Data Card Listings give up-to-date information, 
with references, on all reported particles, whether con
sidered well established or not. The Listings also con
tain mini-reviews on questions of interest. 

A history of the Particle Data Group, with a discus
sion of procedures and problems, has been given by 
Rosenfeld (1975), and a short survey of the history of 
some of the constants we compile may be found in 
Appendix III. 

As in previous editions, we include a section of 
miscellaneous tables, figures, and formulae. These are 
aimed at the practicing high energy physics experimen
talist. We welcome all suggestions and comments re
garding topics for deletion or inclusion, etc. This year 
we have revised many of these items, but no new ones 
have been added. 

A pocket-sized Particle Properties Data Jooklet, 
containing the Tables and a reprint of the figures and 
formulae from the first part of the review, is available 
on request. For North and South America, Australia, 
and the Far East, write to Technical Information 
Department, Lawrence Berkeley Laboratory, Berkeley, 
CA 94720, USA. For all other areas, write to CERN 
Scientific Information Service. CH-1211 Geneva 23, 
Switzerland. 

As usual, we wish to emphasize that we compile the 
experimental results of others. It is inappropriate to 
give us the credit for their countless hours of effort. 
We urge that references be given directly to the origi
nal data, and we provide complete references in the 
Data Card Listings for that purpose. 

The responsibilities for the various sections can be 
broken down as follows: 

(\) Stable particles: R. Frosch.T. Shimada, R.E. 
Shrock. T.G. Trippe, C.G. Wohl, and G.P. Yost. 

(2)Meson resonances: M. Aguilar-Benitez, M.J. 
Losty, L. Montanet, F.C. Porter, M. Roos, and Ch. 
Walck. 

(3) Baryon resonances: R.L. Crawford, G.P. Gopal. 
R.E. Hendrick. R.L. Kelly, M.J. Losty, L.D. Roper, 
and C.G. Wohl. 

(4) General, including text: All authors. 

Consultants: To overcome gaps in our coverage, 
both intellectual and geographical, we have solicited 
the help of consultants: 
R.A. Arndt (Virginia Polytechnic Institute and State 

University). 
S. Aronson (BNL), 
W.B. Atwood (SLAC). 
C. Baltay (Columbia University), 
A. Barbaro-Galtieri (LBL), 
B. Barish (California Institute of Technology), 
A.V. Barnes (LBL), 
D. Besset (Stanford University), 
C. Bricman (CERN). 
R. Calm (LBL), 
M.S. Chanowitz (LBL), 
J.M.Dorfan(SLAC). 
J. Engler (DESY). 
G. Feldman (SLAC), 
V. Flaminio (University of Pisa), 
F. Foster (University of Lancaster). 
M.K. Gaillard (LBL), 
G. Goldhaber (LBL), 
M. Goldhaber (BNL), 
Y. Gnldschmidt-CIermont (CERN), 
R. Hagstrom (Argonne National Laboratory), 
K. Hashimoto (Virginia Polytechnic Institute and 

State University), 
J.H. Hubbcll (US National Bureau of Standards), 
D.A. Jensen (University of Massachusetts at Amherst), 
J. Learned (University of Hawaii), 
G.M. Lewis (University of Glasgow), 
W.G. Moorhead (CERN), 
D.R.O. Morrison (CERN), 
P. NCmethy (LBL), 
P. Oddone (LBL). 
O.E. Overseth (University of Michigan), 
S.I. Parker (University of Hawaii), 
M. Perl (SLAC), 
D.N. Schramm (University of Chicago), 
M. Shaevitz (Nevis Laboratory). 
R.I. Steinberg (University of Pennsylvania), 
B.N. Taylor (US National Bureau of Standards), 
J.A. Thompson (University of Pittsburgh), 
N.A. Tornqvist (University of Helsinki), 
G.H. Trilling (LBL). 
R.D. Tripp (LBL), 
W.P. Trower (Virginia Polytechnic Institute and State 

University). 

iii 
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The usefulness of this compilation depends in large 
part on the interaction between the users and the au
thors and consultants. We appreciate comments, crit
icisms, and suggestions for improvements of all stages 
of data retrieval, processing, evaluation, and presenta
tion. 

II. Selection of data 

All particles are considered to fall into one of the 
three groups: 

(1) Stable particles, defined to be those immune to 
decay via the strong interaction, including the photon, 
the leptons. the rj, the D and F charmed mesons, the 
A c charmed baryon, etc. 

(2) Meson resonances, including the ii. the x, and 
the T particles. 

(3) Baryon resonances. 
These groups are maintained within the two main 

parts of the compilation: 
(1) Tables of Particle Properties. 
(2) Data Card Listings. 
The Data Card Listings contain the original infor

mation (data, references, etc.), weighted averages, 
comments, and "mini-reviews". Immediately preced
ing the Data Card Listings is an illustrative key there
to. We attempt to give complete Data Card Listings up 
to our closing date (January 1, 1982) for all journals 
listed in the Illustrative Key. As a general rule, we do 
not include results from preprints or unpublished con
ference reports. Exceptions to this rule are made on a 
case-by-case basis. 

Many of our encoded results, those set off in paren
theses, are not used for averaging. The reasoning is 
then often given in a footnote below the data. If the 
reason is not given, it is one of the following: 

The result was presented with no error stated. 
The result comes from a preprint or conference 

report. It is our experience that such results (and par
ticularly the errors) often change before final publica
tion. Accordingly we keep these new results in paren
theses until they are published (or explicitly verified 
to us by the authors). 

It involves some assumptions that we do not wish 
to ;ncorporate. 

It is of poor quality, e.g. bad signal-to-noise ratio. 
It is inconsistent with other results, e.g. because of 

iv 

different methods employed, rendering averaging 
meaningless. 

It is not independent of other results, e.g. it is a 
result from one of several partial-wave analyses all us
ing the same data, again rendering averaging meaning
less. 

Upper limits are not averaged (except in rare cases 
which are re-expressible as numbers with gaussian er
rors). 

When the data for a particle have received special 
treatment or present special problems, this is noted in 
a mini-review in the Data Card Listings. 

As time goes by. some early results lose all their 
weight in the averages. We may then remove them from 
the Listings without further comment. We usually do 
not remove the corresponding reference cards, however, 
so that our reference sections preserve the historical 
record. In this edition the meson section has undergone 
an extensive "house-cleaning". As a result it appears 
more readable (or so we hope). The earlier data may 
be found in the 1980 edition). 

The Tables of Particle Properties contain "best" 
values obtained from the data in the Data Card Listings 
by various methods. The statistical procedures of sec
tion VII are used to combine independent data which 
have gaussian errors. Upper limits in the Tables usually 
represent the strongest limit available from a single ex
periment. The extent to which these methods are tem
pered by critical judgment is explained in the footnotes 
to the Tables. In general, however, the footnotes are 
less complete than is the collection of notes and mini-
reviews in the Data Card Listings. The reader is thus 
encouraged to become familiar with the Data Card 
Listings and, ultimately, with the original references. 

III. Nomenclature 

A. Quantum numbers 
The symbols IG(Jp)Cn represent: 

/ = isospin, 
G =G parity, 
J - spin (also s), 
P = space parity, 
C n = charge-conjugation parity for the neutral member 

of the isospin multiplet. 
We also use: 

B = baryon number, 
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S = strangeness, 
C = charm, 
/ = orbital angular momentum. 

1. Mesons. The charge-conjugation operator C turns 
particle into antiparticle and has eigenvalues ±1 only 
for neutral states; so it is useful to define an operator 
G which has eigenvalues for charged states too. This is 
usually *' defined by 

G = Cexp(iff/ y). (1) 

A neutral nonstrange, noncharmed state is an eigen-
state of exp(inly) with eigenvalue (-1) ' . Then we can 
write the eigenvalue equation for the whole multiplet 
as 

G = C„(-1) ' . (2) 

where Cn (n for neutral) is the eigenvalue C would 
have if applied to the neutral member of the multiplet. 
Thus, for a 7r°,Chas the eigenvalue +1, and since/ 
= I, G = - 1 . For a charged p;i •>, there are no eigen
values corresponding to C and to the isospin rotation, 
but eqs. (1) and (2) still give G = -1. 

Consider a meson as a bound state of fermion-
antifermion, e.g. quark-antiquark qq, with orbital 
angular momentum /, and with the two fermion spins 
coupling to give a spin s. Then one can show that the 
charge-conjugation eigenvalue [defined as in eq. (2)] 
is 

C „ = ( - l ) ' « . (3) 

Eqs. (2) and (3) combine to give 
G = (- l )'+*+/. (4) 

The parity is 

P=-(-\)'. (5) 

Eqs. (3) and (5) combine to give 

CnP = -(-\y, (6) 

so all singlets ( 'SQ, 'Pj,...) have CnP = - 1 . and all 
triplets ( 3 S] , ...)have C n P= +1. For proofs of the 
above, see our 1969 text [Particle Data Group (1969)] 

' l Most texts define it as in eq. (1); see e.g. Gasiorowicz 
(1966); however, sometimes the rotation is taken about 
Ix. The difference between the two eonventions is men
tioned in a footnote in Kallen (1964). 

and Appendix by C. Zemach. 
If. instead of qq. we consider the meson as a state 

of boson-antiboson (e.g. A 2 -* KK), it turns out that 
some signs cancel, and eqs. (3) and (4) [not eq. (5)!] 
apply unchanged. Of course, the mesons are often 
spinless, so s is zero, but the equations are more gen
eral. Eqs. (3) and (4) can be considered as selection 
rules forbidding many decays. 

We now use eqs. (3) and (4) to introduce the con
cept of "Abnormal-Cn" mesons, i.e. mesons that can
not be composed of qq. For this, it is sufficient to con
sider the SU(3) subgroup of the full unitary group of 
flavors, containing the u, d, and s quarks in a {3} re
presentation. 

This triplet of quarks is of course defined to have 
isospin and hypercharge properties such that qq can 
combine (according to the SU(3) relations {3} 8 {3} 
= {8} m {1}) so as to form only octets and singlets. 
The non-observation of "exotic"' mesons (i.e., mesons 
in larger SU(3) representations, or mesons requiring at 
least a qqqq structure) is of course a direct consequence 
of the naive quark model. It is less obvious that even 
some octets are forbidden by the model, namely those 
with (Jp)Cn = (0 1 ) - . (1"•)+, (2 +) -,.... Such states 
are not observed, and this is an additional success of 
the naive quark model classification scheme. 

When the naive quark model is extended to QCD, 
one expects gg gluonium mesons also. Since the gluon 
g is a flavor singlet, all gluonium states must be flavor 
singlets which can be expected to mix with nearby qq 
singlets. Nu gluonium states have been definitely estab
lished yet. 

In what follows, do not confuse "AbnormaI-Cn" 
with "Normal" or "Abnormal"./'', both of which are 
allowed by the quark model. The series Jp = 0 + . 1 ~, 
2 + , . . . is called Normal because P = (— l)J as for normal 
spherical harmonics, and Jp = 0~. 1 + . . . . is called 
Abnormal. 

The top part of table 1 shows all the low angular 
momentum states that can be formed from qq. Note 
that half of the .lp states can be formed by both a 
triplet and a singlet qq state.e.g. i?l, 'Pj ,or 3 D 2 , 
'D2- in spectroscopic notation [ < 2 s + " / / ] . Fq. (3) 
shows that 3Pj and 'P, have opposite C n , so the qq 
model allows both. But the states 3 P n and 3 P 2 have 
no ' P counterparts. According to eq. (6) they have 
CnP = +\. and with the qq model there is no way to 
form a state with a Jp of 3 P 0 2 (i.e. Jp = Normal) and 
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Orbital excitations of the qq system, and corresponding mesons. For the distinction between Abnormal J? and Abnormal Cn, sec 
text following eq. (6) in section III. Strange and charmed mesons share the same values of j " as the/ = 0 and 1 states shown, but 
are not eigenstates of G. The second column, which gathers together ( / ° ) N o r \CnP, is a redundant intermediate step intended to 
make the table easier to read. The table repeats itself for each radial excitation. 

qq S t a t e ( 2 s + l ) B I J p y n p 

N o r m a l o r 

Examples of g round-s t a t e mesons 
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with C„P = - 1 . As mentioned, such octets have not 
been found. With the help of table 1 one can also see 
that the special state 'So, C„P = +l, cannot be formed, 
so has Abnormal Cn. 

When, in addition to the /-excitation, there are 
radial excitations of the qq system, table 1 repeats it
self, and we need a radial quantum number n for each 
repetition (n = 1 for the ground state). Examples of 
first radial excitations,/; = 2,arep'(1600), i|/(3685), 
and T( 10020). Examples of further possible radial ex
citations can be found in the \js and T families. 

2. General remarks. Well-established quantum num
bers are underlined in the Tables of Particle Properties 
(except for stable particles, where most of the quan
tum numbers are established). We have used what 
evidence is available (sometimes flimsy) to guess many 
of the remaining ones, and we have indicated with 
"?" ones (in the Baryon Table) for which there is al
most no evidence. 

As is customary, we define antiparticles as the re
sult of operating with CPT on particles, so both share 
the same spins, masses, and mean lives. Whenever there 
is a particularly interesting test of CPT invariance we 
include it in the Stable Particles Table. 

B. Particle names 
If a meson has a well-accepted colloquial name, we 

use it. If not, we name it by a single symbol which 
specifies its /''-"Normality", its isospin /, its strange
ness S and charm C, and, for a non-strange, non-
charmed meson, its G parity. 

The name conventions for mesons are given in the 
first part of table 2. 

For some pairs of mesons with supposedly identical 
quantum numbers, we also use primes; e.g. TJ, T/; f, f'; 
p, p . Note that primes and subscripts do not carry any 
further specific meaning. 

For baryons no attempt has been made to attach a 
subscript about / and P. The name conventions are 
given in the second part of table 2. For stable bary
ons of each/ and S we use the symbol standing alone; 
for resonances, the mass is in parentheses [i.e. N( 1680), 
A(1405), 2(1775), etc.]. The Jp assignments are re
ported in the Baryon Table as \ +, f - , | +, etc., and 
also by the symbols P ( 1 , D 1 3 , F 1 5 , which refer to the 
•up or Kp partial-wave amplitude in which the resonant 
state occurs (the first subscript refers to the isospin 

Table 2 
Particle name conventions. 

Name / S c G 

Mesons, 
j " "Normal" 
u , 0, * , T a > 0 0 0 -
e 0 0 0 + 
6 1 0 0 -
f> 1 0 0 + 
K*,K 1/2 ±1 0 
D* 1/2 0 ±1 
F* 0 i l i l 
Mesons, 
/ "Abnormal' 
V 0 0 0 + 
JT 1 0 0 -
K,Q 1/2 ±1 0 
D 1/2 0 ±1 
F 0 ±1 ±1 

Baryons 
N 1/2 0 0 
A 3/2 0 0 
Zl 0, 1 +1 0 
A 0 - 1 0 
2 1 - 1 0 
Z 1/2 - 2 0 
n 0 - 3 0 
A c 0 0 1 
2 C 1 0 1 

a * We use the s> 'mbol w for those / C = 0 mesons which are 
mainly uu and dd quark states; <p for those which are main
ly ss quark states, ̂  for mainly cc states, and T for mainly 
bb states. 

state: 2 X/for N, A, and H, and just / for Z, A, and 
S). When two or more baryons have identical quan
tum numbers we warn the reader by adding primes to 
the spectroscopic symbol as explained in footnote (a) 
of the Baryon Table. 

IV. Conventions and parameters for strong interactions 

A. Partial-wave amplitudes and resonance parameters 
The vast majority of information concerning baryon 

resonances comes in the form of partial-wave analyses. 
In addition data concerning meson resonances (tra, 
Kw, nirn) are, with increasing frequency, being sub
jected to partial-wave analyses. We thus find it natural 
to introduce the resonance parameters which we com-
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pile in terms of a Breit-Wigner approximation for the 
partial-wave amplitude. 

In general the elastic amplitude for a given angular 
momentum / may be written as 

7-„ = hexp(2 iS) - l ] /2 i , (1) 
where r) is the absorption parameter (0 < 7) < 1) and 
8 is the phase shift. The subscripts 11 on T denote 
scattering from channel 1 to channel 1 (e.g. mr -* irn 
orKK->-KK). 

In fig. 1 we show an Argand plot of the elastic par
tial wave amplitude 7"] |. It illustrates geometrically 
how the real parameters 7? and S are related to the real 
and imaginary parts of 7"] |. Many examples of such 
Argand plots may be found in the Baryon Data Card 
Listings. 

Consider the so-called non-relativistic Breit-Wigner 
approximation for 7"| 1: 

r „ = |r,/(ji/-£-- |ir), (2) '11 - 2 ' 1/ 

where E is the cm. energy or invariant mass, Ty and 
r are the elastic and total widths, and M is the reso
nance mass. £q. (2) is, of course, not the only possible 
description of a resonant amplitude; but it suffices to 
illustrate the properties of partial-wave amplitudes 
which we associate with resonance behavior in the ab
sence of any background in the same partial wave 
(see, e.g., the 7rN DJ5 and F 1 5 waves in the Baryon 
Data Card Listings). Usually the widths contain bar
rier-penetration factors which can vary rapidly with 
energy. Near threshold, Y\(E) should start up as q 2 M 

Fig. 1. Argand plots for the clastic partial wave amplitude 
Tj 1. The outer circles arc the unitarity bound (n = 1). The 
inner circles correspond to the Breit-Wigncr approximation 
ofeq. (2) for (a) x , = T| /r = 0.75 and(b)x , =0.4. Note: 
e = 2{M - E)lr. 

(also true for the inelastic width Vp). Various E depen
dences are then used for Tl, mostly of the form 

r,(£-)<x(9^)2'+V[const + ... + (qR)2'] ; (3) 

see Jackson (1964), PiSut and Roos (1968), and 
Barbaro-Galtieri (1968). 

The BW approximation to the amplitude for an in
elastic process leading from channel 1 to channel (3 
(TTTT -» KK or KN -* Srr, for example) is 

T'i), = i(rir(,)»2,w-.E--£ir) 
= (x^i1\\rw-E-\\r)\, (4) 

where 

N 

*« = ryr . (5) 

and * | (called the elasticity) is often written xc. (Note 
that in the Data Card Listings we use the symbol Pg to 
denote Xp.) The channel cross section <J]g for the reac
tion 1 -»(}, for spin 0-spin 1/2 scattering, is 

o 1 ( 3 = 4TrX 2(J+|)|T' 1pi 2 , (6) 

where J = I ± \. 
The important features ofeq. (4) which character

ize resonant behavior in the Argand diagram (Im Tlp 
versus Re T ^ a r e : 

energy variation given by circles with diameter 
( X ) ^ ) " 2 and maximum amplitude at E = M of 

1/2 . (7) 7 T " = U*I*B) 

a maximum in the speed near resonance, given ap
proximately by 

"Speed-'(res) = | d r I q / d £ ' ] ^ j W = 2(^ 1^) 1 ' ' 2/r(£-), 
(8) 

for slowly varying F(E). These features may be related 
to the rj, 5 representation of 7"j l . Thus when E = M,S 
is either 90° (xt > 5) or 0° (x{ < 5) and 7) dips to its 
minimum value. 

These simple properties can be used to judge the 
presence or absence of resonance behavior in an 
Argand plot, but do not necessarily constitute the 
criteria we use (see section V). It must also be kept in 
mind that eqs. (2) and (4) are only approximations to 
the "true" amplitude. The simple picture given above 
can be distorted by various effects: 
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the presence of "background" in the same partial 
wave as the resonance, 

two resonances in the same partial wave overlapping 
in energy, 

the resonant energy At being close to an inelastic 
channel threshold, in which case a /^-matrix-like pa-
rametrization is more appropriate, 

the speed of the resonance being very slow so that 
the resonance is very broad, and the Breit-Wigner 
formula a bad approximation. 

B. Sign conventions for resonance couplings 
Consider the partial width Tg of a resonance decay

ing into the channel 0. We can always define a cou
pling constant such that 

In this case the inelastic amplitude in the Breit-
Wigner approximation, eq. (4), will go as 

rlflo=c,Gp/(M-£-|ir), 
where Gi is the coupling constant for the elastic chan
nel. In the context of exact SU(3) symmetry the rela
tive signs of the product GlGl3 for different resonan
ces are often useful as a consistency check on SU(3) 

assignment of baryon resonances. See Appendix I for 
further details. 

In the Data Card Listings for baryon resonances, we 
tabulate measured values for (xlx„)i^ ^CjG^.When 
the sign of the amplitude is determined, it is given; ab
sence of an explicit sign indicates that it is undeter
mined (not that it is positive). For A and I resonances, 
the signs are chosen according to the convention advo
cated by Levi-Setti (1969) and used in the table of 
SU(3) Isoscalar Factors presented in this review. Thus 
the signs multiplying the Breit-Wigner amplitudes for 
KN -» 2(1385) -> Sir, Air and KN - A(1405) -» ZTT 
are simply the product of the phases of the appropri
ate isoscalar factors. This convention is shown in fig. 2, 
adapted from Levi-Setti (1969). 

C. Types of partial-wave analyses 
Partial-wave analyses (PWA) are classified into three 

categories in the Data Card Listings: energy-indepen
dent partial-wave analyses (1PWA). energy-dependent 
partial-wave analyses (DPWA), and model-dependent 
partial-wave analyses (MPWA), in increasing order of 
the number of explicit supplementary hypotheses that 
are used to extract the amplitudes from experimental 
data. 

- 2 . 

SU(3) RELATIVE SIGN OF RESONANT AMPLITUDES 
T « , -a (G„K T . -G Y l r Y . ) / (M-E- i '%) 

P I 3 • X X 

yTyTv 

W 
16701 
SOI 

r v 

w 
AH6901 

0 0 3 

•.-"YTyiS 

l»l 
AK620) 

T 0 5 

' V 

A[i 8 3 0 
0 0 5 

) 1 ( 2 0 3 0 ) AI2100) 
f i ' G 0 7 

X 

v~y-yr\ 4" sot 
AC* 0 5 

i'l 

\ A K 
' \ J \ / 

D 0 3 013 
1 AII5Z0) 1(16701 

I'l l»l 

X X 
S l l DIS 

1 1 1 7 5 0 1 I 11775) 

X 

1 

X X X 
f ' 5 

I H 9 I 5 I 

I s ; 

A. X 

M la, 
I I 1 7 5 0 I E U 7 7 S ) 

S " 0 ( 5 

V 

'»! J'OJ 
X(i9IS) 1 ( 2 0 3 0 ) 

F '5 r ,T 
X 

i I • "l 
v ; 

P13 
i iuesi 

1-cJ 

v ; 

0 1 3 
J l ' 6 7 0 1 

X X X 

- A i r 

Fig. 2. Plot adapted from Levi-Sctti (1969) showing the sign convention adopted here for the Sir and An amplitudes. Once the 
signs of one 7 = 0 and one / = 1 amplitude are fixed, the others can be measured relative to these two. Arrows here indicate signs 
predicted by SU(3); x marks indicate the observed phases; • indicates phase chosen according to sign convention described in text. 
The £(1915) predictions have been changed from Levi-Setti's original figure. 
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In an IPWA, data at different energies are analyzed 
separately. Usually each partial wave included in the 
fit is allowed to vary freely (subject to unitarity con
straints) over some large region, and waves whose an
gular momenta are above some cutoff value are as
sumed to be negligible. The sharp cutoff in angular 
momentum resolves continuum ambiguities in the so
lution (such as the overall phase ambiguity), but there 
remains a finite number of indistinguishable "best" 
solutions (i.e., solutions corresponding to identical 
physical observables) which have been codified by 
Barrelet (1972). In addition, there are generally some 
nearby solutions (and their associated Barrelet ambi
guities) which have chi-squared values close to the 
minimum one. 

At the end of the analysis a choice is made among 
these many solutions, usually on the basis of energy 
continuity. A popular criterion for making this choice 
is the shortest path U .anique in which the total 
"length" of the preferred solution is chosen to be a 
minimum. The definition of "length" used here is not 
universal but is usually closely related to the total 
geometrical length of the lines representing the various 
partial-wave amplitudes in Argand plots (see the bary-
on section of the Data Card Listings for examples of 
Argand plots). Various other criteria which are also 
used in some analyses are, e.g., matching with known 
solutions at low energies, the presence of known reso
nances in the final results, and limited inelasticity in 
high partial waves. 

In a DPWA, data at different energies are fit simul
taneously by using an energy-dependent parametriza
tion of the partial-wave amplitudes. The parametriza
tion is usually chosen to include both resonances and 
nonresonant background of some sort and an attempt 
is made to keep it as "model independent" as possible. 
Often the data are grouped into several energy bins 
which are fit separately rather than trying to fit the 
whole energy range under consideration simultaneous
ly. One of the main advantages of DPWA over IPWA 
is that sparse data spread over many different energies 
can be analyzed, e.g.. nearly all S = -1 analyses are 
DPWA. In addition, the built-in energy continuity 
helps to resolve the ambiguities that plague IPWA and 
eases the problems associated with resonance parame
ter extraction. The price one pays for these advan
tages lies in the danger of systematic error in the am
plitudes and poor fits to the data if the parametrization 

is poorly chosen or insufficiently flexible. 
An MPWA also uses an energy-dependent parametri

zation, but one based on explicit model-dependent 
theoretical assumptions such as Regge exchanges. This 
technique is usually applied to reactions where the 
data are incomplete. There is, of course, no sharp dis
tinction between DPWA and MPWA, and a well chosen 
MPWA parametrization may actually be less biased 
than a model-independent but poorly chosen DPWA 
parametrization. 

D. Production of resonances 
Hereby, we mean the observation of statistically 

significant peaks in invariant mass plots or, loosely, in 
integrated cross sections. Many meson resonances are 
of this type. We expect most of these peaks to be asso
ciated with Breit-Wigner behavior in appropriate 
Argand plots; thus the p meson peak in nn mass plots 
is firmly related to the / = 1. / = I 7nr phase shift pas
sing through 90°. The shape of the p meson is reason
ably well described by the relativistic Breit- Wigner 
formula with the three parameters M, r(Jtf). and R of 
cq. (3). 

From mass plots we can determine M. P. and tlv 
approximate branching ratios 

xjxB = rjr0. (9) 
In the case of total cross sections, the peak above back
ground gives us, using the optical theorem, the product 
V+\)xe: 

oloHf = M) = 4ir%2(J + j)xc . (10) 

V. Criteria for resonances 

An experimentalist who sees indications of a reso
nance in some energy (or mass) region will of course 
want to know what has been seen in that region in the 
past; hence, we strive to have the Data Card Listings 
serve as an archive for all substantial claims for reso
nances. (However, we do not intend to preserve a pe
rennial record of claims proved to be wrong. Some 
such claims have been removed from the Meson Lis
tings in 198~. We refer the interested reader to our 
1980 edition for our complete archives.) 

For the Tables of Particle Properties, on the other 
hand, we wish to be more conservative than for the 

x 
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Listings and to include only those peaks or resonances 
which we feel have a large chance of survival. An arrow 
(-*) at the left of the Tables of Particle Properties in
dicates that a questionable candidate has been omitted 
from the Table, but that it can be found in the corre
sponding part of the Data Card Listings. One's betting 
odds for survival are of course subjective; therefore no 
precise criteria can be defined. Very slow speeds (e 
and K) make it quite difficult to decide what is a reso
nance and what is not. For more detailed discussions, 
see the mini-reviews in the Listings. In what follows 
we shall attempt to specify some guidelines. 

(a) When energy-independent partial-wave analyses 
are available (mostly for NT's), approximate Breit— 
Wigner behavior of the amplitude appears to us to be 
the most satisfactory test for a resonance. We can 
check that the Argand plot follows roughly a left-
hand circle, and that the "speed" of the amplitude 
also shows a maximum near the resonance energy: 
further, there should be data well above the resonance, 
showing that the speed again decreases. Indeed proper 
behavior of the partial-wave amplitude could accredit 
a resonance even if its elasticity is too small to make 
a noticeable peak in the cross section. 

Of course even if Argand plots are available, it may 
still be a matter of opinion as to what behavior consti
tutes a resonance. Such an example is the Zn(1780) 
state seen in KN total cross-section experiments and 
in partial-wave analysis. The partial-wave analyses of 
Giacomelli (1974) and Martin (1975) find preferred 
solutions which exhibit a resonance-like loop in the 
P 0 1 wave near 1740 MeV. However. Giacomelli et al. 
and Martin point out that, despite the resonantlike 
appearance of the loop, the evidence for resonant 
energy dependence is inconclusive. Thus we omit the 
ZQ(1780) from the Baryon Table. A similar quandary 
has existed for some time concerning the Z, (1900). 
and it too has been omitted from the Tables. 

(b) When there are insufficient data to perform en
ergy-independent analyses, one often resorts to ener
gy-dependent partial-wave analyses (mostly for Y*'s). 
In this case Breit-Wigner behavior is an input. We 
therefore require that resonance solutions be found 
by several different analyses, preferably in different 
channels (KN -* KN. 77S, etc.). before putting the 
claim in the table. 

(c) Partial-wave analyses of three-body final states 
(TTN ->• ;r7rN) are now available. While these analyses 

are based on the isobar model (;rN -• pN, nA, etc.) and 
are subject to theoretical objections of varying impor
tance, they provide increasingly reliable information 
on inelastic decay modes of otherwise established reso
nances. 

(d) Most mesons. X* peaks, and high-mass N* and 
Y* peaks fall into a category for which no partial-wave 
analyses exist. In general we accept such peaks if they 
are experimentally reliable, of high statistical signifi
cance or observed in several different production pro
cesses. 

Thus, we enter into the Tables of Particle Properties 
only states for which there is experimentally convinc
ing evidence, and we expect that most of these will be 
confirmed as resonances. 

VI. Conventions and parameters for weak and 
electromagnetic decays 

A. Mwm-decay parameters 
The u-decay parameters describe the momentum 

spectrum (p and r/). the asymmetry (£ and 6). and the 
helicity (ft) of the electron in the process u~ -* e~ 
+ v + ve. Assuming a local and lepton-conserving 
interaction, the matrix element in the charge-retention 
form may be written as 

S<eirl-i/j><p„ir1-(C,- + c;'Y5)K.>. 

where the summation is taken over 1 = S, V, T. A. P. 
Using the definitions and sign conventions of Sachs 
and Sirlin (1975 land Scheck( 1978) for the Lorentz-
covariant operators, we have for the momentum pa
rameters: 

P = (3g\ + 3gl + bg\),'D. 

n = (gl- gl + 2g\ - Ig'yVD ; 

for the asymmetry parameters: 

_ -(>gsgv cos0S 1, - 8 g A y v c o s 0 A V + I4gj cos0-pr 
S ~ ' " D " 

8 = (-6ifAi?v c o s 0\v + ('Sj cos 0-n-VD? : 

and for the parameter describing the helicity of the 
electron: 

xi 
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2«s#P e o s *SP + 8?A^V c o s *AV + 6 ? T c o s ^TT 
* = " ~ -D 

Here 

£ = , ? S + * P + 4 * V + 6 £ T + 4 4 • 

g? = |C,.|2 + |C / ! 2 , 
and 

cos4>u = Re(q*Cy' + c;C*)/gigf . 

The quantities gt are defined to be real non-negative 
numbers, and the $„ are phase angles between the i-
type and /-type interactions. Under the assumption of 
two-component neutrinos C'y = -Cy and C A = - C A , 
the S, P, and T terms vanish, and 0 A y is the phase 
angle between C A and C v in the complex plane. 

By using the above equations and the experimental 
determinations of p, r;, ?, 8, and ft, limits can be 
placed on gslgx, gA/gv, grlgv. g p / g v , and <J>AV. 
The results, given in the Data Card Listings, assume 
neither two-component neutrinos nor time-reversal 
invariance. If, however, two-component neutrinos are 
assumed, then sin 0 A V is the amplitude of time-rever
sal violation. Note that most experiments study only 
the upper end of the spectrum where p and TJ are high
ly correlated, so they can only report p for n = 0 and 
r/ for p = j . The values for p and n we use here were 
obtained by combining measurements of both upper 
and lower ends of the spectrum and turn out to be 
nearly uncorrected. 

Note also that the radiative corrections are unam
biguous only when gs =gT =gr = 0. The same limits 
°ng\lgv a "d 0 A y are obtained, however, as when 
gs-gj, andgp are left free. 

Current values for the asymmetry parameters as 
well as \gAlgv\ and <|>AV are given in the Addendum 
to the Stable Particle Table. In addition, upper limits 
°n \gslsy\' \gjlgv\ a n d ISpfeyl a r e g ' v e n i n t n e J" 
section of the Stable Particle Data Card Listings. 

B. K-decay parameters 
1. Dalitz plot for K^-3it decays. The Dalitz plot 

distribution for the T mode (K* -»• i^jr* jr ?), the r 
mode (K* ->• Tr 0 ^ 0 ^) , and the T° mode (K° -»?r+rr~ ir°) 
of K decay can be parametrized by a series expansion 
such as that introduced by Weinberg (1960). We use 
the form 

+ /

s ^ + * ( ^ ) \ . . . , (I) 
I T * 7T+ 

where w2.* has been introduced so as to make the co
efficients ?, h, /, and k dimensionless, and 

*, = C K - pi)2 = (mK - « , ) 2 - 2»!Kr,-, (=1 ,2 ,3 , 

sn = 3 S 3/ = ICm2; + m\ + m\ + m 2,). 

Here thePt are four-vectors, mt and T1,- are the mass 
and kinetic energy of the ith pion, and the index 3 is 
used for the odd pion. 

The coefficient g is a measure of the slope in the 
variable s 3 (or 7"3) of the Dalitz plot, while h and k 
measure the quadratic dependence on S3 and (s 2 - S\), 
respectively. The coefficient / is related to the asym
metry of the plot and must be zero if CP invariance 
holds (C stands for charge conjugation throughout the 
discussion in this section). Note also that if CP is good, 
g must be the same for T + and r~, and similarly for ft 
and k. 

Since different experiments use different forms for 
\M\2, in order to compare the experiments we have 
converted to g, ft, /, and k whatever coefficients have 
been measured. See the mini-review in the K1 section 
of the Stable Particle Data Card Listings for details on 
this point. The results are given in the Addendum to 
the Stable Particle Table and in the K1 and K^ sec
tions of the Stable Particle Data Card Listings. 

Relations among T* , T' 1 , and 7 0 are predicted by 
the A/ = I rule. 

2. Form factors in K^^ leptonic decays. Assuming 
that only the vector current contributes to these de
cays, we write the matrix element as 

M « / + ( 0 [ ( ' K + ^ V U ^ ( 1 +75H,] 

+ /"_(0Ku„(l + 7 5 )u J , (2) 

where / \ and Pn are the four-momenta of K and ?r 
mesons;me is the lepton mass;/ + and /_ are dimen
sionless form factors which can depend only on t 
= (f\ - Pn)2, the square of the four-momentum 

xii 
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transfer to the leptons,/+ and /_ are relatively real if 
time-reversal invariance holds for these decays. K ^ 
experiments measure f+ and /_ , while K e3 experi
ments are sensitive only to / + because the presence of 
the lepton mass makes the /_ term negligible. 

fa) KHj experiments. Analyses of K(J 3 data fre
quently assume a linear dependence of/ + and /_ on t, 
i.e. 

f.«) = ft(W + K(tlml)\. (3) 

Most K 3 data are adequately described by eq. (3) for 
/ + and a constant / (i.e. A =0). There are two 
equivalent parametrizations commonly used in these 
analyses: 

(1) X+, |(0) parametrizaticn. Analyses of K̂  3 data 
often introduce the ratio of the two form factors 

m = f_U)lf+(t). 

The KM3 decay distribution is then described by the 
two parameters X+ and |(0) (assuming time reversal 
invariance and A_ = 0). These parameters can be deter
mined by three different methods: 

Method A. By studying the Dalitz plot or the pion 
spectrum of K t f 3 decay. The Dalitz plot density is 
[see. e.g. Chounet et al.(1972)]: 

p[£•„.E^c f}{t)[A + Bi(t) + Cm2] , 

where 

A = mK(2AM£-„ - m K A';) + ml(sE'„ - Ev), 

B = ml(E „-{!•:•„), 

£•; = E™* - £„ = ( ' 4 + »>l ~ '»j)/2mK - E„ . 
Here En.Efl. and Ev are. respectively, the pion, muon, 
and neutrino energies in the kaon center of mass. The 
density p is fit to the data to determine the values of 
X+, |(0), and their correlation. 

Method B. By measuring the K.)l3IKc3 branching 
ratio and comparing it with the theoretical ratio [see. 
e.g.. Fearing et al. (1970)] as given in terms of X+ and 
?(0). assuming M-e universality: 

r (K* 3 ynK* 3 ) = 0.6457 + 1.4115X+ + 0.1264$(0) 

+ 0.0192?(0)2 + 0.0080X+?(0), 

r(K° 3 )/r(K° 3 ) = 0.6452+ I.3162X+ +0.1246|(0) 

+ 0.0186£(0)2 + 0.0064A+K0). 

This cannot determine X+ and £(0) simultaneously but 
simply fixes a relationship between them. 

Method C. By measuring the muon polarization in 
KM3 decay. In the rest frame of the K. the n is ex
pected to be polarized in the direction A with P = A / 
|/l|.where.4 is given [Cabibbo and Maksymowicz 
(1964)] by 

A=ai(%)pll 

+ m K [ m ? ( ; ) ( ^ X ^ ) . 
If time-reversal invariance holds, £ is real, and thus 
there is no polarization perpendicular to the K-decay 
plane. Polarization experiments measure the weighted 
average of %{t) over the t range of the experiment, 
where the weighting accounts for the variation with t 
of the sensitivity to £(/)• 

(2) X+, Xr| parametrization. Some of the more 
recent K j analyses have parametrized ii: 'erms of the 
form factors / + and /Q which are associated with vec
tor and scalar exchange, respectively, to the lepton 
pair. f0 is related to /+ and /_ by 

f0O) = f+U)+ [tl(mi- ml)\f_(t). 
Here/n(0) must equal /+(0) unless f (t) diverges at 
/ = 0. The earlier assumption that / + is linear in t and 
/_ is constant leads to / n linear in /: 

/ 0 ( f )=/ 0 (0)[I + X 0(r/m 2)]. 

With the assumption that /n(0) = / + (0). the two pa
rametrizations. (X+, |(0)) and (X+. An) are equivalent 
as long as correlation information is retained. (X+. Xn) 
correlations tend to be less strong than (X+. £(0)) cor
relations. 

The experimental results for £(0) and its correlation 
with X+ are listed in the K* and K^ sections of the 
Stable Particle Data Card Listings in section XIA. 
XIB, or XIC depending on whether method A. B, or C 
discussed above was used. The corresponding values 
of X+ are listed in subsection L + M. 

Because current experiments tend to use the (X+, 
X0) parametrization, we have added a subsection L0 
for X0 results. Wherever possible we have converted 
£(0) results into Xn results and vice versa. 

(b) Kej experiments. Analysis of K c 3 data is sim
pler than that of K 3 because the second term of the 

xiii 
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matrix element assuming a pure vector current [cq. 
(2) above] can be neglected. Here /+ is usually as
sumed to be linear in t, and the linear coefficient X+ 

of eq. (3) is determined. 
If we remove the assumption of a pure vector cur

rent, then the matrix element for the decay, in addi
tion to the terms in eq. (2), would contain 

+ 2 / H K / S 0 V ( I + 7 5 ) U , / 

+ ( 2 / T / / M K ) ( P K ) A ( / > J , , U ( , 0 j w , f l + 7 5 ) u „ , 

where / s is the scalar form faclor. and / T is the lensor 
form factor. In the case of the K ^ decays where the 
/ term can be neglected, experiments have yielded 
limits on \fslf+1 and | / j / / + | . 

The K c 3 results for \ + . | / s / / + | , and l/f//, | are 
listed in the subsections L + M, FS. and FT. respec
tively, of the K ! and K L sections of the Stable Particle 
Data Card Listings. 

See also the Note on K ^ and K[, 3 Form Factors in 
the K 1 section of the Stable Particle Data Card Lis
tings for additional discussion of the Kj^ parameters, 
correlations, and conversion between parametrizalion 
and also for a comparison of the experimental results. 

3. CP violation in K° decays. We list parameters 
for four different reactions in which CP can be tested 
[for details, see Okun and Rubbia (1967). Steinberger 
(I960), and Wclfcnstein (1 969)]. 

fa) Kc -»jr+;r~7r". The quantity measured here is 
the ratio of amplitudes 

AS(KS -> ir+JT it°)IAL(KL -* ?r+7r TI{)) = x + \y . (4) 

If CPT invariancc holds and there is no / = 3 stale pres
ent, then x can be neglected and CP violation would 
be observed as a nonzero v. We give the result for eq. 
(4) in the K° section of the Stable Particle Table.and 
under Branching Ratio R4 in the Kg section of the 
Stable Particle Data Card Listings. Our procedure is to 
assume that x = 0, and to list (AS/AL)2 in the form 
of a branching ratio. 

(b) Cimrge asymmetry in Kj -* 3T decays. As men
tioned above, the presence of a lerm in ( s 2 - Sj) in 
expression (1) describing the Dalitz plot distribution 
for T* , T ° decays of K mesons would be an indication 
of CP violation. Experimenters have used several forms 
for this CP-violation term. As described in the mini-
review in the K* section of the Stable Particle Data 

Card Listings, we have converted all results to coeffi
cient / in eq. ( I ) above. The latter is listed among the 
GP-violating parameters at the back of the K L section 
of the Stable Particle Data Card Listings. Note that 
only upper limits have been reported for this quantity. 

(c) Asymmetry in the Kj •* it' 6 ! v decays. The 
quantity measured and compiled here is 

f(K, - , r l+r>) P(K, ^rr+C v) 

r ( K L - j r " l i + i ' ) + nK,_-»-7r +ri>) 

This asymmetry violates CP invariance. If CPT is good, 
for a pure K|' beam. 6 can be written as 

8 = 2[(l - | .v | 2 ) / ( | l . v | 2 ) | R e e . 

where x is the AS = A(?-violaling parameter defined 
in section B4.and e is the parameter of the expansion 

IK, >= |(l + e)|K>- (I e)|K>|/[2(l + | e | 2 ) | " 2 . ( 5 a ) 

|K S >= [(1+e)|K> + (l e)|K>]/[2(l + | e | 2 ) ) ' / 2 . ( 5 b ) 

We give 6 in the Addendum to the Stable Particle 
Table, in addition, in the K.) CP-violation section of 
the Stable Particle Data Card Listings, we list S sepa
rately for K'L -•• iriui' and K[' ~* TKV. 

fd) K/ -> 2ir decay. The relevant parameters are 

t?+ = /KK, -7T+7T )/A(Ks^n+n ) 

= |r/ + | exp( i0 + ) . 

Vim =A(K] ^7r ( l j r ( l )M(K s ^7T"?r ( l ) 

= |t)n(|l c xP( i* l()(]>-

e. defined in eqs. (5) above, and 

e' = 5i\/2 cxp | i (S 2 *n*l lm(A2IAn). 

Here. At and S, are the amplitude and phase of Ten 
scattering at the K mass, defined by 

</ = 0|7'|K> = exp( iS 0 ) /4 n . 

< / = 2 m K > = e x p ( i S 2 M , . 

Wu and Vang (1964) have derived the relationships 

r?+ . = e + e', Vnu = e - 2e . 

We give i7 + . , t 7 o n . <p+ _. and 0 o n in the Addendum 
to the Stable Particle Table. The phases are measured 
directly, whereas the magnitudes TJ + _ and T? 0 0 are 
derived parameters. We use, as far as we can, the 
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directly measured quantities as input and calculate 
T?+ _ and 7(00 fr°m the values given by our constrained 
fits. Therefore, if or.'; looks at the Data Card Listings, 
most of the |rj| measurements appear in the form of 
branching ratios, with appropriate comments. We then 
give the values of t j + _ and !TJQO'2 m a separate list at 
the end of the CP-viclating parameters section of the 
KL section of the Stable Particle Data Card Listings. 

4. AS = AQ rule in K° decays. The relative amount 
of AS ^ AQ component present is measured by the 
parameter x, defined as 

x = A(K°->Tr-Z+v)IA(K<>-+-n-Z+i>). 

We list Re {x} and lm [x] for both K c 3 and K ^ at the 
end of the Stable Particle Data Card Listings and give 
values in the Addendum to the Stable Particle Table. 

C. rj-decay parameters 
J. C-violation in 77 decays. As a test of possible C-

violation in electromagnetic interactions, a number of 
experiments have looked for possible charge asymme
tries in the decays 7? •* 7T+ir-ir" and 77 -»ir*it~y. We 
list the following parameters: 

(a) The left-right asymmetry 

A=(N+-N~)/(N+ + N-), 

where Af(±' means the number of events with the 
7t( '* energy greater than the 77'*' energy in the r/ rest 
frame. 

(L) The sextant asymmetry 

A*=N{+N2 + JV3"+JV4 + JV5~+A^~ 

for the decay 7? -* Tr*ir~ir°. The numbers refer to the 
sextants of the Dalitz plot [see, for example, Layter 
(1972)].,4 s is sensitive to an 7 = 0 C-violating asym
metry. 

(c)The quadrant asymmetry Aq, defined in a sim
ilar way asyl s, but with each sector of the Dalitz plot 
now containing TT/2 rather than jr/3 radians. A^ is sen
sitive to an / = 2 C-vio!ating final state. 

(d) The d-wave contribution to the C-vio)ating t -n-
plitude in the decay 77 -* v+-n~y. The upper limit r^r 
this contribution is measured by the parameter/3, de
fined by 

djV/d I cos 01 oc sin20( 1 + 0 cos20) , 

where 6 is the angle between the n* and the y in the 
di-pion center of mass. A term proportional to cos20 
could also be due to p- and f-wave interference. 

We list A for the decay modes 77 -»7r+jr-j7° and 77 
->• 7r+n-~7, A^andA^ for the decay r?-»- jT+7r—JT°,and 
(3 for the decay 77 -»• 7T+jr_7 in the TJ section of the 
Stable Particle Data Card Listings. 

2. Dalitz plot for n -»7r+jr—7r°. The Dalitz plot for 
the decay 77 -+ 7r+7r_7r° may be fit by the distribution 

\M(x,y)\2 oc 1 +ay + by2 +cx + dx2 + exy . 

Here, 

x = y/3(T+-TJIQ, y = {3TQIQ)-l, 

T+, T_, T0 are the kinetic energies of the ?r+, TT", and 7r° 
in the 77 rest system, and Q = mri- m„* - m„- - m^i. 
The coefficient of the term linear in x is sensitive to 
C-violation due to an 7 = 0 or / = 2 final state. We list 
papers presenting determinations of the parameters a, 
b,c, and d in the n section of the Stable Particle Data 
Card Listings. However, we do not tabulate values of 
these parameters because the assumptions made by 
different authors are not compatible and do not allow 
comparison of the numerical values. 

3. Dalitz plot for 77 -> it**'-/. The Dalitz plot for 
the decay 77 •* 77+7T_7 may be fit to the expression 

\M\2 <x 1 + 2az , 

where 
3 

z = I E (3(m„ - 3m,)-1 Vt - J * , ) ] 2 = P 2 / P L X • 

Here £",- is the energy of the ;'th pion in the 77 rest 
frame, and p is the distance to the center of the Dalitz 
plot. We list the parameter a in the 77 section of the 
Stable Particle Data Card Listings. 

D. Baryon-decay parameters 
1. AIV ratio for baryon leptonic decays. Consider 

the decay 

B, -* B f + 8 + v . 

Assuming V, A theory, neglecting "induced" scalar, 
"induced" pseudoscalar, and axial weak-magnetism 
terms, and neglecting the q2 dependence of the form 
factors, the baryon part of the matrix element for 
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these decays may be written [Goldberger and Treiman 
(1958)] as 

<BflTxtev-^A->' S) + ( ^ w / ' » B i ) 0 ^ ' ? J B i > . 
where Bj and B,- represent initial and final baryons, 
g A and gy the axial and vector coupling constants, g\ v 

the weak magnetism coupling constant, and q„ the 
sum of the lepton momenta. Here thePauli represen
tation is used for the 7 matrices. The ratio gA/g\ may 
be writ'en as 

gAlgV = \S\lg\\ exp(i0) , 

where 0 is 0 + nit if time reversal holds [see Jackson 
eta l . (1957)] . 

Experiments on the leptonic decays of baryons 
other than the neutron have generally assumed <j> to be 
either 0 or rr, and have thus measured the magnitude 
and sign o f£ A / | f v . In studying neutron beta decay, 
however, experiments have been sensitive enough to 
measure <j> more precisely, and we include the phase 
angle in our Listings for this case. It is consistent with 
time-reversal invariance, and by using the above defi
nition of the matrix element with the Pauli represen
tations, the value of gAlg\ in neutron beta decay is 
negative. 

Due to statistical limitations the weak magnetism 
form factor g w is usually assumed from CVC and 
SU(3), so that usually only gA and gy are determined 
experimentally. This determination is accomplished in 
a variety of ways. 

(a) The lepton-neutrino angular correlation pro
vides a measure of the absolute value of gAlgy [for 
relevant formulas, see, e.g., Albright (1959)]. 

(b) The up-down asymmetry of the lepton from 
polarized baryon decays provides a measure of gAlg\ 
with its sign [for relevant formulas, see, e.g., Albright 
(1959)]. 

(c) The lepton spectrum, given enough statistics, 
provides a measure ofgA/gv with its sign [for relevant 
formulas,see, e.g., Bender (1968)]. The lepton spec
trum also provides a measure of gy!gA if the CVC-
SU(3) assumption is relaxed. 

(d) The polarization of the decay baryon, from po
larized or unpolarized initial baryon, also provides 
gAlg\ wi'h its sign [for formulas, see, e.g., Willis and 
Thompson (1968)]. 

(e) The presence of a term proportional to 

» B i - ( P c X / ' , ) ' 

where the initial baryon is polarized or 

« B f - ( P e X p „ ) , 

where the polarization of the decay baryon is observed 
provides a measure of the deviation of $ from C or n, 
and is thus a test of time-reversal invariance [see, e.g., 
Willis and Thompson (1968)). 

We compile the ratio gA/gy with its sign, for those 
decays for which it has been measured. 

All the coupling constants and decay rates for bary
on leptonic decays are related by Cabibbo's theory 
[Cabibbo (1963)], extended to six quarks (and three 
mixing angles) by Kobayashi and Maskawa (1973). A 
recent fit to this theory has been done by Shrock and 
Wang (1978). 

2. Asymmetry parameters in nonleptonic hyprron 
decays. The transition matrix for the hyperon decay 
may be written as 

M = s + p(a • q) , (6) 

where s and p are the parity-changing and the parity-
conserving amplitudes, respectively; a is the Pauli spin 
operator, and q is a unit vector along the direction of 
the decay baryon in the hyperon rest frame. 

The asymmetry parameters are defined by the rela
tions 

a = ? R e ( / p ) / ( | s | 2 + | p l 2 ) , 

/ 3 = 2 I m ( / p ) / ( | 5 | 2 + | p | 2 ) , 

T = ( l s | 2 - l p l 2 ) / ( l s | 2 + l p l 2 ) . 

With the transition matrix (6), the angular distribu
tion of the decay baiyon, in the hyperon rest system, 
is of the form 

7 = 1 + aPY • q , 

where /*Y = (Y |o | Y) is the hyperon polarization. 
In the notation of Lee and Yang (1957) the polari

zation P B of the decay baryons is ' 2 

p = {"1PY '^1+ WY W*™ X ( P 1 _ X J ? > 
B \+aPY~-q 

*2 Note that Lee and Yang (1957) contains a misprint. The 
minus sign in the definition of p should be replaced by a 2. 
In addition, our unit vector a is the direction of the baryon. 
whereas their unit vector p is the direction of the pion. 
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where P% is defined in that rest system of the baryon 
obtained by a Lorentz transformation along q from 
the hyperon rest system in which q and P v are defined. 
Note that a is the helicity of the decay baryon for un-
polarized hyperons. 

The three parameters a, 0, and y satisfy the relation 

a 2 + 0 2 + -y2 = 1 . 

It is then convenient to describe hyperon nonleptonic 
decays in terms of the two independent parameters a 
and the angle <t> defined by 

j3 = (1 - a 2 ) 1 ' 2 sin <j>. 

7 = 0 - a 2 ) 1 ' 2 cos <t>, 

which has a more nearly gaussian distribution than P 
or y. Evidently 

- | r r < 0 < 5 7 r f o r r > 0 , 

+ jTf<0<|?r f o r 7 < 0 . 

In discussing time-reversal invariance, the quantity of 
interest is A, defined by 

<* = 2|s| |p|cosA/(|s| 2 + | p l 2 ) , 

/3 = -2 |s | |p | sin A/(|s| 2 + | p | 2 ) ; 

that is, A is the phase angle of s relative to p. Evident-
iy 
- j » r < A < | 7 r f o r a > 0 , 

+ j i r < A < | r r f o r a < 0 . 

Under the assumption of time-reversal invariance, the 
angle A must satisfy the relation 

modulo jr, where &s and 6 p are the pion—baryon scat
tering phase shifts at the appropriate energy and for 
the appropriate isospin state. For A decay, assuming 
the validity of the |A/| = | rule, 
A = 5 5 - 5 p = (7.0 + 1.0) deg ' 3 . 
In the Stable Particle Data Card Listings we give a and 

* This value for 6̂  - bp is derived from the phase-shift 
analyses by Aycd (1976). The error is our estimation of 
the uncertainty allowing for possible correlations. 

ip for each decay since they are the most closely re
lated to the experiments and are essentially uncorre
cted. Whenever necessary we have changed the signs 
of the reported values, so as to agree with our conven
tions. In the Stable Particle Table we give a, 0, and A 
with errors; and for convenience we also give the cen
tral value of y, without an error. 

VII. Statistical procedures 

We divide this discussion on obtaining averages and 
errors into two sections: 

A. The unconstrained case, or "simple averaging", 
and 

B. The constrained case. 
In what follows, the term "error" means one stan

dard deviation (Iff); that is, for central value j and 
error 6jc, the range x ± bx constitutes a 68.3% confi
dence interval. 

A. Unconstrained averaging 
We are returning this year to the use of a standard 

gaussian procedure (with "scale factor") as our only 
method of averaging the data. The Student's distribu
tion procedure, introduced in 1976 as a second meth
od of averaging, has been discontinued. This results 
primarily from our observation that, although the data 
are better represented by a Student's distribution, the 
standard deviation (= the 68.3% confidence limit) of 
this Student's distribution turns out to be equal to the 
gaussian standard deviation. If one would choose to 
quote, e.g., 90% confidence limits, however, the gaus
sian piocedure would give too small errors. 

We begin by assuming that measurements of a given 
quantity "bey a gaussian distribution, ^nd thus we cal
culate a weighted average and error 

x±Sx = I ZJW/XJ ZjWjft I IJWA 

w,.= [l /(6*,) 2 ] . (1) 
where x(- and SXJ ire the value and error, respectively, 
reported by the j'th experiment, and the sums run over 
N experiments. We also calculate x 2 and compare it 
with its expectation value of A' - 1. 

If x^l{N - 1) is less than or equal to I, and there 
are no known problems with the data, we accept the 
above results. 
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If )cl(N - 1) is very large, or if there is prior knowl
edge of extremely large inconsistencies between exper
iments, we may choose not to average the data at all. 
Alternatively, we may quote the calculated average, 
but then give an educated guess as to the error; such a 
guess is generally a quite conservative estimate de
signed to take into account known problems with the 
data. 

Finally, if x2l(N - 1) is greater than 1, but not to 
such a large extent, we still average the data, but then 
try to make up for this fact in two ways: 

(i) We plot an ideogram to guide the reader in decid
ing which data might be rejected before selected aver
ages are made. An example of such an ideogram is 
given in fig. 3 below. Each experiment appearing in 
the plot is represented by a gaussian with central value 
Xj, error bXj, and area proportional to 1/ox,-. The 
choice of area is a somewhat arbitrary one; it is based 
on the assumption that an experimenter will work to 
reduce his (or her) systematic errors until they are 
slightly smaller (but seldom much smaller) than the 
statistical errors. Thus, as a bubble chamber physicist 
gets more events, he (or she) will use them both to re
duce the statistical errors and to study the biases. Our 

Tig. 3. Ideogram of measurements of the A£ mass. The verti
cal line indicates the position of the weighted average, while 
the horizontal bar atop the line gives the error in the average 
after scaling by the SCALE factor. Only those experiments 
indicated by + error flags were precise enough to be accepted 
in the calculation of the SCALE factor; the column on the 
far right gives the x 2 contribution of each of these experi
ments. The less precise experiments were included in the cal
culation of the weighted average, but not SCALE; they have 
1 error flags. 

confidence that a significant systematic error has not 
been made in a given experiment, as oompTed with 
other contradictory experiments, then tends to go up 
as 1/oXj. 

But why not assign a weight l / 5 ;

r . as is done when 
computing a weighted average? We feel that this is 
equivalent to assuming that large systematic errors are 
as infrequent as large statistical fluctuations, and that 
this is unrealistic. 

We emphasize the difference between least-squares 
averaging (where the weighting factor is the inverse 
square of the error) and the ideograms prepared for 
visual display. The former arithmetic is of course best 
if one has statistically distributed input, and yields a 
narrow gaussian distribution centered at the weighted 
mean. The ideogram (often multipeaked and certainly 
not gaussian) is based on the opposite hypothesis that 
some of the input is systematically in error. The idea 
behind least-squares averaging is that experiments 1, 2. 
3. etc.. are all valid (so we should multiply their proba
bilities). Our ideograms are based on the assumption 
that 1 or 2 or 3 . etc.. is valid, "hedged" with 1/OJT;-
betting odds; we then add their probabilities. Both ap
proaches cannot simultaneously be right; we leave it 
to the reader to choose. A glance at the ideogram will 
show, however, that the discrepancy is often not 
severe for reasonably distributed input. 

(ii) The second way in which we try to take account 
of x _/(A/ — 1) being greater than I is to scale up our 
quoted error bx in eq. ( I ) by a factor 

SCALE = [ X

2 /0V - D l " 2 . (2) 

Our reasoning is as follows. Since we do not know 
which one or more of the experiments are wrong, we 
assume that all experimentalists underestimated their 
errors by the same scale factor (2). If we scale up all 
input errors by this factor, %' returns to N — 1. and 
of course the output error scales up by the same factor. 

If all the experiments have errors of about the same 
size, the above (straightforward) procedure for calcu
lating SCALE is carried out. If, however, we are to 
combine experiments with widely varying errors, we 
must modify the procedure slightly. This is because it 
is the more precise experiments that most influence 
not only the average valued, but also the error bx. 
Now, on the average, the low-precision experiments 
each contribute about unity to both the numerator 
and the denominator of SCALE, hence the x 2 contri-
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bution of the sensitive experiments is diluted, i.e., re
duced. Therefore, we evaluate SCALE by using only 
experiments for which the errors are not much greater 
than those of the more precise experiments. Explicit
ly, to calculate SCALE we use only the most sensitive 
experiments, i.e., those with errors less than 6 0 , where 
the ceiling &0 is (arbitrarily) chosen to be 

8 ( J = 3 A " / 2 5 i . 

Here 8.x is the unsealed error of the mean of all the 
experiments. Note that if each experiment had the 
same error 6.v(-, then 6.x would be S.T,-/A'"-. SO each 
individual experiment would be well under the ceiling 
on SCALE. 

This scaling approach has the property that if there 
are two values with comparable errors separated by 
much more than their stated errors (with or without a 
number of other experiments of lower accuracy), the 
error on the mean value &x is increased so that it is 
approximately half the interval between the two dis
crepant values. 

We wish to emphasize the fact that our scaling pro
cedures for errors in no way affect central values. In 
addition, if one wishes to recover the unsealed error 
6.Y. one need only divide the given error by 1he SCALE 
factor for thai error. 

B. Constrained /its 
Except for trivial cases, all branching ratios and 

rate measurements are analyzed by the computer 
program AHR. This program makes a simultaneous 
least-squares fit to all the data, and outputs the partial-
decay fractions Pj. width V. partial widths T,, and their 
error matrix. 

The original version of AHR was written by J.Peter 
Berge. It is documented separately, and we wish here 
only to give the simplest nontrivial example that per
mits us to comment on the error matrix and the scale 
factor. 

Assume that a state has only three partial-decay 
fractions./>|./V and/>3 (£/>, = I), which have been 
measured in four different ratios./?|, ...,R^, where, 
e.g../?, =P]/P2.R2=P]IPi.<:lc."1 Further assume 
that each ratio has been measured by N experiments 

* 4 Wc can handle any R o! the form R - ~i. a/P/l^ 0jPj. where 
a; and fy are constants, usually 1 or 0. The forms R = PJ'PJ 
and R = IPj-P/)1 n are also allowed. 

(we designate each experiment with a subscript x. e.g., 
Rlx). Then AHR finds the best values ofP t ,P 2 , and 
/>3 by minimizing x 2 , namely 

In addition to the fitted values Pj, the program cal
culates an error matrix {5Pj8P.-). We tabulate the 
diagonal elements 8Pj = (hPt SPj)^2 [except that 
some errors are scaled according to eq. (2) as discussed 
below]. in the listings we give the complete error ma
trix; we also calculate the fitted value of each ratio, 
for comparison with the input data, and list it below 
the relevant input, along with a simple unconstrained 
average of the same input. 

Two further comments on the example above. 
(1) There was no connection between measure

ments of the width and the branching ratios. But 
often we also have information on partial widths T,-
as well as total width P. In this case AHR must intro
duce P as a parameter into the fit, along with the rela
tions T,- = rP/. ZTj = T. When appropriate, we tabu
late the r,- along with the Pj. and give error matrices, 
in the listings. 

(2) Note that we do not allow for correlations 
between input data. We do try to pick those ratios 
and widths which are as independent and as close to 
the original data as possible. 

In asymmetric errors, we use a continuous function 
of &{Py and &(Py in ihe fitting. When no errors are 
reported, we merely list the data for inspection. 

Hyperon-decay parameters. The program AHR 
handles any type of input, a. (J. A. p. or 7. according 
to the definitions of section VI. If for a particular 
hyperon decay there are data for more than two of 
the decay parameters, they aie analyzed by usit>' ..ie 
constraint 

a2 + 0 2 + 7 2 = 1 . 

Inconsistent constrained data. According to our 
simple example, which led to eq. (3), the double sum 
for X" is summed over experiments .v = 1 to A', leaving 
a single sum over ratios 

r 
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Even before fitting, some of the xf may be too large. 
But if we scaled them before fitting, then the scaling 
would move the central value, contrary to our policy. 
So we do not scale until after the first fit; then, know
ing the fitted x 2 and its expectation value <xjr> we 
form SCALE factors (just as before), i.e., 

(SCALE),2 = X2

r/<X2

r> , 
and if any (SCA LE), is greater than 1, all A' of the 
measurements of that particular ratio are equally pe
nalized by having their errors increased by (SCALE),. 
Program AHR then recycles on all the data, those 
with errors unchanged as well as those with errors 
increased. We then get new values, bP'j for the errors 
in the partial-decay modes. 

Because of the constraint (£P,- = 1) some SCALE 
factors may still be greater than I even after this sec
ond pass. If this is so, the whole procedure (i.e., in
creasing errors by the new SCALE factors and recy
cling through AHR) is repeated until AHR has con
verged. 

At the end of AHR's final pass we have two mea
sures of the errors for the P,-. One is, of course, the 
SP'j, i.e., the errors in the final fitted valuesP\ which 
include the effects of scaling the input errors. The 
other measure of the errors is (/,• - P\), i.e., the shift 
in the central values of the r'th mode between the first 
(unsealed) fit and the final (scaled) fit. In practice we 
find that on the average these two measures of the un
certainty are about equal. Rather than selecting just 
one or the other, our tabulated errors are given by the 
combination 

(5? , ) t a b =[« f / 2 + ( ^ - ^ ) 2 ] 1 / 2 , 
where Pt is the fitted value of the /th partial-decay 
mode before scaling,/",' is its value after scaling, and 
bP't is the error in P'j. The SCALE factors we finally 
list in such cases are defined by 

(SCALE),- = (hPi)uhl&Pi. 

However, in line with our policy of not letting SCALE 
affect the central values, we give the values of Pt- ob
tained from the original (unsealed) fits. [The differ
ences between the Pj calculated with either the scaled 
or the unsealed errors are, of course, always within 
the tabulated errors,(Sf,) t a b .] 
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Stable Particle Table 
For additional parameters, see Addendum to this table. 

Quantities in italics have changed by more than one (oldl standard deviation since Ap; 7 1980. 

Particle C (J P )C.° Mass" 
(MeV) 
Mass2 

(G«V2| 

Mean lift" Partial decay mode 

a -j ( o r ^ + - C C ) 
105.65943 2.19714XKT6 e vv 
±0.00018 ±0.00007 <Tvvy 

m2=0.01116392 CT=6.5868xl04 
t[< !~<VV 

( 98.6 
f ( 1.4 

( < 9 
( <1.9 
(<1.9 
( < 5 

0.4 )% 
> ' ; m 
) x ]0 _ 1 

)x l0 " ! 

IxlO"' 

• or 
p r 

rmu 
(MeV/c) 

PHOTON 

7 0,1(1-)- ( < 6 x l 0 - 2 2 ) stable 

LEPTONS 

"e H ( < 0.000046)'' stable stable 
(>3xl0 8 m (MeV)) 

e H 0.5110034 
±0.0000014 

stable stable 
(>?x]0 2 2 y) 

•V H 0( <0.52) stable stable 
( > l . l x l 0 5 m (MeV)) 

53 
53 
53 
53 
53 
53 

J-4 

1784.2 
±3.2 

m 2=3.18 

(4.6 + 1.9)xl0- 1 3 

cr =0.014 

(or T + -CC) 

hadron" neutrals 
3(hadron±) neutrals 
Sthadron*) neutrals 

t[3(hadron ±)f 
3(hadron ±)f(2l7) 

t [ i r j / 
p'v 
K neutrals 
T~TT~T+V 
ir"ir-T +(aflir 0)i> 

t[K"-(892)K 
K"-(I430)1' 
T-p"v 

( 18.5 ± 1.2 
( 16.2 ± 1.0 
( 37.0 + 3.2 
( 28.4 ± 3.0 
( < 6 
( 1 3 ± 8 
( 1 5 ± 7 
( 10.7 + 1.6 
( 21.6 ± 3.6 
( small 
( 7 ± 5 
( 1 8 ± 7 
( 1.7 ± 0.7 
( <0.9 
( 5.4 ± 1.7 

)% 

)% 
)% 
)%] 

)% 
)% 
) 
)% 
)%) 
)% 
>% 
)%] 

887 
726 

864 
864 
669 
316 
718 

(continued next page) 



Stable Particle Table (cont'd) 

Particle r V l C . 0 M M . ' 
(MeV) 
Man 2 

(CV 2 ) 

e « life" Partial decay awac 

(»«) • or 
CT M o * Fracliaa1 

(CM) (MeV/c) 

r " - j ( o r T + - C C ) 

e~ chgd.parts. 
+ M cbgd.parts. ( < 4 )% 

P 7 (<5.5 )X10"* 8P9 
e -1 (<6.4 >XI0"* 892 
H f"V (<4.9 )xl0"* 876 
e n*iT (<3.3 )xlO"* 886 
H c + c~ (<4.4 )xlO"4 889 
e~e + e~ (<4.0 )xlO-* 892 
#."«• (<8.2 JxlO"4 884 
C-7T0 (<2.1 )xlO"3 887 
/n-K» ( <1.0 )xl0~ 3 819 
e-K» (<1.3 ) x i r 3 823 
MV ( <4.4 JxlO-* 722 
•V (<3.7 JxlO"4 726 

T (continued) 

NONSTRANCE MESONS ' 

(or T " -CC) 

X * l"(0-) 139.5673 2.6030X10"8 H+» 100% 30 
±0.0007 ±0.0023 c+v ( 1.267±0.023)xl(T4 70 

m 2-0.0194790 cr-780.4 p+py '( 1.24± 0.25/XlO-4 30 
m t - i n ± =33.9079 ( r + - T") / f - e+i>7 '( 5.6 ± 0.7 JxlO"8 70 

±0.0007 (0.05 ±0.07)% e+CT° ( 1.02± 0.07)xl0"8 5 

l~ (0 - )+ 134.9630 

(test of CPT) 

0.83X10"16 

e + x e + e ~ ( <5 )x !0 - ' 70 

*» l~ (0 - )+ 134.9630 

(test of CPT) 

0.83X10"16 77 ( 98.7S7± o m ) % 67 
±0.0038 ±0.06 S—1.8* 7 e + e ( 1.213 ) % 67 

m2-0.018715 CT-2.5X10"6 m ( <3.8 ) x i r 7 67 
m^-m ., -4.6043 

±0.0037 
e + e - e + e - / ( 3.32 )xl(T 5 

( <4 JxllT 6 

67 
67 

e + e - ( 2.2 i f f )X10"7 67 
vv ( <2.4 )x irr 5 67 

17 0 + (0")+ 548.8 r-(0.83±0.12)keV f^n ( 39.1 ± 0.8 ) % 274 
±0.6 Neutral decays i Y ( 31.8 ± 0.8 )% S - I . l * 180 

S-1.4* (70.9±0.7)% LA? t( <0.3 ) % 258 
m 2-0.3012 •ir+T-7r 0 ( 23.7 ± 0.5 )% 175 

* + T 7 ( 4.91 ± 0.13)% 236 
e + e~T ( 0.50± 0.12)% 274 
A"V~7 ( 3.1 ± 0.4 )xl0~* 253 
c + e - ( < 3 JxlO - 4 274 
M V ( 6.5 ± 2.1 )xl0-* 253 

Charged decays T + T " e + e - ( 0.13± 0.13)% 236 
(29.1 ±0.7)% *+jr 7 7 ( <0.21 ) % 236 

» + i r - A ( <6 )xl0"* 175 
T + T " ( -=0.15 )% 236 
A + e~ ( < 5 )xl0" 5 258 
A V ( < s j x i t r 6 211 
*V"V 7 ( < 3 JxlO"6 211 



Particle i t y ' l C . 0 M M . " 
(MeV) 
Mass 2 

(GeV2) 

Stable Particle Table (cont'd) 
M e w life" 

(sec) 
CT 

(cm) 
Mo* 

Partial decay note 

Free lion" 
(MeV/c) 

STRANGE MESONS « 

K* i(o-) 493.667 
±0.015 

m 2-0.2437 

mK±~mK°™ -4.01 
±0.13 

K° 
K° ijo T(°"> 

497.67 

S - l ' ! ' 
m2=0.24768 

*s ko-j 

1.2371X10"8 

±0.0026 S-1.9 
cr-370.9 
( r + - T ~ ) / T -
(0.11 ±0.09)% 
(test of CPT) 
S-1 .2 ' 

K + - i (or K" -CC) 

x W 
xV + « 
x°e+>/ 

xVe+x 

t+v 
e*vy (SD+)* 
e+CT (SD - )* 
x + x % _ 
x + x + x 7 
*V"7 
*°eVy 

x T p T ( l 
i r + 77 
x + 7 7 7 
x"Vi/ 

+ 7 
I*1 

x + e M 
e + i w 

j i ~pe + < 
e + l ' e + e 

'.+,. ± 

63.50± 
21.16± 
5.59± 
1.73± 
3.20 ± 
4.82 + 
5.8 ± 
1.8 i 
3.90± 

<1.2 
1.4 

<3.0 
1.54 
1.52 

<1.6 
2.75 
1.0 

<6 
3.7 
2.7 . 

<1 
<2.4 
<3.5 
<3.0 
<1.4 
<4 
<7 
<5 
<6 
<6 
11 

<2.0 
2 : 

<4 

0.16] 
0.15; 
0.03: 
0.05; 
0.09] 
0.05] 
3.5 

14 
0.6 

o.is: 

0.9 

0.07; 
0.23] 
o.i6: 
0.4 

1.4 
0.5 

% S - l . l 
% S - 1 . 4 -

% S-1 .7 -

% S—1.1* 
x i f r 3 

x l 0 " s 

x lO" 5 

XlO"8 

x ] 0 " 5 

xlO" 6 

x l 0 " s 

xicr 5 

xlO"4 

xlO"4 

xlO - 4 

xlO"5 

xlO"4 

x i r 7 

xlO - 8 

xtO - 6 

xlO"-

HO" 6 

)xir-> 

50% K s t a n . S T O K ^ 

0.8923x10-'° x + x 
±0.0022 x°x° 
or-2.675 

e + e -
77 

( 68.61 ± 0 M ) % 
( 31.39 ' )% B ~ 

'\ 1.85+ 0.10)xl0" 3 

( <3.2 )xlO"7 

( <3.4 JxlO"4 

( <0.4 )xlO"3 

236 
205 
125 
133 
215 
228 
236 
207 
203 
203 
151 
151 
247 
247 
247 
205 
125 
215 
228 
227 
227 
172 
227 
227 
227 
227 
214 
214 
247 
236 
236 
236 
247 
236 

206 
209 
206 
225 
249 
249 



Stable Particle Table (cont'd) 

Particle P V j C , " Maw* 
(MeV) 

Men lib'' 
(sec) 

Partial decay node P V j C , " Maw* 
(MeV) 

Men lib'' 
(sec) 

Fraction4 *<* Mass2 

<GeV?) 
CT Mo4e Fraction4 

Pmax Mass2 

<GeV?) (CB) (MeV/c) 

K£ ^(0-) 5.183xir B 

±0.040 
( 21.5 ± 1.0 )% S 
( 12.39± 0.20)% S-

-1.7* 
-1.3' 

139 
133 

CT=1554 x=V« (27.1 ± 0.4 )% S= -1.4* 216 
tr*e*i> 

t [ ? r w y 
( 38.7 ± 0.5 )% S 

«( 1.3 ± 0.8 )%] 
-1.5* 229 

229 
- 0.5349X1010 ft 

L ^ ±0.0022 
sec - 1 T*T~ H 0.203± 0.005)% S- l . l" 206 - 0.5349X1010 ft 

L ^ ±0.0022 * V •>'( 0.094± 0.018)% S-1.5' 209 

A T 
77 
=M *V 
li+li 7 
, W 
e+e~ 
e + e ~ 7 
rrVe" 
ir+ir e + e ~ 

' ( 4.41 ± 0.32)xl0 - 5 

( <2.4 )xl(T* 
( 4.9 ± 0.4 JxlO"4 

* ( < 6 JxlO"6 

( 9.1 ± 1.9 )X10"' 
( 2.8 ± 2.8 )X10"7 

( .1.2 )X10"' 
l ( < 2 . 0 )xl0" 7 

( 1.7 ± 0.9 )X10"5 

(<2.3 IxlO"6 

( <8.8 JxlO"6 

( 6.2 ± 2.0 )xl<r 5 

206 
231 
249 
238 
225 
225 
177 
249 
249 
231 
206 
207 

CHARMED NONSTRANGE MESONS " 

D + - j (or D~ -CC) 

D± i (0~) 1869.4 
±0.6 

( 9 . l l ^ ) x l 0 - ' 3 e* anything 
K~ anything 

( 1 9 + 5 > % 

( 1 6 ± 4 )% 
m 2«3.495 cr-0.027 K° any + K° any 

K + anything 
1} anything 

( 4 8 ± 1 5 )% 
( 6.0 ± 3.3 )% 

' ( < 1 3 )% 
±0.3 t[K-jr + 7r + 

RV+ 

K°*V 
K<V + , r + 7, - -
K ° K + 

K + K " ? r + 

1T+T+7T 
t[K'<V+ 

( 4.6 ± 1.1 )% 
( <4 )% 
( 1.8 ± 0.5 )% 
( 1 3 ± 8 )% 
( 8.4 ± 3.5 )% 
( 0.45 ± 0.30)% 
( <0.6 )% 
( <0.23 )% 
( <0.5 )% 
( <0.37 )%] 
( <3.7 )%] 

845 
772 
862 
845 
814 
792 
744 
845 
925 
908 
714 

D° 
D° 

±0.3 

D 0 - , (orD°-CC) 

D° 
D° i ( 0 - ) 1864.7 

±0.6 
(4.8 ^ ? ) x l 0 - 1 3 e* anything 

K~ anything 
( < 6 )% 
( 4 4 ± 10 )% S= 1.3* 

m2=3.477 CT=0.014 K° any+ K° any 
K + anything 
n anything 

t [K"T + 

K"T + V 

( 3 3 ± 1 0 ) % 
( 8 ± 3 )% 

' ( < 1 3 )% 
( 2.4 ± 0.4 )% 
( 9.3 ± 2.8 )% 

861 
844 

K - ir + ir + ir~ 
K - x + x 0 ^ 
KV 

( 4.5 ± 1.3 ) % S-
( seen ) 
( 2.2 ± 1.1 )% 

1.4* 812 
815 
860 

i t D M S M c + x " ) < 0 1 6 

r(D°-KT) 
K V > - ( 4.2 ± 0.8 )% 842 i t D M S M c + x " ) < 0 1 6 

r(D°-KT) T + T T ( 7.9 ± 3.8 )xl0~* 922 

K + K -
t [ K ' - T + 

rv 
( < 9 JxlO - 4 

( 2.7 ± 0.8 )X10"3] 
( 3.4 ± 1.4 )% 
( 1.4 * fl ) % 
( 7.2 i | ? ) % 
( 0.1 !„;? )%] 

763 
791 
711 
711 
679 
677 



Stable Particle Table (cont'd) 

Particle F(lf)C, ," Mais 6 

(MeV) 
Meu life* 

(sec) 
Partial decay node F(lf)C, ," Mais 6 

(MeV) 
Meu life* 

(sec) b por 
Mass2 CT Mode Fraction b p c 

(GeV2) (cm) (MeV/c) 

CHARMED STRANGE MESON " 

F + - i (or F - -CC) 

F± 0(0") m 2021 
±15 

(2.2±J;?)xl0- 1 3 

TJ'TT 7T 7T~ 

( S« i . 
( seen 
{ seen 
( seen 

) 
) 
> 
) 

930 
885 
713 
467 

- B 
NONSTRANGE BARYONS " 

P Ki + ) 938.2796 stable (>8xl0 3 0 y) stable P ±0.0027 

| < i + ) 
m2=0.880369 

939.5731 925±ll 

l q p | - | q e l < itr-1 

Kiel" 

n | < i + ) 
m2=0.880369 

939.5731 925±ll pc~i> 100% 1 | < i + ) 
±0.0027 CT-2.77X10 1 3 pi>v (chg.noncons.) ( < 9 JxlO" 2 4 1 

m2=0.882798 
ny-m,,--1.29343 

|q„l < i o - 2 1 ±0.00004 |q„l < i o - 2 1 \%\" 

STRANGENESS- 1 BARYONS a 

A 0({ + ) 1115.60 
±0.05 

2.632X10"10 

±0.020 S—1.6* 
' 64.2 
( 35.8 * 0.5 )% 

)% 
100 
104 

S-1.2* CT =7.89 pe~i> ( 8.35± O.^JxlO" 4 163 
m 2=1.2446 PM v ( 1.57 + 0.35JX10-4 131 

mA-mjO - - 7 6 . 8 6 
±0.08 

PTT y ' ( 8.5 ± 1.4 )xl0^ 100 

S + K | + ) 1189.36 
±0.06 

0.800X10"10 

±0.004 
pV> 
n,r+ 

( 51.64 
( 48.36* «< 

189 
185 

S=l.8* cr=2.40 P7 ( 1.20± 0.13)xlO' 3 S=l.4* 225 
m 2=1.4146 mr+y e ( 4.5 ± 0.5 )y.WA 185 

Ae +i/ ( 2.0 ± 0.5 )x l0" 5 71 
r nz+-m2: . = - 7 . 9 7 nn+v ( <3.0 )x l (T 5 202 

±0.07 r(Z-W+n„) < ^ ne + y ( < 5 JxlfT 6 224 
S=1.3" 

r(Z-W+n„) < ^ 
* p e + e - ( < 7 JxlO- 6 225 

s° i(i+) P 1192.46 
r(2 - * w) 

5.8X10"20 s° i(i+) P 1192.46 
r(2 - * w) 

5.8X10"20 A 7 
100% 74 i(i+) P 

±0.08 ±1.3 Ae+e" «( 5.45 )x l0" 3 74 

K | + ) 

m 2 = 1.4220 

1197.34 

C T = I . 7 X I < T ' 

1.482x10-'° 

A-yy <<3 )% 74 

2 K | + ) 

m 2 = 1.4220 

1197.34 

C T = I . 7 X I < T ' 

1.482x10-'° n i r - 100% 193 K | + ) 
±0.05 ±0.011 S = l . 3* ne~i> ( 1.08± 0.04)xl0" 3 230 

m 2=1.4336 cr=4.44 an V ( 0.45 ± 
( 0.61 ± 

0.04) Xl0~3 

O.OSJxlO"4 

210 
79 

mj0-mj-=-4.88 rnr 7 ' ( 4.6 ± 0.6 JxlO" 4 193 
±0.06 



Stable Particle Table (cont'd) 
Flrticle n i ^ C , " M m " 

(MeV) 
Men life" 

(KC) 
Partial decay Mode n i ^ C , " M m " 

(MeV) 
Men life" 

(KC) 
Fraction4 '" c Mass2 

(GeV2) 
CT Mo«e Fraction4 

'mix 
(MeV/c) 

STRANGENESS -2 BARYONS ° 

H° i ( i + ) « I i l 4 9 2.90xlO- , c A T 0 100% 135 
2 2 „ , ±0.6 ±0.10 A T ( 0.5 ± 0.5 ) % 184 

m 2-1.729 cr-8.69 Z°7 ( < 7 )% 117 
pi ( <3.6 ) x i r 5 299 
pe V ( <1.3 )xl0" 3 323 

m~0-m~- = —6.4 X+t~v (<1.1 )xl0" 3 120 
±0.6 S"e + c ( <0.9 )xl0" 3 112 

2V -" (<1.1 ) x l 0 - 3 65 
2 - p + i / (<0.9 )xl(T 3 49 

l ( i + ) » 1321.32 1.641X10"10 

pn'v ( <1.3 )xl0" 3 309 

S" l ( i + ) » 1321.32 1.641X10"10 A T " 100% 139 
2 2 ±0.13 ±0.016 Ac"*' ( 2.9 ± 1.1 )X\QT* 190 

m 2«1.7459 cr-4.92 Z V e ( < I 4 JxlO"4 123 
AM v ( 3.5 ± 3.5 JxlO"4 163 
2V" ( < 8 ) x ! 0 ^ 70 
nir (<1.1 )xl<r 3 303 
ne"? (<3.2 )xl (T 3 327 
nM_P (<1.5 )% 313 
Z"7 (<1.2 )xl0" 3 118 
pir T ( <4 )xl0r* 223 
pr~e~p ( <4 )xirr* 304 
pr~j£~i' ( <4 )xl0-* 250 
H V e ( <2.3 ) x i r 3 6 

STRANGENESS 1 -3 BARYON " 

G~ 0(1+) 1 1672.45 
±0.32 

0.819xl(r 1 0 AK~ ( 68.6 ± 1.3 )% 211 0(1+) 1 1672.45 
±0.32 ±0.027 2 ° T - ( 23.4 ± 1.3 )% 294 

m2«2.7971 cr-2.46 E V ( 8.0 ± 0.8 )% 290 
H ° e ^ 
2°(1530)ir~ 

( ~1 )% 
( ~ 2 )X10"3 

319 

Air" ( < i . 3 ) x i r 3 449 
H T (<3 . i )x icr 3 314 

NONSTRANGE CHARMED BARYON « 

A + 0 ( i + ) r 2282.2 
±3.1 

( i . i i S ° ) x i o - 1 3 pK"x + ( 2.2 ± 1.0 )% 820 
c 

0 ( i + ) r 2282.2 
±3.1 CT-0.003 pK° ( 1.1 ± 0.7 )% 870 

S—1.8* p K V > - ( < 4 )% 751 
m 2=5.21 A T + ( 0.6 ± 0.5 ) % 861 

A T + T + T - ( <3.1, seen )% 804 
ZV ( seen ) 822 

t[pK*» ( 0.48± 0.30)% 682 
A + + K - ( 0.45± 0.27)% 707 
p K * - i + 

e + anything 
t [pe + anything 

A e + anything 

( seen )] 
( 4.5 ± 1.7 )% 
( 1.8 ± 0.9 )% 
( 1.1 ± 0.8 )%1 

576 

-A? Ag * searches for massive neutrinos and lepton mixing 
• v bounds from astrophysics and cosmology 
* heavy lepton searches 
* weak gauge boson searches 
* free quark searches 
* magnetic monopole searches 
* charm searches and evidence 
* bottom hadron searches 
> top hadron searches 
* other stable particle searches 
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ADDENDUM TO 

Stable Particle Table 
Magnetic Moment 

_ w 1.001 159 652 209 ~— 
c ±.000 000 000 031 2mec 

li Decay parameters* 

p - 0.752±0.003 n " - 0.12 ±0.21 
f-P -0.972±0.014 6 - 0.755±0.009 h - 1 . 0 l ± 0 . 0 6 

l e V g v l " 0 - 8 6 ™ " « = 1 8 0 ° ± 1 5 ° 

flw 1.001 165 924 - — 
±.000 000 009 2™nc 

li Decay parameters* 

p - 0.752±0.003 n " - 0.12 ±0.21 
f-P -0.972±0.014 6 - 0.755±0.009 h - 1 . 0 l ± 0 . 0 6 

l e V g v l " 0 - 8 6 ™ " « = 1 8 0 ° ± 1 5 ° 

Mode Left-right asymnetry Sextant asymmetry Quadrant asymmetry 
™ ir +ir"ir° ( 0.12±.17)% (0.19±0.16)% (-0.17±0.17)% 

i r + i r " 7 ( 0.88±.40)% ,8=0.047+0.062 

j f ± Mode Partial rate (sec - 1) 
IW (51.33±0.17)xl0 6 S-1.2* 
TTJT0 (17.10±0.13)xl0 6 S= l . l * 
i n r + i r _ ( 4.52±0.02)X106 S - l . l * 
m r V ( !.40±0.04)xl0 6 S-1.4* 
infie ( 2.58±0.07)xl0 6 S-1.7* 
: A ( 3.90±0.04)xl0 6 S = l . l " 

Slope parameters for K -+ W 
K + - i r + 7r + Tr~ g--O.215+.004 S-1.4* See Data Card Listings 
K" -7 r " i r "T + g=-O.217±.O07 S-2.5* for quadratic coefficients. 
K ^ i r V i r * g= O.607±.O3O S-1.3* 
K^-T+ir'Tr" g= 0.670±.014 S-1.6* 

j f ± Mode Partial rate (sec - 1) 
IW (51.33±0.17)xl0 6 S-1.2* 
TTJT0 (17.10±0.13)xl0 6 S= l . l * 
i n r + i r _ ( 4.52±0.02)X106 S - l . l * 
m r V ( !.40±0.04)xl0 6 S-1.4* 
infie ( 2.58±0.07)xl0 6 S-1.7* 
: A ( 3.90±0.04)xl0 6 S = l . l " Form factors for K ^ decays 

f \ \ - 0.029±.0O4 c \ e

+ - O.O3O0±.0O16 S-1.2* 
K O l X + " O.O26±.O08 S-1.5* K M X^= 0.034 ±.006 S-2.5* 

*• Xj= -O.0O3±.O07 S-1.5* l \ £ = 0.020 ±.007 S-2.5* 

See Data Card Listings for £, fs, and f(. 

j^O 7r +ir" i( 0.7689±.0033)xl0 1 0 

^ i r V i( 0.3517±.O029)xlO'° S - l . l " 

Form factors for K ^ decays 
f \ \ - 0.029±.0O4 c \ e

+ - O.O3O0±.0O16 S-1.2* 
K O l X + " O.O26±.O08 S-1.5* K M X^= 0.034 ±.006 S-2.5* 

*• Xj= -O.0O3±.O07 S-1.5* l \ £ = 0.020 ±.007 S-2.5* 

See Data Card Listings for £, fs, and f(. 
i^O i r W ( 4.14±0.20)xl0 6 S=1.7* 
" u . i r + i r V ( 2.39+0.04)xl0 6 S=1.2" 

irul/ ( 5.23±0.09)xl0 6 S—1.3* 
xcr ( 7.47±0.11)xl0< i S-1.3* 
ir +ir~ '( S^^O.lOJxIO 4 S= l . l * 
i r V J( l.8I±0.36)xI0* S=1.5* 

Form factors for K ^ decays 
f \ \ - 0.029±.0O4 c \ e

+ - O.O3O0±.0O16 S-1.2* 
K O l X + " O.O26±.O08 S-1.5* K M X^= 0.034 ±.006 S-2.5* 

*• Xj= -O.0O3±.O07 S-1.5* l \ £ = 0.020 ±.007 S-2.5* 

See Data Card Listings for £, fs, and f(. 
i^O i r W ( 4.14±0.20)xl0 6 S=1.7* 
" u . i r + i r V ( 2.39+0.04)xl0 6 S=1.2" 

irul/ ( 5.23±0.09)xl0 6 S—1.3* 
xcr ( 7.47±0.11)xl0< i S-1.3* 
ir +ir~ '( S^^O.lOJxIO 4 S= l . l * 
i r V J( l.8I±0.36)xI0* S=1.5* 

CP violation parameters"^ 
| n + _ | - (2 .274± .022)x l0 - 3 |7Joo |"(2-33±.08)xlO- 3 S - l . l " 
<p + . -(44.6±1.2)° <foo-(54±5)° 
| n + _ 0 | : < 0 . ' . l'?oool2<0-28 i-(0.330±.012)% 

i^O i r W ( 4.14±0.20)xl0 6 S=1.7* 
" u . i r + i r V ( 2.39+0.04)xl0 6 S=1.2" 

irul/ ( 5.23±0.09)xl0 6 S—1.3* 
xcr ( 7.47±0.11)xl0< i S-1.3* 
ir +ir~ '( S^^O.lOJxIO 4 S= l . l * 
i r V J( l.8I±0.36)xI0* S=1.5* 

iiS - - A Q 
Re x-0.009±.020 S-1.4" tax = -O.0O4±.026 S - l . l " 

Magnetic 
moment 
(efi/2mpc) 

2.7928456 
P ±.0000011 

Decay parameters* 
Measured Derived Coupling Constant Ratios 

Magnetic 
moment 
(efi/2mpc) 

2.7928456 
P ±.0000011 

a ^(degree) 7 A(degrec) 

Magnetic 
moment 
(efi/2mpc) 

2.7928456 
P ±.0000011 

n w -1.91304184 
±.00000088 

pe~>/ g A / g v = - l . 2 5 5 ±0.006 
0A V-(18O.11±O.17)° 

• w -0.613 
A ±.004 

pjr~ 0.642±0.013 (-6.5 = 3.5)° 0.76 (7.7±4.1)° 
n?r° 0.646+0.044 
pee ifJty~-0.690±0.034 S=1.4* 

-y+ 2.33 
Z ±.13 

p*° -0.979±0.016 (36±34)° 0.17 (187±6)° 
mr + +0.068±0.013 (167±20)° -0.97 (-73i|3")° 
P7 -0.72±0.29 S = l . l * 

V - -1.41 
^ ±.25 

mr~ -O.068±0.008 (10+15)° 0.98 (249±!?<)° 
n e - „ g A /g v =±(0.385±0.070) S-2.3* 
A e - r g v /g A =0.14±0.24 S-1.6* g W M / g A - Z 4 ± l . 7 

« 0 -1.250 
** ±.014 

A T 0 -O'.13±0.022 (2I±I2)° 0.85 (218*',J)° 
S-2.0* 

•g- -1.85 
" ±.75 

Air" -0.434±0.0i5 (2±6)° 0.90 (184±12)° 
S=1.4* S - l . l " 

$T AK~ -0.10+0.38 
S-1.2* 



Stable Particle Table (cont'd) 
— Indicates an entry in the Stable Particle Data Card Listings not entered in the Stable Particle Table. 

• S = Scale factor = Vx 2 / (N-1) , where N «* number of experiments. S should be = 1 . If S > 1, we have enlarged the error 
of the mean, «5x; i.e., 5x — S5x. This convention is still inadequate, since if S » 1 the experiments are probably incon
sistent, and therefore the real uncertainty is probably even greater than Six. See text, and ideograms in Stable Particle Data 
Card Listings. 

t Square brackets indicate subreactions of some previous unbracketed decay mode(s). Reactions in one set of brackets may 
overlap with reactions in another set of brackets. 

a. The baryon number B, strangeness S, and charm C of the hadrons which appear in the tables are as follows: 

Mesons (B= =0) S c Baryons (B= •1) S C 
ir,7| 0 0 p.n 0 0 
K + ,K° + 1 0 A,2 - I 0 
K-.K° - 1 0 

•=• 
- 2 0 

D + ,D° 0 + 1 ft" - 3 0 
D-,D° 0 - I A c

+ 0 +1 
F + +1 +1 
F " - 1 - 1 

b. Quoted upper limits correspond to a 90% confidence level. 

c. In decays with more than two bodies, p , , ^ is the maximum momentum that any particle can have. 

d. 99% confidence level. Lower limit from same experiment, > 14 eV, not yet confirmed. See Stable Particle Data Card List
ings. 

e. See Stable Particle Data Card Listings for energy limits us? J in this measurement. 

/ . Theoretical value; see also Stable Particle Data Card Livings. 

g. See note in Stable Particle Data Card Listings. 

h. Structure-dependent part with positive (SD+) and negative (SD-) photon helicity. 

i. The direct emission branching fraction is (1.56 ±.3f) X10~*. 

j . The Kg0 — TTTT and KL° — mr rates (and branching fractions) are from our branching fraction and rate fits and do not include 
results of K.L°-Kg° interference experiments. The | i)+_| and ] 17001 values given in the addendum are these rates combined 
with the | ^ + _ | and |T^QQ| results from interference experiments. 

k. The stronger limit < 2 x l 0 - 9 of Clark et al., Phys. Rev. Lett. 26, 1667 (1971) is not listed because of possible (but unknown) 
systematic errors. See Stable Particle Data Card Listings. 

i. This is a weighted average of D* (44%) and D° (56%) branching fractions. 

m. Quantum numbers shown are favored but not yet established. See Stable Particle Data Card Listings. 

n. Limit from neutrality-of-matter experiments. Assumes | q n | = | q | - [q^. 

p. y not measured for 2°. Assumed same as 2 * to allow jsotriplet association. 

q. P for H and J p for Q~ not yet measured. Values shown are SU(3) predictions. 

r. J p for A.* not yet measured. Values shown are SU(4) predictions. 

•*• l£ A /Svi defined by g A

2 = ] C A | 2 + | C ' A | 2 , g v

2 = [ C V | 2 + | C V | 2 , and S - c e i r j ^ x i M l V C j + C ' ^ ) ! ^ ; <t> defined by 
cos <t> = - R e ( C A C ' v + C ' A C v " ) / g A g v , P is muon longitudinal polarization [for more details, see text Section VI A). 

, s -̂So 
r. The definition of the slope parameter of the Dalitz plot is as follows [see also text Section VI B.I J: |M| = 1 + g — — 

u. The definition for the CP violation parameters is as follows [see also text Section VI B.3]: 

, + - " l , + - | e - MKf-,*,-) *«>=^< = A t K ^ V ) 
r(KL°~ ^i-rtKj 0- r> | ( J r(Ks°-ir+j--^*)cp vio1- 2 _ r(K s 'WW) C P v i ° 1 -

lf+-ol " ZTTi—+ - IK • l̂ oool 

The definition of these quantities js_as_ follows [for more details on sign convention, see text Section VI B]: 

" = 'is'l^lT S "" V ^ l s i " * B A ' 8 V ' B W M d e f i n , ! d b y < Bfl^(8v-BA'T5) +(8wM/mB !) <^'lJ Bi> 

/s = - : H l P l s i n A

 7 = VTSx 
| s | 2 + | p | 2 

For limits on electric dipole moment, see Data Card Listings. Forbidden by P and T invariance. 

« A V defined by g A / g v = l g A / g v | e 



Meson Table 

April 1982 

In addition to the entries in the Meson Table, the Meson Data Card Listings contain all 
substantial claims for meson resonances. See contents of Meson Data Card Listings below. 

Quantities in italics are new or have changed by more than one (old) standard deviation since April 1980. 

SF bx 0 1 '/i 

N + t p 

- w/0 i 
A + - n r K 

K* l^-l"")^ Mass 
M 

'—< estab. (MeV| 

Fid) 
Width 

r 
(MeV) 

M 2 

±rM° 
(GeV 2) 

Mode 

Partial decay Mode 

Fractional p ^ , " 
[Upper liaaitt (%) are 90% CL| (MeV/c) 

NONSTRANGE MESONS 

l ~ ( 0 ~ ) + 139.57 
134.96 

0.0 
7.95 eV 

±0.55 eV 

0.019479 
0.018215 

See Stable Panicle Table 

r, 0 + (0~)+ 548.8 
±0.6 

0.83 keV 
±0.12 keV 

0.301 
±0.000 

Neutral 
Charged 

70.9 
29.1 

p<770) l + t l - ) - 7597" 
± J § 

M and f from neutral mode. 

See Stable 
Particle Table 

154 + 

±5§ 
0.591 

±0.118 
= 100 
0.044±0.00S 

0.0067 ±0.0012° 
0.0043 ±0.0005'' 

n-y seen 
For upper limits, see footnote e 

358 
372 
370 
384 
189 

oj(783) 0 ~ ( l ~ ) - 782.6 9.9 
±0.2 ±0.3 

S —1.1* 

0.612 ir~V~ir" 89.9±0.5 
±0.008 tfiy 8.7 ±0.5 

ir+jr~ 1.4+0.2 
irVV" 0.0I0±0.002 
e + e ~ 0.0072 ±0.0007 S = l . 3 * 
777 seen* 
For upper limits, see footnote/ 

>,'(958) 0 + ( 0 ~ ) + t 957.57 
±0.25 

327 
380 
366 
349 
391 
199 

0.28 
±0.10 

0.917 
±0.0003 

ninr 

A 
lay 
Tt 

65.3 ±1.6 
30.0 ±1.6 
2.8±0.5 
1.9 ±0.2 

0.009 ±0.002 
For upper limits, see footnote g 

231 
170 
159 
479 
467 

S'(975| 0 4 (0 ' t )+ 975r 33 c 

±4 ±6 
S-1.4* 

0.951 
±0.032 

mr 
KK 

78±3 
22±3 

See note on irir and KK S wave. 

0(980)* l" (0 + )+ 983* 
±2 

54* 
±7 

0.966 
±0.053 KK 

seen 
seen 

320 

4(1020) 0 ~ ( l ~ ) - 1019.61 
±0.07 

4.21 1.040 K + K " 49.1+1.0 S—1.3* 127 
±0.13 ±0.004 

T T T 
34.6 + 1.0 S = 1 . 3 * 111 

T T T (incl. pr ) 14.8 ±0.7 S=1 .2« 462 
<iy 1.5 ±0 .2 362 

A 0.14 ±0.05 501 
e + e - 0.031 ±0.001 510 
M V 0.025 ±0.003 499 
T + T - 0.02±0.01 490 
For upper limits, see footnote i 

H(1190) 0 ~ ( 1 + ) - 1190 320 1.416 
±150 ±50 ±0.381 

Seen in one experiment only. 

pir 

B(I235) 1+(1*)- 1233 
±10 § 

l 3 7 s 
± 1 0 ' 

1.52 onr only mode seen 
±0.17 [D/S amplitude ratio = 0.29±0.05) 

For upper limits, see footnote j 

349 
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Meson Table (cont'd) 
i e bX 0 1 vs 
N + E 0 ¥' 

- u/4> i 
A + - V T K 

Full 
K* i V l C , Mats WUtb 

M T 
K —"«««*. (MeV) (MeV) 

Partial decay node 
M* t" b 

±rM° Mode Fracdiw(%) 
(OV 2 ) [Upper Halts (%) are 90% CL] (MeV/«) 

1.62 TK 83.1 ±1.9 S-1.4* 621 
±0.23 2» +2]r~ 2.8 ±0.4 S-I .2* 558 

KK 2.9±0.2 S-1.2* 397 
77 0.0016+0.0003 637 
T + T " 2 / seen 561 

f(1270) 0 + ( 2 + ) + 1273 179 
±5" ±20 8 

For upper limits, see footnote k 

A,(1270) l " ( I + ) + 127S* 
±30 

315* 
±45 

1.63 
±0.40 

pit dominant 
*('lnr)s-ynYt 5 e e n 

389 
599 

D(l 285) 0 4 ( l + ) + 1283 26 
±S» ±5* 

1.65 KKT 11 ±3 302 
0.03 ?pnr 49 ±6 482 

4 T (prob. prx)* 
36 ±7] 236 

4 T (prob. prx)* 40 ±7 564 

ITT - 9 0 635 
KK - 1 0 418 
OT 348 

€(1300) 0 + ( 0 + ) + -1300 200-600 

See note on xir and KK S wave.* 

i<1300) 1~(0~)+ 1300$ 
±100' 

Not a well-established resonance. 

200-600 pnt 
w(Tr)g_ w l v e 

seen 
seen 

407 
612 

A2(1320) l~(2+)+ 1318 110 
±5* ±5* 

.74 ox 

.14 1JJT 

O W T 

KK 
rfir 
T 
77 

70.1 ±2.2 419 
14.5 ±1.2 534 
10.6 ±2.5 361 
4.8 ±0.5 434 

< 2 (CL-97%) 286 
0.45 ±0.11 652 

0.0007 ±0.0004 659 

^1420)* 0 + ( l + ) + 1418 
±10' 

5 2 8 ±10 S 

2.01 
±0.07 

KKx (prob. K'K+KK* 
tJVT 

t[0T 

seen 
possibly seen 
possibly seen] 

423 
565 
348 

HI 515) 0 + ( 2 + ) + 1520 
±10* 

7 5«i 
±10' 

2.31 
±0.11 

KK dominant 
possibly seen 

574 
747 

p'(1600) I + ( l ~ ) - 1600J 
±20' 

300+ 
tlOO8 

2.56 
±0.48 

4ir (incl. pr+* ,A[T) 
TTJT_ 

K*K + K*K 
type 
KK 

large 
< 30* 
- 1 5 
- 1 3 
~l 

seen 

738 
788 
388 
675 
630 
800 

w(l670) 0~(3~) - I688 166 2.78 
±5 ±15* ±0.28 

S - l . l * 

3ir 
UP* 

5 T 
tl&nnr (prob. Bx) 

seen] 
seen 
seen] 

A,(1680)* l~ (2 - )+ /tf«o| 250* 
±30* ±50* 

806 
648 
740 
616 

2.82 fir 55 ±5 
±0.42 o* 36 ±6 

^ ^ S - w i v e 9 ± 5 

For upper limits, see footnote t 

337 
656 
813 

(J/O6S0) Q - ( l ' ) - 1684 126 
± / 5 S ±22 

2.84 
±0.21 

K»K + K'K 
UTK 
KK 

dominant 
seen 
seen 

g(I690)* l + U " ) - 169]" 200* 

541 
624 
682 

±5» ±20' 

• J p , M, and T from the 2x and KK modes. 

2.86 2* 23.8 + 1.3 834 
±0.34 4ir(incl. nrp.pp.f^T.ar) 70.9±1.9 787 

KKi (incl. K'K) 3.S±1.2 625 
KK 1.5±0.3 S—1.3* 684 



Meson Table (cont'd) 
]F bH 0 1 <h 
N + € " 

- "14 6 
A + - V * K 

i V lC . 

—I aft. 

Fall 
MEM Width 

M r 
(MeV) (MeV) 

h(2040) 0+(4+) + 2040s 

±20' 
150? 

±50' 

M 2 

±rM" 
(OV J ) 

Partial decay • 

Mod* Fractioa<%) 
|Upaer Vaa'ts (%) are »0% CL] 

4.16 
±0.31 

XT 
KK 

seen 
seen 

'max 
(MeV/c) 

1010 
890 

' "7C(2980) 0^( )_+ 2981 
±6 2(x 

K +K 
PP 

*~) 
seen 
seen 
seen 
seen 

1426 
1458 
1343 
1158 

JM3100) Q - ( l - ) - 3096.9 
±0.1 

0.063 
±0.009 

9.591 
±0.000 

hadrons + radiative 

7.4±1.2 
7.4 ±1.2 
85 ±2 

1548 
1545 

Decay modes into stable hadrons Decay modes into hadronic resonances 

t [ 2 ( T + 0 * 0 

SdrV")* 0 

4 ( i + O i r 0 

pp> +T~ 
2 (x + 0 
3 ( * + T ) 

& + £ + K + K ~ 

PP1 

" ? - - + pnir or pnr 
nii 

2PS 0 

AA 
PPV 
2(K +K~) 
K + K" 

3.7 ±0.5 
2.9 ±0.7 
1.2 ±0.3 
0.9 ±0.3 

0.72 ±0.23 
0.53 ±0.06 
0.4 ±0.1 
0.4 ±0.2 

0.38±0.36 
0.32 ±0.08 
0.31 ±0.13 
0.26 ±0.07 
0.24±0.26 
0.23 ±0 04 
0.22 ±0.02 
0.21 ±0.02 
0.18 ±0.09 
0.16 ±0.06' 
0.13 ±0.04 
0.11 ±0.02 
0.11 ±0.01 
0.07+0.03 

0.022 ±0.008 
0.011 ±0.005 
< 0.015 
< 0.009] 

m 

1496 
1433 
1368 
1345 
1407 
1107 
1517 
1466 
1106 
818 
1320 
1440 
988 
948 
1232 
1174 
1231 
1033 
988 
1074 
1176 
1131 
1468 
1542 
1032 
1466 

o)2ir+2ir 

wmr __ 
K"0(892)K*°(1430)+c.( 
K ±K* : f(892) 
B ± J1235)TT , : 

K°K"°(892)+C.C. 
uf 
4nr+-K~ 
"'PP. 
4>KK 
"PP. 
wKK 
<frr) 
#'(1515) 

K"\?430)K*°(I430) 
K°K°(1430)+c.c. 
K ±K" : f(1430) 
02ir+2ir~ 
dm' _ 
K °(892)K'°(892) 

1.22 ±0.12 
0.85 ±0.34 
0.84+0.45 
0.68 ±0.19 
0.67 ±0.26 
0.34+0.05 
0.29 ±0.07 
0.27 ±0.06 
0.23+0.08 
0.21 ±0.09 
0.18 ±0.06 
0.18 ±0.08 
0.16 ±0.03 
0.16+0.10 
0.10 ±0.06 
0.08 ±0.05 
< 0.43 
< 0.29 
<0.2 
< 0.2 
< 0.15 
<0.13 
<0.05 
< 0.037 
< 0.016] 

Radiative decay modes 

t['nC1440) 
71)' 
•yf 

W 
T-D(1285) 
2-C 
Tf'0515) 
7PP 
37 

0.55+0.22" 
0.36±0.05 
0.15 ±0.04 

0.086+0.009 
0.007+0.005 
< 0.6 
< 9.05 
< 0.03 
<0.01 
< 0.006] 

1449 
1392 
1126 
1435 
1007 
1373 
1299 
1373 
1144 
1365 
596 

1176 
768 

1265 
1320 
874 

1263 
584 

1154 
1154 
1318 
1192 
1266 
1037 
1006 

1224 
1400 
1287 
1500 
1546 
1283 
1548 
1175 
1232 
1548 

X(3415) 0 + ( 0 4 ) + 3415.0 
+ 1.0 

11.662 2(irV~) (incl. mrp) 4.3 ±0.9 
ir +ir~K +K~ (incl. TKK*) 3.4 ±0.9 
3( IT + T") 1.7 ±0.6 
a-+ir~ 0.9 ±0.2 
7JAK3100) 0.8+0.2 
K +K~ 0.8 ±0.2 
ppr + T" 0.6 ±0.2 
For upper limits, see footnote o 

1679 
1580 
1633 
1702 
303 

1635 
1320 



Meson Table (cont'd) 
J ' |H 0 . V, 
N + e f r' 

- <«/* i 
A + - 1 w K 

I G(J P)C. 

i— 'a id . 

Fun 
Man WUt* 

M T 
(MeV) (MeV) 

M 2 

±nn" 
(GtV1) 

Partial fccay l 

Mot> Fractioa(%) 
[UffCT Maitl (*) arc *•% CI) 

"max 
(MeV/c) 

p c or 
x(3510) 

o+('+>+ 3510.0 
±0.6 

12.320 7J/,K3100) 28 ±3 
3 ( T + 0 2.4 ±0.9 
2 ( T + 0 (incl. mro) _ 1.8 ±0.5 
I + T " K + K " (ind. xKK*) 1.0 ±0.4 
T +T"pp 0.15±0.10 
For upper limits, see footnote p 

389 
1683 
1727 
1632 
1J81 

X(3555) 0+(2+)4 3555.8 
±0.6 

12.644 -yJ/0(31OO) 15.7 ±1.7 
2 ( T + T " ) (incl. mcp) _ 1 3 ±0.5 
T + T " K + K _ ( i n d TTKK*) Z0±0.5 
3 ( x + 0 l.2±0.8 
T + »"pp 0.35±0.l4 
r*T' 0.20±0.1I 
K +K~ 0.16±0.12 
For upper limits, see footnote q 

429 
1750 
1656 
1706 
1410 
1772 
1708 

T«3685) Q - ( l ~ ) - 3686.0 
±0.1 

"V<3685) ' "V<3100) 

0.215 
±0.040 

= 589.06+0.13 

Radiative decay modes 

+[7X(3415) 
7X(3510) 
7X(3555) 
7^(2980) 
7«3590) 

•m 
"rf 
71(1440) 

8.2 ±1.4 
8.0±1.3 
7.4 ±1.3 

0.43 ±0.26 
0.2 to 1.3 

<0.S (CL-95%) 
<0.02 
<0.02 
<0.0I8"] 

13.587 
±0.001 

261 
172 
128 
638 
91 

1841 
1802 
1719 
1570 

hadrons + radiative 

0.9 ±0.1 
0.8 ±0.2 

98.1 ±0.3 

Decay modes into hadrons 

t [ j /uV + T" 
J / u W 
3/H , 
2 ( i r + O i r ° 

J / 0 T ° _ 
Pp>+T 
K 0 (892)K ± i ' O 2(ir+: 

4 
3 ( I + T - ) 

pr 
AA 

33 ±2 
X 1 ± 1 A 2.8 ±0.6* 

0.35 ±0.15 
0.16 ±0.04 
0.10 ±0.03 
0.08 ±0.02 

0.067±0.025 
0.05 ±0.01 

0.042 ±0.015 
0.019+0.005 
0 015 ±0.010 
0.010+0.007 
0.008±0.005 

<0.l 
<0.04] 

1843 
1840 

477 
481 
196 

1799 
1726 
528 

1491 
1674 
1817 
1751 
1586 
1774 
1776 
1838 
1760 
1467 

0(3770) ( 1 - ) - 3770 
±3 

25 
±3 

14.213 
±0.094 DD 

0.0011 ±0.0002 
dominant 

1885 
242 

"\K3770) " "ty<3685) 
S-1.8* 

0(4030) ! ! > 4030? 
±5« 

52 
±10 

16.241 
±0.210 

e+e-
hadrons 

0.0014 ±0.0004 
dominant 

2015 

0(4160) O ; 4159 
±20 

78 
±20 

17.297 
±0.324 

e+e-
hadrons 

0.0010 ±0.0004 
dominant 

2079 

0(4415) ( I - ) - 4415 
±6 ±20* 

19.492 
±0.190 hadrons 

0.0010±0.0003 S-1.4* 
dominant 

T(9460) (!")- 9456 0.042 89.416 p+p 3.2+0.7 4727 
±10 ±0.015 ±0.0004 e + e - 2.8±1.1 4728 

T(10020) (•")- 10016 0.030 100.320 P+P~ seen 5007 

"K10020) 

±10 

-mT(9460) 

±0.010 

- 559±3 

±0.0003 e + e " 
T(9460)inr 

1.7 ±0.6 
30±6 

5008 
472 

TO0350) ( I - ) - 10347 
±10 

""IX10350) _ mI(94eO) " 8 9 l ± 4 

file:///K3770
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Meson Table (cont'd) 
if kX 0 I Vi 

l G ( J P l C , 
Fil l 

Widtk M 2 

Partial decay mod* 
+ t P If" l G ( J P l C , 

Fil l 
Widtk M 2 

Partial decay mod* 
N + t P If" l G ( J P l C , 

Fil l 
Widtk M 2 

*"b - ->/* I 
— i el(«6. 

M 
(NfcVl 

r 
(Me V| 

±rM J 

(GeV 2 ) 
Mode FracBc«(%) 

|Uaa«r K i r t a (%) a re 9 0 % CL) A + - 1 TT K — i el(«6. 
M 

(NfcVl 
r 

(Me V| 

±rM J 

(GeV 2 ) 
Mode FracBc«(%) 

|Uaa«r K i r t a (%) a re 9 0 % CL) (MeV/c) 

T(10570) ( 1 " ) - 10569 14 111.704 e + e ~ 0.0019 ±0.0008 5285 
±10 ±5 ±0 .15 

•"K10570) " m I ( 9 4 6 0 ) -= III3±4 

STRANGE MESONS 

K + 1/2(0") 493.67 0.244 See Stable Particle Table 
K° 497.67 0.248 

K'<392) 1 /2 (1" ) 891.8 50.8 0.795 K T « 100 288 
± 0 . 4 ± 0 . 9 ± 0 . 0 4 5 K 7 0.15 ± 0 . 0 7 309 

S = 1 . 2 * Kmr < 0.07 (CL= =95%) 216 
4 and T from charged mode; m° - m * = 6 . 7 ± I . 2 M c V . 

0 , (1280) 1/2(1+) 1270 S 

± I 0 § 

90f 
±20« 

1.61 Kp 42 ±6 45 1270 S 

± I 0 § 

90f 
±20« ±0.11 KT 28 ±4 

K«ir 
KUJ 

16 ±5 
II ±2 

299 

Ke 3 ±2 

((1350) 1/2(0+) ~ 1 3 5 0 ~ 2 5 0 1.82 Kir seen 574 
±0 .34 

See note on Kir S wave + 

3 , (1400) 1/2(1+) 1414 180 2.00 K ' T 94 ±6 410 
± 1 3 ± 1 0 ± 0 . 2 5 K,o 

K< 
3 ±3 
2 ±2 

308 

K u 1±1 294 

<*(1430) 1/2(2+) 1 4 3 4 § 1 0 0 S 2.06 K r 44.8±2.3 S= =2.7* 623 
± 5 § ± 1 0 § ±0 .14 K V 24.6+2.0 S= • 1 . 1 ' 424 

K-ir?r 13 .0+2 .6 S - - 1 . 1 * 374 
Kfi 8.8 ml. 1 

4 . 2 ± l . 5 
5 ± S S 

S= = 1.3* 334 
320 

K , 

8.8 ml. 1 
4 . 2 ± l . 5 

5 ± S S 492 

- (1770)* 1 /2(2") ~I770§ ~200§ 3.13 K*(1430)?r dominant 278 

U 1 7 7 0 ) . * 

± 0 . 3 5 K«(892)ir 
Kf 

seen 
seen 

652 

< see note on U 1 7 7 0 ) . * < 
Wnw)* 1 /2 (3" ) 17751 

± / 0 § 

140 5 

± 2 0 § 

3.15 Kmr large 793 17751 
± / 0 § 

140 5 

± 2 0 § ±0 .25 t [ K p large] 616 
tlK'x l a rge l 

1 7 ± 5 ? 

654 

K*( I780) .* 
Kir 

l a rge l 
1 7 ± 5 ? 812 

I 

See note on K*( I780) .* 

I 

C H A R M E R NONSTRANGE MESONS 

I )+ 1 / 2 ( 0 " , 1869.4 3.495 See Stab 
[ 

[ 
)° 1864.7 3.477 [ 

[ )*+(2010) 1 /2(1") 2010.1 < 2.0 4.041 D°T+ 6 4 ± 1 1 39 
± 0 . 7 D+,r° 

D + 7 
28 ± 9 

8 ± 7 
38 

136 
: V + - V - 1 4 S . 4 ±0 .2 MeV 

D'° (2010) 1 /2(1") 2007.2 < 5 4.029 DV 5 5 ± I 5 44 
±2 .1 D°7 45 ± 1 5 137 

CHARMED, STRANGE MESON 

F+ 0(0") 2021 4.084 See Stable Particle Table 
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Meson Table (cont'd) 
Coateati of Mesoa DMa Cut Listiigs 

Non-strange (S - 0; C,B - 0) Strange (|S| - l ; C , B - 0 ) 

entry l C (J P )C n entry I G (J P )C n entry IG(JP)C„ entry I (J P ) 

7T l - (0")+ !• (1515) 0+(2+) + - 6 (2450) I "(6+) + K 1/2(0") 

V 0 + (0") + p' (1600) 1 + ( 1 - ) - - e + e " (1100-2200) K' (892) 1/2(1") 
P (770) 1 + ( 1 " ) - - 6 (1640) 0+(2+)+ - NN (1400-3600) Q, (1280) 1/2(1+) 
u (783) o-(i")- a (1670) 0 - < 3 - ) - - X (1900-3600) K (1350) l /2(0 + ) 

i?' (958) 0 + (0") + A 3 (1680) l - (2")+ "c (2980) + Q 2 (1400) 1/2(1 +) 

S* (975) 0 + ( 0 + ) + $ (1680) o-(i-)- W (3100) 0 - ( O - - K' (1400) 1/2(0") 

o (980) l " ( 0 + ) + g (1690) l+<3")- X (3415) 0 + ( 0 + ) + K* (1430) 1/2(2+) 

<t> (1020) o-(i-)- - (t. (1850) 0 P c or x(35IO) 0+([+) + - L (1580) 1/2(2") 

H (1190) o"(i+)- - X (1850) <2 +) X (3555) 0+(2+)+ - K* (1650) 1/2(1") 
B (1235) 1+(1+)- - S (1935) - v (3590) + L (1770) 1/2(2") 

- p1 (1250) i+<n- - o (2030) l"(4+) + t (3685) o _ ( i - > - K* (1780) 1/2(3") 

f (1270) 0+<2+) + h (2040) 0 + ( 4 + ) + * (3770) (!")- - K* (2060) 1/2(4+) 

A, (1270) 

- T, (1275) 

D (1285) 

l"(l+) + 
0 + (0") + 
0+<l+) + 

- T (2050) 

- ir (2100) 

- p (2150) 

l"(3+)+ 

l - (2~)+ 

i+( i">-

(4030) 

(4160) 

(4415) 

0">-
(1">-

(!")-

- K' (2200) A, (1270) 

- T, (1275) 

D (1285) 

l"(l+) + 
0 + (0") + 
0+<l+) + 

- T (2050) 

- ir (2100) 

- p (2150) 

l"(3+)+ 

l - (2~)+ 

i+( i">-

(4030) 

(4160) 

(4415) 

0">-
(1">-

(!")-
Charmed (|C| = 1) 

A, (1270) 

- T, (1275) 

D (1285) 

l"(l+) + 
0 + (0") + 
0+<l+) + 

- T (2050) 

- ir (2100) 

- p (2150) 

l"(3+)+ 

l - (2~)+ 

i+( i">-

(4030) 

(4160) 

(4415) 

0">-
(1">-

(!")- D (1870) 1/2(0") 

t (1300) 0 + ( 0 + ) + - < (2150) 0 + ( 2 + ) + T (9460) ( 1 - ) - D - (2010) 1/2(1") 
•n (1300) r(o-)+ - p (2250) l+ (3") - T (10020) (!")- F (2020) 0 (0") 
Aj (1320) 

E (1420) 
l"(2+) + 

0+(l+) + 

- f (2300) 

- p (2350) 

0+(4+) + 

l+ (5") -

T 

T 
(10350) 

(10570) 
(!")-
<!">-

- F' (2140) Aj (1320) 

E (1420) 
l"(2+) + 

0+(l+) + 

- f (2300) 

- p (2350) 

0+(4+) + 

l+ (5") -

T 

T 
(10350) 

(10570) 
(!")-
<!">- Bottom (Beauty) (|B| = 1) 

Aj (1320) 

E (1420) 
l"(2+) + 

0+(l+) + 

- f (2300) 

- p (2350) 

0+(4+) + 

l+ (5") -

T 

T 
(10350) 

(10570) 
(!")-
<!">-

- B (5200) 

Aj (1320) 

E (1420) 
l"(2+) + 

0+(l+) + 

- f (2300) 

- p (2350) 

0+(4+) + 

l+ (5") -

T 

T 
(10350) 

(10570) 
(!")-
<!">-

- Exotics 

-• Indicates an entry in the Meson Data Card Listings not entered in the Meson Table. We do not regard these as established reso
nances. All the entries in the Listings can be found in the Table of Contents of the Meson Data Card Listings immediately preced
ing these footnotes. 

X See Meson Data Card Listings. 

• Quoted error includes scale factor S - Vx 2 / (N-1) . See footnote to Stable Particle Table. 
t Square brackets indicate a subreaction of the previous (unbracketed) decay mode(s). 
§ This is only an educated guess; the error given is larger than the error on the average of the published values. (See the Meson Data 

Card Listings for the latter.) 
a. TM is approximately the half-width of the resonance when plotted against M 2. 
b. For decay modes into > 3 particles, p ^ ^ is the maximum momentum that any of the particles in the final state can have. The 

momenta have been calculated by using the averaged central mass values, without taking into account the widths of the resonances. 
c. From pole position (M - ir /2) . 
d. The c+e~ branching fraction is from e+e~ -* T + Y " experiments only. The tap interference is then due to oip mixing only, and is 

expected to be small. See note in the Meson Data Card Listings. The p.+ti~ branching fraction is compiled from 3 experiments, 
each possibly with substantia' vp interference. The error reflects this uncertainty; see notes in the Meson Data Card Listings. Ife^i 
universality holds, T(p° - J I + J O - r (p° - e+e") x 0.99785. 
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Meson Table (cont'd) 
<?. Empirical .units on fractions for other decay modes of p(770) are T*IJ < 0.8% (•JL-=84%), T + I T + T V < 0.15%, T±ir+ir~ir < 

0.2%(CL«84%). 
/ Empirical limits on fractions for other decay modes of u>(783) ire ir+7r~7 < 5%, T ic°y < 1%, IJ 4- neutral(s) < 1.5%, fi+fT < 

0.02%. 
g. Empirical limits on fractions for other decay modes of ij'(95fc) are * + i r~ < 2% (CL»B4%>, T + * ~ T ° < 5% (CL-84%), *+***~*~ 

< 1% (CL«9#*) J T + T + T W ° < 1% (CL-84%), 6TT < 1%, i r " V e + e - < 0.6%, A V < 1.3% (CL-84%), ije +e" < 1.1%, * V 
< 4%, nn+(f < 1.5 X 10"5, TT°H V < 6 X 10 _ s . 

h. The mass and width are from the tpr mode only. If the KK channel is strongly coupled, the width may be larger. 
i. Empirical limits on fractions for other decay modes of 0(1020) are x+ir~~y < 0.1%, wy < 5% (CL=S4%), py < 2% (CL=84%), 

2TT ' 2TT"T° < 1% (CL=95%), 2 JT + 2IT < 0.1%. 

j . Empirical limiis on fractions for other decay modes of B(1235) are mr < !5%, KK < 2% (CL=84%), 4 T < 50% (CL=84%), ifur < 
1.5% (CL=84%), TJTT < 25%, (KK)** 0 < 8%, KgKgT* < 2%, K g ^ r * < 6%. 

k. Empirical limits (CL=95%) on fractions for other decay modes of f( 1270) are T̂TTX < 1%, K°K~JT + + c.c. < 0.5%. w < 2%. 
S. Empirical limits on fractions for other decay modes of A3( 1680) are TJTT < 10%, Sir < 10%. 

m. Includes ppjr"*>""/ and excludes pprj, ppw, ppq'. 
n. The i(I440) evidence is listed under E(1420); see E(!420) mini-review. 
o. Empirical limits on fractions for other decay modes of x(3415) are 27 < 0.17%, pp < 0.011%. 

p. Empirical limits on fractions for other decay modes of x(3510) are (TT +T~ and K+K~) < 0.2%, 77 < 0.16%, pp < 0.13% 
q. Empirical limits on fractions for other decay modes of x(3555) are 27 < 0.06%, pp < 0.10%, J/i/^r+ir~Tr < 1.5%. 

Established Nonets, and octet-singlet mixing angles 6 obtained from r «ll-Mann-Okubo mass formula [Appendix II, cq. (3)1. Of 
the two isosinglcts, the "mainly octet" one is written first, followed b, emicolon. The angle 6=6- 35.3 ° measures the devia
tion from ideal mixing. 

(J p >c n 
Nonet members »!«, %iadr. *lta. *qu»dr. 

(0") + ir, K, i}; TJ' -24.4 ±0.1° -11.1 ± 0.2° -59.7 ±0.1° -46.4 ± 0.2° 

<n- p, K , 0; a? 35.9 ± 0.5° 38.6 ± 0.4° 0.6 ± 0.5° 3.3 ± 0.4° 

( 2 + ) + A 2, K'(1430), f; 1 26 ± 3° 28 ± 3° -9 ± 3° -7 ± 3° 

d + ) + + A,, Q A , E; D 52 ± 13° 51 ± 12° 16 ± 13° 15 ± 12° 

+ m(QA) is assumed to be ihe average of m(Q[) and mtQ^). 

More generally, because of unitariiy. the mixing angles are energy dependent and complex above the first threshold (see Appendix II 
C), which is important especially for the scalar and the axial mesons. Note also that the two axial strange mesons (Q ( and (X) are 
mixtures of the exact SU(3) states: Qj = cosv* Q A + sino> Qg, Q 2 = -sin# Q A + cos0 Qg. Below we give the mixing angles 6 and 
<p obtained in a unitary mixing scheme using both masses and widths as input data: 

uX Nonet members Mixing angles 

( i + ) + A,, Q A , E; D «D E(1283) -= 14° + il° 

W 4 ' 8 ' = 2 S ° + i 8 ° 
o + ) - B, Qg, H' +; H 3 H H , (1I90) - -6° + i4° 

5H H,(1400) = -15° + i!0° 

« Q Q ( I 2 7 0 ) = 50° + i3° 

* 0 | Q / I 4 I 4 ) = 6 I ° " i 3 ° 

(0+) + 6. K, S"; < S s.,(975) = +4° + i29° 

^.,(1300) = -33° + i7° 

as yet, not seen experimentally 



Baryon Table 
April 1982 

The following short list gives the name, the nominal mass, the quantum numbers (where known), and the status of each of the 
Baryon States in the Data Card Listings. States with 3- or 4-star status are included in the Baryon Table below, the others 
are omitted because the evidence for the existence of the effect and/or for its interpretation as a resonance is open to question. 

N(939) P : J " • • • A(I232) P33 *••• A0115) P01 * » • • 2(1193) P l l • " * 3(1317) P l l • " • 
N(I440) P l l • • • • 4(1550) P3I *« A(I405) SOI ***• 2(1385) PI3 **** 3(1530) P13 • • • • 
N(1520) D13 • • • • A(1600) P33 ••• AO520) D03 •••• 2(1480) * 3(1630) *# 
N(I535) sn *••• A(I620) S31 *••• A(1600) POI *** £(1560) • • 3(1680) S l l " 
N(1540) P13 • A(1700) D33 *••* A(1670) SOI • •*a 2(1580) D13 • • 3(1820) 13 •*• 
N(1650) S l l • • • • A(1900) S31 **• A(1690) D03 • ••• 2(1620) S l l ** 3(1940) *• 
N(l675) D15 • • • • A(1905) F35 • » • • A(1800) SOI «** 2(1660) P l l • • • 3(2030) 1 • • • 
N(1680) F15 • • • • A(19I0) P31 **•• HI800) POI • *• 2(1670) D13 • • • • 3(2120) * 
N(l 700) DI3 * * " A(I920) P33 *»* A(I800) G09 Dead 2(1670) ** 3(2250) • 
N(l710) P l l • • • • A(1930) D35 *•*• A(1800) • 2(1690) " 3(2370) I " 
NO 720) P13 • • • • A(1940) D33 • AO820) F05 *••• 2(1750) S l l • • • 3(2500) •» 
N(l990) F17 • " A(1950) F37 ••** A(1830) DOS • *»• 2(1770) P l l Dead 
N(2000) F15 " A(2150) S3] • A(1890) P03 *••• 2(1775) D15 • • • • !1(1672) P03 • • • • 
N(2080) D13 • • * A(2160) • A(2000) • 2(1840) P13 • 
N(2100) S l l . * A(2200) G37 •• A(2020) F07 • 2(1880) P l l • • A c (2282) •••• 
N(2100) P l l • A(2300) H39 *• A(2100) G07 •**» 2(1915) F15 " " 
N(2190) G17 • • • • A(2350) D35 • A(2110) F05 • a* 2(1940) D13 • " 2 C (2450) •* 
N(2200) D15 • • • A(2400) F37 " A(2325) D03 • 2(2000) S l l ' 
N(2220) H19 • • • • A(2400) G39 • A(2350) *••• 2(2030) F17 • • • • A b (5500) • 
N(2250) G19 **•• A(2420) H311 •a* A(2585) • •• 2(2070) F15 • 
NI2600) 1111 • • • A(2500) • 2(2080) P13 • • Dibaryons 
N(2700) K113 • A(2750) 1313 • 2(2100) G17 * NN(2170) 1D2 * • • 
N(2800) G19 • A(2850) •»• 2(2250) • * " NN(2250) 3F3 • • • 
N(3000) • A(2950) K315 • 2(2455) ' " NN(?) • 
N(3030) ••• A(3230) • • • 2(2620) • • • AN(2130) 3S1 • • • 
N(3245) • 2(3000) • • 3 N ( ? ) • 
N(3690) • Z0(l 780) P01 • 2(3170) * 
N<3755) ZCKI865) D03 

ZI(1900) P13 
ZK2I50) 
Zl(2500) 

• 

"•** Good, clear, and unmistakable. 
•*• Good, but in need of clarification or not absolutely certain. 
• • Needs confirmation 
• Weak. 

M t s s d Ful l ' M 2 ! Partial decay mode 

. P k e „ < & V / < > M width T l T M F n c t i o a ' p ' 
Pan ic l e " , | j P ) L 2 l - 2 J 0 - ~ 4 x X 2 ( m b ) (MeV) 1 [MeV) (GeV 2) M o d e 5 (%) (MeV/cl 

S ; - o i= =1/2 NUCLEON RESONANCES (N) 

P 1/20 ft") 938.3 0.880 See Stable Panicle Table 
n 939.6 0.883 

NO 440) l /20/2-*-)Pi ' , p - 0.61 1400 to 120 to 2.07 Nir 50-70 397 
a - 3 1 . 0 1480 350 ±0.29 N I , 8-18 t 

(200) N n r 
["ATT 

N p 
L N e 

~ 3 0 342 
12-28"]. 143 
~ 7 l t 
~ 5 J t 

NO 520) 1/2(3/2" " ) D j 3 p - 0.74 1510 to 100 to 2.31 N T 50-60 456 
a - 23.5 1530 140 +0.19 N I , < 1 149 

0 2 5 ) Ninr 

P* Np 
L N e 

35-50 410 
15-25"|« 228 
15-25 t 

< 5 J t 

NO 535) 1/2(1/2" - )S , ' , p - 0.76 1520 to 100 to 2.36 Nir 35-50 467 
(7 - 22.4 1560 250 ±0.23 Ni, 40-65 182 

(150) Nmr 

P* No 
L N t 

~ 5 422 
~ 1"I« 242 

~ 3 J f 

~ 2 J t 
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Baryon Table (cont'd) 

' < J % l - 2 J 

P ^ ^ V / C ) M 
Full' 

wi*tkr ±nvi 
Pntfil 4eay wait 

' < J % l - 2 J 

P ^ ^ V / C ) M 
Full' 

wi*tkr ±nvi Fraction* »' 
Pirticle" ' < J % l - 2 J a - 4 T X 2 (ok) (IVfcV) (MeV) (CeV2) Mofe* (%) (MeV/c) 

N(1650) l/2(l/2-)S[', p - 0 . 9 6 1620 to 100 to 2.72 Nr 55-65 547 
a - 16.4 1680 200 

(150) 
±0.25 N» 

AK 
£K 
NTJT 

P* 
Np 

L N f 

~ 1 
5-10 
3-10 
~30 
4-15T. 
~20 
< 5 J 

346 
161 

t 
511 
344 

t 
t 

N(1675) l /2(5 /2- )D[ 5 p - 1.01 1660 to 120 to 2.81 NT 30^)0 563 
a = 15.4 1690 180 

(155) 
±0.26 Nil 

AK 
N T T 

LNP 

< 2 
< 1 

55-70 
50.5J 

374 
209 
529 
364 

t 

N(1680) l/2(5/2-1-)F |'j p = 1.01 1670 to 110 to 2.82 N T 55-65 567 
o - 15.2 1690 140 

(125) 
±0.21 Ni? 

N T T 
["AT 

Np 
L N« 

< 1 
~40 

3 
379 
532 
369 

t 
t 

N(I700) 1 / 2 ( 3 / 2 - ) D ( ' J p = 1.05 1670 to 70 to 2.89 N T 8-12 580 
a = 14.5 1730 120 

(100) 
±0.17 Nr> 

AK 
N T T 

TAT 
Np 

L Ne 

~ 4 
~ 1 
- 8 5 

15-W"1. 

<4(H 

400 
250 
547 
385 

t 
t 

N(17I0) 1/2(1/21?,", p = 1.07 1680 to 90 to 2.92 N T 10-20 587 
n - 14.2 1740 130 

(110) 
±0.19 NT, 

AK 
ZK 
N T T 

["AT 

Np 
LN£ 

5-35 
5-15 
2-10 
>50 

10-25~|» 
25-65 
15^KH 

410 
264 
138 
554 
393 
48 
t 

N(1720) l/2(3/2- ,-)P['3 p - 1.09 1690 to 125 to 2.96 NT 10-20 594 
c - 13.9 1800 250 

(200) 
±0.34 Nil 

AK 
HC 
N T T 

3-6 
2-12 

2-5 
~70 

420 
278 
162 
561 

[AT ~20~|. 401 

Np 45-70 104 
N« -20-1 + N(1990) l/2(7/2- ,')F 1 7 p - 1.62 1950 to 120 to 3.96 N T ~ 5 766 

a - 8.34 2050 400 
(350) 

±0.70 NT? 
AK 
ZK 

~ 3 
seen 
seen 

648 
554 
497 

N(2080) l/2(3/2-)D{' 3' p - 1.82 2030 to 115 to 4.33 N T ~10 821 
a - 7.26 2100 300 

(275) 
±0.57 AK 

ZK 
seen 
seen 

627 
576 

N(2190) 1/2(7/2-)G„ p - 2.0T 2120 to 200 to 4.80 N T ~14 888 
c - 6.21 2230 500 

(350) 
±0.77 Nil 

AK 
~ 2 
< 1 

790 
712 

N(2200) 1/2(5/2" IDf'j p - 2.10 1900 to 150 to 4.84 N T ~ ?, 894 
a - 6 . 1 2 2230 400 

(300) 
±0.66 Nt, 

AK 
seen 
seen 

797 
718 

N(2220) 1/2(9/2* )H,<, p = 2.14 2150 to 300 to 4.93 N T ~18 905 
a = 5.97 2300 500 

(400) 
±0.89 Nt. ~ 1 811 



Baryon Table (cont'd) 

P&.(G«V/c) 

W ^ I - M 0 - - 4 l X 2 ( - k ) 

M a ' Full" M 2 f 

M «iM r ±nn 
(MeV) (M«V) (GeV2) 

PtrtliHtrayi 
Fracdoa" f' 

Mode* (%) (MeV/c) 

NH250) l/2(9/2-)Gj„ p - 2.21 
a - 5.74 

2130 to 
2270 

200 to 
500 

(300) 

5.06 
±0.68 

N T 
N» 

~10 
- 2 

923 
831 

N(2600) 1/2(11/2-)!,,, p - 3 . 1 2 
a - 3.86 

2580 to 
2700 

>300 
(400) 

6.76 
±1.04 

N T 
• 

1126 

N(3030) I/2( ? ) p - 4.41 
cr-2.62 

-3030 ~400 
(400) 

1.18 
±1.21 

NT (J + l/2)x 
<0.1 ' 

1366 

S - 0 1-3/2 DELTA RESONANCES (A) 

a(1232) 3/2(3/2 +)P^ 3 p - 0.30 
a - 95.0 

A(1905) 

A(3230) 

A(++) pole position:* M-ir/2 - (1210.6±0.5) - i(49.7±0.3) ' 
M0) pole position:* M-ir/2 - (12I0.3±1.0) - i(53.0±1.0)< 

1230 to 110 to 1.52 N T 99.4 227 
1234 120 

(115) 
±0.14 NT 0.6 259 

'A(160O) 3/%W*)r& p - 0.87 150010 150 to 2.56 N T 15-25 512 
a - 18.7 1900 350 

(250) 
±0.40 NTT 

[ A T 
~S0 

20-65~]> 
<!0J 

473 
301 

LNP 

~S0 
20-65~]> 

<!0J t 
.1(1620) 3/2(l/2-)S5, p - 0.91 If JO to 120 to 162 NT 25-35 526 

o - 17.7 1650 160 
(140) 

±0.23 NTT 
[ A T 

~70 
35-50"|« 

<4oJ 

488 
318 

LNp 

~70 
35-50"|« 

<4oJ t 
A(1700) 3/2(3/2-)DJ 3 p - 1.05 1630 to 190 to 2.89 NT 10-20 580 

o- - 14.5 1740 300 
(250) 

±0.43 NTT 

L N P 

~85 
<50"|« 
~ 4 0 j 

547 
385 

t 
A(I900) 3/2(1 /2-)S|'] p - 1.44 1850 to 130lo 3.61 NT 6-12 710 

a - 9.71 2000 300 
(150) 

±0.2* ZK -10 410 

3/2(5/2-"-)F35 p - 1.45 
0- - 9.63 

1890 to 
1920 

250 to 
400 

(300) 

3.63 
±0.57 

NT 
ZK 
NTT 

l_Np 

8-15 713 
< 3 415 
- 8 0 687 

10-30"|« 542 
~«oJ 421 

A(1910) 3/2(l/2T)Pj", p - 1.46 1850 to 200 to 3.65 NT 20-25 716 
ff - 9.54 1950 330 

(220) 
±0.42 ZK 

NTT 
[ A T 

2-20 
>40 
smain* 
<4oJ 

421 
691 
545 

LNp 

2-20 
>40 
smain* 
<4oJ 426 

A(1920) 3/2(3/2 + )Pg p - 1.48 1860 to 190 to 3.69 NT 14-20 722 
a - 9.39 2160 300 

(250) 
±0.48 ZK — - 431 

A(1930) 3/2(5/2-)D 3 5 p - 1.50 1890 to 150 to 3.72 NT 4-14 729 
IT - 9.21 1960 350 

(250) 
20010 

±0.48 

3.80 

ZK 

NT 

<10 

35-45 

441 

A(1950) 3/2(7/21-)FJ7 p - 1.54 1910 to 

350 
(250) 

20010 

±0.48 

3.80 

ZK 

NT 

<10 

35-45 741 
a - 8.91 1960 340 

(240) 
±0.47 ZK 

NTT 
TAT 

< 1 
~m 
~40~|« 
~20J 

460 
716 
574 

LNp 

< 1 
~m 
~40~|« 
~20J 469 

A(2420) 3/2(11/2*^3,, p - 2.64 
a - 4.68 

2380 to 
2450 

300 to 
500 

(300) 

5.86 
±0.73 

N T 5-15 1023 

A(2850) 3/2( ?*) p - 3.LJ 2800 to -400 8.12 NT (J+l/2)* 1266 
a - 3.05 2900 (400) ±1.14 -0.25 ' 

3/2( ? ) p - 5.08 
o- - 2.25 

320010 
3350 

-440 10.43 
(4401 ±1.42 

NT (J+ 1/2)1 1475 
-0.05 •* 



Baryon Table (cont'd) 

A(1690) 

A(1800) 

'<'%•« 
p i i - . < G e V / ' : » 
a - 4*X 2 («*) 

Mm" 
M 

(MeV) 

Full' 
width T 
(MeV) (GtV2) 

Pirtiil decay Mode 
Fraction* p' 

lode (*) (MeV/c) 

S--1 1-0 LAMBDA RESONANCES (A) 
A (Kl/2-1-) 1115.6 1.245 See Stable Particle Table 
A(1405) Od/2-)S5, Below 

K-p 
threshold 

1405 
± 5 ' 

40±10' 1.97 
±0.06 

Ji- 100 152 

A(1520) 0(J/2-)D5 3 p - 0.395 1519.4 15.6±1.0' 2.31 NK 45±1 244 
<r = 82.2 ±1 .0 ' ±0.02 Iir 

A T * 
Zxir 

42±1 
10±1 

0.9±0.1 

267 
252 
152 

A<1600) <Xl/2+)P6, p - 0.58 1560 to 50 to 2.56 NK 15-30 343 
(T - 41.6 1700 250 

(150) 
±0.24 Z* 10-60 336 

A(1670) 0tl/2-)Sf, p - 0.74 1660 to 25 to 2.79 NK 15-25 414 
a - 28.5 1680 50 

(35) 
±0.06 IT 

At, 
20-60 
15-35 

393 
64 

<K3/2-)Dg, p - 0.78 
a -26 .1 

1685 to 
1695 

50 to 
70 

(60) 

2.86 
±0.10 

NK 
2> 
A** 
2:** 

20-30 
20-40 

~25 
~20 

0 0 / 2 + ) P 0 , p - 1.01 
a - 17.6 

1750 to 
1850 

50 to 
250 

(150) 

3.24 
±0.27 

NK 
Z* 

2*1385)* 
NK'(892) 

20-50 
10-40 

seen 
30-60 

A(1890) 0(3/2 + )P; p - 1.21 
a - 13.6 

1850 to 
1910 

60 to 
200 

(100) 

3.57 
±0.19 

NK 
2* 

IU385)ir 
NK*(892) 

20-35 
3-10 
seen 
seen 

433 
409 
415 
350 

All 800) 0d/2-)S„Y p - 1.01 1720 to 200 to 3.24 NK 25-40 528 
<r - 17.6 1850 400 

(300) 
+0.54 2* 

2X1385)* 
NK'(892) 

III 

493 
345 

t 
528 
493 
345 

t 
A(1820) « 5 / 2 + ) F 6 5 p - 1.06 181510 70 to 3.29 NK 55-65 545 

a - 16.5 1825 90 
(80) 

±0.15 2* 
2X1385)i 

8-14 
5-10 

508 
362 

A(1830) Ot5/2-)D 0 5 p - 1.08 181010 60 to 3.35 NK 3-10 553 
a « 16.0 1830 110 

(95) 
±0.17 tar 

2X1365)* 
35-75 

>15 
515 
371 
599 
559 
420 
233 

A(2I00) 0(7/2-)G 0 7 p - 1.68 
a - 8.68 

2090 to 
2110 

100 to 
250 

(200) 

4.41 
±0.42 

A(2I10) 0(5/2 +)Fft 

NK 
I * 
AT, 
EK 
Aa> 

NK*(892) 

25-35 
~ 5 
< 3 
< 3 
< 8 

10-20 

751 
704 
617 
483 
443 
514 

• 1.70 
= 8.54 

2090 to 
2140 

150 to 
250 

(200) 

4.45 
±0.42 

NK 
2* 
Ati> 

2X1385)* 
NK*(892) 

5-25 
1(M0 
seen 
seen 

10-60 
A(2350) 0(9/2+) 

757 
711 
455 
589 
524 

"915 
867 

p =• 2.29 
a - 5.84 

2340 to 
2370 

100 to 
250 

(150) 

5.52 
±0.35 

NK 
21* 

~12 
-10 

A(2585) « ? ) p - 2.92 
<r - 4.35 

~300 6.68 
(300) ±0.78 

NK (J+l /2) i 
-1.0 •> 



20 

Baryon Table (cont'd) 
!*»' ' W M 2 / P»ltill *ciy • * 

„ A P^tOV/c) M wUftT ± r M F«cBo.* p' 
Pinkie" W r )Li fy < T - 4 T X 2 ( I * ) (MeV) (MtV) (GeV2) Mode [%) (MeV/c) 

S--1 1 I - l SIGMA RESONANCES (I) 
I Kl/2"1") (+)! 189.4 

(0)1192.5 
(-H197.3 

1.415 
1.422 
1.434 

See Stable Particle Table 

1(1385) 1(3/2"I')PJ3 Below (+)1382.3±0.4 35±1 L92 Air 88 ±2 208 
K~p S-I .6 1 " S-I.O" 1 ±0.05 I T 12±2 127 
threshold (0)1382.0±2.5 ~35 

S-1 .6" 
(-)1387.4±0.6 40±2 

S-2.2™ S-1.9™ 
1(1660) K l / 2 + ) P j , p - 0.72 1630 to 4010 2.76 NK 10-30 405 

<r - 29.8 1690 200 
(100) 

±0.17 Air 
I T 

seen 
seen 

439 
385 

K1670) l(3/2-)D," 3 
p - 0.74 1665 to 40 to 2.79 NK 7-13 414 
a - 28.5 1685 80 

(60) 
±0.10 AT 

I T 
5-15 

30-60 
447 
393 

K1750) l(l/2-)S,", p - 0.91 1730 to 60 to 3.06 NK 10-40 486 
d - 20.7 1800 160 

(90) 
±0.16 AT 

I T 
I i 

seen 
< 8 

15-55 

507 
455 
81 

K1775) 1(5/2")D 1 5 p - 0 . 9 6 177010 105 to 3.15 NK 37-43 508 
u - 19.0 1780 135 ±0.21 AT 14-20 525 

(120) I T 2-5 474 
«1385)T 8-12 324 
A(1520)T 17-23 198 

2X1915) 1 ( 5 / 2 + ) F [ J p •- 1.26 1900to 8 0 K iioT NK 5M5 H\i 
a - 12.8 1935 160 ±0.23 AT seen 622 

(120) Ix seen 577 
I(138S)T < 5 440 

K1940) 1(3/2~)D,"3 p — 1.32 1900 to 150 to 3.76 NK <20 637 
0--12.1 1950 300 ±0.43 AT seen 639 

(220) I T seen 594 
K l 385)T seen 460 
A(1520)T seen 354 
AU232JK seen 410 
NK»(892) seen 320 

K2030) l ( 7 / 2 + ) F 1 7 p - 1.52 2025 to 150 to 47l2 NK 17-23 702 
a - 9.93 2040 200 ±0.37 AT 17-23 700 

(180) I T 5-10 657 
3K < 2 412 

H1385)T 5-15 529 
A(1520)T 10-20 430 
A(1232)K 10-20 498 
NK*(892) < 5 438 

1(2250) l( ? ) p - 2 . 0 4 
a - 6.76 

2210 to 
2280 

60 to 
150 

(100) 

5.06 
±0.23 

NK 
AT 
I T 

<!0 
seen 
seen 

851 
842 
803 

K2455) K ? ) p - 2.57 
a - 5 .08 

-2455 -120 
(120) 

6.03 
±0.29 

NK (J+l/2)* 
-0.2 •* 

981 

H2620) 1 ( 7 ) p - 3.02 ~2600 ~200 6.86 NK (J+I/2)x 1081 
I T - 4 . 1 9 (200) ±0.52 -0.3 J 
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Baryon Table (cont'd) 

J G e V / c ) 

Particle" " j P ) L 2 I - 2 J ff = 4irX 2 (n*) 

Mass'' Fall'' M 2 ' 
M width T • m 

(Me VI (Me VI (G*V 2) 

S(1820) 1/2(3/2 ) 1823 20 + 15' 
10 3.31 

±0.04 

Partial decay Mode 

Fraction p J 

Mode (%) (MtV/c) 

S - - 2 1 = 1/2 CASCADE RESONANCES (El 

2 l / 2 ( l / 2 + ) (0)1314.9 
(-J132I.3 

1.729 
1.746 

See Stable Particle Table 

2(1530) l / 2 ( 3 / 2 + ) P | 3 (0)1531.8 ±0.3 
S - 1.3™ 

(-11535.0 ±0.6 

9.1 ±0.5 2.34 
±0.02 

10.1±1.9 

s ir 100 148 

AK 
ZK 

2(1530)ir 

- 4 5 
~ 1 0 
small 
~ 4 5 

396 
306 
413 
231 

2(2030) l/2( ? ) 2024 16 
± 6 ' 

4.12 
±0.03 

AK 
I K 

~20 587 
524 

sir small 573 
2(1530)ir small 418 

a~ « 3 / 2 + ) 1672.4+0.3 2.797 See Stable Particle Table 

• < 
0(1/2+) 2282 ±3 5.21 See Sttble Particle Table 

Mass1* Full' 
„(G,V/cl M width T 
4xX 2 In*) (MeV) (MeV) 

M 2 ' 

(GeV) 

p - 0.64 2100 to 5 to 4.54 
a =61 .5 2200 25 

(15) 
±0.03 

Partial decay wodc 

Fraction p' 

lode (%) (MeV/c) 

S = 0 DtBARYONS 

d 0(1+) 1875.6 3.518 

NN(2170I l ( 2 + ) ' D 2 p = 1.26 
o = 16.5 

2140 to 
2190 

50 to 
125 

(90) 

4.71 
±0.20 

NN 
ird 

10-20 
seen 

545 
241 

NN(2250) 1 ( 3 - ) 3 F 3 p = 1.49 
n = 12.7 

2200 to 
2400 

75 to 
225 

(150) 

5.06 
±0.34 

NN 
ird 

20-30 
seen 

621 
318 

S = - l WBARYONS 
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Baryon Table (cont'd) 

Each arrow in the left-hand margin indicates there is an entry in the Data Card Listings for a baryon that is not well 
enough established (status less than 3 stars) to be included here. There is a short list of all the baryons in the Listings, 
whatever their status, at the front of this Table. 
This mode is energetically forbidden when the nominal mass of the decaying resonance (and of any resonance in the final 
state) is used, but is in fact allowed due to the finite width of the resonance(s). 
The modes in brackets are sub-reactions of the first preceding unbracketed mode. 
The nominal mass here (in MeV) is used for identification. See column 4 for the actual mass. 
When there is more than one baryon with the same quantum numbers, one prime is attached to the spectroscopic symbol 
for the first of them (e.g., S,\), two primes to the second, etc. 

The quantities here are calculated using the nominal mass of column 1. 
Usually a conservatively large range of masses rather than a statistical average of various determinations of the mass is 
given. In these cases, the mass determinations are nearly entirely from various phase-shift analyses of more or less the 
same data. It is thus not appropriate to treat the determinations as independent measurements or to average them 
together. The masses, widths, and branching fractions in this Table are Breit-Wigner parameters. The Data Card List
ings also include pole parameters where they are available. 
Usually a conservatively large range of widths rather than a statistical average of various determinations of the width is 
given (see note d for the reason). The nominal value in parentheses is then simply a best guess. 
The quantities here are calculated using the nominal mass of column 1 and the nominal width of column 5. 
For information on the N7 decay modes of the N and A baryons, see the mini-review on these states in the Listings. 
Most of the inelastic branching fractions come from partial-wave analyses, and these determine Vxx\ where x and x' are 
the elastic and inelastic branching fractions, not x' directly. Thus any uncertainty (and it is often considerable) in x car
ries over into x'. When x' so determined is really poorly known, we here simply note that the mode is seen. The values of 
VJX' are given in the Data Card Listings. 
For a 2-body decay mode, this is the momentum of the decay products in the rest frame of the decaying particle. For a 
mode with more than two decay products, this is the maximum momentum any of the products can have in this frame. 
The nominal mass of column I is used, as is the nominal mass of any resonance in the final state. 
The size of the bump in the total cross section gives (J + l/2)x, where x is the elastic branching fraction, but the value of 
J is not known. 
These pole positions are from fits to phase shifts (without Coulomb corrections). The Data Card Listings now include pole 
positions and residues for most of the N and A resonances. See Sect. I of the N and A mini-review in the Listings for a 
brief discussion of the advantages of pole parameters over the usual Breit-Wigner parameters. 
The error given here is only an educated guess. It is larger than the error on the weighted average of the published values 
(the error on this average is given in the Listings). 
The error given here has been scaled up by the "S factor" (see the * footnote to the Stable Particle Table for how S is 
defined) because the various measurements disagree more seriously than one would expect from statistics. 
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PHYSICAL AND NUMERICAL CONSTANTS* 

PHYSICAL CONSTANTS 
Uncert. (ppm) 

N A - 6.022 045(31)X10 2 3 mole"' 5.1 
V m - 22413.83(70) cm 3 mole"1 - molar volume of ideal gas at STP 31 
c - 2 . 9 9 7 924 58(1.2)X10 1 0 cm sec - 1 0.004 
e = 4.803 242(14)xl0-'° esu = 1.602 189 2(46)X10" 1 9 coulomb 2.9; 2.9 
1 MeV - 1.602 189 2(46)X10-*erg 2.9 
A=h/2ir =6.582 173(17)X10- 2 2MeVsec = 1.054 588 7(57)X10" 2 7 erg sec 2.6; 5.4 
Ac = 1.973 285 8 ( 5 ! ) x l O - n MeV cm = 197.32858(51) MeV fermi 16; 2.6 
( f c ) 2 - 0.389 385 7(20) GeV2 mb 5.2 
a - e 2 /«c = 1/137.03604(11) 0.82 
kBoltzmann = 1-380 662(44)XI0">« erg "IC"1 32 

= 8.61735(28) X10" 1 1 MeV "K"1 = 1 eV/11604.50(36) °K 32; 31 
"Sief Bolti = 5 .67032(71)xl0" 5 ergsec- 1 cm" 2 ° lH 125 

= 3.53911(44)xl0 7 eVsec-' cm"2 "K"4 125 
m e = 0.511 003 4(14) MeV - 9.109 534(47)X10- 2 8 g 2.8; 5.1 
m. = 938.2796(27) MeV = 1836.15152(70) m, - 6.722 775(39) m ± 2.8; 0.38; 5.8 

= 1.007 276 470(11) amu * 0.011 
1 amu = 1/12 m , 2 - 931.5016(26) MeV 2.8 
m d = 1875.6280(53) MeV 2.8 
r e - e V n i j C 2 = 2.817 938 0(70) fermi (I fermi = 10" 1 3 cm) 2.5 
* c = A/ir^c = r e «-' - 3.861 590 5(64)X10-" cm 1.6 
SooBoh, = f i 2 / m c e 2 = r e a - 2 = > 0.529 177 06(44) A (1 A = 10"8 cm) 0.82 
tr-toMam, - (8/3)irr e

2 = 0.665 244 8(33) barn (1 barn = 1CT24 cm2) 4.9 
M B o h r = cti/lm^c - 0.578 837 85(95)XI0" 1 4 MeV gauss"1 1.6 
^ N =e«/2irLC = 3.152451 5(53) X10~ 1 8 MeV gauss"1 1.7 
Kp/Mgote =0.001 521 032 209(16) 0.011 
l/2u ' , o l r o n = e/2m cc - 8.794 024(25)X10 6 rad sec"1 gauss"1 2.8 
'/^cyclotron = e / 2 r o p c ~ 4 - 7 8 9 378(14)X103 rad sec"1 gauss"1 2.8 
Hydrogen-like atom (nonrelativistic, ti = reduced mass): 

v _ _za_ u = JL 2 = Mf cza.? _ n 2 ^ 
c'rms " 2 2 n n iizca 

R M = m e e 4 /2fi 2 = m c c V / 2 = 13.605 804(36) eV (Rydberg) 2.6 
= m eca 2/2h - 109 737.3177(83) cm"1 0.075 

pc = 0.3 tip (MeV, kilogauss, cm) 
1 year (sidereal) = 365.256 days = 3.1558XI07 sec ( = r X 1 0 7 sec) 
density of dry air = 1.204 mg cm"3 (at 20°C, 760 mm) 
acceleration by gravity = 980.62 cm sec"2 (sea level, 45°) 
gravitational constant - 6.6720(41 )X10" 8 cm 3 g"1 sec"2 615 
1 calorie (thermochemical) .... = 4.184 joule:. 
I atmosphere = 1.01325 bar (1 bar = 10 6 dynes cm"2) 
1 eV per particle = 11604.50(36) °K (from E = kT) 31 

NUMERICAL CONSTANTS 

r = 3.141 592 7 1 rad = 57.295 779 5 deg 
e = 2.718 281 8 I/e - 0.367 879 4 
ln2 - 0.693 147 2 lnlO = 2.302 585 1 
l°8lu 2 = 0.301 030 0 •oSir/ - 0.434 294 5 

V£ - 1.772 453 85 
\/2 = 1.414 213 6 
V5 = 1.732 050 8 
VTo= 3.162 277 7 

Revised 1982 by Barry N. Taylor. Originally prepared by Stanley J. Brodsky, based mainly on the "1973 Least-Squares Adjustment of the 
Fundamental Constants." by E. R. Cohen and B. N. Taylor, J. Phys. Chem. Ref. Data 2, 663 (1973). The figures in parentheses correspond to 
the one-standard-deviation uncertainty in the last digits of the main number. The equivalent uncertainty in parts per million (ppm) is given in the 
last column. Note that the uncertainties of the output values of a least-squares adjustment are in general correlated, and the general law of error 
propagation must be used in calculating additional quantities. 

The set of constants resulting from the 1973 adjustment of Cohen and Taylor has been recommended for international use by CODATA 
(Committee on Data for Science and Technology), and is the most up-to-date, generally accepted set currently available. However, since the pub
lication cf the 1973 adjustment, a number of new experiments have been completed, yielding improved values for some of the constants: N A — 
6.022 097 8(63) X10 2 3 mole - 1 (1.04 ppm); a"1 - 137.035 963(15) (0.11 ppm); nym c-1863.15300(25) (0.14 ppm); and R ^ -
109 737.31521(11) cm - ' (0.001 ppm). But it must be realized that, since the output values or a least-squares adjustment are related in a complex 
way and a change in the measured value of one constant usually leads to corresponding changes in the adjusted values of others, one must be cau
tious in carrying out calculations using both the output values from the 1973 adjustment and the results of more recent experiments. A new 
adjustment is planned for completion by mid 1982. 



CLE3SCH-G0RDAN COEFFICIENTS, SPHERICAL HARMONICS, AND d FUNCTIONS 

, i 3 ' 2 

i/2. 1 2 

"iA,-i.-i-

t ' - " ' 1 1 " 

] - , os f l . 1 

3co»»-l 1 

. 2 ^ , 4 

1/70 1/10 2/ -

8/35 2/5 1/1" 
18/35 0 -2/7 

35-2/5 1/H 
1/70*1/10 2/7 

0 1/5 
I/I 0 -1/5 
2/5 1/5 -1 

1/14 i/10 3/7 1/5 
3/7 1/5 -1/14 -3/10 
3/7 -1/5 -1/14 3/10 
1/14 -3/10 3/7 -1/5 

•v? 
•M" 

0 -2 3/14 
4/7 
3/1 

! . • <V> (4 - ' - 4 ) I 
T T i l 

Sign convention is that of Wigner (Group Theory. Academic Press, New York, 1959), also used by Condon and Shortley (The Theory of 
Atomic Spectra. Cambridge Univ. Press, New York, 1953), RoBe (Elementary Theory of Angular Momentum, Wiley, New York, 19571, 
and Cohen (Tables of the Clebach-Gordan Coefficients, North Ame rican Rockwell Science Center, Thousand Oaks, Calif., 19741. The 
signs and numbers in the current tables have been calculated by computer programs written independently by Cohen and at LBL. (Table 
extended April 1974.) 



SU(3) ISOSCALAR FACTORS, SU(N) MULTIPLICITIES, AND PROPERTIES OF QUARKS 

The most commonly used isoscalar factors, corresponding to 
the singlet, octet, and decuplet content of 8 ® 8 and 10 ® 8, are 
displayed at the right. The notation uses particles names to 
identify the coefficients, so that the pattern of relative couplings 
can be seen at a glance. We illustrate the use of the coefficients 
by example; see J. J. de Swart, Rev. Hod. Phys. ̂ i< 9 1 6 (19-63) for 
detailed explanation and phase conventions. 

exponent lj 
understood over every integer in the matrices; the 
i reminder of this. For example, in de Swart's 

tation the E -*• UK element of our 10 * 10 C 8 matrix reaJs 

/ 10 8 ] 10 \ 
\0 -2 \ 1 | *S -l) 

Intra-multiplet relative decay strengths can be read directly 
from our matrices. Thus, the partial widths ;or i* -* (Nil) T=3/2 a n d 

n"-(EK),_, are in the ratio 

*•<"•"*'.••>> ( (threshold factors} 

Supplying isospin Clebsch-Gordan coefficients one obtains, e.g., 

nn*" - EV> a i/2 x i2_ x t f = I * t { 

Tib** •* pi.') 2/3 6 2 

Partial widths for 8 - 8 © 8 involve a linear superposition of 8 
(symmetric! and 8 2 (anti-symmetric) couplings. For example, 

- ("VH *i • v/IF^] 
The r e l a t i o n between g 1 # g 2 (with de S w a r t ' s no rmal i za t ion) and 
the s tandard D,F coupl ings appear ing in the i n t e r a c t i o n Laqrangian, 

t -. -y/1 D Tr ( [ i , B j H) + \TT F T r ( [ i , B ] _ M) , 
i s 

s/30 _ >/& D -
40 24 

Thus, ?{V - En) ^ { 1 - 2 a ) 
: D/1D+F). 

( ' • ) , ( NK I " \l r.K ) 
B » e v T 

(2 3 -2 r 

•t 
NTI Nn iX fiK \ / 3 3 3 -3 

NK i- i\* zi -:r \ _ _ j I 2 s n « -
A T.I An IK I V^2 1 6 T 0 6 

EK AK - Hn / 8 ^ „ \ 3 3 3 -3 

2 - 3 3 2 ] 
-3 3 3 j 

"i* fin IK ^ 
AK ZiT If) r.K 

IK =7i En C-K 
EK fln > 

SU(n) Multiplicities 

The table below gives the multiplicities of the multiplets 
that occur in qq, qq, and qqq systems in various SU(n). Normal 
mesons are qq systems, and normal baryons are qqq systems. Also 
given are the multiplets that occur in meson-baryon scattering when 
the meson multiplet is the one to which the pion belongs and the 

baryon multiplet is the one LO which the proton belongs. Complex-
conjugate representations are indicated by a bar. The two 
20-dimensional representations of S(J(4) are indicated as 20 (which 
contains the SU{3) decuplet) and 20" (which contains the SU(3) 
octet).. The C(H,M)'s are the binomial coefficients N!/[M! (N-M) l]. 

SL-(2> 2 © 2 - 3 © 1 
SL'(3) 3 ® 3 - 6 9 3 
SU<4) 4 ® 4 - 10 * 6 
SU!n) n ® n •* n ( n + l ) / 2 © n ( i - i ) / a 

SU(2) 2 0 2 * 3 ® 1 
SU(3) 3 0 3 - B ® 1 
SU(4) A » 4 * 15 © 1 
SU(n) n ® n - ( n 2 - l ) 

q q q ( B a r y o n s ) 

S U { 2 ) : 2 ® 2 ® 2 -* 4 © 2 $ 2 
SU<3) 3 ® 3 ® 3 - 10 9 8 9 6 $ 1 
SU{4) 4 ® 4 ® 4 - 2 0 © 2 O ' © 2 0 ' © 4 
SU(n) n ® n ® n •* C ( n + 2 , 3 ) « 2 C ( n + l , 3 ) 

© 2 c ( n + l , 3 ) © C ( n , 3 > 

Meson-Baryon Scattering 

S U ( 2 ) : 3 0 2 - 4 ® 2 
S U ( 3 ) t 8 ® 8 •* 27 © 1 
S U ( 4 ) : 15 ® 2D" - 140 



SU(3) ISOSCALAR FACTORS, SU(N) MULTIPLICITIES, AND PROPERTIES OF QUARKS (Cont'd) 
Properties of Quarks 

Quantum number 
baryon number B 1/3 1/3 

charge Q -L/3 +2/3 
isospin 2 component I z -1/2 +1/2 

strangeness 5 0 0 
charts C 0 0 

bottom (beauty) B O O 
top ( t r u t h ) T O O 

1/3 1/3 1/3 1/3 
- 1 / 3 +2/3 - 1 / 3 +2/3 

WEAK INTERACTIONS OF QUARKS AND LEPTONS 

quarks and s ix leptons in left-handed doublets of SU(2)W_ 
right-handed s i n g l e t s of s u f 2 ' u e a k * T3 = t h i r d component of weak 
i s o s p i n ) ; 

Mixing occurs between quarks d, s , b of charge -1 /3 (by 
convention the charge 2/3 quarks, u, c, t , are unmixed) and 

where, for example* the mixing matrix element V , modulates the 
s t reng th of the udW ver tex . In the Kobayashi-Ma'skawa parametrize 
t i o n 2 t h i s matrix i s expressed 

where c j =cos 8 . , s ^ s i n ^ , i = 1 , 2 , 3 . In the l imi t 62=63=6=0, 
t h i s reduces to the usual Cabibbo mixing with 9, t h - Cabibbo angle . 

1 Lagrangi&n i s 

1 , a N j 

V2 s i n 6 u 

•t*4* £ + " - £ ) 

Here 6 W is the weak mixing angle in the relations 
W & = ZcosB,, + Asin5,, w w 
a = -Zsin9 + ficosB 

which r e l a t e the physical f i e l d s A (photon) and Z (neutra l weak 
gauge boson) to W° (su{2iweak pa r tne r of W* and W) and B fu(l) 
gauge f i e l d ) . The charged current i s wr i t ten 

P« °u V t ^ ® - ^ ^ ; 
• e., V-A structure. The neutral current is written 

e->|>.-^-..»V.]Q 
(= -> [^ .^ -T - 2 'W^] ( ; ' 

[ • } ^ « * A v ] ( • ( 3 5 b) 

where for fermion f the coupling [F a J has a V-A term depending c 
T3 and a vector term depending on charge Qf: 

iane 

i) 

The e f fec t ive Lagrangian foi 
cur ren ts reduces at low q^ to 

hange of W- and Z betweei 

"'-weak rz 

i i th G/\/2 = TTa/(2M^s. Ve„). 
Assuming the s implest Higgs s t r u c t u r e , 0=1. and the W and Z nasses 
are r e l a t ed by M = [ i y c o s 6 w . Currently reported values of the weak 
i n t e r a c t i o n parame e r s are 

JV I = Icos6J e 0.<>737 i 0.0025 

' / (Iff) , and p = M ^ / ( M ^ C O S 2 9 W ) . 
i t l 
id 1 

) 0.219 J 0.011 

= I sin6, 

u b 1 } 
-2 

Ref 5 

Refs. 3,fl : (1.16632 t 0.00002) * 10 GeV 

= 0 .224*0.01 ' ) , p = 0.992 i 0.020 

: 0 .229*0 .010 , o = l (fixed) 

The r e s u l t i n g mass es t imates for W- and Z a re J^ = 37.3 GeV/sin6w 

= 77.9 t 1.7 GeV, and Mz = 88 .8 i 1.4 GeV, where the numerical 
values are obtained using the simplest Higgs s t ruc tu re ( 0 = 1 ) . 
Electroweak r a d i a t i v e cor rec t ions to these es t imates may be as 
large as S%. 1 0 

Lepton-Hucleon Inclusive Sca t t e r ing 

For reac t ions JUN •* (L' + X, d i f f e r e n t i a l cross sec t ions can be 
wr i t t en using several choices of independent v a r i a b l e s . These are 
r e l a t ed by 

d^O _ _utr2 d^O 

2TI ME ŷ d 2 0 

E», dfidE,, 

d x d o ' l ^ i l p e . l 

H £ f r d 2o 
dOSE.. 

where v , Q , x , and y are defined in the R e l a t i v i s t i c 
Kinematics sec t ion IV(c), E j , p^ and Ejt , pji are the inc ident 
and outgoing lepton lab energies and momenta, and M i s the 
t a r g e t nucleon mass. 
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WEAK INTERACTIONS OF QUARKS AND LEPTONS (Cont'd) 

Structure Functions ' 

F o r c h a i n e d - c u r r e n t ( C . ~ . i a n d n e u t r a l - c u r r e n t ( N . t . ) 
r e a c t i o n s , -,-e h a v e 

sfs!i5i . ± ! i | / 1 . v . j L , . A r w i i i ( , „ ; ) 

- 4 2 » f i ™ ( « . 5 2 > H v - 4)'"'?'"'("'^) J-

w h e r e t h e u p p e r a n d l o w e r s i g n s r e f e r t o v a n d V s c a t t e r i n q , 
r e s p e c t i v e l y , a n d F-, i s d e f i n e d a s a p o s i t i v e q u a n t i t y . * 3 

Thr; o t . w r c;«Wffl s t r u c t u r e f u n c t i o n s W t a r e r f la t< ; t< h y 
MW-. = F > , J W . = I'-,, a n d VW-J = F v F o r e l e c t r o n a n d 
muon scattering, F]=0, ai.d ' 
The ratio of the longitudinally to transi 
photon absorption cross sectior. is 

r e p l a c e d by BH4a*/<Q':)'i. 

^ ,». e-. 
> 2 ( « . Q ' ) - 2 * T i ( » . e " ) • r , ( > , 0 2 ) 

• p a r t o n - m n d e l p r e d i c t ] 

The F i ' e e - g u a r k - P a r t o n - M o d e l P r e d i c t i o n s 

F o r t i n s m o d e l i n t h e B ] O r k e n l i m i t (Q 2 ,v-»«> w i t h x f i x e d ) , 
F j t x . Q 2 ) - F j l x ) . ^ 1 ' 1 2 F o r s p i n - l j q u a r k p a r t o n s , we h a v e 
2 x F ] ( x ) = F 2 ( x l , t h e C a l l a n - G r o s s r e l a t i o n . T h u s , i n t h i s 
a p p r - x i m a t i a n , R=Q a n d ' - h e r ^ i s n o ( 1 - y ) t e r m i n t h e c r o s s s e c t i . 

2 VH - u X ; M E 9 

~^r- 3 * H f <*> * f - < x ) i 

F o r VH • [j f,, i n t e r c h a n g e f q ( x ) a n d f= (x ) i n t h e f o r m u l a . H e r e 
f q ( x ) d x i s t h e n u m b e r o f q u a r k s q i n t h e t a r q e t n u c l e o n w i t h 
momentum f r a c t i o n x t o x * d x . We i n c l u d e f q < x ) a n d f = ( x ) i n t h e 
sum o n l y f o r n e g a t i v e ( p o s i t i v e ) c h a r g e d q u a r k s a n d a n t i q u a r k s 

A l VN - v x G ME, 

( ^ [ V „ u - y > 2 . f - < * > ] ) . 

, !•> 

a n d t h o sum r u n s o v e r a l l q u a r k s . H e r e t h e n e u t r i 
c o u p l i n g i s d e c o m p o s e d a c c o r d i n g t o 

w i t h l e f t - a n d r i g h t - h a n d e d c o u p l i n g c o n s t a n L S e £ a n d Z% i n t h e 
" s t a n d a r d " SU(2) S U ( l ) m o d e l 

E ? = T^ - Q s i n V , E * = -Q s i n \ , . 
L 3 * q W R K q W 

F o r vN " 'JX/ i n t e r c h a n g e C^ a n d c ^ i n t h e c r o s s - s e c t i o n f o r m u l a . 

d 'n " ' 1 ' 

C o m p a r i s o n w i t h e a r l i e r s t r u c t u r e f u n c t i o n f o r m u l a s g i v e s : 

( C . C . J F (x) - 2 x £ [ f Cx> + f - < x ) J , 
q q q 

x F j t x ) = 2 x £ [ f (x) - f - ( x | ] ; 

( N . C . ) F 2 ( x ) = 2 0 2 x £ [ ( e £ > 2 - ( C ^ ) 2 ] [ f (x) + f : ( x ) J , 

J«F3(XJ = 2 D 2 x £ C ( c J ) 2 - ( e ; > 2 ] [ f r J ( x> - f - ( x ) ] , 

(E .M. ) F , ( x ) « £ S q E v * ) * f g t x j ] 

I n t h e e x a t u p l c s b e l o w , u ( x ) , tffx), d ( x ) , d t x ) , e t c . , nea r , 
fq ( fgJ f o r t h e i n d i v i d u a l a u a r k ( a n t i q u a r k l i n t h e p r o t o n ( f o r 
n e u t r o n , i n t e r c h a n g e u ( x ) a n d d ( x l ) . Charm p r o d u c t i o n i s t a k e n 
i n t o a c c o u n t . 

a

 F 2 P * U ^ = 2 * £ d l x > ' s t 5 t l * u ! * > * c ( x > ] 

r ' f * y + J I = 2 x [ u , x » . c ( x ) + d f x ) * ; . x ) ] , 

^ v p - u X s 2 x r d t x ) 4 s { x ) . u l x ) - c ( x > ] 

x J , j p • u X ^ j x [ u ( x ) + c ( x > - d ( x ) - s ( x ] ] 

H e r e a f t e r we n e g l e c t s m a l l c o n t r i b u t i o n s o f t h e s , s , c , c - juarks 

F o r c h a r g e - s i i T t m e t r i c 
q ( x t = u ( x ) + d ( x ) , 

n t h q ( x j = u ( x l •• d < x l , 

F J / J - U " X = F V H * P + X = x [ q ( x ) - I t x j ] , 

X F f " " 5 1 = X F J » * 1 / X = x [ q ( x ) - - 1 . x ) ] -

'T'1*™ = 4 | ( u t x ) , u , x ) ) . I ( d ( x ) + 3 ( « , ) ] 

_5_ V{V)d 
IS 2 C.C. 

*Ye ' a V Q r a ' J ' } s q u a r e d c h a r g e o f u , d q u a r k s ) . 
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RELATIVISTIC 

I. BASICS 
(a) Lorentz transformations — Let E and p be the energy and 
3-momentuin of a particle or system as seen from a certain 
inertial frame, and let E* and p* be the same quantities as seen 
from a second inerttal frame that moves with velocity J8 relative 
to the first. Then starred and unstarred quantities are related 

Here y • (1 - fl2)-1^2, and subscripts N and 1 indicate 
components of p or p that are parallel or perpendicular to ft 
(often f) is used for yft). The inverse transformation is given by 
changing ft to -ft. A particle of mass m at rest in the second 
frame, so that it is moving at velocity ft relative to the first, has 
E* = m and p* - 0, so here 

E = ym , p * yism . 
In any frame, the energy, momentum, and mass are related by 

E 2 - p 2 + m 2 . 

(b) Four momenta; scalar products — The 4-momentum vector 
of a particle or system having energy E and 3-momentum p is 

q * (E. p) - (E, pK, p y , p,) . 
Conservation of energy and the components of 3-momentum for 
any process a + b + . . . - * l + 2 + . . . may then be written as 

q a + q b + ... * q, + q 2 + ... 
Although the components of a 4-momentum are different in 
different frames, the scalar product of any two 4-momenta q 
and q\ defined as 

qq* * EE' - p-p' , 
is an invariant; i.e., in numerical calculations the same result is 
obtained in any frame, and in algebraic calculations results 
obtained in different frames may be equaled. For a particle of 
mass m, the scalar product q-q is 

q-q - q 2 - E 2 - ? - m 2 . 
The invariant mass M (or total cm. energy) of an n-parllcle 
system is given by 

« " - ( £ , * ) * - ( p - ) J - ( ? & ) * • 
where q̂  * (E,-, pf-J is the 4-momentum of the / h particle. 

(c) Electric and magnetic forces — In Gaussian cgs units, the 
force on a particle with charge q moving with velocity v in 
electric and magnetic fields E and 8 is 

F « qE + q/JxB , 
where ft = v / c . The units are F in dynes, q in esu, E in 
statvolts/cm, and B in gauss. Tn mksa units, the force is 

F - qE + qvxB , 
where the units are F in newtons {IN • 105 dynes), q in 
coulombs (1 C a> 3*10 9 esu; each 3 in this section is really 
2.9979...), E in volts/m (t V * t/300 stalvolt), and B in lesla (IT 
- 10* C). The force is zero if E and B are at right angles, 0 (or v) 
is in the direction ExB, and ft • E/B (cgs) or v • E/B (mkso). 

In a uniform, static magnetic field, the path of a charged 
particle is a helix of constant radius R and constant pitch angle 
A, with the axis of the helix being along B. The momentum is 
related to the other quantities by 

p cos A ar 3xJ0 - 4 qBR , 
where the units (very mixed!) are p in CeV/c, q in multiples of 
the electronic charge e, B in kG, and R in cm. The angular 
velocity about the axis of the helix is 

u -at 3*10'* qB/ym , 
where the units are «y in cad/sec, q in multiples of the 
electronic charge e, B in kG, and the energy ym in CeV. 

KINEMATICS 

II . DECAYS 
(a) Survival probabilities — Let a particle have mass m and 
proper mean life r0. In a frame in which its 4-momentum is 
(E, p), the probability that it survives a time greater than t 
before decaying is 

Prob.(>t) * exp{-t/}To> * exp(-mt/ET 0) . 
The probability that U goes a distance greater than x before 
decaying is 

Prob.Ox) - exp(-x/y(3cT 0) - exp(-mx/pcT„); 
values of CT 0 (in cm) are given in the Stable Particle Table. If 
the particle has charge ±e and is in a uniform magnetic field B 
[see 1(c)], then the probability thai the projection of its helical 
path on the plane perpendicular to B turns through an angle 
greater than 8 before decaying is 

Prob.(>0) - exp(~Cm0/BTo) , 
where, if m is in GeV, fl in deg, B in kG, and T 0 in sec, then C is 
numerically 1.942xl0~9. This last distribution is independent of 
p or the helical pitch angle A; its only dependence is geometrical. 

(b) Two-body decays - - A particle of mass m decays into two 
particles, masses m, and m 2 . In the rest frame of m, the 
energies of m[ and m 2 are 

e, = (m 2 + m 2 - m 2 ) /2m 
€ 2 = (m 2 + m | - m 2 V2m . 

In this frame, the 3-momenla of m, and m 2 are equal and 
opposite and of magnitude 

k = U f - m 2 ) 1 ' 2 = (ef - m l ) ' / 2 

= {[m 2 - (m, + m 2> 2) ( m 2 - (m, - m 2 ) 2 ] } , / 2 / 2 m . 
See also the third paragraph of HI<b). 

(c) Three-body decays — A particle of mass m decays into 
three particles, masses m ( , m 2 , and m 3 . The invariant masses 
rtijj of the 2-parlicle systems, where mf,- = <q(- + q;) 2, satisfy 
the relation 

m 2

2 + mf 3 + m | 3 = m 2 + mf +• m | + mf , 
so that only two of the three nWs are independent. In a 
rectangular Dalitz plot. mf 3 (say) is plotted against m? 2. The 
kinematic boundaries may be calculated as follows: (i) The lower 
and upper limits on mf 2 are (m, + m 2 ) 2 and (m - m 3 ) 2 . (ii) For 
any mf 2 between these limits, the lower and upper limits on m a

3 

are given by taking the + and - signs in 
mf 3 * (E, + E 3 ) 2 - ( P l ± p 3> 2 , 

where 
E, * (mf 2 + mf - m | ) / 2 m , 2 

E3 = ( m 2 - m 2

2 - m 2 ) / 2 m ! 2 

f \ - ( E f - m f ) ' / 2 

P 3 - (E§ - m 2 . )" 2 . 
(These a"re the energies and momenta of particles t and 3 in the 
rest frame of m l 2 . ) The phase-space density is uniform over 
the areas of both the above and the following form of the Dalitz 
plot. 

In a triangular Dalilz plot, the kinetic energies T t , T 2, and T 3 

of the final-state particles in the rest frame of m are plotted as 
the distances inward from the sides of an equilateral triangle 
whose altitude is the energy Q released by the decay: 

Q • Tj + T 2 + T 3 - m - m, - m 2 - m 3 . 
The kinetic energies are related to the 2-parlicle invariant 
masses by 

2mT, - ( m - m 1 ) 2 - m | 3 - (m^™) 2 - m%3 . 
etc. 



RELATIVISTIC KINEMATICS (Cont'd) 

(d) Four-body decays — A particle of mass m decays into four 
particles, masses m, , m 2 , m 3 , and m 4 . In a triangle (or 
Goldhaber) plot, the invariant mass of two of the particles is 
plotted against that of the other two, say m M versus m 1 2 , where 
mfj = (q,- +• qy)2. The kinematic boundaries of this plot are the 
sides of the triangle whose vertices are at the points ( m 1 2 , m i 4 ) 
= (nij + m^, 1113+ m^), (ni] + m 2 , m - n i | - m^), and (m — m j — m 4 , 
m 3 +• m 4 ) . The phase-space density is not uniform over the 
enclosed area. 

III. REACTIONS (MAINLY 2-BODY) 
(a) Initial s tate — Two particles, masses m ( and nij , interact. 
In the lab frame, where particle 2 is at rest, the 4-momenta are 
(Ej, p t ) and (m 2 , 0). In the c m . frame, where the 3-momenta 
are equal and opposite, the 4-momenta are ( t | , k) and 
(c 2 , - i t ) . Then the total c m . energy E is given by 

E2 = (e, + € 2 ) 2 = mf + m | + 2E,m 2 -
The c m . energies of particles 1 and 2 are 

6l = (mf + E,m 2)/£- = (Ez + mf - m | ) / 2 f 
€ 2 = ( m | + £xmz)/E = (Ez + m | - m 2 ) / 2 f . 

The c m . momentum k is 

k =•= pjing/f" -
See also the expression in 11(b) for k, in which replace m with E. 

The velocity of the c m . relative to the lab is 
(3 - p , / (E , + m 2 ) . 

The parameters for the Lorentz transformation between these 
frames [see 1(a)] are 

y = (E, + mz)/E 
and 

70 = Pi/E . 

(b) Two-body final states — In the reaction 1 + 2 •* 3 + 4, let 
the masses be m(- and the final-state c m . 4-momenta be 
(€ 3 , k') and (e 4 , -k ' ) - Then 

€ 3 = {E2 + mf, - m | ) / 2 f 
€ 4 = {E2 + m£ - m\)/2E ; 

and 
k' = (cl - m 2 , ) " 2 = (€| - m4

2>>'2 

= \\E2 - (m 3 + m 4 ) 2 J [Es - (in, - m , ) 2 ] ^ 2 / ^ . 
Let 9 a b e the lab production angle of particle 3 (the angle 

between P3 and p ( ) , and let 0 3 be the c m . production angle (the 
angle between k' and k). These angles are related by 

, a - £3i s i n 8 3 
tan» 3 - pj, - 7 ( c o s 8 3 + p / p 3 ) • 

where p 3 1 and p j | are the components of p 3 perpendicular and 
parallel to p , , and £ 3 *= k*A 3 is the c m . velocity of particle 3. 
[See 111(a) for y and /?.] If ft > 0 3 , then particle 3 can only go 
forward in the lab, the maximum 9 3 being given by 

1 - /3 2 \ ' A •^"Kp^f) 
The components of p 3 satisfy 

C-^y+m -•• 
which is the equation of an ellipse with semi-major axis yk* and 
semi-minor axis k'. Thus the possible lab momenta of particle 3 
are the vectors to the ellipse from the point a distance y0€ 3 

back along the major axis from the center of the ellipse. 

The results of the preceding paragraph also apply to 2-body 
decay. Just set m 2 * 0, in which case E * m r [The decay-
product masses are here m 1 and m 4 , not m, and m 2 as in 11(b).) 

The Mandelstam variables s, t , and u are the Lorentz scalars 
defined in terms of the particle 4-momenla q, as 

s - (qi + q 5 ) 2 - (q 3 + q 4 ) 2 

i - <qt - q 3 ) 2 - (q 2 - q 4 ) a 

u - (qi - q 4 ) a * (q2 - ^)z • 
They satisfy the relation 

s + l + u = mf + m | + m 3 + m 4 , 
so that only two of the three are independent. Evaluating s in 
the c m . frame gives 

s » (e, + e 2 ) 2 = Ez , 
and evaluating t and u, the 4-momentum-transfer-squared 
variables, in this frame gives 

t = mf + m 3 - 2e,€ 3 + 2kk" cos fl3 

= l 0 - 4kk' 5in 2(S3/2) 
u = mf + mf - 2e,€ 4 + 2kk' cos 84 

= u 0 - 4kk' s in 2 (0 4 /2) , 
where 0 4 is the c m . production angle of particle 4 (0 3 + 0 4 = n), 
and 

t 0 = t<»3= 0) = <€, - c 3 ) 2 - ( k - k ' ) 2 

u 0 = u(0 4 = 0) = ( € , - e 4 ) 2 - (k - k ' ) 2 . 
The differences i l = l 0 - t„ and Au = u 0 - u B , where t„ = t(t/ 3 = 
n) and u„ = u(0 4 = TI), are 

At = Au = 4kk' . 
For elastic scattering, where mj = m 3 = m and m 2 = m 4 = M, 

t 0 is zero and 
I = - 2 k a ( l - cos0 3 ) = - 4 k 2 sin 2(03/2) . 

And now 
u 0 = ( m 2 - M 2 ) a / s . 

Evaluating t in the lab frame gives 
t = -2MT4 , 

where T 4 = E 4 - M is the lab kinetic energy of particle 4. For 
small-angle elastic scattering, 

( - t ) 1 / 2 * kfl 3 * P l e 3 * P 4 , 
where p , , 9 3 , and p 4 are lab quantities-. 

IV. OTHER VARIABLES 
(a) Rapidity - - For a system of energy E and momentum p. the 
rapidity y is given by 

where p, is the component of p along a particular axis (the 
"rapidity axis", chosen, for example, parallel to the direction of 
an incoming beam), and mL * (m 2 + p f ) , / ' 2 . Inverting these 
equations, we find 

E = m i cosh y 
p, = m x sinh y . 

The shape of a rapidity distribution is invariant under a Lorentz 
transformation between inertial frames with relative motion 
parallel to the rapidity axis. Such a transformation is given by 

y* = y - tn\y il+p)] = y - | ' n ( - £ j ) , 

where the sign of (1 is positive in the direction of increasing 
rapidity and p a . 



RELATIVISTIC KINEMATICS (Cont'd) 
(b) Scalinfl variable , hadron r e a c t i o n s — In t h e inc lus ive 
r e a c t i o n h + 2 -+ 3 + X, with h any hadron , Feynman's x for 
par t i c l e 3 is def ined a s 

w h e r e k' is t h e c m . m o m e n t u m of part ic le 3 . k ' m a x is obtained 
[ s e e S e c . I t l ( b ) ] u s ing t h e s m a l l e s t mas' . m x [cal led m 4 in 111(b)] 
c o n s i s t e n t with q u a n t u m conserva t ion laws. At high e n e r g i e s , 
k ' m « x *» ^ Z 2 - Rapidity a n d x are re la ted at large v s by 

2 m x 

Vs" 
s inh y 

w h e r e y* is e v a l u a t e d in t h e c m . 

( c ) Scal ing v a r i a b l e s , l ep ton r e a c t i o n s — For t h e inc lus ive 
r e a c t i o n I + 2 -+ V + X, with par t i c l e s ( and V l e p t o n s , we def ine 
t h e 4 - v e c t o r 

<l - (p* - Pi') 
s o tha t 

Q 2 s - q 2 - 3E|E, . - 2 | p | | | p r | c o s 6 - m 2 . - m 2 2* 0 
w h e r e 0 is t h e t ~* V s c a t t e r i n g a n g l e , and t h e preced ing relat ion 
is valid in a n y f r a m e . Also use fu l are 

" * Pa*q/ni2 * [ E i - E r IUB * I E x ~ m 2 Jus 
and 

w » >/p][ « ( - Q 2 + 2m 2i> + m | ) ' / 2 - m x . 

Q 2 , v, and W e r e Lorentz invar iants , and t h e notat ion "LAB" 
r e f e r s l o t h e r e f e r e n c e f rame with part ic le 2 a t r e s t . (Note: u is 
s o m e t i m e s wr i t t en v * p 2 *q, leading t o t h e r e p l a c e m e n t of m z f 
wi th v t h r o u g h o u t . ) 

Scal ing var iables in c o m m o n u s e inc lude 

x 3 ( J - 1 - Q 2 / 2 m 2 f , 0 £* x S* ! 
and 

y - m 2 * * / P / . p 2 - [ (Et - Er)/Et J ^ , 0 S t y S 1 . 

Both x and y are d i m e n s i o n l e s s . 
Cross s e c t i o n s for inc lus ive r e a c t i o n s in t h e e n e r g y region 

w h e r e m a s s e s are negl ig ible c a n be wri t ten in t e r m s of Et and 
c e r t a i n pairs of t h e s e var iab le s , usual ly Q 2 and v, x and y, or Q 2 

e n d x . IF, in any f r a m e , Ipjllpfl » EtEt> and 
E | E r s i n 2 (0/2) » m 2 a n d m f ( i . e . , m ( , m ( . s m a l l ) , t h e n 

Q a * 4 E 1 E r s i n 2 (ff /2) 
a n d 

2EjE,. s i n 2 ( 0 / 2 ) 
x » mp -

• i n e q u a l i t y s o m e t i m e s violated u n l e s s m x a m 2 and m r a mt. 

LORENTZ INVARIANT PHASE SPACE FORMULAE 

F o r a sys l r -m of n p a r t i c l e s with ovi- ra l l [ o u r - m u m p n t u m p and final fnur m o m e n t a p . . • • • . p [p . - 1 K., P. l ] . 
L o r e n t z I n v a r i a n t P h a s e Space i s g iven by 

.,3 W 
I L I P S ( 5 ; i > 1 . . . . , p n ) = ( 2 i 7 | 4 6 4 ( p - I p. | 

(2-0 ,i,V 
i jScrn j 

F o r 2-bor lv: d L I P S ( s , p . , P-,) = ~ ~ 5 4 ( p - p , - p , ) d 4 p * : HS2 c.m . 

F o r 3-boriy; d L I P S ( s , P j , p 2 , p 3 ) = — L - 6 4 ( p - P l - p ^ - p j l c ^ p - ^ d s ^ d s , jdo<lcos ( Td V l 

(2TT) 

w h e r e o , [3, and -y a n - E U I I T a n p l e s . 

i — n p a r t i c l e s r>r X -* n p a r t i c l e s , in g e n e r a ] i , — f ,', 

a \ i z TF j MU'1 ' H - i P s ( s : P l , . . . , p n ) , 

(Z) 

(3) 

if 1 I «A4 '" d LIHSfnC.: p . . • • • , p ). 
2 m „ J if X ' 1 yn 

cM is -in i n v a r i a n t m a t r i x e l e m e n t . F i s W a l l e r ' s i n v a r i a n t flux f a c t o r , F*" = fp • p, , - ,,, m, 

i b a 

f5) 

2 2 , , m m, . If a 

i s b e a m , b , t a r g e t (PjJ = 0) , then F 

F o r c l a s t i c s c a t t o r i n p in c. m . , P * c m ' = ' P ^ m 

i2 

and f2) am! M) y ie ld 

d a 
dS2 (STT) 2

; 

dt 
cU ] 

6 4 T T : P ^ " S a 

The n o r m a l i z a t i o n is such tha t the op t ica l t h e o r e m r o a d s 

t - 0 a tot 

T h e c h o i c e of Eq . f i ) i m p l i e s a p a r t i c u l a r n o r m a l i z a t i o n of any s p i n o r s tha t m a y o c c u r in cM . T h e a d v a n t a g e 
of t h i s n o r m a l i z a t i o n i s t h a t it g r e a t l y s i m p l i f i e s the s t r u c t u r e of eMr by put t ing f a c t o r s such a s 5— -y=-

(2IT) 
i n to the p h a s e s p a c e w h e r e they r e a l l y be long . In a d d i t i o n , the l a b e l s , i,f, r e f e r to spec i f i c sp in (he l i c i ty ) 

s t a t e s , so t h a t the u s u a l " a v e r a g e and s u m " r u l e i s i m p l i c i t . 



CM. ENERGY AND MOMENTUM VS. BEAM MOMENTUM 
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I.81 UGU 161 OBI 
685 685 685 665 
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PROBABILITY AND STATISTICS 

A. PROBABILITY DISTRIBUTIONS AND CONFIDENCE LEVELS 

We pivi- here properties of the three probability distributions 
most commonly used in hiph enerpy physics: Normal { >r 
Gaussian), Chi-squared, and 1'oisson. V.'e warn the reader that 
there is no universal convention for the term ''confidence level'' 

as used by phy = jrist.»: t 
eaeh distribution, ami w 
that correspond to corm-

from the followinp fi^ur 

mitions are piven for 
to choose definitions 

explained below bow 
ms i.*an be extracted 

X^ Confidence Level vs. x^ f ° r ^ Degrees of Freedom 

1.0 
0.6 

i\ 
0.2 
o.i h==4J 

3 4 5 6 20 30 40 50 60 60100 

-" 0.06 
° 0.04 
_ 0.03 
g 0.02 

- 1 o.oi 
§ 0.006 
-g 0.004 
= 0.003 
§ 0.002 
o 

0.001 b 
0.0006 
0.0004 
0.00P3 
0.0002 

0.0001 

X (or x 2 x 100 for— 

al Distribution 
The 
(var 

orir.al distributi' 
nee a 2 ) i s : 

1 

t!i mean x and standard deviation a 

P(x)dx 

The confidence level assor-i.ited with an observed deviation from 
the mean, h , is the probability lhat x->! "» " , i. e. , 

CL = 2 : ds I'fx) / 1-CL 
' 5c + fc CL/2 / | \ CL/2 

I The small fipure in Eq. (2) is drawn with 6 = 2a.| CL ispiyen 
by the ordinate of the n n = i curve in the fipure at y_-- ['•/<} )-. 
The confidence level f o r " = IT is 31.7 "1: la, -1.6%: 3a. 0. "T... 
The central confidence interval, 1-C1., (which is also some
times called confidence level) for '> = la is 68. 5%: 2c . °5.4 "'. : 
3a , 99." Te- The odds apainst exce.dinp f., (1-CIJ/CL, for 
& - Iff are 2.15:1; 2ff , 21:1; 3a. 370:1: -la, 16,000:1; 5a, 
1,700,000:1. Relations between a and - 'her IT. a m r r s .,i ih, 
width: probable . -nor (CI. U.h d. vi.it ion) - n.i,7a : ir.e.ui .ib-
solute deviation = 0.80a: PMS deviation = a ; half width al half 
maximum = 1.18a-

A.2, Chi-squared Distribution 
The chi-squared distribution for n depr 

" n D ' X - ' ^ -
i' r i h i 

"dX~ (y' -0) . 

wher. h flor "oali" ) n^/l. Th- n>.in and variance are n D 

a n ' 2 n „ , re-pe L li v l v . fn rvaiu.Uinp Eq. .31 me may.use _ 
S t i r l i n g approximation: V'h i - fh-111 -- 2.^07 ,.-h h ( h - 1 ' - ^ 
(1 - (KOMi/M which is ar.-ura:.- to ± 0.1-" for all h 1 -!. The 
confidence h'vel associated with a s ivm value of n D and an ob
served value o . " x

2 is lh.- -.jrobibilitv "f chi-sqc -ed exc.-edinp 
the observed value, i. ... 

D 

0 5 10 15 
I Th. small fipure in Eq. (4) is dr.avn with n_ = 5 and CL = 10 "*,..] 
CL is plotted as .i funetinn of X " for several values of nQ in the 
above fipure. Fur larpe n D . \ " becomes normal Iv distributed 

Thus, n D . 

y. = | V - - n-| . ' v2n_ (5) 

becomes normally distributed with unit standard deviation. A 
better approximation, due to F i she r , ' is that \ , not X*-. becomes 
normally distributed, ^o'-.-ini-.dlv 

D (b) 

approaches normality with unit standard deviation. For small 
CL's in particular, y-j is much more accurate than y j . Thus, 
for n D = ^0 and \~ - §0, th- true CL - 0.45%, but >•] is 3.0 cor-
respnndinp to a CL of 0.13""^ . while vi is 2.7 correspondinp to a 
CL of 0. 3?tfi . 
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PROBABILITY AND STATISTICS (Cont'd) 

A- 3. P o i s s o n D i s t r i b u t i o n 
T h e P o i s s u n d i s t r i b u t i o n with m e a n n i 

„- ( f iW 
} • • _ {„ ) . I . ( n : i ) , l . 

• ) • (7) 

The- v a r i a n c e is equal I.. the m e a n . Conf idence l e v e l s for P o i s s o n 
d i s t r i b u t i o n s a r c u s u a l l y def ined in t e r m s of q u a n t i t i e s c a l l e d 
" u p p e r l i m i t s " a s f o l l o w s : T h e conf idence l eve l a s s o c i a t e d with 
n g iven u p p e r l imi t X and an o b s e r v e d va lue n n of n is the p r o b a 
bi l i ty that n • n 0 if n - X. i. e. , 

CL 
C I . -

,. + ! 
I \ . ( n ) 

= i - £ l \ . ( n ) 
n-U "* 

0 4 N 12 

[ T h e s m a l l f i gu re in Eq. (K) is d r a w n with n 0 = 2 an- C I . = 'fO'-",..] 
A useful r e l a t i o n b e t w e e n I ' o i s s o n and chi - s q u a red nf idence 
l e v e l s a l low* one to look up Ibis quan t i ty on the ab.c f i gu re . 
S p e c i f i c a l l y , the quan t i t y 1-CL. i s g iven by the o r d i n <• of the 
nrj = 2 ( n Q + t ) c u r v e at \ 2 = 2N. T h u s , 90% confiden e l eve l u p 
p e r l i m i t s for n 0 = 0, 1. -md £ -ire g iven by half the . - va lue c o r 
r e s p o n d i n g to an o r d i n a t e of 0.1 on (he nej " I > •' > and '. c u r v e s , 
r e s p e c t i v e l y : t h - v a l u e s a r e X = l.i. * . ? , and 5 .3 . 

Tab le t , ..f con f idence 1,-vels for all t h r e e of t h e s e di^ 
the r e l a t i o n b e t w e e n P o i s s o n and c h i - s q u a r e d confide 
and n u m e r o u s o t h e r useful t a b l e s and r e l a t i o n s m a y b-

B. S T A T I S T I C S 

We c o n s i d e r h e r e the s i t u a t i o n in which one i s pr. 
i n d e p i n d e n t d a t a , y n ± a n , and it i s d e s i r e d to ma 
i n f e r e n c e about the " t r u e " va lue of the quan t i t y r 

i n t e r p r e t e a c h d 

with K 

nled by 
t h e s e d a t a . F o r t h i s p u r p o s e i 
s ing le s a m p l e point d r a w n r a n d o m l y (and i n d e p e n d e n t l y of the 
o t h e r d a t a ) f r o m a d i s t r i b u t i o n having m e a r . y" (which we wish to 
e s t i m a t e ) and v a r i a n c e ff2. ( Iden t i f i ca t ion of the t r u e 0"n with the 
U n d a t u m is an a p p r o x i m a t i o n which may b e c o m e s e r i o u s l y i n a c 
c u r a t e when Qn i s an a p p r e c i a b l e f r a c t i o n of y n - ) Some n e t h o d s 
of e s t i m a t i o n c o m m o n l y used in hiph e n e r g y p h y s i c s a r e _ .ven 
be low; s e e Ref. 3 for n u m e r o u s a p p l i c a t i o n s . Sec t ion B. ' . d e a l s 
wi th the c a s e in w h i c h all y"n a r e the s a m e , e . g. , s e v e r a l a f f e r 
en t m e a s u r e m e n t s of the s a m e q u a n t i t y ; Sec . B.2 . d e a l s with the 
c a s e in which y n = y"(x n ), w h e r e x n r e p r e s e n t s s a m e se t of i n d e 
penden t v a r i a b l e s , e . g . , c r o s s - s e t t i on m e a s u r e m e n t s it \ •. r i o u s 
v a l u e s of e n e r g y and a n g l e , \ n - '. E n , f ' n } . 

B . l . S ing le M e a n an I V a r i a n c e E s t i m a t e s 
(1) If the y n r e p r e s e n t a s e t of v a l u e s all s u p p o s e d l y d r a w n : 
a s i n p l e d i s t r i b u t i o n with m e a n y" and v a r i a n c e a (i. e. , the c 
al l the s a m e , but the. • c o m m o n va lue i s unknown) then 

* 5 >'„ a n ' 

IP I 

a r e u n b i a s e d e s t i m a t e s of y" and a". The v a r i a n c e of y"̂  is a , 
If the p a r e n t d i s t r i b u t i o n i s n o r m a l and X i s l a r g e , the v a r i a n o 
0"~ i s t f f 'Vx . 

(2) If the y- all have the <: 
t h e n the w e i g h t e d a v e r a g e 

,ie y and the o"n a r e known, 

(11) - 1 ^ y - — — w y , ' t- w n n ' n 

w h e r e w = l/o" and w - £ w , is an a p p r o p r i a t e u n b i a s e d e s t i 
m a t e of y . T h i s cho ice of we igh t ing f a c t o r s in E q . (11) m i n i m i z e s 
the v a r i a n c e of the e s t i m a t e ; the v a r i a n c e is i/\v. 

B.Z. L i n e a r L e a s t S q u a r e s F i t 
A l e a s t s q u a r e s fit of the function y(x) = ^ a ^ f x ) to i n d e p e n d e n t 
d a t a y n ± 0 n a t p o i n t s x n (e . g. , a Legend r e fit i n which the f̂  a r e 
L e g e n d r e p o l y n o m i a l s and the aj a r e L e g e n d r e coe f f i c i en t s ) g i v e s 
the fol lowing e s t i m a t e s of the p a r a m e t e r s a j : 

H e r e V i s the c o v a r i a n c e m a t r i x of the fi t ted p a r a m e t e r s 

which i s pi ven by 

The v a r i a n c e of an i n t e r p o l a t e d or e x t r a ; , , a ted va lue of v at point 
x, v.. - ^ a „ j f . (x | , i s ; 

F o r the c a s e of a s t r a i g h t l ine fit, v(xl = a 4 bx, one 
following e s t i m a t e s of .. and b , 

a = (S S . - S S ) / [ ] , 

S, . S , S . S , S = 1 (1 , x , 1 x y xx xy n 
13 = S. S - SZ . 

• ,f the fitted p a r a m e t e r s 

V a b V l , b i = D " ab b b / 

The v a r i a n c e of -in i n t e r p o l a t e d or e x t r a p o l a t e d va lue of y al point 

<>' " K 

C. ERROR P R O P A G A T I O N 

We c o n s i d e r h e r e the s i t ua t i on in which one w i s h e s to ca l c 
the va lue and e r r o r of a funct ion of s o m e o t h e r q u a n t i t i e s i 
e r r o r s , e . g. , i n a Monte C a r l o p r o g r a m . Le t fy) be a si 
r a n d o m v a r i a b l e s with m e a n s 'y"} and c o v a r i a n c e m a t r i x ' 
Then the m e a n and v a r i a n c e of a function of t h e s e v a r i a b l e 
a p p r o x i m a t e l y (to second o r d e r in fy-y"} ): 

t d-( 

(£ ~r ̂  ^ V nin n m 3v„ 

E P- , t h r m e a n ant] a r i t 

^ In mi-an y" and v a r i inc« 

r= fly) + j -o Z f" (y 

» -?r = a l ' (y) . 

of a function of , 

(22) 

(23| 

Note tha t t h e s e e q u a t i o n s will u s u a l l y be app l ied by s u b s t i t u t i n g 
s o m e m e a s u r e d q u a n t i t i e s , fy} s a y , for the t r u e m e a n s , f y } . If. 
as i s often the c a s e , y n - Jn i s of o r d e r \ ' V n n , t hen t h e r e is no 
point in keep ing the second o r d e r t e r m s in Eq . (20) o r (22) s i n c e 
the s u b s t i t u t i o n i t s e l f i n t r o d u c e s f i r s t o r d e r e r r o r s . 

R. A. F i s h e r , S t a t i s t i c a l Me thods fo r R e s e a r c h W o r k e r s 
(O l ive r and Boyd, E d i n b u r g h and London , 1958). 
hit A b r a m o w i t z and I. S tegun , e d s . , Handbook of 
M a t h e m a t i c a l F u n c t i o n s (Nat ional B u r e a u of S t a n d a r d s , 
Appl ied M a t h e m a t i c s S e r i e s , Vol . 55 , W a s h i n g t o n , 1964) . 
\V. T . E a d i e , D. D r i j a r d , F . E. J a m e s , M. R o o s , and 
B . -Sadou l c t , S t a t i s t i c a l M e t h o d s in E x p e r i m e n t a l P h y s i c s 
( N o r t h - H o l l a n d , A m s t e r d a m and London , 1971). 

R e v i s e d and e x p a n d e d A p r i l 1974. 
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PARTICLE DETECTORS, ABSORBERS, AND RANGES* 
A. DETECTOR PARAMETERS 

In this section we give various parameters for common detectors. The 
quoted numbers represent at best an order of magnitude, and are useful 
only for preliminary design. A more detailed introduction to detectors 
can be found in "A Consumer's Guide to Particle Detectors," by D.J. 
Miller, Rutherford Lab Report RL-76-072, July 1976. 

A.1 Scintillators: Photon yield = W/100 eV in plastic scintillator1 and 
* 17/25 eVir.Nal. 1- 2 

A.2 Cerenkov:3 Half-angle 6Q of cone aperture in terms of velocity |8and 
index of refraction n: 

(iH4-i)] 1/2 

Threshold velocity: 0 t - l/n; i , - 1/ y I - 0 t

2 . 

Therefore, /3 t7 t = I / V2S + b , where b = n-1. Values of 6 for various 
commonly used gases are given as a function of pressure and wavelengih 
in Ref. 4; for values at atmospheric pressure, see the Table of Atomic 
and Nuclear Properties, following. 

Number of photons, N, per cm: 

N-affi - - J - ] M , - V f f - f j - - ^ I2 * 

* 500 sin20 c/cm (visible spectrum) . 

A.3 Photon Collection: In addition to the photon yield, one should take 
into account the light collection efficiency (<10% for typical 1-cm-thick 
scintillator), attenuation length (—1 to 4 m for typical scintillators5), 
and qu in turn efficiency of the photomultiplier cathode (<25%). 

A.4 Typical Detector Characteristics: 
Resolution Dead 

Detector Type Accuracy (rms) Time Time 

Bubble chamber =±10 to = ± 150*i = 1 ms =1/20 s° 
Streamer chamber ±300u = 2 us =100 ms 
Optical spark chamber ±200u^ = 2 us = 10 ms 
Magnetoslrictive 

spark chamber ±500u = 2 us = 10 ms 
Proportional chamber >:±300/ic'^ = 50 ns =200 ns 
Drift chamber ±50 to 300^ = 2 ns e =100 ns 
Scintillator = 150 ps = 10 ns 
Emulsion ±lu 
0 Multiple pulsing time. 
h 60ji for high pressure. 
c 300(t is for 1 mm pilch. 
" Delay line cathode readout can give ±150y 

parallel to anode wire, 
e For two chambers. 

A-5 Shower Detectors: Typical energy res utions (FWHM) for 
incident electron in the 1 GeV range, E in GeV. For a fixed number of 
radiation lengths, FWHM in the last three detectors would be expected to 
be proportional to Vt for t (= plate thickness) > 0.2 radiation lengths.6 

2% Nal(20rad. lengths):7 -=^-
E i / 4 

Lead Glass (14 rad. lengths): 8 10 - 12% 

Lead-Liquid Argon (15.75 rad. lengths):6 ~ 
(42 cells: 1.1 mm lead, 2 mm liquid argon, VE 

2.3 mm lead-GlO, 2 mm liquid argon) 
17% 

Lead-Scintillator Sandwich (12.5 rad. lengths):9 —j=-
(66 cells: 1 mm lead, 5 mm scintillator) vE 

Proportional Wire Shower Chamber (17 rad. lengths):10 ^%-
(36 cells: 0.474 rad. length type-metal + Al, VE 

9.5 mm 80% Ar - 20% CH4 gas) 

A.6. Proportions! Chamber Wire Instability: The limit on the voltage V 
for a wire tension T, due to mechanical effects when the electrostatic 
repulsion of adjacent wires exceeds the restoring force of wire tension, is 
given by" 

V < - Till 
where s, f , and C are the wire spacing, length, and capacitance per unit 
length. An approximation to C for chamber half-gap t and wire diameter 
d (good for s < t) gives1. -12 

V S H T ' / ' [ - ^ * ( ^ ) ] . 
where V is in kV, and T is in grams. 

A. 7 Proportional and Drift Chamber Potentials: Potential distributions 
and fields for an array of parallel line charges q (coul./m) along z and 
located at y = 0, x = 0, ±a. ±2a can usually be calculated with good 
accuracy from (MKSA): 

V(x.y)=- rV"{ 4 Hi + sinh2 H 1 1 ] } • 
B. COSMIC RAY FLUXES 

The fluxes of particles of different types depend on the latitude, their 
energy, and the conditions of measurement. Some typical sea-level 
values13 for charged panicles are given below: 

I, flux per unit solid angle about vertical 
direction crossing unit horizontal area 

J. perpendicular component of total flux crossing 
unit horizontal area from above 

J. total flux crossing unit horizontal area 

Total Hard Soft 
Intensity Component Component 

l v 1.1XI0"2 0.8X10"2 0.3X10"2 cm" 2sec-' sterad - 1 

J, 1.8X10"2 1.3X10"2 0.5X10"2 cm - 2 sec"1 

Very approximately, about 75% of all particles at sea-level arc penetrat
ing, and are muons. The absolute flux of protons at sea-level, in a 
momentum range 700-1100 MeV/c, is I.5X10"5 cm - 2 sec - 1 sterad"1, or 
-0 .1% of all particles. 

The muon flux at sea-level has a mean energy of 2 GeV and a differential 
spectrum falling as E"2, steepening smoothly to E - 3 , 6 above a few TeV. 
The angular distribution is cos20, changing to secfl at energies above a 
TeV, where 0 is the zenith angle at production. The + / - charge ratio is 
1.25-1.30. The mean energy of muons originating in the atmosphere is 
roughly 300 GeV at slant depths > a few hundred meters. Beyond slant 
depths of —10 km water-equivalent, the muons are due primarily to in-
the-earth neutrino interactions (roughly 1/8 interaction ton""1 year - 1 for 
E,, > 300 MeV, — constant throughout the earth). 1 4 Muons from this 
source arrive with a mean energy of 20 GeV, and have a flux of 2X10 - 1 3 

cm - 2 sec"1 sterad"1 in the vertical direction and about twice that in the 
horizontal,15 down at least as far as the deepest mines. 

C. PASSAGE OF PARTICLES THROUGH MATTER 

C I Energy Loss Rates for Heavy Charged Projectiles: A heavy projec
tile (much more massive than an electron) of charge Z}nce, incident at 
speed &c (0 » 1/137) through a slowing medium, dissipates energy 
principally via interactions with the electrons of the medium. The mean 
rale of such energy loss per unit path length x may be written as: 

D Zmed pmed 

16 

[*[ 
M 2 
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PARTICLE DETECTORS, ABSORBERS, AND RANGES (Cont'd) 

where D = 4jrN Ar c

2m cc 2 = 0.3070 MeV cm 2/g (see Physical and 
Numerical Constants Table). 

Here Z m c ( j and A ^ j are ihe charge and mass numbers of the medium 
and pmai is the mass denrty of the medium; /, 5, C, and v are 
phenomenological functions. Frequently, the values of 5, C, and v are 
negligibly small; the parameter / characterizes the binding of the elec
trons of the medium. As a rule of thumb, we may estimate / for an 
idealized medium aS / = 16 ( Z ^ ) 0 9 eV when Z ^ > 1. For realis
tic media the value of / will vary at the 10% level from this estimate; for 
H 2, / = 20.0 eV. We may approximately treat media which are chemi
cal mixtures or compounds by computing 

dx ~„±1 I d* J n ' 
with {dE/dx)n appropriate to the n t h chemical constituent (using p^"J as 
the partial density in the formula for dE/dx). 

The function 5 represents the density effect upon the energy loss rate; it 
is non-negligible only for highly relativistic projectiles in denser 
media.' For ullra-relalivistic projectiles, 6 approaches 2 #17 + con
stant, where the value of the constant depends upon the density of the 
medium as well as its chemical composition. 

The function C represents shell corrections to the energy loss rate. 1 6 

These effects are non-negligible only for projecliles with speeds not much 
faster than the speeds of the fastest electrons bound in the medium. 

The function v represents corrections due to higher-order electrodynam
ics. ' 9 These effects become important when \2.-inJfi\ is comparable 1 • 
137. For relativistic unit-charge projectiles, \v\ is of the order of 1%; 
positively charged projectiles lose energy more rapidly than do their 
charge conjugates. 2 

For non-relativistic projectiles, our formulae above are inapplicable. At 
the very slowest speeds, total energy loss rates are believed to be propor
tional to p\ rising through a peak at projectile speeds comparable to 
atomic speeds, after having passed 'hrough a smaller peak (due tc elastic 
Coulomb collisions with the nuclei of the slowing medium2') at inter
mediate speeds. In some cases, energy loss rates depend significantly 
upon the relation of the projectile trajectory to the crystalline structure 
of the slowing medium. 2$ 

For relativistic projectiles, (dE/dx) i n c falls rapidly with increasing 0 
until reaching a minimum around 0 = 0.96 (almost independent of 
medium), followed by a slow rise. Because of the density effect, the 
quantity in square brackets approaches £ny + constant for large 7. 

The quantity (dE/dx) i n c6x is the mean total energy loss via interactions 
with electrons of the medium in a layer of thickness 5x. For any finite 
bx. Poisson fluctuations car, cause the actual energy loss to deviate from 
the mean. For thin layers, the distribution is broad and skewed, being 
peaked below (dE/dx)5x. and having a long tail toward large energy 
losses.23 Only for a very thick layer [(dE/dx)5x » 2m e0 27 2c 2] will the 
distribution of energy losses become nearly Gaussian. The large fluctua
tions of the total energy loss rate from the mean are due to a small 
number of collisions involving large energy transfers. The fluctuations 
are greatly reduced for the so-called restricted energy loss rate, described 
in Section C.4. 

C.2 Ionization Yields: Physicists frequently relate total energy loss to 
the number of ion pairs produced in the stopping medium. This relation 
becomes complicated for relativistic projectiles due to the wandering of 
energetic knock-on electrons whose ranges exceed the dimensions of the 
fiducial volume. For a qualitative appraisal of the non-locality of energy 
deposition by such modestly energetic knock-on electrons in various 
media, see Ref. 24. The mean energy loss per ion pair produced, W, is 
essentially constant for relativistic projectiles, but increases at slow pro
jectile speeds.25 The numerical value of W for gases can be surprisingly 
sensitive to trace amounts of various contaminants.25 Of course, in addi
tion to the preceding effects, practical ionization yields may be greatly 
influenced by subsequent recombinations, etc. ^ 

C.3 Energetic Knock-On Electrons: For a relativistic spinless point-
charge projectile, the production of high energy (kinetic energy T » f) 
electrons is given by (neglecting the spin of the electron): 

d 2N 
dTdx 

for / « T < T 

I . *-med 

2m (j3272c2 

18 J "•»* T 2 ' 

Mi„ M,. 

M - c is the mass of the incident projectile, and all other quantities are as 
in Section C.I. This formula does not differ significantly from the pre
cise result, incorporating spin effects, for any projectile (including e-J 
in the restricted range / « T « T - more accurate formulae are 
available for various projectiles. , 2 8 Our formula is inaccurate for T 
close to /; for 2/ < T < 10/, the 1/T2 dependence above becomes = T^1 

with 3 <T) < 5.29~ "" 

C.4 Rates of Restricted Energy Loss for ReUtivistic Charged Projectiles: 
The variability of energy loss for heavy projecliles is due primarily to the 
variability in the production of energetic knock-on electrons. 
Bremsstrahlung and pair-production processes make this variability even 
greater for electrons than for heavy panicles as projectiles {see, e.g., the 
figure "Fractional Energy Loss for e + and e" in Lead," following). If 
an instrument, such as a bubble chamber, is capable of isolating these 
high-energy-loss interactions, then it is appropriate to consider the rate 
of energy loss excluding them, i.e.. a restricted energy loss rate. The 
mean energy loss rate via all collisions which have energy transfer T 
such that T < E m a , « T m a T i s : 1 6 

7, 'med̂ med 
•Vd 

z V 
8 J 

( max max I 
; 2 J 

Nolicc the overall factor of 1/2. 

The density effect causes the restricted energy loss rate to approach a 
constant, the Fermi plateau value, for the faslesl projectiles. 

C.S Multiple Scattering through Small Angles: As a charged particle 
traverses a medium it is deflected by many small-angle elastic scatter
ings. The bulk of this deflection is due to elastic Coulomb scattering 
from the nuclei within the medium, hence the usual identification as mul
tiple Coulomb scattering (note, however, that strong interactions do con
tribute to the total multiple scattering for hadronic projectiles). For 
both Coulomb and strong interactions, the Central Limit Theorem pro
vides little useful guidance in establishing the precise nature of the dis
tribution of the total deflections resulting from multiple scattering. The 
true distribution is roughly Gaussian only for small deflection angles 
while it shows much greater probability for large-angle scatterings > a 
few (?n, see below, depending on absorber) than the Gaussian would sug
gest. These tails on the distribution (a few % of peak height in the 
region where the Gaussian part becomes negligible) are more pronounced 
for hadrons than for muons as projectiles. The large-angle behavior of 
these distributions is best estimated by computing the exact distribution 
for the vectorial sum of the largest deflections based upon the true elastic 
scattering cross section of the projectile against the medium,30 or, when 
applicable, by interpolation from tabular data. 3 1 An easier alternative 
which may suffice for non-critical applications would be to use a Gaus
sian approximation with the following width:3 2 

14.1 MeV/c , 
90 n T T ^ Z i ' cVL~7^[l+ }log I 0 (L/LR) J (radians). 
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where p, 0, and Z j n c are the momentum (in MeV/c) , velocity, and charge 
number of the incident particle, and L/Lg is the thickness, in radiation 
lengths, of the scattering medium. L^ for certain materials is given in 
the Table of Atomic and Nuclear Properties of Materials (following). 
The angle, 0$, is a fit to Mol ierc 3 0 theory, accurate to about 5% for 10" 3 

< L/Ln < 10 except for very light elements or low velocity where the 
error is about 10 to 20%. In this Gaussian approximation, 0 O has the 
meaning 

a —a rms — L_ a rms 
°0 "plane ^ "space • 

The non-projected (space) and projected (plane) angular distributions are 
given approximately 3 0 by the Gaussian forms: 

>/£*„ plane* 

where 8 is the deflection angle. 

Other quantities are sometimes used to describe the amount of multiple 
Coulomb scattering: the auxiliary quantities ^ p | a n e , y p ^ . and S p | M e 

(see the figure) obey: 

y i 
1 

lane v/^ p!»ne ^ 
"plane ^ "plane ^ D 0 • 

c m« K _J__ i a rms _ * i a 
W 4 V 3 L"pl»= 4\/5 °' 

L ,1 
^ 2 1 

^^Cr1 -— . ; <J* 
^ ^ ^ " —~~ i plane ^plone 

\ /plone 

AJ1 the quantitative estimates in this section apply only in the limit of 
small Opfotlf. and in the absence of large-angle scatters. 

C 6 LoapUtiim*} Distribution of Electromagnetic Showers: A photon of 
energy E (GeV) > 0.1 GeV converting in a semi-infinite medium pro
duces an electromagnetic cascade whose intensity initially increases with 
depth and then falls off". The average number of e * with kinetic energy 
above 1.5 MeV, crossing a plane at a depth of t radiation lengths from 
the beginning of the medium, in a material of atomic number Z, calcu
lated using the Monte Carlo program E G S , 3 3 can be fit by the empirical 
formula 3 4 

N - N 0 t V b l . 

where N 0 - 5.51 E \JZ b a + l / r ( a + l ) and b = 0.634 - 0.0021 Z. For Z 
> 26, a = 2.0 - Z/340 + (0.664 - Z/340) fti E. For Z - 13, a - 1.77 
- 0.52 Ai E The maximum intensity, N , ^ , occurs at the depth t — 
a/b. The maximum error of the fit occurs in the vicinity of this depth 

00 

and is less than 0.15 N j ^ j . The integral of the tail, j N d t i s f i t t o 
1.5 t /b 

better than 2.5%. The total longitudinally-projected e * path length, 

J*N dt — 5.51 E Vz, is less than the total e * path length due primarily 
o 
to multiple Coulomb scattering. 
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Mean Range and Energy Loss in Lead, Copper, Aluminum, and Carbon 

5 0 0 J • | ,- | • ! | ; , | , \ A | |, , |. : | : [ | 5 0 0 
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P (GeV/c) 
Mean range and energy loss due to ionization for the indicated particles in Pb, with scaling to Cu, Al, and 
C indicated, using Bethe-Bloch equation (Section C. 1 above) with corrections. Calculated using program o£ 
Hans Bichsel (UCRL,- 1 7538), with density correction idded (Hans Bichsel, private communication). See also 
Joseph F. Janni [Air Force Weapons Laboratory Technical Report No. AFWL-TR-65-1 50 (1966)]. The average 
ionization potentials (1) assumed were: Pb (820 eV), Cu (320 eV), Al (166 eV), and C(77.5 eV). Figure indicates 
total path length; observed range may be smaller (by - 1% - 2 ^ in heavy elements) due to multiple scattering, 
primarily from small energy-loss collisions with nuclei. The functional forms have not been experimentally-
verified to better than roughly ±1%. For higher energies refer to discussion by Cobb ["A Study of Some Electro
magnetic Interactions of High Velocity Particles with Matter, " University of Oxford Report HEP/T/55 (1973)] 
and by Turner ["Penetration of Charged Particles in Matter: A Symposium", National Academy of Sciences, 
Washington D. C. (1970), p. 48], Scaling to other beam particles is, to a good approximation, described by the 
expression on the next page. 
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Mean Range and Energy Loss in Liquid Hydrogen 

DO 200 
P (MeV/c.) 

1000 2000 

XBL 761-2150 

Range and energy loss in liquid hydrogen bubble chamber, based on Bethe-Bloch equation (Section C.l above), 
using an average ionization potential for H2 of 1 = 20.0 eV, which is an approximate averaqe of the experi
mental result of Garbincius and Hyman [Phys. Rev. A2, 1834 (1970)] and the theoretical result of Ford and 
Browne [Phys. Rev. A7, 413 (1973)]. Bubble chamber conditions are chosen to be those of Garbincius and 
Hyman: parahydrogen of density - 0.0625 g/cm (note: range "- 1/density), with vapor-pressure 60.8 lb/in 2 

(absolute) and temperature 26.2°K. The functional dependence of the Bethe-Bloch equation is not experi
mentally verified to better than about ±1% over large momentum ranges. It should be noted that the number 
of bubbles per cm of a track in a bubble chamber is nearly proportional to 1/6', not dE/dx. For the linear 
portions of the range curves, R « p . Scaling law for particles of other mass or charge (except electrons): 
for a given medium, the range R^ of any beam particle with mass M L , charge z^, and momentum p^. is given in 
terms of the range R ol any other particle with mass H , charge z , and momentum p a = p^M /ML (i.e., 
having the same velocity) by the expression: 

W W rv1, 
L V za 

R (H ,z ,p = p H /R ) a a a *a b a h 



PARTICLE DETECTORS, ABSOR8ERS, AND RANGES (Cont'd) 

Mean Electron Range in Lead, Copper, Carbon, and Liquid Hydrogen 
T (keV) 

100 
Mean range of electrons in the 
continuous-slowing-down approx
imation, taking into account 
energy Joss by collisions with 
atomic electrons and by brems-
strahlung; strong fluctuations 
are to be expected for indi
vidual tracks. This range is 
the total - ith length; the 
"practical lange" — a common 
measure of straiqht-line pene
tration distance — is shorter 
because of multiple Coulomb 
scattering, which becomes in
creasingly important as the 
electron slows down. E.g., 
for a fast electron the rms 
projected angle due to multi
ple Coulomb scattering reaches 
1 radian by the time the elec
tron has slowed to 0.4 MeV in 
hydrogen, 1.5 MeV in carbon, 
9 MeV in copper, and 24 MeV 
(off scale) in lead. Electron 
energy deposition and penetra
tion probability vs. range are 
discussed by I., v. Spencer, 
"Energy Dissipation by Fast 
Electrons," NBS Monograph 31, 
1959, and S. H, Seltzer, 
"Transmission of Electrons 
through Foils," NBS1R 14, 4S7 
(1974). Electrons which have 
energy less than 0.2 KeV in ftr, 
1.5 MeV ir< Cu, 3.5 MeV in Sn, and 5 MeV in pb ar« likely to deposit 10* of their energy behind their starting plane. 
The practical range, fL, is defined as that absorber thickness obtained by extrapolating to zero the linuarly decreasing 
part of the curve of penetration probability vs. absorber thickness. Data for Al in the T range of the figure are available, 
and fit (to -' lO1*, 1 R D = AT[l-B/(l+CT) ] mg cm" 2 [a form suggested by K.-Ii. Weber, Nucl. Inst. Meth. 2_5, 261 (1964)], 
with A=0.55 mg cm z keV" 1, B = 0.9841, and C = 0.0030 kev _ i. At this penetration « 
have stopped. Data for other elements are sketchy, but suggest that higher-" [̂ 50] elements have 1 
-10 keV, and 0.6< Rp/R^(A1}; 1 above -100 keV. The "critical energy" (above which the energy loss -

e incident electrons 
: Rp/RF;(Al) < 1.4 below 
due to bremsstrahlung 

exceeds that due to ionization, and showering becomes important) is 400 MnV for hydrogen, L00 MeV for carbon, 25 MeV for 
copr^r, and 10 MeV for lead. The mean positron range may differ from the mean electron range by several percent. See Berger 
and Seltzer, NASA SP-3012 (1964) and SP-3036, and P. Trower, UCRL-2426, Vol. Ill, Rev. W-i'-.l-) . 1-10 keV range was 
obtained by linear extrapolation; in this region the true range may actually lie above the curves. 

Fractional Energy Loss for e + and e" in Lead 

— o 
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J l e c l r o n s ^ V P o s i t r o n s 

\ ^ ^ ^ B r e m s s l r a h l u n q 
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V/^Nf' \ 
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-

' Posit ran^-^^^^^ ^ N ^ ^ 
annihilation - ^ — ^ ^ ^ . « _ 

1*1111 

Fractional energy loss per radiation length in lead as 
a function of electron or positron energy. Electron 
(positron) scattering is considered as ionization when 
the energy loss per collision is below 0.255 MeV, and 
as Moller (Bhabha) scattering when it is above. 
Adapted from Fig. 3.2 from Messel and Crawford, Elec
tron-Photon Shower Distribution Function Tables for 
Lead, Copper and Air Absorbers, Pergamon Press, 1970. 
Messel and Crawford use L r(Pb) = 5.82 g/cm.2, but we 
have modified the figures to reflect the value given 
in the Table of Atomic and Nuclear Properties of Ma
terials (following), namely L r(Pb) = 6.4 g/cm2. The 
development of electron-photon cascades is approxi
mately independent of absorber when the results are 
expressed in terms of inverse radiation lengths (i.e., 
scale on left of plot). 

E (MeV) 
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Photon Mass Attenuation Coefficients, Energy Deposition 

The photon mass attenuation coefficient for various absorbers as a function of photon energy (solid curves). 
For a homogeneous medium of density p, the intensity I remaining after traversal of thickness t is given 
by I= i Q exp(-Ut). The accuracy is a few percent. Interpolation to other Z should be done in the cross 
section 0 = (u/p) M/N A cm /atom, where M is the atomic weight of the absorber material and N A is Avogadro's 
number. For a chemical compound or mixture, use (p/p) e^ f ^ £ Witf/P)}, accurate to a few percent, where w± 
is the proportion by weight of the i c " constituent. 1 The dashed curve is the mass energy-
absorption coefficient, giving p/p multiplied by the fraction of photon energy deposited in a small volume 
(assumed large enough to contain the ranges of most secondary electrons) about the interaction. This 
fraction is smaller than 1.0 because such processes as Compton scattering and electron bremsstrahlung imply 
radiation of some of the energy away from the immediate area. The absorption coefficient is an approxima
tion to the energy available for chemical, biological, and other effects associated with exposure to ioniz
ing radiation. See next page for high energy range. From Hubbell, Gimm, and 0verbgf, J. Phys. Chem. Ref. 
Data £, 1023 (1980). Figures courtesy J. H. Hubbell. 
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Photon Mass Attenuation Coefficients (High Energy) 

PHOTON ENERGY (MeV) 
The photon mass attenuation coefficient, high energy range (note that ordinate is linear scale). See caption 
on previous page for details. 

Contributions to Photon Cross Section in Carbon and Lead 

\S 

OHOTON ENERGY PHOTON ENERGY 

Photon total cross sections as a function of energy in carbon and lead, showing the contributions of different 
processes. 

T = Atomic photo-effect (electron ejection, photon absorption) 
°CuK = Coherent scattering (Rayleigh scattering — atom neither ionized nor excited) 
o"lNCOH = Incoherent scattering (Compton scattering off an electron) 
Krn = Pair production, nuclear field 
< e = Pair production, electron field 
aPH.N. = Photonuclear absorption (nuclear absorption, usually followed by emission of 

a neutron or other particle) 
From Hubbell, Gimm, and {3verbjzS, J. Phys. Chem. Ref. Data 9_, 1023 (1980). Figures courtesy J. H. Hubbell. 
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Atomic and Nuclear Properties of Materials* 
A Nuclear0 Nuclear* Nuclear' Nuclear0 

total inetastic collision interaction 
cross cross length length 

section Xj 
[g/cm 2) 

dE/dx ran' 
MeV] 

section 
<rT[barn) ffl[bem] [ g / c m 2 , 

K9P 
Radiation length' 

[g/cm'l [cm] 

Density' 
[g/em5] 

() is for gas 
[g/fl 

Refractive 
index n; f , 

() is(n-l)X10G 

for gas 

H, 1 1.01 0.0387 0.032 43.3 52.4 4.12 0.292 63.05 890 0.0708(0.0»0) 1.112(140) 
D, 1 2.01 0.073 0.062 45.7 53.8 2.07 0.342 126.1 764 0.16S 1.28 
He 2 4.00 0.136 0.109 49.9 60.9 1.94 0.243 94.32 755 0.125(0.178) 1.024(35) 
U 3 6.94 0.216 0.158 53.8 72.9 1.58 0.843 82.76 155 0.534 -Be 4 9.01 0.268 0.199 55.8 75.2 1.61 2.97 65.19 35.3 1.848 -
C 6 12.01 0.331 0.231 60.2 86.3 1.78 4.03 42.70 18.8 2.265* .. 
N, 7 14.01 0.379 0.262 61.4 88.8 1.82 1.47 37.99 47.0 0.808(1.25) 1.205(300) 

He 
8 16.00 0.420 0.288 63.2 92.2 1.82 2.07 34.24 30.0 1.14(1.43) 1.22(266) 

He 10 20.18 0.502 0.340 66.7 98.5 1.73 2.09 28.94 24.0 1.207(0.90) 1.092(67) 
AI 13 26.98 0.634 0.421 70.6 106.4 1.62 4.37 24.01 8.9 2.70 
AT 18 39.95 0.850 0.554 78.0 119.7 1.51 2.11 19.55 14.0 1.40(1.78) 1.233(283) 
Fe 
Cu 
Sn 
W 
Pb 
U 

26 55.85 
29 63.54 
50 118.69 
74 183.85 
82 207.19 
92 238.03 

1.113 
1.232 
1.967 
2.767 
2.960 
3.378 

0.703 
0.782 
1.191 
1.649 
1.776 
1.983 

83.3 
85.6 

100.2 
110.3 
116.2 
117.0 

131.9 
134.9 
165.5 
185.1 
193.7 
199.3 

1.26 
1.16 
1.13 
1.09 

11.6 
12.9 
9.2 

22.4 
12.8 

-20.7 

13.84 
12.86 
8.82 
6.76 
6.37 
6.00 

1.76 
1.43 
1.21 
0.35 
0.56 

-0.32 

7.87 
8.96 
7.31 

19.3 
11.35 

•18.95 

Air (20°C) 62.0 90.0 1.82 0.0022 36.66 30423 0.001205(1.29) 1.000273(293) 
H -2 ° * 
Shielding concrete 

60.1 84.9 2.03 2.03 36.08 36.1 1.00 1.33 H -2 ° * 
Shielding concrete 67.4 99.9 1.70 4.25 26.7 10.7 2.5 -Si02 (quartz) 67.0 99.2 1.72 3.78 27.05 12.3 2.2 1.458 

H 2 (bubble chamber 26°K) 
D 2 (buoble chamber 31 °K) 
H-Ne mixture (50 mole percent^ 
Propane (C,H,) 
Freon I3B1 (CF31 Br)* 

43.3 52.4 4.12 -0.26 63.05 -1000 -0.063' 1.112 
45.7 53.8 2.07 -0.29 126.1 -900 -0.140" 1.110 
65.0 94.5 1.84 0.75 29.70 73.0 0.407 1.092 
56.5 77.2 2.25 0.92 45.38 HI 0.41(2.0) 

-1.50(8.71) 
1.25(1005) 

1.238(750) 76.8 117 1.56 -2.34 16.53 -11.0 
0.41(2.0) 

-1.50(8.71) 
1.25(1005) 

1.238(750) 

82.0 134 1.44 5.49 11.02 2.89 3.815 .. 
94.8 152 1.32 4.84 9.49 2.59 3.67 1.775 
62 89.2 1.63 4.30 39.25 14.9 264 1.394 
97.4 156 1.27 9.0 7.98 1.12 7.1 2.15 
58.4 82.0 1.95 2.01 43.8 42.4 1.032 1.581 

Ilford emulsion G5 
Nal 
UF 
BGO(Bi 40e 3O 1 2) 
Polystyrene, scintillator (CHy 
Lucite, Plexiglas (C.H.O,) 59.2 83.6 1.95 -2.30 40.55 -34.4 1.16-1.20 -1.49 
Polyethylene (CH,) 56.9 78.8 2.09 -1.95 44.8 -47.9 0.92-0.95 « Mylar (C 5 H 4 0 2 ) 60.2 85.7 1.86 2.58 39.95 28.7 1.39 .. Borosilicate glass (Pyres-:)'" 66.2 97.6 1.72 3.84 28.3 12.7 2.23 1.474 
CO. 
Mei ine CH. ivicuiiinc v-n, 
Isobutane C 4 H.Q 
Freon 12 (CCUF 
Freon 13 (CCl! 
Silica Aerogel0 

(CC1,F2)" 

62.4 90.5 1.82 0.0033 36.2 20220. (1.79) (410) 
54.7 74.0 2.41 0.0017 46.5 64850. 0.423(0.717) (444) 
56.3 77.4 2.22 0.0059 45.2 16930. (2.67) (1270) 
70.6 106 1.62 0.0080 23.7 4810. (4.93) (1080) 
68.1 101 1.64 0.0070 27.15 6370. (4.26) (720) 
65.5 95.7 1.83 -0.36 29.85 -150. 0.1-0.3 1.0+0.25p 

Spark or proportional chamber^ 0.028% 0.020% 0.034 0.067% 0.019 

* Table revised March 1982 by J. Engler. For details, see Report KfK B000, Kernforschungzentrum D 75 Karlsruhe, P.O. Box 3640, Federal 
Republic of Germany. 

a. u l o u | at 80-240 GeV for neutrons ( - IT for protons) from Murthy et ai., Nucl. Phys. B92, 269 (1975). 
*• "in.i.«tic~ITi™d-ff«l.iiic"<r<n»«dM.i,; f o r "'"irons at 60-375 GeV from Roberts et al., Nucl. Phys., B1S9, 56 (1979). For protons and other par

ticles, see Carroll etaf., Pnysriett.'gM, 319 (1979); note that <r.(p) - <r,(n). 
c. Mean free path between collision (XT) or inelastic interaction (XI), calculated X - A/(NX<r). 
d. For minimum-ionizing protons and pions from Barkas and Berger, Tables of Energy Losses and Ranges of Heavy Charged farticles, NASA-SP-

3013 (1964). For electrons see; Penetration of Charged Particles in Matter, NAS-NS39 (1964). 
e. From Y.S. Tsai, Rev. Mod. Phys. 4*. 815 (1974). 
/ . Values for solids, or the liquid phase at boiling point. Values in parentheses for gaseous phase STP (0°C, 1 atm), except where noted. Refrac

tive index given for sodium D line. 
g. For pure graphite, industrial graphite density may vary 2.1 - 2.3 g/cm3. 
h. Standard shielding blocks, typical composition O, 52%, Si 32.5%, Ca 6%, Na 1.5%, Fe 2%, Al 4% plus reinforcing iron bars. Attenuation length 

' - 115 ± 5 g/cm2, also valid for earth (typicafp - 2.15) from CERN-LRL-RHEL Shielding exp., UCRL-17841 (1968). 
i. Density may vary about ±3%, depending on operating conditions. 
j . Values for typical working conditions with Hj target: 50 mole percent, 29'K, 7 aim. 
*. Values for typical chamber working conditions: Propane ~57'C, 8-10 atm Freon 13B1 ~28°C 8-10 atm 
t Typical scintillator, e.g., PILOT B and NE 102A have an atomic ratio H/C - 1.10. 
m. Main components: 80% SiO, + 12% B,0 , + 5% NajO. 
n. Used in Cerenkov counters. Values at 26*C and 1 atm. Indices of refraction from E.R. Hayes et al., ANL-6916 (1964). 
o. n(Si0 2) + 2n(H,0) used in Cerenkov counters, p — density in g/cm3. From M. Cantin et al., Nucl. Instr. Meth. IM, 177 (1974). 
p. Values for typical construction: 2 layers 50 <im Cu/Be wires, 8 mm gap, 60% argon, 40% isobutane or C0 2; 2 layers 50 wn Mylar/Aclar foils. 



ELECTROMAGNETIC RELATIONS 

Maxwell's Eguatu 

CGS (s ta t .v . J",., MKSA 

Quant t y r . ta tamp. , so:: cm ) ( c o u l . . a m p . , o h n ) 

Poten l a l s : 
charges 

v = ^ - E 4 
«*=•. c h a w s r 

•*" c u r r e n t s ' 

c = speed of l i q h t ED = r ~ 1 0 " 9 HKSA 

u - 4r lo~ MKSA 

Fie ld ' . i-^-ii - ah K , -TV - 5 -

Sal t - r ia l s : D = €E, B = UH 

M-M 
4rc 

i m 

h = 7 •• A 

D = rE, B = uH 

F = q(E + v • Bj 

5 • D = .'• 

7 - i; 3t 

•= 0 

Kelativisti^ 
transforma-

c c at 

E x = YfEj + v • B) 

D'li = 5 I I 

Impedances: Alternating Currents (MKSA) 

Ohm's law: V - 2T, V = V e 1'" 

1. Impedance of self-inductance L: Z - iuiL . 

2. lmpedai.ce of a capacitor of capacitance C: Z = T—p . 

3. Impedance of a flat conductor of width w at high frequency: 

- 1 . 7 for Cu -5. c _, fo 
- 2 . 4 for Au -Ti fo 
- 2 . 8 for Al -100 fo 
(Al a l l o y s ma • have up 
to double th 5 v a l u e . ) 

e f f e c t i v e i k i diiiiti. 

/ '<> . C cm 

4. I.-m-edance of fret- space 

Capacitance C and Induct ant 

For flat plates of width w, s-:par 

= - ¥ • 

etic su^ceptibi. 

Trai (No Loss) (MKSA 

Velocity = i/Vl.C." = l/\ ..r. 
Impedance = VL/C 

L and C are indue* a:,ce and cap ( 

Fynchrotrni^_ Radi. 

Energy loss/revoJut;on 

(c;sj 

3 p V 
For electrons !!'i Jl), 

Critical frequency: w.. 37 

Frequency spectrum 'for Y '••• 

I(w) s? 3. 3 — ('^) 

^ - ,.0885 [ EC 

r U ) * U.:>, i.( 

"J, ''. I , l\Z. 1. 

I(L>) = V 3 - ^ (-^) 

The radiation is confir.. 

the instantaneous direct 

See J. D. Jackson, Classical Electrodynamics, 2nd . 
(John Wiley f. Sons, New York, 1975) for more formu. 
(Prepared April 1974; revised April 1983.) 

RADIOACTIVITY AND RADIATION PROTECTION 
Unit of activity ~ Curie: 

1 Ci = 3.7X 1Q 1 0 disintegrations/sec 
Unit of exposure dose for x and y radiation = Roentgen: 

I R : I esu /c in 3 - 87.8 erg/g (5.49V ! 0 7 MeV/g) Qf ;,ir 
Unit of absorbed dose = rad: 

I rad - 100 erg/g (6.Z5-- 10 7 MeV/g) in any material 
Unit of dose equivalent {for protection) - rem: 

rems (Roentgen equivalents for man) = radsXQF, 
where QF (quality factor) depends upon the type o: radiation 
and other factors. For y rays and HE protons, QF = 1; for 
thermal neutronB, QF = 3; for fast neutrons, QF ranges up 
to 10; and for a particles and heavy ions, QF ranges up to 20. 

Maximum permissible occupational dose lor the whole body: 
5 rem/year (maximum 3 rera/calendar quarter) 

Fluxes (per cm2) to liberate 1 rad in carbon; 
3.5 > i 0 7 minimum ionizing singly charged particles 

i.0> 109 photons of 1 MeV energy 
(These fluxes are correct to within a factor of 2 tor all 
materials. ) 
Natural background: 120 to ] 10 millirem, year _>. 

cosmic radiation (charged particles + neutron*) -251 p 
cosmic radiation (y rays) -25j a 
radiation from rocks and air (\ rays) - ? 3 ' p 

Cosmic ray background in counters: - 1/min/cm^/ster 

http://lmpedai.ce
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PLOTS OF CROSS SECTIONS AND RELATED QUANTITIES 
NOTF: THE FIGURES IN THIS SECTION ARE INTENDED TO SHOW THE "BEST" OR "MOST REPRESENTATIVE" DATA IN THE 

OPIMON OF THE COMPILER. THEV ARE NOT NECESSARILY COMPLETE COMPILATIONS OF ALL THE UORLD'S RELIABLE DATA. 

• i -

7P yd 

"^Vi t f 'u . . . , 

>HT'NAND\:X^Of..G*V 

; :Kituii-:jluM-ri'Jc:leuii t o t a l r ' juU-r-of -mass eii'Tyy (lower s c a l e ) . 
. ^ k T ' - n c " : : SANTA HAP3ARA-SLAC: D.O.Ca Idw.'U <t d 1 . , p|,y<J. 
R"v. VI, 1 i ' .' H'J71); DESY-HAMBURG: H.Meyer ?t a l . , phy ; . 
L e t t . 1JB, ]>!'> tl"»7n); ^LASnOW-SH£FTrKLD-DHf»L: T. A.Armstrong 
••' i l . , Phys. ••-'••/. Pj>, 1MU [19721; LEBEDEV-YERKVAIl-SFRPI.'KHT' 
A.;;.B.'lr,uMjv ••! a l . , P r ep r in t i (J, Moscow { H 7 3 ) , A.S .Be IOUPOV 
ft j ] . , Sov. i 'hys- Dofclady 19, 1.-M ( ] ' t74) , and A.S.Belousov 
-•! , i J . , .sov. J. ."Juel. Pbys. 2J.CJJ, -'8lJ (1975); SLAC-BERKEJ.EY-
T'-PTF: .j.fl.jlUin <• t a i - , Phys. Rnv. D5, 545 (1972); ABBHHM: 
il. :.Hi lirf-rt -t a l . , Pliys. Lef t . .!7B, ~<174 l l % B ) ; SLACand 
IiERfKU:Y: J.Hal lam t-t a l . , Phys. Rev. Let t . ,M_, 15-1-1 (1 <;')«>, 
.n.d H.ti.bitirthatn f t a l . , Phys. Pcv. D8, 1277 { ] ' i 7 i } : CORNELL: 
r-.'ii^utlow.y.i i.-t a l . , Phys. Rev. L e t t . W. 717 (]'.'77> : SAHTA 
BARBARA-TORONTO-FNAL: D.O.Caldwell • >* a ] . " , I'hys. R ( !v. L e t t . 
•Vj, i;:;.; , l T R i . Sr-.-, - l is . , , the ep data of K.D.Bloom »t a l . , 
::jv^-V--h-<-t: 1 ! l : »t ' J i . Courtesy l e t l . i n g M . Lewis, Hasuuw. 

'fd t u t a l c ro s s sei.-tior. versus phot on e n T ^ v (fop s'-aK-J and 

SfTule). R.;C«J r anees : SAHTA BARBARA-SLAC: Ij.O.Caldwel 1 r-i a l . 
Phys. Rev. D7, 1 K-.2 (1973); DESY-HAKBURfl: H.Meyr f t a l . , 
Vhyx. L e t t . JJh, 18'> (1970); --JLA.S^OW-SHEFFIELr-Drr'L: 
T.M.Amstronq t>f a l . , flue 1. Phys. B41, 405 M97^) : LE3EPE7-
YEREVAN-SERPUKlKA'r A. 5.Be lnusrtv e t a l . , Sov. J . Nucl. Phys. 
-M_(3), ZH'-> ( r ; 7 5 ) ; CORNELL: S.Michalowsk: e t a l . , Phys. 
Rev. L e t t , l-i, 7 J7 (1977). Courtesy Sethis: : M. U---; s , ' • la :^-

1.0 

5 
E .6 o 

OJ 

C* 

f I 

H-^ 4 F f fh4V tf* 
r^++ s 

i/N 
17N 

M-U-flFH 

-*s 

111* CCFRR (61 0 IMEP-I7EP 
(21 • CFRR t n D SKAT 
(31 ¥ CDHS (6) a CRS 
(4) X GGM-SPS (9) * GGM-PS 
ISIS BESC 110) 4 ANL 

TO 20 30 50' 100 150 200" 250" 
E„ (GeV) 

"T/E for the inuori neutrino and antineutrino charged-current totai cross section as a function of neutrino energy. 
The error bars include both statistical and systematic errors. The straiqht lines are averages for the CCFRR and 
CDHS measurements. References: (1) R. Blair et al., in Proc. of Neutrino '61, Lmiv. - T Hawaii (1981); (2) James 
Roy Lee, Ph.D. Thesis, Caltech (1981), "Measurements of \'N Charged Current Cross Sect i ..s from Eu=25 GeV to E-.= 
260 GtiVf" (3) J, G. H. de Groot et al., Zeit. fur Physik C - Particles and Fields \, 143 (1979); i4) J. Morfin 
et al., Phys. Lett. 104B, 275 (1961); (5) D. C. Colley et al., 2eit. fur Physik C - Particles and Fields 2_, 187 
(1979); (6) A. S. Vovenko et al., Sov. J. Nucl. Phys. 2°' 527 (1979); [7) D. S. Baranov et al., Phys. Lett. 81B. 
255 (19791; (8) C. Baltay et al., Phys. Rev. Lett. 44_, 916 [I960); (9) S. Ciampolillo et al., Phys. Lett. 84B, 
261 (1979); 00) S. J. Barish et al., Phys. Rev. D19, 2521 (1979). Courtesy M. Shaevitz, Nevis Laboratory. 
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Structure Functions 
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rom inelastic electron-nucKon data taken at -c 71""3 with r>-c 
transfer squared 0/ > KGeV/c)" are shown. For definitions of F 2, x, and 0/, sue the "P.ela'i 
"Weak Interactions of Quarks and Leptons" section. R = 3 L/0 T = 0.21 3 was assumed, systei 

1] mass >.' "eV and four-monentu: 
istic Kinematics" section ir.d t 
c errors are comp.-rable in size 

the data point symbols. Corrections for nucleon mr'ion in deuterium have been made. .:-.ese corrections are smali except for : 
Ho error was included to account for uncertainties, in this correction. References: 1) A.Bodek et al., Phys. Rev. 32T, 1471 
2) W.B.Atwood, SLAC Report Mo. 185 (1975); 3) M.D.Mestayer, SLAC Report No. 21-1 (1978); 4) S.Stein et al., Phys. Rev. D12, 
U975). Courtesy W. B. Atwood, SLAC. 
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Nucleon structure functions as measured by the C£HS collaboration in high energy [30-200 -;eV) charged-current neutrino- and anti-
neuTino-nucleon scattering fj.G.H.de Groot et al., Z. Physik C - Particles and Fields }_, 143 (1979); reproduced by permission]. 
Definitions, and a discussion of the significance of these structure functions, may be found in the above reference, and also in 
the "Weak Interactions of Quarks and Leptons" section of the present work. See de Groot et al., Cor a discussion of experimental 
details, including corrections, etc. Curves are ba^ed on a QCD parametrization of Buras and Gaemerc {tlucl. Phys. B132, 249 (1978)]. 
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DATA CARD LISTINGS 
Illustrative Key 
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(by R. E. Shrock, State Univ. of New York, 
Stony Brook) 

With this issue the section on neutrino prop
erties has been expanded and reorganized. As be
fore, there are listings which deal specifically 
with \>e, v and ^ . m addition, in the cate
gory of searches near the end of the Stable Par
ticle Listings, we include sections which deal 
with correlated bounds on neutrino masses and 
lepton mixing but which do not pertain to any 
one weak eigenstate individually. Furthermore, 
we include constraints from cosmological and 
astrophysical data. (Since this Review is a 
compendium of particle properties, traditionally 
derived more or less directly from particle and 
nuclear physics, we treat astrophysical data on a 
different footing from particle physics data and 
have been somewhat less comprehensive in our cov
erage of the former.) 

In contrast to the other particles in this 
Review, the neutrinos v , u , and v are defined 
as weak eigenstates (that is, states which couple 
weakly with unit strength to e, u , and t) and are 
not, in general, states of definite mass. In the 
conventional case, where all neutrinos were as
sumed to be massless and hence degenerate, it was 
possible to define the weak eigenstates to be si
multaneously mass eigenstates. However, in the 

general case of massive (non-degenerate) neutri
nos, the weak eigenstates have no well-defined 
masses, but instead are linear combinations of 
mass eigenstates. Thus, if one considers this 
general case, as, of course, one does in quoting 
mass limits, it is inconsistent to assume that 
the weak and mass eigenstates coincide. Let us 
denote the charged leptons as the set {£ ) f a = 
l,...,n, where n >^3 is the number of generations, 
with l = e , £

2 ~ P ' and £ 3 E T - In the standard 
SCI{2)LxU(l) electroweak theory1 t h ® mixing of tbe 
left-handed components of the mass eigenstates 
(u-;)L to form the weak gauge-group eigenstates 

£ <wv j= l aj j L 

there are right-handed components of the v., but 
they are singlets under the gauge group; in the 
case of Majorana neutrinos in the standard theory 
there are no right-handed components.) The or
dering of the mass eigenbasis is defined such 
that U is as nearly diagonal as possible, i.e. 
Iuj j I (no sum on j) >_ |Wj k |, k ? j . This does 
not imply that mtv..) > ni^) if j > k, although 
this ordering might be regarded as natural in 
view of the similar one that obtains in the quark 
sector. The virtue of this convention is that a 
mass limit on "m|V; )" can be used as a def-

a 
inite limit on y., j = a, the dominantly cou
pled mass eigenstate in v^ a Thus, in this general case of n massive (Di-
rac or Majorana) neutrinos, decays such as H J -*• 

He J + e + v_ and ir + which have been 
used to set the best bounds on the respective 
neutrino masses, really consist of incoherent sums 
of the separate decay modes H -*• He^ + e~ + \L 
and TT+ -*• p + + \Jk, where the v^, VL. are mass 
eigenstates, and the indices j and k range over 
the subset {l,...,n} allowed by phase space in 
these two respective decays. The coupling 
strengths for the j'th modes are given for the 
two decays by the factors [U^.[^ and [U^-il2' 
respectively. There are, in addition, certain 
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Stable Particles 

enter in determining the branching ratio for the 
j'th decay mode. Assuming that the off-diagonal 
elements of the lepton mixing matrix U are small 
relative to the diagonal elements, the dominantly 
coupled decays are the ones with coupling strength 
l«ajl2r a * J* i.e. H 3 •* He 3 + e~ + v L a n d 
,+ ->u+ v2. 

It follows that the old neutrino mass limits 
quoted in the literature for nm(y )», "m(y )", and 
"m(y )" are meaningful only insofar as they are 
reinterpreted as limits on the corresponding mass 
eigenstates. Specifically, a bound such as the 
Bergkvist limit,3 "m(v )* < 60 eV (90% CL), 
really constitutes a weighted limit on each of the 
mass eigenstates v. in the weak eigenstate v e 

which are kinematically allowed to occur in tritium 
decay and which are coupled with strength JU. . | 2 

sufficiently large to make a significant contri
bution to the observed spectrum. It is thus cer
tainly a limit on y . if leptonic mixing is 
hierarchical as quark mixing is known to be (as 
least for the first three generations), i.e. 
|ujjj >> Pjkl ' k ?*3» then v is the only mass 
eigenstate significantly constrained by a bound 
on "m(v )." Furthermore, a neutrino mass limit 
cannot be stated in isolation; it always contains 

some implicit dependence on the relevant lepton 
mixing angles. Fortunately, this dependence is 
relatively unimportant for the dominantly coupled 
decay modes, i.e. ey uv2, and TV~. Since these 
modes were the ones responsible for the mass lim
its given previously, the latter can be reinter
preted without significant complication as proper 
limits on m{v.), j = l, 2, and 3, respectively. 

In addition to mass and lifetime limits, we 
have added data on neutrino magnetic dipole mo
ments. These are of interest because a massless, 
purely chiral (empirically, left-handed) Dirac 
neutrino cannot have a magnetic (or electric) 
dipole moment. The same is true for a Majorana 
neutrino, whether massless or massive, because of 
its defining property of being self-conjugate. 

If one considers the possibility of nonzero 
masses for neutrinos, for consistency one must 
also consider the leptonic mixing which would in 

general occur concomitantly. Accordingly we have 
devoted one category in the searches section to 

correlated bounds on neutrino masses and lepton 
mixing angles. These can be divided into two 
types. First, there are those due to decays in
volving neutrinos in the final state, which must 
be recognized to have the general multi-mode 
structure pointed out above. In the two most 
sensitive cases suggested as tests for neutrino 
masses and mixing, one obtains a limit on m(y.) 
and |U . 1 individually for each j. Second, there 

a J 
are those due to processes involving the propaga
tion and subsequent interaction of neutrinos. The 
latter are often called neutrino "oscillation"3 

limits, although this term is correct only if the 
differences in neutrino masses are sufficiently 
small relative to their momenta that the propaga
tion is effectively coherent in a quantum mechan
ical sense; otherwise, the individual y. from a 
given decay such as i\^2 or k u 2 propagate in a 
measurably incoherent manner and there is no "os
cillation". Experimentalists usually present 
their results in terms of a simplifying model in 
which mixing is assumed to occur only between two 
neutrino species. Then the transformation equa
tion becomes 

-sin 0 cos 9 

Let the distance between the source of the neu
trinos and their point of interaction be labeled 
as x, and their energy as E. Assume furthermore 
that the m(y.) are such that the coherence as
sumption is valid. Then, the probability of an 
initial y being equal to y at time t or 

*a ^b 

equivalently (given the above assumption) at dis

tance x = t, is 

2 _ „ ;_2- n „_2/ f { v <0)[v (t))| ' = sin'26 sin' (^). 

Am 2 = m( V j.) 2 - m(y . ) 2 . 

Thus, neutrino oscillation experiments cannot 
measure individual neutrino masses, but only dif
ferences of masses squared, and indeed thete aie 
generally weighted in a more complicated way by 
mixing-matrix coefficients than in the two-specits 
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model. Experimental results are presented as 
allowed regions on a plot, the axes of which ace 
|Am2 | and sin22Q. These are often summarized in 
terms of the asymptotic limits [Am2| f 0 r 

sin226 * 1, and sin226 for "large" |Am2|r i.e., 
sufficiently large |Am2j that the detector aver
ages over many cycles of oscillation (or there 
ceases to be any coherence). We refer the reader 
to the original papers for the two-dimensional 
plots; for the purpose of these Listings we shall 
give only the asymptotic limits. 

An important question has to do with whether 
neutrinos are Dirac or Majorana (self-conjugate) 
particles, in the former case neutrinoless dou
ble beta decay, (z,A) •* (Z+2,A) •*• e" + e"r is for
bidden from occurring. In the Majorana case it may 
occur, if (a) neutrinos are massive and/or (b) there 
are right-handed leptonic currents. In the light-neu
trino case an upper limit on neutrinoless double beta 
decay yields a correlated upper bound on the quantity 

2 
V ra(V 

and n, the fractional admixture of tight-handed 
leptonic current. 

Further explanatory notes are included in the 
Listings. 
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1 5 5 0 . 1 

OH LESS 
OH I ESS S ; SB CNTR 

sr-i;:::!!: 
4 1 0 9 . 1 OR LESS •>J. SOOlim !2 
1 5 0 9 . ) OR LESS ( 1 . 9 0 «*u-e. i " i r i u M 
1 ) 2 9 . ) CR LESS CI . 9 ' ) 6 9 C M R «TO-€. U l T i m 

1 6 0 . 1 P " LESS ( I . 9 0 U CNTR 
( B 6 . 1 

( 1 0 0 . 1 
OR LFSS 
rci LESS 

u . 9 0 7 2 CNTR ssii: ::i;:s: 
< * . * E 5 t C f t L I S S n = CLARK 74 ASP* 

J 1 1 5 . 1 

1 6 5 . 1 

CR LESS 
0 4 6 . 
0 " L I SS 

L I -
C L -
r i . 

. 9 3 

. 9 5 S^E ;? ?:s 
A N U - E . T R I T I U M 

9 IS 6 9 Vft US 7 5 E V I L ' . 6 7 1 M M t«El» | r , . „ . «E i m 

IYAK0V 76 D A T * INCLUDED. A I L F A S I IV P A R I , [N LUB1«0V 8 0 . 
THE 0 I 5 C U S S 1 0 N I F IHE LUBIM0V 80 RESUL1 B¥ B E f t G K V I S I 8 2 . 

USE UPPER L I M I T FB0M I U S I X 0 V BO 11 THE S1ABLI PARTICLE TAf 
[R L3WER L I M I T NEEDS ICNFIOMATTOM. 

I W - l t - ( A N U ' l I 

L DIOAC NEUTRINO 

?S5 C C . 9 0 C I " 

IUN1T* SEC/E VI 

REINFS 7 * [ M R A M ! 
1 N - 7 E » 0 - A S S DECAYING TO 
I t QUI 3 S U N T . 0 E I E C T 0 " N[ 
, E 7 SEC OR HQHE. A8CVE \ 
FECTIVE 1 E U I P I N O ENEKGY r 

HAGNFIIC -t0MF> 

H . I E - l T i a o L f S S ! 
9F.RNSTF1N 6 J IS A THEORETICAL I 
SCATTERING DATA. 

H I T S EV/GAUSS1 

LY CHIRAL " 1 S S L I 

RE El ' E N C I S FOR • 

LANCER 5J BR SB e 
HAMILTON 53 0 1 92 I 
FRIEDMAN 5 8 P" 1 0 9 2 
BECK 6 8 fP-lY ; i 6 
B E R N S T f l 6 3 OR 1 3 ? 12 
DARIS 6 9 NO A l ) B 545 
SALG0 6 9 NO A l 3 9 «1T 

9ERGKVIS 72 NP 6 3 9 317 
RODE I t LNC 5 1 3 9 
OIEU 73 NP A203 5 6 1 
CLARK 74 OR D9 5 3 3 
R.EINES 7 * BRL 22 1P0 

ALSO 7B PRIVATE COHH. 

TRETYAX0 T t BASUP 4 0 1 0 - 1 
ALSO 76 W CONF. AACHEN 

BESGKVIS B0 NEUTRINO BQ.ERICE 
LUBIMOV 80 PL 9 * 6 ?66 

ALSO 8 0 SJNP 3? 154 
SIMPSON B l PR 0 2 3 6 4 9 

K 3 7 | K , L U 9 l « 0 V . 1 D V I K O V , 1 D 7 I > C , T R E r Y A K O V t I T E P I 



Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
e. v 

' a 

Q 
ss USINO N E M E / l 

3 t L £ C l * < V i * f * * * 1 1 ' 

T F S I OF CH»oo [ CONSERVATION 

• T H I N G f s i c t i r o 

•Z7\ CO "ORE 
« 3 f 6 5 C H I " 

<1:^JI. S SHI &: : 
5FE «0£ 6 5 FCe D I S C U S S I O I nF 

• « 0 " THE 0 E I E C 1 

S T M N B E P , T5 CN7R 
« 3 v » L C H u t T9 C N « 
<1V*LO<U«. I I C1T-". 
t O L I E R E*PER1«ENTS. 

IY STEINBERG 75 TC BE I 1 . 
'ODES I N WHICH DECAY PARI 

( L E C I P Q N HAGNCI tC H n * f N I U / ? H ( l 

l E C T I O N CR P C ; | 

, '.',11"?,.°"" 
• * n s i A C C U R A M T H E O R E M S . 

1 . 3 0 1 I 5 9 6 3 S 9 ) > - - ( 3 I I E - 1 0 

!:S5:I;;J;;;,::!;;:;:., 

NO E X P E H I - F N ' X I N O S H I A r a . 

SEE K I N O S M I t l 

1 . 0 0 1 1 5 9 6 * 7 1 • - I 2 4 » E , - < . 
< 1 - 0 0 1 1 5 9 6 5 2 4 ! ) • - ( 2 0 >>:-11 

1 . 0 0 U S 9 6 5 2 ? 0 0 * - I 4 0 I E - I 2 
I . 1 0 l l ' i 9 < 5 2 2 2 z » - ' 5 0 I E - 1 2 

CH 5B I S • > E E V » L U » I | 0 « 3F " I I 
.«D»C* 7 9 CONFIRMED FJN4L B r 

I . O 0 U 5 9 6 , i 2 2 0 9 » - ( 3 l l E - 1 2 Ai 

'VAY-ll' 

T I V I O P 
•lESLEY 
« E 5 L E r 
r . l LLELANI 
COHEN 
MALLS 
VAHDVCK 
v«Norf» 
S C H H I N B E I 
K I H S O I 
H . DEHHEl ' 

3 . 

BOLOTETRIC TECnN I 
RPL.BY V A ' T O r l * / ' ) I 
PENNINE T ° A P 
PENNING Tf l»B 

HI1US ONE. I G * / G - I 

1 I L t C t ^ i t D1POLE HCHENTtU' 

CO L E « C L - . 9 0 
i o - ? 2 i C L - . O O 
( 0 . 3 4 1 C L - . 9 0 

1 1 1 . 6 ) 

P I BYE R 10 >> 
SANOAR5 7 5 » 

PEEE»ENCES FOB ELECTRON 

C3HF_N,OI]MQNQ 

R I C H be PRL 20 9 6 ? 
• U l i S K O P 6 8 P1L 2 1 1645 
l a r L O f t 6 ? RHP 4 1 375 

PLAYER TO JP 6 3 1629 
WESLEY 7 0 " X L 2ft 1120 
KESLEV 71 OS, A4 1 3 * 1 
G I L L E L A N 7? 
LftUIROB 72 p p p i 1 m 
R I C H 72 RMP 4 4 2 5 o 

CtWEN 73 J . P M T 5 - C H E N . 
W I L L S 73 PRL 3 1 9 7 * 
S A 1 0 A « i ' 5 PR i U 4 7 3 
S I E I N B E R 75 PR 0 1 2 2S82 
SF=EONYA TT f L 6 6 B 102 

77 PRL 38 3 1 0 
* 1*10 SMI I 7 6 10KYE " E t . . 

WAS I LEU 78 J E I P 47 2M 
KOVALCHU 79 JETPL 2 1 1 4 ' 

7 9 B U L L . *P<. 2' 
ALSO 81 • i . i - H r t . ' . 

- . I - J 0 5 H I T a i PRL 4 7 H 7 3 
SCHKlNBE S I »RL 4 7 1679 

"°l£»\""" III"! 

| P R I N > U C I * P E N N 1 

I 0 W I 
( H I C H I 
( • " I C H I 
( M I C H I 

i F A F K C E R N t B i ' ^ E I 

EF.DATA 2 , P . 6 6 3 . E . B .COHEN. B . N . T»YLC 

( U « 0 t 
INOvO) 
IWASHI 
(CORNI 

El 
'. N f \ J T » i 1 * ) « ' 

BOOTH ; 

1 - 3 . 2 0 . -

2 I N U - 2 1 - | A * I U - ? I " • » " D I F F . ( f f V I 

r s s i n f [ P t E C * a O I " A C - . r u t P i s a 

( 0 . 4 5 1 f t l l ^ r , C L = . O 0 CL»H" ' 4 A-.P«. " « l 

I 'MTS S F C / I U I 

f> 1 I D E - ? ) C» " O K I LI 
h 0 I 2 . 2 E - 3 ) C» HrjRE CI 
°. 3 t l . O E - 2 1 C» "DBF r i ' . l O 9 L [ t 

3 ( l L f 7 I t 7ft -'16C N U . Ci B-J W M 

B t l L O l l l 76 • • L f C A M I M J , CE=N &' 
M - N F S 77 1 JBC N U . *.' ,L l ? F T . 

77 ( 7 . 0 1 rj» I T " CI « .9« 
?6 1 4 - 0 1 ' 1 " LESS L L . . 1 ) ' 

9 6 0 0 I D . 4 1 r,0 L F S i C L - . 9 1 

OlHnr. N E U I R l i n 

1 4 . 7 r - i 7 i n p L E S : 

: w n i E ' i i I O K I T ^ E v / c a u s i l 

M*JU OP P j » F l * C H | B * l " f l ^ S l F 

EEINBESG 6 3 1 

WDO-J 6 5 PRL 14 ' 

B A t H t H S I 

flACtENST J3 PL 4 3 B 5 3 0 

4 L S P E C I 0 76 PRL 3 6 B37 
B E L L O I T I 76 INC I T 5 4 1 
OARNES 77 POL 3B 1 0 4 1 
B L I E T S C H 7B >*P 6 1 3 3 205 

K A L a F L E I 79 PRL 4 3 1361 
DAUH 79 PR 0 2 0 2692 

ALSO 76 PL bOB 3B0 
»LSO 78 PL 7 4 B 126 

LU BO P R L 4 5 1066 
FRAN* 81 P1D 2 4 2 0 0 1 

G H ftLLCOC- I t I V E E P ^ L l 

B » L K E M S T D 5 S . 0 A N 1 E L . I I D C H . ICERN.XADI . .HE I D I 

K A L B F L E ! S C H . B A n G E r T . F C H L E R « I F ' J * L » P U R O » B E L L t 
<EA .TON.EROK« .H IRSCH«A ' * * . , «C imL l .OCH» 1 i l N l 
D A J M . D U B A L . E A T O f . F H G S t H . M C C U l L O C H f l S I t t F r H J -
OAU"-, E8T0N,FRDSCH,H IPSCHHANN, * l i l N I 
* l>ELKER.OUGAN.MU.CAF*PEr« ( T A L E ' C O L L U J H U I 
• BURHAM* ( L A S L « * A | . E m j l * t

J A t l . * S l S * ' : N » C » B E * t N l 
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Stable Particles Data Card Listings 
For notation, see key at front of Listings. 

0 M U O N I 1 0 6 . J ' 1 / 2 I 

4 HUON MASS I - E V I 

( 1 1 5 . 6 5 " * ) 1 0 . 0 0 7 1 I 
1 1 1 5 . 6 5 9 9 1 ( O - 0 0 I 4 I 1 
( 1 0 5 . 6 5 9 7 1 1 0 . 0 0 0 5 1 [ B A N E 
1 1 0 5 . 6 5 9 4 ) l O . O O O i i l 

1 5 5 . 6 5 9 * 1 0 . 0 0 0 3 5 
1 0 5 . 6 5 9 4 5 0 . 0 0 0 3 3 
1 0 5 . 6 5 W S 0 . 0 0 0 2 9 

CRANE 7 | GIVES M U / M E - 2 0 6 . 7 6 
CROWE 72 GIVES M U / H F . 2 0 6 . 7 6 1 

'VUE US i n : 

: » S D N ^^MtMm, 
COH.EN73 m 
C0HEN73 m 

,r* 
1 / 7 T 

EV . ;;i / 7 3 
1 4 I M E V . i m 

( ? . ? Q O ? 6 1 < 0 . 

0 . 0 0 1 0 6 ? 
3 . 0 0 4 ht 
0 . 0 0 3 0 Of E C * " A U S £ 61 
0 . 0 0 5 m M£YE« v . . - R . 
0 . 0 0 2 0 I K HEYEft 6d 
0 . 0 3 0 8 1 1 M H • , »NS r? 
0 . 0 0 0 3 DUCLOS M C M P < 
0 . 0 0 0 0 8 BALANDIN 14 
0 . 0 0 1 0 
0 . 0 0 2 0 e * i L E Y ? C M * • S T . * B C E RINGS 
0 . 0 0 0 2 2 1 JAWATTINI pn 
o . o o o u i « i 
F»N L I F E M ASURFHENT WAS * HF PR| 
F'lT ISO AG EES STfcONGL"' M l 

' n e 0 . 0 0 0 0 6 5 r. iGE IFRRCB I N C L . SCA'.F FACTOB LF 1 . 0 1 

0 . 1 0 1 

c<;is 

' INCLUDES »ESi 

« Y E B 63 C I R i •"E»N L I F E « u ' M J - J / 6 6 
B A I L F V 79 CNTR STORAGE RING 
H v t i ' W BO r m » - P ^ t L l ^ l M W f - t O ^ F w»i< 

• V E - . C E (FRBr , * INCLUDES SC, ( L F FACTOR OF 1 . 0 1 

3-ALOUS KAGN. « O H F N , M O - 6 * E / I 2 « M U " A S S J 1 

ID EXPERIMENTS. SEE f A B L E Y 7 9 . K I N O S X I T A » B . 
AUTRUP 7 2 , ANO R I C H 7 ? . 

C«ARPA< 6 2 CNTR * 
B l t L E Y 6 8 CNTR - srrjn. KINGS 
BAILEY *>« CNTR -• STOf l . RINGS 5 / 6 9 

>- VALJE BELOW 5 / 6 9 
" L J E 5 BMLEV^ ' M ( I N T V T • 5 I 0 R . RINGS 5 / 6 9 

1 / 7 T 
e i l L F r 75 CN1R . STORAGE RING 1 1 / 7 5 
S A I L F Y 77 CNTR • • • STORAGE P I N G 1 1 / 7 7 
BA ILEY 79 CNTR . STORAGE PING 7 / 7 9 
B M L E T 79 t N T R - STORAGE RING 7 / 7 9 

• STORAGE RING 7 / 7 9 
1 1 / 7 7 

I . I N C U D E S » A R E Y 75 A . i 0 I T O U t . I M S 
,S F I R S T TWO C O - R I N f O . 7 / 7 9 

t l f t m t I P C L t « D " ! M l u N I S 1 0 " - 1 1 E - C - l 

flTITH T I N AR1ANCE ANO P INV B 1 ANCI 

< 1 . 0 « . » I 3 

• I L E r 78 C M R 
A t l E * 78 CNTB -
A I L E r TS CNTR * 
• - I B - I I " C I " . 9 5 . 

STORAGE B|NGS 
STORAGE B|NGS 

- STORAGE B I N G 
THIBO RESULT I S 

M.UES OF IHF MUrN » 

,1833fcl 10,000071 

S 
* 3 . : ? 3 3 5 6 C . 0 0 0 0 1 3 1 
< 3. I93 3*'> 0.0000151 
< 3. 1 8 3 3 2 6 0 . 0 0 0 0 1 3 ) 
( 3 . I B 3 3 4 6 T , 0 0 0 0 0 8 ? ! 
I " [ S J U S T H O U G H p 

3.141340? .000007? 
I J.I«)32<19 

3.1«334Q! 
(3-1333448 

' . 14)344 1 
vi,r ' i S J P C 

-W- ' ! SUP( 

vsxv 
Ml 
5™; 

C O F F I N 5P S P I 1 RESONANCE ? / 7 2 
L'JNOY 2 / 7 2 
LJNOV 2 / 7 2 

6(1 2 / 7 2 
B I N G H A " 2 / 7 2 

6< 2 / 1 ^ 
H i n c w i N S M 2 / 1 1 
EHRLIC- I 2 / 7 2 
IHOMPSDN 2 / f 2 

rr> 2 / T 2 
-AGUE to CNTB • 2 / T 2 
CRANE M 2 ' 7 2 

1 / 7 3 
71 :NT« 2 / 7 2 

C O M F r? 2 / 7 2 
E INCLUOFO I • i\ 3/7<. 

COHEN f* 3 / 7 4 
CASOFRSON 2 / 7 6 

;NTR . 1 2 / 7 7 
CAMANI rs "!':".«""•! T / 7 9 
KLEHDT 8? CNTB . PRECESSION S I F C 9 

WRL1C" t . 1 . I H 1 S 1 ^ KOI A D l P t d "«ASL1REHFNT. 
MICH Ct lNTAINS A T K F 3 0 F l t ( « _ CGBREC7I0N OF 
C U S S f ) I N fOOTNOTt 1 5 1 CF CROhT 7 2 . 
H0XPS3N 6 1 . T H I S !S NOT 4 DIRECT « F A S U B E " £ N I . 
AGUE TO, 

• ' E S S I Q N FOB • 
A B I L I T Y . 

XUDN PARTIAL OECA 

HUON INTO E INUE NUNU 
HUDN INTO E AMJE NUNJ G l> 
KUDN INTO E NUE ANUHU 
HUON INTO E GAMMA 
HUGN INTO 3ELECTOON5 
HUON INTO E 2GAHMA 

• E J A T «ASS£S 

MUON INTC IE »^UE "U«U ( 
2 7 EVENTS SEEN 

1 . 4 E - 2 0 . 4 E - 2 
I 3 . 3 F . - 3 1 U - 3 E - 3 I 

S62 EYENTS SEEN B0GAR1 

T I G ' M ) C-l 10 MEv 
TIGAM1 F,T 20 NEV 
T I G A N I GT 1 4 . 5 M£v 

«A)QN» INTO I E > ANUE NA)MU) /70T»L I P 3 1 
FOBBIOOEN BY AOOITIUE CONSERVATION LAW FOR "UON NUMBER. 
M U L T I P L I C A T I V E L*W PREOICTS THIS BRANCHING RATIO TO BE : 
FOR * RECENT REVIEW SEE NENETHr 8 1 . 

1 0 . 2 5 1 DR LESS C L - . 9 0 EICHTEN 
( 9 . 1 3 1 ( 0 . 1 5 1 S L I 6 1 S C H 

I 0 . 0 9 CB LE5S C C . 9 0 JDNKER 
( - 3 . 0 0 1 1 ( 0 . 0 * 1 1 # U U S 

V JONKER 8 0 GIVES L I M I T ON INVERSE NUON DECAY CB05S SECTH 
I SIGMAIANUNU E- — > 1 U - ANUE1 / SIGHAINUMU £ - — > H u - NUE 
I I S ESSENTIALLY EOUIVALENT TO R2 FOB SMALL VALUES L I K E 1"' 

7B f L B C • - AVG. CF * 
8 0 C A l O CEBN 5PS NLI. 

C N 1 * * 

HUON INTO IE GAMMA)/ ' 
FORBIDDEN B" LEPTON 

( 4 . 3 1 0 1 LESS 
1 2 . ? ! DR LESS C L - . 9 0 
1 2 . 9 1 CR LESS C f . 9 0 
1 0 . 3 6 1 OP LESS C L - . U O 
1 0 . 1 1 1 OB (.ESS C L > . 9 0 

0 . 0 1 9 CB LESS C L - . 9 0 
1 0 . 1 I OR LESS C I 

( U N I T S l O « » - 8 : ( P 4 I 
OR C t W S E R Y I T I O N 
. 9 0 FRANKEL l 6 3 OSP» 
. 9 0 PARKER 6 4 CSP-
. 9 0 KORENCt l 7 | O S P " * DUBNA 

OEPOHMIEo 77 CNIB • 1RIUMF 
PHVEL 77 ELEC R E P L . 6 * i t 
BOWMAN 19 SPEC • LANPF 
SCHAAF 0 0 E l E C • S IN 

HUON INTO I 3 E L E C T B 0 N S 1 / T 0 T A L ( U N I T S I I 
FOBBIOOEN BY IEPTGN FLAVOR CONSEI 

( 5 . 0 ) CO LESS C L - . 9 0 PA 
( 1 . 3 1 CP LESS CL 

ION 
P 5 ) 

H . 2 ) CE I :ss 
!10R LESS CL ' 

IUR ABOVE EXPERIMENTS EVALUATED 

2 CNIR 
ALIKHANOV 6 2 OSPK 
FRANKEL2 6 3 CNTR 
BA6AEV 6 3 OSPK 
K0RENCM2 71 CSPK DUBM 
XDRENCHEN 7 6 SPEC * DU3 ' . : 
EO UPPER L I M I T S ASSUMING : SECOND 

L I M I T S NOT S I G N I F I C A - i * CHANGED 

I HAIR 11 ELEMENT. 

'E ?GAM» l / T O T I . I0«« 
i C O H S E B V A T 

> t t i i ' • , . * . 9 0 FBANKELI 6 3 OSPK t 
> LESS C L - . 9 Q P0UT1S50U 7 4 CNTH t ,BL 
' LESS C L - . 9 0 80MHAN TB CNTR D E C O M M I E R 77 DATA 
. I M I T APPL IES TO SUM OF ALL NEUTRINDl fcSS MU* OECAYS. 
JMES I N T . LAG4ANG. LOCAL ON SCALE TF INVERSE HU MASS. 

!;ii: 

4 L l " ! T ON HUON - - > ELECTRON t r - MON 

FOBBIOOEN BY LEPTON FLAVOR CONSERVATION 

BF J:.VSSK «;,r !J i r J R 3 ? l / | M U - i j L F U B ) ? •,UMU PHOSfHOBUS32» l 

. 9 0 3ADERTSCH 71 »(. S IN 
( Q . J E - 1 3 1 0 0 LESS C L . . 9 0 PADEPTSC-' HO l « C S I N 

* L 1HIT ON HUON — > POSITRC- r o N v f RSION 

F O t e l O D E M 9.V LEPT f - * FLAW OB. CWtSERVATlON 

DPI C n N 3 2 « J / I M U - S U L F 3 2 — > NU-U P"OSPHOBUS32") 
MPI . 9 0 B A O E R T S C 7( 
KP I . 9 0 BAOERTSCH 80 SfBC S IN 

HP? I M 0 N Y 1 ? 7 » I / I - " 1DDINE127 — > ANVTHINGI 
RP? A I 0 . 3 E - 9 I OB LESS C L . 90 ABELA 8C CNTB RAQ10CHE"tGAL. T E C H . 
BP^ ^OB N U - E* i .VERSION ' F A O I N G TO PAR.TICLE-
UP? 

-
•• MUON OFC 

BHO RHO PAHAMETEB I Y - A THEORY PR DICTS R H O ' D . 7 5 1 
WHU C 1 0 . 7 4 1 1 ( 0 . 0 2 7 1 "•JD21AK S? CNTR . 2 0 - 5 3 HEV E* 1 
B « J 'LANO 6 0 KBC • WHOLE aPECTRUH i 

MWJ BLOCK 62 HEeC - WHOLE SPECTRUM I 
O.ARL0M 6 4 

1.HI1 0 1 0 . 6 6 1 1 ( 0 . 0 1 6 1 CNTR » W H O L E SPEC1RUH I 
"Kl PDNTECORV 6 4 CC - 1 
( H I 0 RESULTS I N OOJBT. 

PEOPLES 6 6 ASPK * 2 0 - 5 3 HEV E« 1 
1MI1 5HFRU0Q0 67 ASP*- • 2S-SS M W € * I 
RHtl FHY9ERGER 6B ASP1 * ? 5 - 5 ? M£V E* 1 
'H ! l C ETA CONSTRAINED - 0 . I - ! ' VALUES INCOROOB* EO INTO A TWO PAR4METEH 
I M ) FN20 t,Q. 
IMIt 0 . 7 5 1 8 0 . 0 0 2 6 0EREN2O 6 9 RVUE 1 

{RAGE (ERR3R INCLL «H0 AVG ' Y 7 5 I 7 ' O . 0 0 » A {RAGE (ERR3R INCLL OES SCALE FACTOR 0 ' 1 .01 

FTA ETA PARAMETER I V - * THEORY PREOICTS E T I ' O I 
:TA PLANO 6 0 »6C • WHOLE SPECTRUM i 
• IA AND ETA- PIANO 6 0 DISCOUNTS VALUE FOR ETA 1 
•TA PEOPLES bb ISPK » 2 0 - 5 3 MEV F» 1 
• IA SHTRtfOOO 6 7 ASPK » 2 5 - 5 3 MEV E» 1 

t I A 
E " 

C 1 7 0 ^ ( - 0 . 7 1 ( 0 . ' -
c BHO r o N s m i M - n . r . ' s . 

FRYBFBGEB 6B ASPK * 2 5 - 5 3 MEV E* | 

H A 6 3 4 6 - 0 . 1 2 0 . ! \ 3 E R E N I 0 b<t H f t t • 1 . 6 - 6 . B MEV E» I 

0 / 6 9 
0 / 6 9 
0 / 6 9 
0 / 6 9 

http://�
http://VE-.CE


Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 

IS,. 
I N G I T u O I N A L P O L A R I Z A T I O N ! 

1 V - A THEORY PREDICTS K S 1 - 1 . L O N G . P O L . > l l 
BARDON 59 CNTR MOMOFORM TARGET 
BLANO 60 MBC * 8 . 8 KGA'JSS 
A L W A D E 61 f « U t * 77 KGAUSS 

!» NO I KNOMN S U F F I C I E S T L Y H E L L . 
GUREVICH 6 * EHLU. R f P L . B Y AKHMANOV 6 8 
AKHMANOV 68 EWUL 140 "GAUSS 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF l . O I 

i THE *Sr**fTBY 8EIDW 1 0 " E v 

AVERAGE (ERROR INCLUDES SCALE FACTDB OF 

IS!" 

. fllPPEO I « i l l ' 

DCUBT- nsi PONS POSS 
1 . 0 5 0 . 3 0 

0 . 3 8 
1 . 0 * 0 . 18 
0 . 8 9 o-2« 
I . O I O 0 . 0 6 * 

1 . 0 0 9 0-QST ft 

i n CO'JPI i M; COf>STANT 

I Y . . - 1 E 0 1 ' • - . B E S P F ' - I I V E L Y I 
I E- SO CHJR PROGRAMS CAN AVERAGE 

O K * 6 3 CNTR * A N N I H I L A T I O N 
r DEPOI .ABI IED I N BE MQOERAIOB. 

BUMLER 6 3 I"NTB » R - I N t H I L A I I O N 
BLOOM 6 4 CNTR * BREHS T « A N S " I S S 
OUCH V C- l IB 

T O S P K 
. SCA1 

:<*AGE IERROB INCIUOES SCALE FACTOR o^ i •• 

< IN UNITS OF GW1 

1 U P L H G CDNStJ i i f ; UNITS DF r 

PPL 1 19 
ASHK1N 59 *C 14 1 7 6 6 

5? P«L 7 5 
PH U 4 11 
P« 1 1 6 7 7 1 

P I A N O pa H O i * o 

J E ' P 13 3 
' » 1 7 1 IS 73 
U C B L - 9 3 7 ? 1 

A L I O U 1 C 6? CfRN CONF * 
BLOCK NE 23 U 

Bt 1 16 
f-a-Lt-* t fsw t o w * 

6 2 09 1 7 5 1 6 8 6 

""" <*C 2 3 4 8 5 
J F I P 16 1 ) 9 

REFERENCES FOB "UC"J 

• G A R V I N . P E * « * N , ( . E D E R » A . ,SACHS (COLUMBIA) 
• S E N S , S H A N S J M . T F L E G D I . Y C v A N O V I T C H ( C H I C A G O ! 
* F A i t i N i , F i O E C * n o . L i P M * r < . H E R R i s a s • T C E R N I 
H B i B D n N , • BERLEV. L IEOERMAN (COLUMBIA) 
H D U O I I f t * , < t SAGANE. J VEDDER I L R l t 
GARU[N.HU1CH1NSON.PENMAK,SH*P|RO (COLUMBIA) 
R J PLANS ( C O L U M B I A ! 

n L I - H D E . f . ' J t E V I t H . N r n C SKI 
C S I T T E N D E N . H A L K E B . B l i L l M ( ISU .H ICMI 
H KRUGEB U R L I 
• 1 t l l k r U N O V . A BABAEV » i H E 
B L O C K . F t O r t t M I . K I K U C H I * DLKE.BOLOGN 
a : H » R P « » , I • M FARLFV R L GARWIN I C E S N t 
f Mlllfr, Hi iSa-lrHUllFk.Z C H I C N I 

BICWARD A LUNDY 
S • • A R K E R . S PENMAN I E F I 1 
BABAEV.BAL* i s . K A F T A N LANDSBEO-G * 
G . M C O . B I N G H A * 
• C A B l f l s a . r - i O f C A R D . M A S S M.MULLER* I C E K N I 
O I C K . F E ' J V R A I S I S P I G H E L 

ECKMAUSE 6 1 
FEINBERG 6 i BB'IZ ! 3 4 3 1 
t f l A N K E L l 6 1 MC 7 7 894 
F-r!ANKEL? 61 an 1 3 " 3 " i | 
Murc«i«s 4 1 "« 1 3 1 l ) 5 i 
•»{1fEP 6 J •>' 132 7693 

3ABLQK b - PPS 8 4 7 3-J 
BLOOM PL 8 97 
3UCL0S 64 PL •) 67 
SUREVlCH P I 11 115 
•0NTEC3P 
PARKER 64 " 133B 768 

PEOPLES 66 • J E V l S - 1 4 7 tUN 
90GART 6T PS 1 5 6 1 + 0 5 
SCHMARTJ OB 167 1 3 0 6 
5HE««CC0 6 ( PH 156 J 4 T 5 
A'HMANDV bU SJSP 6 f31 

T * r L C R 6 9 P H P 41 37S 
IMOHPS'J I 6 9 e n i 7 7 j f i 
M « G J E TO PBL 2 5 6 7 B 
«JTCHl*JS 7C « L 2 * I 7 J 4 

CRANE T l PBL 2 7 * (4 
DElfOE 71 P«L J 5 1 7 7 9 H 

ALSO 71 PRL 7 6 ?13 
* A ¥ * « T T l PHI. 7 7 ( ' 3 6 
KU1ENCH1 T t S iNP 13 191] 
<0»£NCH2 T l 1 J S P 13 728 

•* E C K H A J 5 E . T A F ' L 1 » P A S • (CARNEGIE) 
GEBAI.0 F E t N B E R G . L « LEDERHAN ( C 0 L U " B [ A 1 
', FBANKEL.M F R A T I . J HALPERN * I PENNI 
S r R l N K E L . H F R A T I . J HALPE^N • I P E N M 
« i / 7 C « l « ( S 3 V , H £ ^ £ S . P 4 7 l J C W . S ^ J l P I » r ) ( t O t U H B I A l 
^ L » E » T ' < . A N O E P S 0 N . e i ( 5 < R - l . E O E R K A N « I C D L U l 

• BOOTH,C.BRRCL.CDURt.OAVIES.ECMARO^ - I L 1 V P I 
• D I C 1 . F E U K R A I S . H E N R T . W A C D . S P I G M E L I C E * * ! 
• M E 1 N I I E . D E R J J U L A . i O E R C t L I C L " N I 
G J D E V I C H . H A K A P I V N A * I K H E I 
P O W E C O R V O . S U i r f t E V (HOSCOol 
5 " A » K E R . « L ASDE1S0N.C «EY ( E F I I 

I J PEOPLES I C O I U - B I A I 
• D1CAPUA.NEHEIHY.STREIZDFF I C O I U I 
0 X S C H U I 8 1 I ( E F 1 I 
6 A ZHEMOOO t e f l l 
• GUREVlCH.O0BRETSaV<HAKA| l lNA» I K I A F I 
• B A R I L . V O N BOCHMANN.SCOMN.FARLEY* I C E R N I 
• BARTL.VON e O C H f A N N , B « O M N , F i P L E Y « I I E U N I 
D FfcYHERGER ' E F I ! 

S DEREN20 I t ' l l 
• HJFER>Mi r .NO>t ,STOMELl ,SMANSaN* ICHICCOUI 
• SCH^ANK,SWANSDH f S1«N*UCSB>JCSOI 
• P * a < t f l . L » N G E N B E R & ! P « 1 > : « J C I » P E N M 
• l A - U r O . C R A N E , HUGHES. " O B L E Y t I Y A L E I 
• B O t H e E R G . S C H E N C K . U l L l . I A K S * ( U A S H * L R C I 
HJTCXINSON.LARSON.SCHOEN.SOBER. ' f R P A l 

• CASPERSON.CRANE.EGAN. HUGHES* I Y A L E I 
• HC IN tGRE. t 'AGNON.STOuELL .ShANSON* I CHICAGO) 
OEVOEr«ClNTGRE<*>AGNQN.STQWELL* ( C H I C A G O ! 
< K C I N T V R E , S T 0 M E L t . . I E L E G 0 I . Q E V O E < I CHICAGO! 
KORENCHENKO.KOSI IN.MICELHACHER* I J I N R I 
K O B E N C H E N K O . K O S T l N t M I C E L H A C H E R * I J I N R I 

1 0 / 6 9 

1 0 / 6 9 

. " H I 

BAILEY 1 
CASPERSO 1 
HORENCHE 1 

BA ILEY 

B L I E I S C H 

BADERISC I 
JCNKER I 
5C«A»F 

. 5 9B 397 

L 6 T E ; 

B » l l P t S t - E p ! n ' . * f B . C / A P E - . f L i J t C < l i l 

I 1 9 1 
7 7 NAIKRE 26B 3( 
7 9 RAIL FY 
TT ORL 3 8 9 ^ 6 
TT PBL 3 9 l l ! 3 
TT PL T 2 B 1 8 1 

' 9B B ' l 78 ' 

• B ' J P E B . K L I B N . I S l - i - B f i . i . . ^ K E F . » » ' I J « f c - r 
* B 3 R E J » / : t P N . 0 A B t • B F B T ; » S M E F . - £ - ( 2 . B - : 

( D A P ( » 9 i " . I « S H ( * » C E < " « » P A N 2 * P ' ^ 

C » S P E P M l N . r = » ' iE* <Bl'"i"-t1DH*',l*i.r: 
Of P O ^ " l f 0 . » a T ! N . < - 0 M . e a C O * 7 R I j . v l ( 
• O E Y . M A L I t u . P F E I F FEP ' I Z U P I M 

HA^EBTSCMEP.irats . C 7 A P F « , F l . u E C i t l G F s ' 
<DABE.9E«N • SHEF««AN2*BHCS-C i = 

^^B^Z2B"B 
B f O E R T S t : H E R . B D B E R . C r e P ^ - . F l u E C r l f , E R » 
CHARM COLLAR. I » * i l » - " i - J » ( - A - B » l t = P 

L I S 8 0 PBL • 

i ? 5 2 ' 6 5 

10 I 4 f 

E . L P L « L « 5 L » S A C i « S i * J . r - j B i ; 
£ . L 9 L ' t A 5 L * S A C l * S I ' J . C ' i a C 

BROCEEOINGS P . * - : 

. * ( 5 « L « C F o ' 4 " P & - l < 

m i l * 1 
-LBl*l 
.5 TIM 

iiBi 
:;»:;! 
^ 

6 0 BQC.U c r - r 6 9 

•JC 17 109 
V- IT 1 1 * 
B B I 5 22 

TE lEGOl 6 0 BQ-.H L r t r 5 0 

CHAHPAK BflL <, ]->-
61 

SHAPIRO PH 125 1T77 
6 6 NC 4 5 A ? 8 l 

VOSSLEB 6 9 NC h l B 4 2 3 

LAUTRUP " P * B L 3 ! • ;_ • 

"MP 4 * 250 
CQ-BLEY F* PBPl | 4 ! 

77 BMP *<) 71 
in T3KY0 HFP P 

( A . EY i t • RNPS 79 7 * 3 
8 0 NP AT35 97 

A | « i l E Y . B A I L E Y , 

0 
8 1 « I B . K B < T O a j i e s 0 0 1 J - J * 

(A l l - - > P I SJTAU 8BANCHING " M l f . 

36 •IAU • I A S S " 

A ' P L l E 1 . T.'j M i ; - ? , T H E P R I M A R Y M i s s H ( 

1 THE B i S P I r T I t f E DECAYS. 

' F . I 

f 1 4 * t6C3. I 0» I F S ^ C L - . 9 S 
1 7 * 0 , ' CO LESS C L ' . 9 0 

B S 9 * ? 5 0 . 0 0 LESS C L - . 9 5 
2 5 0 , CR LESS C L - . 9 5 

P PERL TT I S E » E - TO T A U t T A U -
P AND TAU M A S S ' 1 9 0 0 MEV. 
B BACIND 7 9 E X P ! RULES OUT « * A 
B I N GOOD ASBEEMENT H ITH V - A . 

PERL ?T S " 4 f i E * F - ? . S - 7 . n C F V £ C " 1 7 / 7 7 
BSANOELTK 7 6 OASP ASSUMES . - A DECAY 3 / 7 B 
BAC1N0 T 9 OLCO E t E - EC"> 3 . 5 - 7 . * G E 1/ 7 / 7 9 
BLOCKER 87 S»K2 E * E - F C - - 5 . 2 r,rv 7 / 8 7 " 

E * P 1 . VBLJE QUOTED ASSUMES V - A I H C A t 1 2 / 7 7 

0ECA1 DISFAVORS POEE : IND IS 

REFERENCES FOR NO-TAU 

* F E L D M A < H . A B » ' * ' * 5 . i l L * w . 6 0 V * < t 5 * r » t5UC*LBll 
SRANDELlK • t A A C H ' C E S V t t - A M B i o P I H ^ T O K V l 
• F E R S U S Q N . N D D U L M A N * (UCLA+SL*C>UC1*SF0N1 
J . K I R K 3 V I L E P T 0 N PHOTON SYMP. B A T A V T A 1 I S I A C I J 
l . J . F E L O M A N f S A N T A CRUI APS 1 9 B 1 H S I A C V " 

PERL TT PL TOB 4 8 T 
BRANOEl I 7B PL lift 109 
BACINO 79 PRL 4 7 T 4 9 
K1RK6Y 7 9 S L A C - P U B - 7 4 1 9 
FEIDMAN 81 S L A C - P U B - 7 8 3 9 
BLOCKER 82 PL B (TO BE P u B . l •OORFAN, ABRAHS. ALAM.BLONDEL* < L B L * S L * L I 

http://�
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Stable Particles Data Card Listings 
For notation, see key at front of Listings. 

0 35 T A U * - ( 1 T 8 5 . J - I / ? 1 HEAVY L E P t O N 

E*E > T A U ' I A W - CROSS SECT 10H THRESHOLD BEHAVIOR 
ANO MAGNITUDE CONSISTENT K I T H P O I N T L I K E SP IN 1 /2 
D1RAC P A R T I C L E . BRANDELlK TB RULES OUT P O l N K I K E 
S P I N 0 OR S U N 1 P A R T I C L E . FEtONAN 7 8 RULES OUT 
J - 3 / 2 . K I M 9 T 7 9 M.5D RULES DU l J - I N T f G E B , J - 3 / 2 . 

& * < 1 0 9 0 . 1 
2 2 0 ( 1 9 1 0 . 1 
1 * * 1 1 9 0 0 . 1 
6 9 2 1TB 3 . 

113811803.) 116.1 

PERL 7S 4*fcG 1 N C L . I N PERL 77 2 / T B 
BURHE5T1 TT PLOT ASS I SES V -A DECAT 1 2 / 7 7 
PEPL 7 7 i " A G E * E - 1 . 8 - 7 . B G E V ECH 1 Z / T 7 
B I C 1 N 0 T6 OLCO E * E - 3 . 1 - 7 . * G E V ECU a / B 2 " 
BARTEL TB SPEC E * E - 3 . 6 - * . * G E V £ C 1 7 / T 9 
B R A N D E L I K TB 0*SP E * E - 3 - 1 - S . 2 G E V EC* 3 / 7 B 
BLOCKER 6 0 5 * * 2 E * £ - 3 . 5 - 6 . 7 G E V ECN J / 8 2 * 
B L K « R B2 S « « I N C L . I N BLOCKER BO 2/62' 

eURMESTER TT MASS VALUE ARE FROM E'.ENTS CONTAINING N g * - PLUS ONE 1 2 / 7 7 
OTHER PRONG, O R I G I N A T I N G FRON E+ E > T A U * T A U - . THE MASS U / 7 7 
VALUES COKE FRON * F I T T3 THE SHAPE AND E C " DEPENDENCE OF THE 1 2 / 7 7 
M U * - SPECTRA. ASSUMING THAT THE TAU S P I N I S 1 / 2 AND I T S ASSOC 1 2 / 7 7 
NEUTRINO H H * U Q . I 2 / T 7 

12/77 

BAC1N2 7 8 VALUE CONES F R O " E * - X - * THRESHOLD. PUBLISHED " A S S 1 7 6 ? 
N£V INCREASED BV 1 NEV USING THE H IGH P R E C I S I O N P $ [ - P R [ « E " A S S 
MEASUREMENT CP Z H 0 L E N I 2 9 0 TO E L I M I N A T E THE ABSOLUTE SPEAR ENERGY 
C A L I B R A T I O N UNCERTAINTY. I 

AVERAGE I EBRD* INCLUDES SCALE FACTOR CF 1 

35 TAU MEAN L I F E 

" » 0 . 1 C LESS C L * . 9 5 
1 2 3 . 1 0 8 LESS C L - . 9 5 
« ! + . > O" LESS C L ' . 9 5 li::iillll^j| 

3* (AU PARTIAL arc 

INTO „ u . _ H i l H J wm 
INTO ('- NUE NJTAU 
INTO H A t R O N * - N E U T R A l t S I 
I H 1 0 i w * D » O H S » - t lEOTRALIS 
I N T " NUTAu P H O O P | « -
m o NUtAU A I I I 1 0 0 I * -
INTO * * - N E U I R A L ( S ) 

is^iu^ii^;-
im- I N I O 

I N T O 
5 hAORONS*- NEU» 

1MJ « * I B 9 ? I 
At ( S I 

A U * - INTO NOTAU * • < 1 *301 

LEP ION NU BE » ' l O L A T I N G " 0 3 E S . 

A U * ' 
INTO 
INTO f • 

- GA«PA 
GAMMA 

!*- INTO 
I N » 3 7i - CHARGED PAR 

CHANGED PA»T 
I ' L r S 
C I E 5 

A u l ' 
I N I O 
INTO F * 

- *U< " U -
MU* M J -

INTO - F* E-
INTO [ • E * E-

A U * - INTO - P I O 
» u * - INTO f t P [ 0 
A U * ' INTO 
A U . ' INTO ^* ' 0 

INTO - RHDO 
A U * - INTO t * " H O I 

105* 105* 105 

" 1 A L P E C A i M O D E B R A N C H I N G K H A C T S O S S 

ri p a r t i a l d 

t i p , » h * r 

1 P12 
I 8 4 8 * - . 0 1 ? * 
- . 1 2 1 2 . 1 6 1 7 * - . 0 0 9 9 

. 0 2 C T - . I T D i . 1 0 6 S * - . 0 1 5 b 
- . 1 7 6 7 - . 1 / 7 ? . 0 Z 7 T . 2 l f e ; « - . 0 ^ S a 
- . 0 1 * 1 - . 0 1 0 6 . 0 0 1 8 . 0 0 * 8 . I 1 3 B » - . O T 6 0 

. 0 0 0 0 - . 0 0 0 0 - . J O O O - . 0 0 0 0 - . 9 2 1 3 - I 5 0 0 * - . 0 ? 0 0 
- . 0 8 4 * . 0 1 8 * - . 3 1 7 * - . 6 8 1 9 - . 2 3 ( , * . 0 0 0 0 . 0 * 7 0 * -

' - INTO < " t j * - uuno 1 UTAUI / T J 7 A L I P I > 
0 . 1 $ 0 . 0 3 BUROESTI f 7 P L U l A S S U - M 
D . 1 T 5 0 . 0 * 0 PERL 77 S»AC ( * E - TT » ( j * - i 
0 . 2 2 0 . 0 7 C A V H L I S F 77 SPEC E « f - TO H U » - 1 
0 . J 2 
0 . 3 * 

0 . 0 7 
0 . 1 * 

0 . 0 8 i ^ I T H 
f P A N D E l I R 

78 SPEC 
6 0 TASS 

E « F -
E * E - :s.:ss; 0 . 1 7 6 0 . 0 2 7 9ERGE° 81 P L U I ( • •F - 9 - H M * f 

itfERAGE IERR0R INC 

- NUE N U I A U I / r o T M 
[ACINO 78 Dl 
eOANDELIK 90 TJ 

[T TO FVfcNTS M I T ' AND 1 OTHEO 

T A U * - H 
XMERE L 

' 10S 

0 . 0 0 9 9 FRQH F I T 

— NUL N U T A U I / I O r A L s a R T ( » l * P 2 l 
i E QR MU. E O U A L I T * OF F AND HL' ""OOE S I S ASSU«FO. 

0 . 0 6 0 . 0 3 PERL T6 SHAG 
* * 0 . 1 » 0 . 0 3 0 PEPL 77 S"AG 
21 0 . 2 2 * 0 . 0 5 5 BAB5AR0-G 77 - H A G 
13 0 . 1 8 2 O . 0 3 1 (JBANDELI* 7 J CASP ASSUMES V - t DEC 
" E M»VE C0M8INED S T A T I S T I C A L AND S » S T E « A t I C ERRORS W A D " A I I C A l t 
ASSUMES W-A C r t J P L I N G . 7 A J « A S S < I . » GEV. TAU NFUTR ISO - A ^ S ' O . 
ASSUMES U-A COUPLING- ' A U " A S S ' l . " GEV, TAU NEUTRIhO M.*55 = 0 . 

INTO £ * - N U t N U T A U / M U * - N J " U NJTAJ I P 2 I / I P 1 1 
DICTEO 1 0 SE 1 FOR S F 3 U E N I I A L L E P T r N . J FOR PARAELFCTPON. 

PARAEIECTRON ALSO RULED OUT E* " E l l E 7P . 
PURMEST? 77 P l U T ASSISES V - A Df 
6 » A N 0 E H « . 7S OASP E » E - ^ . l - ^ . J W 
SLIUKER 82 S"K2 E * t - F C ' 3 - S - I 

•E 1N«F-!S' OF I « I S 3 A T I 0 AS , 9 > - - 1 2 . 
NVERSE 0 ' ' " I S P A T I O AS 1 . 3 3 * - . I B * - . 36 . 

A l .0 1 /2 
2 | 0 . O 2 0 . 3 7 

B 18 1 . 0 9 0 . 3 8 
L I S * 0 . T 5 0 . 2 3 
B BRANDELI * 78 OUDTES 
L BLOC«EP 8 2 GIWES I K E 

0 . 8 6 0 . 1 7 AVERAGE IERRD= I N t L U O F S S C A l f FACTTP OF 1 
3 . 8 75 0 . 0 ? * FROM F I I I fRHDR INCLUDES S C A L t FACTOR C 1 

A u » - INTO « " * - NUMU N U T A 1 J I » ( E * - NUf N U I A U I I P I I » | P 2 1 
1 0 . 0 3 * 1 1 D . O 0 6 I BEPAM^ 79 SMB? B i C i B» S n r r f P 

2 0 0 . O 3 * 0 . 0 0 9 f A l IN31 79 OlCQ E * r - F C M - 3 . 6 - 7 . * 
5 7 3 . O 3 0 0 . 0 0 5 » I P C * E « 82 S"H? E * E - r C M 3 3 . ' , - 6 . 7 
B A C I N 0 1 7 9 QUOTES B K | H U I e Q . i , . - 0 . O 5 ' 3 I S t A T . ' S Y S T . fRBCPS r n - H l N E O 
W j A W W J B E l t SPUMING B R I E * - © . ! * . . Ml " P Y . FT 0 . 1 b 1 1 GET A P ^ V f V 

0 . 0 3 0 9 0 . 0 0 * * AVERAGE IFRROP INCLUDES SCALE F A r l n e OF I 
o . o ; 9 9 0 . 0 0 7 5 FROM F I T IFRROa l-JCLUDES S C A L E F A C T O R " f 1 

A U * - INTO ; H CPON - N E U T B i H S I I / I T I T A L I ( P I 2 « P 1 6 * P 1 9 I 
I V 0 . * 5 0 . 1 9 5APBAH0-G 77 5 " A G 

a . 2 9 0 . 1 1 H B A N D F L I " 78 LASP A i S o " E S M-< OECt 
( 0 . 2 Z I ( 0 . 1 * 1 p R A N D E L l * BO TASS E » E - E f > ) " - . f V 

0 1 INOEPENOEM I (11 « a n O I [ | « BO R | . R? AND R ? l V A L U F S . 

0 . 3 30 0 . 0 9 5 AVERAGI (FRROB I N C l u n t S SCALE F i ( T - ] o TF 1 
0 . 3 1 0 0 . 0 3 2 ' R 0 « F I T ( f " l t n » I N f l L U P F * S t A L F FACT13R OF I 

A U » - INTO ( • - N fUTBAI ( S I l / T O T A I ( P l l ) 
SMALl B B A N O l L I " 77 DA5P 1 . 6 - 5 . J f C " '. * 

BOANDELIK 77 FINOS 1 . 0 7 . - 0 . 0 6 '•'- PFO 'VT I N F « l - — > ! • - P R r ' i G -

A u * - INTO 13 h A 0 « O N 5 * - N F u T H A l l S M / I O T A t ( P 1 T * P 1 F 1 
0 . 3 5 O . l l ASANOFLIlf. 78 PASP ASSUMES V-A t l t < * 

3 5 0 . 2 * 0 . 0 6 P » A N i ) E L I ' 8D TASS F * F - c C " r i o sEV 

1! "i-.'oiiVl-.lliV zivr 7fl PL'.U B . P l . 

«Q M l VALUE 

1 P 101 
78 P L U t H E P L . 
90 P L U l E * E - * 

«- . rt. ASSUMES 

;s- ,v.,!.'n"tsx'-" • •'•^["" TAL I P J ' l 
78 S*A& f . F - F 

A U * - INTC ( N L T A U 2 P | * - » l 
13 0 . O 7 O.OS 
JABOS 78 f *F." .TS C O N S I S U N •::BU. 

I P H ) 
18 SMAG F » t - F 

RHO P I C« A I . 

T A U * - I N T " INUTAU . G E . 3 1 

6 9 2 0 . 3 2 0 . 0 5 
FBR 'HE M l h i ASSUME 
I 3 N A M 0 N S * - N E U T P A L S I . 
MORE CHARGED HADRONS I S 71 

I . E 

Bf lCINO 78 CLCC I » F - f C " ' ? . l -

TsrYs' 
:LUOES SCALF 

> t l * - 1 U t ' iU lAUS 
A i f i A n o 2 
B A C I N O I 

P | > - . 0 9 0 * ' . 0 3 8 ( S I 

;ilH!^!°iEir:;u?:;!?;:°-

P L U t F * ( 
DLCO r * f 

. • S * S t . E R 

P l ? l " 1 
(CM.! 

. - G I V 
COMMNED I N 

PT . 1 6 7 1 0 G E I A« lV . t fAL . 
STS t .ER>-n«S COMBINED I N 

0 . 1 6 I f M l ABnVE ¥ A L . 

- I N 7 0 I N U t A U R H D . - H 
1 0 . 0 * 2 1 I 1 0 . 0 0 9 . 1 

1 . 0 3 * o . o o e 

INUTAO R K ) * - I * ( M U . -

ABRAMS :: ?::; ",\?--tZ-\\iii'.',£ • ? : • : : , 
r n9ni\v I ' .c iyprs SCALt FAcrno m I . S I 

n u T i u N U 1 

A8RAMS 
RLF<« (R ":; i:z iii"'i:.'b:,.;j; ! E 

'ROM f i t I fRROR INCLJDES S C A l t I 
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 

11 IBS', tn- T»=i r 

• •? f » r - • . . • -

«.' '.HK7 L » I - t L " < 1 . ' . -

I-JCL JOFS <CAI.E I n r . l ' i o ' 

HO n u t r « ( - * - • ,i J 

,•.1 - * r o L f S i C l ' . ^ C 

i f f S 3? SM"? I * 

H? f . 1 - 1 . H - ( , . . i r . i 

1YFS " ^ S " l 

CUNSEOrfftT TO' 

4 B " W S , SI 

i f t L I 1 F " t * (LBL»KMES»SIAC*> 

S ^ ^ K I S ; : !Sg;:rss:!!is:s:j! 
t i / A i L I - S F n o j A . G f l G r ; ! * I .BOYAPSKI* ;i*C i 

A t f ' i ' l D f B . C B I E ' i t ' * I D E5Y*AAC H . S I FG *WU PG I 
n i x f l N D t a t I D E S Y * A A C H * H A M B * S I I G * H J I , G J 
f F F H C U S O I i N O O U f l N • ! U C L A t - 5 l . A O U C I * S r O N ) J 

» J . / . I R I l l < n » [ N I L . C O I I f . C I HEPt C S t d M 
Z - i f l L E N T i . H U O D t O Z E . L E L t H U K . H l S W E W i (NOVCil 
. Q M T ^ i ' l l l . O I H N R E B . O L S S O N , O N E I L L H O E 5 r t H E I D ) 

' A t l O l * I 78 PL 

JDF 79 ° L 8 | f l fi4 

80 L H L - I O R T I . 

;s:„ s •:.-

flonlDELIK * (. » » C H * C I S Y * H A H B » - ' i H ' i a t - r ) . 
i P E « L , f t » » ^ t . e L * 1 . B O » i R 5 « l * I S L A C « L S L I 
« « " w . w » " ISLAC*LBL*HWES*HAH«J 
• ET!»D. HORSE. " A N ' I . I ' E S V A N I S * (COIO*PENN»W1SCI 

• A L A - . B L O O H ' . B D Y . AP.SKU t S l A C * L S L j 
A L f * » H D t « * I O E 5 V f a « M t h » H 8 f S I E C * M U P P I 

'1 * f U C L m y . * C » U C I * S T C N i 
4 F t f l r , u s a N . i 0 D U L M 4 - 1 * I V . l A * S L A C H I C I * S T O N ) 

U M ^ C A . B L O O F P ( L B L I 
B«A NOEL IK * <AAC< ' B a N N * O E S r ^ A M B t l . a t C * D « F t l 
. « L F X » ' n E « ' 1 l A A C M t C E S V ' t - A M B t S I F G m U P G I 
« j » n - O H . i i i C H W , , M I S H N F V . N I H T i f n ( N D V O ! 

* H / H O L F N 1 * . 1HDVOl 

7". S>"l ? i ??S 
79 K K Y f , n M . . ' 
7s s i ac -Pk tn -?? i ' 

H I D f 1 * 
( [ . ft- f I r j | 

; ? . » . P 

« I B l » H A P / l 
( S t , A G » L u L l 

f ,r l o r - i t i 

I N ' l . C . 
• I S JM«|fr I f . 

C'l 

ED 
( 1 7 . 
I i * » . " . 7 ' ) 

o . i •. 
I 0 . 1 I M "«" " "HI * 

Br,l01JI, „,„, 
n < > . 
m . 0 . 0 1 3 V . A F F " C U P - " F ' J O M C T Q « i 
i n . 
i " * . S 7 I ; : ? ? ; EAC«FNSTr> 

« u « v u A n o ; il C M K - MfSDHlC t r j » S 
t o - S 

M<* . ' . l » t ! « - "FSO'MC m « s 
n * » . w < » o . o o ? * • AUT-Mi ' i - Tl, ( H I P - " ' S O M C i n n s 

' I'l f.n OL 

i 8(1 ( d m - - f ' . O M C A T r . - s 
Ntr f AL»><* A!J3 - I IM C A l t H . L I N F *WEF 

1 0 / M « 

i f e i - , m i o * > 

r\;i-;;;-H';i" 

I M I l I S A « E A A j B l OF ! 

.RACE (FBBOO IUCLJDFS SCALF FACTIJC '. 

. OECAY ""OCES 

CIOM I M O " U l «U -NE • 
PION E 1 E - " i £ u | 
P10N I-JTO - J IMU-NEU 
P ION P1 0 E I E - U 
PICK I M O E NEU GAUM 
P |3 ' J E HEJ E* F 

I I I 1 Q « 0 NEU GAH 
CAS 's r . ' IOL 56 F"UL 
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; M * H . F |ON I N I O E NEJ CLINI' I S 1 0 « - M 
1 . 2 1 O.OT ANOEBSON 10 tNTF. 

I L 2 « T I I O . 0 2 J I 31 C . P I M 6 . CNTP 

. * « . . ' ; " ' O . 0 2 « 6 « T « « » TS >VUE 
H E C i L C . OF O IC .FTJ* S* EKPT USING 

I .2.T 0 . 0 T 1 « ERBGE I fBBCiR INCLUDES ! 

:«»p. F-ION INTO t>10 E N£U IONITS i o « - a i 
S i 1 1 . 1 5 1 1 0 . 2 2 1 0 E » C « « I | > ] t N T « 
J 6 0 . 1 T 0 . 2 0 « « U E I T M USPS 
S . L O T 0 . 2 1 B . C . S T O . I S 0 S P « 

1 . 1 0 . £ « • » « « S5 0 5 P « 
* J I . I 0 . 2 D U N M T S E * 6S CNTR 

132 L O O O.OB 0 . . 1 0 0 E P 0 N H I E 1 SB CFJTR 

01 L I F E T I M E . 

• 1 . 0 2 3 0 . 0 6 9 A V p i a C F (ERROR fMCtUOeS SC4J.E FACTOR OF 1 .01 
3EP0HH1EB 6 8 STATES THAI THE RESULT OF DEPCMMIER 6 3 I S AT LEAST 
i o peecetji TOD LARGE BECAUSE of * SYSTEMATIC ERBOP. I N THE P.a 
3EIECT1QN E F F I C I E N C Y . T H I S M A Y flE TBUE OF » L l THE PREVIOUS 
MEASUREMENTS •CCOf iQI ' .C TO DEPOMMIFR 6f t AND V .SOFRGEL, PRIVATE 
CSHHWICMItCS* 1 9 7 2 . 

H A S . P I Q N INTO E NEU GAHHA ( u H l t S 1 0 » * 
o ( i . o i aEcrt"" ! ; 
2 6 5 . 6 0 . 7 S T f T ? 
5 T E « T8 I S FOR E-GAHMA OPENING ANGLE 
USING SAME CUTOFFS US O E P O t " T f B . 

B l ( P 5 I / 1 P 1 I 
6 3 CNTR r E * . GAM *E >*8M£V 
7B SPEC • E TOM >S6 " E V / C . 

• 1 3 7 0 E G . OBTAINS 3 . 7 MMEN 

;»:;j'i En" tx 
( U N I T S 1 0 * « 

AN3ERS0N ISO * 

•rIEii 

REFERENCES FOB CHARGED PION 

n X CPDME.P H P H I L L I P S < L R L I 
H t SAHKAS. t . BIRNBAUM.F M SMITH U B L J 
«. N CRDME I STANFORD HEPL) 
C CASTAGNai K M HUCHNIK 10 OH A I 

H I A N D E R 5 0 N . I F U J I I . R K MILLER * ( E F I I 
A S H K I N . F A Z I I N I . F t O E C A R O . L I P H A N <• I C E R H I 
0 E P 0 « M l E S . H = | N T I E . - 1 U B r ) I « , S 0 E B C - E L ICEBtJI 
O 0 E P O M H I E B , M £ | N T ; E . R < J B B I * > S 0 E R G E I ICERN1 
e A B T l E T T , O F V C N S , * E T F H , P . C S E N ( C O L U * B I A I 
D] CAPUA.GA«i.A\D.BON'itto''.sTBELi,DFr (conn 

DJNAIISFV.PET 

H l t l X 6 7 P I 25 » 116 
6 7 P I 2 * S 

SHAFEB 6 7 PP 1 6 2 1*51 
ALSD 6 5 PPL l « 9 2 3 

J E * - f l t « ( i AS •»> 9 * i [*.$ 
PETBUK-.I J I N R - P I 1 - 3 8 6 ? 

70 P L 3 ? a 7 2 3 
i T S E S r i PB 3 0 1 I C 5 I 

ALSO « 1 5 : r us* 
A! SO 6 1 P»L ? 1 26 1 
U S D 6 9 J C H l - l ! >369 
A L S O 

•JAC'EtiST n 
" B l 2 3 

PL 3*,n * C J 
ALSO T " f ' . I S 

KCBf ' -C "E S J N " 13 t I W 
• , H A F I B " H M 1 C C « " , 
BAC.FNST Bl * 1 B ^;-» ALSn SUB" i n T O 1 0 1 
DUNAITSf SJNR 1 ! , ?<*; 

• i n r - A N PB O i l 1 7 3 7 
an t f iDAOD ; N A I I I l * 1150 
L A - i T E " P-U 37 1?B0 
«r73£NCHE 76 J E I P «,. i 31 

SUsri-'sKJii"•'™-:*- - " ' " " - I S ; 
S»»FFH,CoaKF. iENHINS U « t t 

Dj'unsrv,PBancisH';|N,BA; l jv*EVt <SE»PI 

• PICCIOTIO (UNIV nF JflCTOBIA) 

;.,:55F«<o?;fs;";;!5,,s;Si"' !« ; ; ; 

I L B L I 

iEUTBAL P I O M I 

( I ^ 1 P A M V ',- ' 
a. ) i t K I N D M S K * 

* . 6 2 D . 0 5 HAOOOC 
•JI L i m n 

« . » S 0 . 0 7 C A 5 S ( t S 
O.OT 5AMIP ' . 60 H8C 
0 . ( J 0 5 5 ' 71EB 
0 . O 3 PFT« J t M I N 63 CNT 

* . b C 3 ' 0.0052 1/AS1K VSK 

9 M f u r o i i P J L I N W A N I I F E l u N J T S 1 0 » » 16 SECI 

r N T6 1 1 . 9 1 ( 0 . 5 ) ( 0 . 5 1 CLASSED f i t EMUt 
••5 ( 2 . 3 1 ( 1 .1> TIETGF hi EKUt 
8B ( 2 . 6 1 ( 0 . 9 ) 1 0 . 9 1 ENUL SEE STAHE" 6 6 

1 . 0 5 0 . I B VON DAftOI f i4 CNTft 
75 1 1 . 7 1 ( 0 . 5 1 E"UL 

0 . 7 30 0 . 1 0 5 B E L L E T T I - 65 CNTR 
6? 1 1 . 6 1 ( 0 . 6 ) ( 0 . 5 1 EVANS 6 5 EHUL 

232 1 . 0 0 . 5 STAMEB EHUl 6 / 6 ? 
0 . 5 6 0 . 0 6 B E L L E T T t ' 7 0 CNTR P B I M . E F F . ON Hj(. 7 / 7 0 
0 . 9 a. 04H R R r S K K l l l 7 0 DHtHtKOff F F f « T 1 2 / 7 0 

T B 0 . B 2 0 . 0 * 8R0HMAN CNTR 7 / 7 5 
OLD EHJLSIOt . MEASURE USED BECAUSE OF P0SS1BLF S ¥ S T E * * T l t 
SH | T TO L A I ,ER 1EAN 
IHC ODES EVENTS OF K LLEB 6 3 . B / 6 T 

T B 
BfiO MAN GIVE S P I O H I - . * ; e v . -EAN L I F E is 

AVERAGE (ERPOR INCL 

H B A B / H I O T M . 1 1 / 7 5 

T AUG 

BfiO 

0 . B 2 9 0 . 0 5 7 

- . * ; e v . -EAN L I F E is 

AVERAGE (ERPOR INCL 

H B A B / H I O T M . 

ISEE BELOW 1 

WEIGHIED AVERAGE - 1.207 
ERROR SCALED 8* ' 6 

EJROWMAN 1* CNTR 
«BrSH-<[N 70 CNT8 
BELLETTIN 7D CNTR 
STAMER 66 EMUL 
B£LLE1T]N 65 CNTR 
VON OARDE 61 CNTR 

• E - l l l ? ! I « l i 
. 1 ^ 6 1 THEDBE 

. . 1 7 0 . 1 5 

. 2 5 O .O* 
VALUE USES PANDF51Y 

. 2 1 3 0 - 0 3 0 AYEBAGF 

s™: 
OUANTOW t l E C . 

'POO INCLUDES SCA| 

) ( 1 G A M M A I / T 3 T I 
i . 9 1 OB LESS C 

( U N I T S I 61 
DUE LOS 
K U 1 I N 65 CNTC 

, A » W A I < 5 . 0 * 1 0 » » - 6 . 
C I " . 9 0 AUEPBAL1 78 CNTB 
C L « . 9 0 HIGHLAND 8 0 C M " 

; > E - e - l / l 2 GAMMA! I N I T 5 1 0 * » - 5 1 

I C* I E S S Cf.90 A 6 0 A - S 73 *SP» 

'i:\niitrifiisiiririK 
PIO INTO 

D < ; , 
B 0 , 

C OAVIFS 1 iiJ?,,i.s!^"'rJs:.ii,i; f5T5.. ;L]sK,,.r1 

0 2 . v r::i?^.r,"\i:r,-rv „ „* •"' 
, NFU...1 .ION ELFCI.ON.ONEm F . » , . , , 

FDBH TACIC 
HHE6E > t ' " i 
E»PANSIDN 

IF 0»NN»I>**2I IT 1HE IPIO 0»N»» G»NN*I VERTEX 

' ^ l - ; • . , : : : 2 , . ; : : : ; ; . . ; r , s ' u ^ r . F ; G . : • " " 

' C D f F r i C I F N I OF P IO ElECTRGHAGNE TIC FO«M FACTCR 
1 - 0 . 1 5 1 1 0 . 1 0 1 tOBRAK 61 HBC NO RAD. CORR. 
1 - 0 . 2 * ) ( 0 . 1 6 1 SAMIOS b l HBC NO RAD. CORR. 
1 * 0 . 0 1 1 1 0 . I l l 3EWPNS 69 OSPK NO R * D . C O R " . 

• 0 . 1 O 0 . 0 3 F1SCHER1 78 SPEC " A O . CORR. 
' 5 f * r [ S 7 I C A l WIV. B E S U t J k l ' I O U I BAD- C 0 P * J * . « O . 0 5 » - 0 . D 3 . 
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
*°, r, 

BfFEBENCES FOR NEUTRAL PION 

P A N O F S K T 51 OR 91 5 6 5 H I H Ok1pFSKV.l t I RAHODT.J MAOLEt I L R L I 
M C » I N O M S < » . J STEINIEPGER I C P L U M 8 I A I 

CASSELS 5 1 PPS 7 * 92 C A S S E I S , J O N E S , M U R P H Y , O . N E I I L (L IVERPOOL) 
HADDOCK 5 9 PRL 3 4TB K A D D O C R . A M S M I A N . C R O V E . C I I R R U R L ! 

59 NC 1 * 8 8 7 MILLMAN.MfDDELKOuP.VANAGATA. IAVATT IN I fCERMI 

euDtGOv BUDAGOV,V|KT0R,07.HElEPGV,ERHnL0V * ( J I N R 1 
6 0 NC 1 6 9 9 7 0 <t JOSEPH l € f l l 
6 0 NC 18 1 5 * N 0 SAN10S (COLUMBIA) 
6 1 00 123 1 3 1 * • G GLASSER.N SEEHAN.B ST ILLER ( N R L I 
61 NC 2 0 1 1 1 5 M.KDBRAK I E F | | 

N o SRMIOS (COLUMBIR*RNLI 
SA*IOS 6 2 OR nt, i s * * SANIOS.PLANO.oAODELL * t C Q L U H B ! l * B N L > 

62 PR 12T 1 3 ? * J 1 I E T G E . M OUESCHEL (MAX PLANCK I N S T | 

CZIAR 6 3 OB I 30 3 * 1 
KOLLER 63 HI 21 1*0 5 E L KOLLER.S TAYLOR.T HUETTER (STEVENS! 

A15C 6 6 STAMEft 
6 3 S I E N I CO*F JOB V 1 PFTRUrtHIN.YU 0 RROKOSHKIh ( J t N R I 

WON DA»D 6 3 PL 4 5 1 VON O A R D E L . D E « E R S . N E « * , O D , V A N P IJTTEN' ICERNI 

SH«E 6 * OR 13bQ | B 1 9 H SMUE.F « S N I T H . H H B A R M S ( L R L I 
6 5 NC 4 0 • 1 1 ) 9 8 E L 1 . £ T T I N ! . B E H P O R A 0 . 8 R A C C I N U I P I S « « F I R E N 2 E I 

DUCLDS 65 * L 1 9 2 5 3 DUCL05 .FBEV7AG.HEINT2E • (CERN'HE 1DEL8ERG) 
6 5 00. 1 3 9 B 9 8 2 • » EVANS (OXFORD) 

1 U T I N 65 JETP I E " 2 2 * 3 KUMN.F'ETRUKHIN.Pf tOKOSHKIN 1 J I N R I 

STAMER 6 6 oft ( 5 1 1 1 0 8 STAMER.TAYLOR,KaLLER.HUETTER* (STEVENS) 
66 VI 2 3 281 V A S I L E V S K Y . V I S H N V A K O V . D U N A n S E V • IDURNAI 

OEVONS 6 9 OO 1 6 + 1356 * N E M E N T H Y i N I S S I N - S A B A T , D I CAPUA H C O U K f t O M A I 
BELLETTI TO NC 6 6 * 2 * 3 6 E L L E T T I N I . a E K P O R A D . L U B E L S N E V * ( P t S A * B 0 N N > 
KRrSHRlN TO JETP 30 103 7 *STERLlGOViUS0V (TOMSK P O L Y T E C H . I N S T . ) 

73 PL * 5 B 6 6 • CARROLL.K*CI A , 1 1 . M I C H A E L . N O C K E T T • I B N L I 
« i r * i « i 73 OB OH 2 0 5 1 T . M I V A Z A M . E . T R K A S U G I CT0KT1 
BROHNAN J * PRL 33 UOO *OEMIRF . GITTELNAN.HANSDN* I C O R N t B I N G I 

7 * Nt 2 * A 3 2 * •GUV. M A ( B l R M t R H E O S H M P ) 

7B OBI fcl 3 7 5 AUERBACH.HIGHLAND.JOHNSON. * ( T E M P * L A S L I 
78 01 IBB 3 5 3 AUERBACH.HIGHLAND.JOHNSON. * ' T E N P ' L A S L I 
78 OL 7 3 8 3 5 9 •EXTERXANN.GL'-SAN.MERMOD,* <GEVA*SACLI 
TB 01 7 38 3 6 * »EKTERMANN.GUi5AN, MERMOD.MOREL* tGEVA*5ACLI 

80 PI 90B 317 *HAIK ,H IGHLAND.MCFRRLANE,H*CEK* <TEMP*LASLl 
N 1 B H L M D BO DBL 6 * 6 7 8 * AUE RBACH.M AI IU *K FA R LA N £ . MA C e* * (TEMR*LASL) 
HERCIEG 61 P I 100B 3 * 7 P . MERCIEG. C . R. HOFFMAN ( L A N D 

81 ofijj 3 J 65 i ) •FRANK.HOFFMANN.M| 5CHKE,NrJ I * * < A R I S * L A N L ) 

• • • • • • • 

0 
5 * 6 . C ;io PICKUP 
5 * 8 . 0 ALFF 
5 * 0 . 1 2 . 9 DELCOURT 
5 * 9 . 0 0 . 7 FOELSCME 
5 5 2 . 0 KRAEMER 
5 * 8 . 2 0 . 6 5 F05TER3 
5 5 5 . 0 JAMES 

i SCALE FACTOR OF l . « 

WEIGHTED AVERAGE - 5 4 0 . 8 2 ± 0 . 5 6 
ERROR SCALED 8V 1 4 

540 545 550 
ETA MASS (UEV) 

1 * ETA K I O f H 

ETA WIDTH DETERMINED FRO" NASS SPECTRUM I U N I T S ME 
9 1 ( 1 0 . 0 1 OR LESS ALFF 6 2 HBE 

1 * 8 ( 1 0 . 0 1 CR LESS FOELSCHE 6 * HBC 
3 1 1 1 2 . 0 1 CR LESS JAMES 

1 4 . 0 1 OR LESS BALTAr 6 6 OBC 
1 0 . 9 1 OB LESS C L " . 75 JONES 66 CNTR 

,iB!T:?Hfti«S!?iliS,«~'ffi,-ar«' 

. DECAY MOOES 

0 . 1 2 FROM F I T 

INTO 2GAMMI 
INTO 3 P I 0 
INTO P | - P IO 
INTO P I * F l - GAMMA 
INTO E* - P 0 
INTO £ • E- P I * P l -

PTO 2GA 
INT3 E« E- G 
INTO 2 F I * GA MA IV OL TES C 
INTO 0 1 - 0 10 GA 
INTO 0 1 - 2GAMMA 
INTO MU» 
INTO MU» GAHMA 
INTO Mil* MU- P IO 
INTO P I * P l -

ETA INTO MU* MO- PIO &AM> 

is: ;s::;: 

1 0 5 * 1 0 5 * 1 3 * 

105* 105* 13* . 

FITTED PARTIAL DECAY MODE URANCH1NC FRACTIONS 

6 P ( * V * 6 P , * P i > ' w h l l e , h e ° " - d ' * l t ° ' " ' e l e m e n t . »r 
c l a n l i ( * P t P ) /[bP • hp \. Far Ihe d e f i n i l m n i af l l 

1 I . » 5 0 S * - . 0 0 8 * 
1 2 - . 6 B 9 * . 3 I B * * - . O 0 e a 

3 - . 4 3 2 2 - . 3 3 6 5 . 2 3 6 1 

F I T T E D P A H H A L D E C A Y MODE: R A T E S 

G I 0 1 
G 1 . 3 2 * 0 * - . 0 * 6 0 
G 2 , 9 5 5 3 . 2 6 * 2 < - . 0 3 9 3 
G 3 . 9 6 9 6 . 9 6 * 9 . 1 9 6 5 * - . 0 2 B 6 
G * . 9 6 5 * - e 6 0 T . 9 9 8 6 . 0 * 0 8 * - . 0 0 6 1 1 
G B .5151 .5119 .5151 .5119 .00*1*-.C 

6G « ; , > . wh i le the vlt-d 

(6G &G , / t f t G • * C I . 

G 8 

t* > DECAr ftl 

ITS REYI 

ITES 

ETA INTO 2GAMHJ 
1 1 . 0 0 1 ( 0 . 2 2 ) BEMPORAD 6 7 C N T « PR IMAKOFF EFFECT 

0 . 3 2 * 0 . 0 * 6 BRONMAN 7 * CNTR PRIMAKQFF EFFECT 
BEMPORAO 6 7 GIWES H l * l . Z I * - . 2 6 REV ASSUMING THAT k l / T O T A L - 0 . 3 1 4 . 
BENPORAO WRIV1TE COMMUNICATION GIVES MORE GENERAL RESULT AS 
M | a M I / t a T A l > . 3 B O * - . O B 3 . HE EVALUATE THIS USING H I / T O T A f . 3 B * - . 0 1 . 
NOT INCLUDED IN AVERAGE BECAUSE THE UNCERTIAN1T RESULTING FROM THE 
SEPARATION OF THE COULOMB AND NUCIEAR AMPLITUDES HAS APPARENTLY 
BEEN UNDERESTIMATED. 

0. 32* :ROM FIT (ERROR INCLUDES SCALE FACTOR OF I 

5 3 •ir-iir" i HBC 
THESE EXPERIMENTS HAVE NOT BEEN USED I N COMPUTING THE AVERAGES 
AS THEY HERE UNA6LE TO SEPARATE CLEARLY PARTIAL MOOES 131 AND (< 
FROM EACH OTHER. THE REPORTEO VALUES THUS PROBABLr CONTAIN 
SOME (UNKNOWN) FRACTION OF MODE 1 * 1 . 

2 . 4 * 0 . 2 3 BALTAV2 S7 OBC 

(ERROR INCLUDES SCALE FACTOR OF 1 

I P 1 I / I P 3 * P * « » 8 I 

IT 2 . 4 3 6 0 . 076 FROM 

ETA INTO 2GAM-A/CHARGED 
0 . 9 9 0 . * B 

75 1 . 5 1 0 . 9 3 

1VERAGE (ERROR INCLUDES SCALE FACTOR DF 
i . : 0 . 0 5 0 FROM F I T IERROR INCLUDES SCALE FACTOR OF 1 

ttote on n -*• Tryy 

(by A. V. Barnes, Lawrence Berkeley Laboratory) 

For s e v e r a l years the measurements o f the 

branching r a t i o (n -*- ^°YY)/(n ^-neutrals) have 

been in disagreement. The recent upper l i m i t 

measurement reported i n DAVYDOV 81 i s far below 
the previous p o s i t i v e r e s u l t s . The e a r l i e r 
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positive resul t s are each suspect. The ea r l i e s t 
report (DIGIUGNO 66) was a photon spectrum meas
urement. I t depends on a Monte Carlo to f i t the 
observed spectrum with that expected from a 
combination of photons from the decays n •* yy» 
n •* ir°Y7f and n •> n07r°TTD. Their resul t i s of 
course sensi t ive to the assumptions of th i s Monte 
Carlo. FELDMAN 67 i s an opt ica l spark chamber 
experiment. The scanning efficiency for the 
5- and 6-photon events i s hard to measure and 
c r i t i c a l to their r e su l t . STRUGAISK 71 does 
not address the problem of contamination from 
the *"] -* T TT°T° decay mode. Assuming that the 
TT°YY mode i s absent and that the decay ra t io 
In -+ YY>/tn ^ 7TCTT07T°) i s approximately 0.9 
implies there are ^700 3~ a events in the <4y 
sample of their data. The 40 + 10 n •* "^'fy 
decays observed could easi ly be misidentified 
H ->• TrD7i°TT° decays. DAVYDOV 81 accounts for the 
H •+ Tr°TT07T° decays properly and i s much more sens
i t i ve than previous measurements. 

The TT°YY branching fraction i s now assumed to 
be zero in our branching r a t io f i t . As a resu l t , 
the f i t ted yy and 3T7D branching fractions have 
increased by 1.1% and 1.9%, respectively. 

* n ( = 10 ? 1 « H M B ) / N F U I » A L * 0 7 1 ( P ! • P ? l 
" f ' . U L f , » "F IM S E C t I D N I M 4 , ° ? 2 < 3 l i t 'JO "2h. 

1 0 . 1 7 5 1 ( 0 . 0 7 7 P bb r i m DOUBLE 6 / 5 
( 0 . 2 T I ( o . i n i 

JlJi«Jin b / t , 

n.o?«i ( 0 . 0 * * » I 0 S P * RE P I ',cin 1 TO 1 1 /6 
1 0 . 7 * 4 1 ( O . 0 5 ) f t L D " * ' J 7 0 S « P./6 
1 0 . 0 ? * 1 • o .a i9 i B U M P * - 0 n i P < un 
n . u ? i I 0 . 0 H 1 1 0 . 3 4 4 ico* C HH( b/r 
( 0 . O T I r i i is ct'.oo D r v i - j s a P ^ O K 1 7 / 7 

» 0 . l 1 1 
1 0 . 0 4 1 I" 

I 0 . 0 4 M 
• 0 . 0 ) 1 

S C H - I T t 

P I - o n , 

0 I S P * 
1 HtRC 
0 V I EC 

p * t 

5 / 7 
1 0 / 8 

J . ? 5 
1.2R 
3 . 7 0 1 
3 . 7 0 ^ 

0 . 0 3 5 
o . 04 

I B 0 M ( T Ituure 

0 7 Q»C 
h7 D9C 
70 i S P < 
T3 USPS 

' I C .. 15 5CALF r 
• L ' J I . 'S '.CALF F 

3 . 7 0 7 4 
o.zoc i 

0 . T D 3 " 
0 . 0 0 ' T I B 0 M ( T Ituure 

0 7 Q»C 
h7 D9C 
70 i S P < 
T3 USPS 

' I C .. 15 5CALF r 
• L ' J I . 'S '.CALF F 

ClOR 

S: ss O.Ohb 
0 . C3S r'nJT 1 I F B t u e 

T i l L U O I S ' . C A l t 
I ' i r .LUDFS ' , t * l F ( « C T 0 B 0 

i . r " A / I P J * P 
0 . 1 " ! 
0 . 7 5 

AVFBAC 
f P 0 1 F 

f 0 ' . r t K | 
B « ' , | I N 

t I f B B O B 
I I f B P O P 

( P i 1 

60 H iBC 

I l f - L U P E S SC41F 
INCLUDES SCALE 

I P 3 ) 

1 . s« 0 . ?1 
0 . Ob i 

AVFBAC 
f P 0 1 F 

f 0 ' . r t K | 
B « ' , | I N 

t I f B B O B 
I I f B P O P 

( P i 1 

60 H iBC 

I l f - L U P E S SC41F 
INCLUDES SCALE F * C I 0 B C 

OS I F S S CI . . 0 0 B A G L I N I 67 HLEC 
• . 9 0 B I L L I N G 6 7 PLBC 
: . 9 0 J***S1 75 CSPK 

iSrtit* IS: ST 
10.5791 10.05?) 
10. 39) (0.061 

OIGIUGNO 6 6 CN' 
GPUNHAU5 6 6 0 * 1 
f E l C A f 6 7 0SP*. 
J C i r S 6 6 t N T B 

_B(15S < i £ M f W S 1 K O " TrfO n l 
B J N t i l O V 6 7 0 S P -
9 U T T B A " 7D 0SP-. 
S1BUGALS ' 71 f L P C 
KEN.D»U 7 * CSPH 
BRBCSI fOV B0 H I PC 

EflBOB D I U B I E O 

0 . 5 * 7 0 . 0 1 6 i v a a c t (FRoC« NCIUDES SCALE 
0 . 5 5 1 o . o i i F»a f | l ( F " B 0 P INf.LUOFS S O L E 

I N T 1 3 P I 0 NEU7PALS I P . l 
1 3 . 7 0 9 1 1 0 . 0 5 4 1 DICIUGNO 6 6 C M S f 

1 0 . 101 OB'JUHMJS 6 6 CS«"» 
1 0 . 1 7 7 1 1 0 . 0 3 5 1 P F L D " * " 6 7 CSP« 
i n n 1 0 . 0 3 3 1 HUNI»TnV 6 7 CSP* ' i n l 

0 . 4 1 9 0 . 0 7 4 70 CSP« 
1 0 . 3 7 ) 1 0 . 0 9 1 '.IPUC.ALS 71 t-LflC 
o.*<. 0 . 0 ? » B B f l 5 l " 0 90 HLP( 

1 0 . ?BI 

. INT3 I F ' 

01 T I E H ^ E P 6 5 HPf 
. 9 0 P I / I N hi 0PC 

E TA INTO ( 3 P J 0 ) / ( P 

I.i 1.1 
0 . 5 6 4 L F P - S F F I 

64 0BC 7 / 6 6 B 7 i A V I ; 
B ? l F I I 

o . f o * n 
0 . 7 0 9 0 

0 . 0 0 1 3 »V( 
n . 0 0 6 5 i s n -

OB 

0 . 6 
1 . 1 

PUBL J=z 
67 HEC 
77 HBf 
12 H6C 
74 CSP« 

BY ei.ooowOP.tH, PB IV CCWM 

s ? 7 f r 
" 7 2 
0 21 

1 3 . 1 7 1 r 
o . o o i r 

l ! S 5 C L » . n 
LFS5 C L ' . 9 

(P1.W71 

i «« 5"fctnn»F 

HO 5P(C P I - P — > [ i i 

http://ei.ooowOP.tH


65 

Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
n 

I t I I T f ) « u » " U - P t O M U l * l I JNIT'.. 1 0 " - * l ( P I ' 
i i s H t PMCTFIN P R O T I S S »nnBTDor« ny C - P A U I T » 

I S . l C» LESS *E«NANN 6 8 O S P K 
a.C- CB LESS C l « . 9 0 D7.HEIYADI 81 SPEC * * l -

P 1 2 1 / I P I I 

P 7 1 / ! P 2 * P 

75 A S P * C C H . L E V . HOI GIVEN 

ETA INTO ( E * E - G A M H A ] / I P I * P | - P I O I ( U N I T S 1 0 « » - 2 1 ( P S I / f P H 
8 0 2 . 1 O.S J1HE2 »5 0SP« 
VALUF " " H I N G E D BY E F R * T u » . 

2.11 0.5O 

, INTO (E* E- l /1 

i INCLUDES SCALE FACTOR OF 1.01 

U N I T S 1 0 " - 4 I ( P 1 6 I 
LESS C L - . 9 0 OAVIES 74 "VUE 

D DAVIE* . 74 E*T»»CTS T H I S INFORMATION FROM ESTEN 6 7 . 

E I » INTO ( » U » H U - G A M M A I / T O T A L ( U N I T S 1 0 « " - 4 I I P • 11 
10a ( 1 . 5 1 1 0 . 7 5 1 BUSHNIN T 8 S.PEC ( U P L . f i N O I H f L * * ! 60 
(.00 3 . 1 0 . 4 07HELYA1 8 0 SPEC P I - P—>ETA N 

14 F T * -NONCON 

BEL A TED U* SECTION v i c . i 

I E F T - RIGHT AS VtMETBV AP.ANETE 
U i l J . 6 
1 3 0 0 5 . 8 3 . " , 

1 0 6 6 5 1 0 . 3 1 ( 1 . 0 1 
70S 4 . 0 

3* BOO 1 1 . 5 1 ( 0 . 5 1 

FOP P | * P I - P IO I U 
« » I U T bfc DBX 
WHY 6 6 HBC 
CNOPS 6 6 PSPK EPL BY K U l l 
uAx«tee 6 6 HBC 
GOR-HEY1 6B AJPK 
MULLED 6 9 OSPK 
CAP.PENTR TO H6C 
OANBURG TO DBC 

t PROBABLY [JUE 1 
* S V « " E T ( t r . 

E FACTOR OF 1 .01 

I T S i o « » - 2 i 

' S 'ECTRUH. 

iVERAGE I E M O P INCLUDES SCALE FACTOR OF 1 . 0 1 

f PARAMETER FOR P I * P I - P IO ( U N I T S I 0 " - 2 I 

0 . 1 ? O . W AVERAGE •ERROR INCLUDES 

- B I G H T ASY««E1RY P 

1» h 
RAHE FR FOR P I * P I - GAMMA 

iil 
1 . 2 0 . 6 JANE2 74 OSP« 

NLV U U 

C L P W Y 

0 . 5 

0 . 16 

J IBE 6 6 HBC 
tPE O O . - U Y l I U > l l 

L . Y t i . t ! » S l 
J » N £ I T * OSI 

JAORANI «SV«BE7J 

IVERAGF IFRROR INCLUDES SCALE FACTOR OF I 

j t E R fOft P I * P I - P IO I U N I T S 1 0 * » - 2 I 

- 0 . 1 7 0.17 AVERAGE (EURO* INCLUDES SCALE FACTOR OF I . 0 1 

C O N T R I B U T I O N . 

3%i 

ETA FC1 ETA 10 P I * P | - GAHHA. S E N S I T I V E TD 0-1 
N/OCOS THFTA • 5 I N « 2 T«ETA * ( l * BETA • C 0 S " 2 T M f r A ) 
6 0 - 0 . 0 6 0 0 . 0 6 5 GORHLEV 7 0 WlRE 

3 . 1 2 0 . 0 6 TMALEft TJ ASPK 
0 . 1 1 0 . 1 1 J A N E 2 7 4 O S P K 

A U T H O R S D O N T B E L I E V E T H I S T O I N D I C A T E O - M A U E B E C A U S E D E P E N D E N C E 
O N G A H « A E N E R G Y I N C O N S I S T E N T H I M T H E O " . P R E D I C T I O N . 
2 D E P E N C E N C E MAY A L S O C O N E * « 0 " P A N D F - H A V E I N T E R F E R E N C E . I 

0 .01 .1 

TED AVEBACE - 0 C 
ERROR SCALEP FJ1" 

i ENERGY DEPENDENCE C 

i;:;,;0^^;,::;.! 

2 2 0 * SEE TEi 

I T R I « E L E » f * H 

I H f C L - t F F I M F M ' , 

T SEC V I C . 2 CI PUT 
IARRIHF 
CNOPS 
G O B M L F Y 

B A G L I N 
CAHPENT 
DANBURG 
G^o K V E f 
LAYTEB 

T SEC V I C . 2 LAYTEH 

S « V I C . 3 ) 

PEVSNER 

ALFF 
BASTIEN 

ILSO t 

P t F E P t N C E S F 

PFV! l i f E B , •JSSBAi 

' . B E B L E Y , 
B A S H E N , 
CHRET I EN* [BPAN'BBOUI 
F B I C H U P . R C H I N S P N . O A t A i 

a icc i .PSHsn.^*LKi«! « 

PRL 16 
D t L C O U t T 6 3 PL i 

FDEL^CHE t « » l ! 4 9 I I 
U R A E f E l 6 * PB 1 1 6 1 ".•)! 
P A U L ! 6 * PL 13 3 M 

FOST^Bt 6^ P» 13B B 6S 
FDSTS"2 65 ATHENS 
FOSTERS 65 T H E S I ' 
PRICE 65 PPL 15 12 
m i ( « t t-S oav i s '.•ib 

DIGt t /GNO 66 B R L l b 1 
GROSSMAN 66 «f 1 *6 
GRUNHAUS 6 6 THE 5 I S 

i CRAWF' 10! 
J . L L O ' O . I D h l E R 

t o Y o . r F O . 
.COURT.1 - F l ; » » N C " I S . r E R H 

1 FOFLSI :»! • t H L KRAYBILL 
I E M E P . - " lOANStY. • F I E I D S * 
• A ' J L l . t " U L I F R 

i - E P , P i i t t l >S,M[ ' " . M f F F L l 
^ T E o . G o n n , , " F ( B 
: . F o s r ( i 
t . B B K E . 
r T E ^ B E B ' t h l % F i L t l S C F 1 

F - S T E I ' m 
*FtAN7 1NI.«I*'.<IPSC«*IC0LIIKf)I»«SI0-

BD-EN 67 PL >*H 

ES IEN 6 7 PL 2 * B 

ists:. i 
ALSO TO NP B 2 2 ( 

HVAHS 6 9 PL 2 " B I 
JACOUE' 6-) NC Sfl !• 
DULLES 6"» THESIS 

H I i L I N G . B j L i n C K . E S T E N . r . D V A N 
BSKENiCNDP', , r INOCCHI I P C . . 
B U N U i n v . f t V A T I I N t . D F I N E T . i 
C E 1 C E . P F r F R S H N , S T E N G E l ' , C h l U ' 

S .N .FLATTE AND C.G.aCF'L 
L l l t M F l E l D . R A N G A N i S E G A R , 
L . H . P P . I C E . F . 5 . C B A H F O R 0 

• P A T Y . B A S U N . B I N G H A I * I 
B A ^ I N . G O S H A U . f A C H E R . * 
*ESTEN,FLFM|NG,GDVAN, t -EF 
G r W K L E f . " Y > » A N , l . £ f , N A S H . 5 

TO P « 02 2 5 6 4 
TO PB 3 1 1 *16 

GORMLfF 7 0 PR 0 2 5 0 1 
i t i t 7 0 NEVIS 1 8 H T H E S I 

ICANOFS*! 7 0 NC 6 8 * I 1 
SCHNITT 70 Pi 3 2 B 6 3 9 

6 A S I L E 71 NC 1 » 7-J6 
STRUG*!-S 71 NP B 2 7 J.2? 

BLOODMOF 72 NP 9 3 9 575 
L4YTE« T2 PRI. 2 9 316 
TMALEP. 12 W» . ?•» 3 1 3 

LAYTER 7 1 PR 0 7 2 5 6 5 
73 PP D7 256B 

6R0WHAN 76 PRL 3 2 106T 
OAVIES 7 * NC 2 * A 3 2 4 

7 * JL 1.BB 260 
JANE2 74 PL 4 A t 26 5 
KENDALL T4 NC 2 1 * 3B1 

JANEL 75 PL 5*18 9 9 
JANE2 75 PL 5 9 B 103 

76 PL ITC BE P U B L . 
SAHTtMOV 76 SJNP 23 48 

•BE iAGUEF.OEGOANr iE .MUSSET. I F B Q L . « A D D * S T « B I 
K ' E I S L E R . « I S C H « F I P R I M 
C A a P E N T | B , 9 I N « L E Y , C H A P » A N . C n » . D A G » N * 1DUKE1 
COK.FORTNEY,GDI SON I P J U L ) 

• A B 0 L I N S . D A M l , 0 A V I E S , H 0 C H , K I f i 7 . * ( I P L I 
* G R U N H » l J S . K 0 I l 3 h S K l iNE«ETHY * ( r O n j . S Y B A I 
GDRHLEY.HYHAM.LEF.NASK. PEOPLES* (CJL ' J»BNL1 

I " I C H A E l 50PHLEY I C O L U I 
A . KANOfSKY I L E H I I 
* B U N I A H J V . 2 A V A I T I N l . 0 E t M T . ( C E B h U K & B L l 

i . S T B B l 

ALSO 78 SJNP 28 7T5 

• B O L l t M . O A L P I A i . F f t A B E T T I * ICERN. 
*CHUVILO.GEHESV, IVANOVSKAVA* ( J I N K 
A G U I l A R - B E N I r E Z . C H U N G . E I S N E f l . S A H I O S I R N L I 
B L O O O W O R T H . J A C K S O N . P R E N T I C E , Y O O N I T O d n N T C I 
* A P P E l t K O T L E M S K I . L E d S T E I N , TfALER I C O L U I 
• A P P E L . K D T L E t l S K I . L A V T E l . L E E . STEIN I C O L U I 

U P P E L . K O I L E H S K I . L E E . S T E I N . T t - A L E S I C O L U I 
* A P P E L . K O F I E W S K I , L A Y T E B . L E E . S T E I N (COLU) 
• D E M I R E . G I T r E L N A N . H A N S O N . L O H » I C 0 R N * 8 I N G 1 
' G U Y . Z I A I 6 I R H * R H E L * S H N P 1 
* J 0 N E S , L l P « A . N , 0 « E N , P E K N t V 4 ( B H E L + L Q * C * S U ^ S 1 
• JDNES.L IPMAN.OMEN.PENNEY* ( PHEL*L J H O S U S 5 1 
• L A N 0 U . N A S S 1 H 0 . SHAPIRO * (BRDH*BAP. I *M ! 11 

• G I A N N I S. JONES. L I PNAN.OHEN . ( R H E l * L O " C I 
*GRANN1S. JONES. LIPHAN.OWEN • I R H E L n i J M C l 
ER«ATUH, H . P . J A N E . PRIVATE C O " H U N ! C A T I O N . 
* S A L T Y K 0 V . T A R * S 0 V . U 2 H t N S K I I ( J I N H J 
• D Z H E L Y A p I N i G D L O V X I N . G X n s U C K • t S E « P ) 
B U S H N I N . S D i a V K I N . G R I T S U K . O Z H E L Y A D I N * <SFBP( 



Stable Particles 
r,. K* 

Data Card Listings 
For notation, see key at front of Listings. 

t B 0 O b l " O 80 SJNP 31 1 
O I H E L V M 3 0 PL 9 * B 5« 

A l i O 90 SJNP 3? * 

ALSO 9 0 SJ-4P 3? 5 1 6 IYF 3 ? 1 0 0 2 1 V IKTOROV. 
DiVYOtW a l LNC 3 2 <••> *OONSKOV, I N Y A K I N 
DJHEIYAD a l " I 1 0 5 « 2 1 9 DZMEIVADIN.GOLOV 

ABP-OSINOV, t T I N t i . N l S Z C I t C t t H R I H E N K D ' 
0 I H E L V 4 D l f l . C O L ] V i t I K . K A C H I N D V * 

12 9 1 6 t V H t l C R O V , C-OLOVK(N » 
OtHELY*0W,G0LDVItlN,H*CH*H0F * 

I J I H f 
I S E R P I 
I S E R P I 
I S E R P ) 

O l O V K I N * ( S E T P I 
» I SEHP*BEL.G*LAPP*CERNI 
tN .KONST«NTIMQV * ( S E R P I 

I T 1 0 N 5 N O ! RFFEPRED T THE DATA CARDS 

8A5T1EN 6? B D t 8 I I * 
CARKONV 6 2 PPL 8 117 
P O S E N F E L 62 p " i e 2 1 3 ri^rri^iasKr'E 

10 CHARGED K 

M 4 9 3 . 9 

JO CMA9GFD K 

0 . 2 

MASS C F V J 

COHEN 5T PVLE « 
- fc93. 7 0 . 3 BABHAS 6 3 E « U l -

0 . 1 7 GBE1NE0 6 5 EHUL * « l > Tl I DECar 
M ( 4 9 3 . 8 7 1 ( 0 . 1 4 1 KUNSE11AN »1 CNTR " E ' L . H Y * l I S E L " A N 7 * 
- 1 .93 .691 o.o^o P.ACKEN5T0 T3 t N T R - KArjNIC LTOMS 
1 « 9 3 . 6 6 2 • . 1 9 KJNSELMAN T4 CNTR - KAONIC iTO«S 
« " . 9 3 . 6 5 7 0 . 0 2 0 CHENC 75 C N H - KADN1C iTOMS 
" 4 O 3 . 6 70 0 . 0 2 9 BAPKOV 7 9 E"UL • - E*E 
" 4 9 3 . 6 4 0 0 . 0 5 " , LUM B l CNTR - •I40N1C ATOMS 

•3 1 * * 1 - 1 - 1 " ASS OIEF HENCE l * E 

?* J J . 5 . - - 0 . 0 3? 0 . 3 9 0 t n s n 7 2 ASP" 
y - i F O R D ' ? U S " . - t P l * | - - I P | ' ' » r B « - 7 o F V . 

. * " E 6 ' 

1 ( HAOGEO K HEA •J L I F E 1 J 1 I 1 S 1 0 " 

1 0 . 3 6 1 . 5 6 EHUL 
1 u •>? 1 1 . 6 1 1 EISEUBE 0 5B E»UL 

0 . 0 6 . 0 6 5 0 e n s 

T 0 l 3 :i:i;i :;:£! : ,.•;;: \ZK 6 0 E"UL 
6 1 EHUl 

f « 5 | 61 EMUL 
1 2 9 3 iI:U. •2:S: , . 0 8 KI: 6 1 HBC 

6 1 DUUE 
0 . 0 1 1 

IEHI: 
- 1 1 1 

IE., 
3TT 

6 2 C M P 
6 5 C M * 
6 7 CNIP 

I 6 9 C N " 
7 | C M P 

J - «i a 1 I S x l T M I A » r i 3 

. 1 0 3 

1 *5 E 'C •JDFD »PCH 

' A V . 

r i 3 

. 1 0 3 

1 *5 E 'C 

(ERUOR IN 
' ( IT T^'to," M ' 1 T ( t o ; . O P I N C U D E S S ILE f At 1 0 " OF 

WE ICHTED AVERAGE - 0. 
ERROR SCALED 

: of v 

0 . O 9 1 

sighted average, 
:ale factor are for the 

reader' 3 convenience only. The 
data were -actually processed by a 
constrained fit program, which 

and scale factor, which are differ
ent from the values shown here. 

LOBKCWlCZ 69 CNTW 
FORD 6? CNTR 
FITCH 65 CNTR 
BOVARSKI 62 CNTB 
N0RQ1N 61 HBC 
BURROWES 59 CNTfl 

0 9 0 0 9 5 

i 1 0 " 8 5 E C - 1 ) 

EE D1FFE«E'*CE ( P E l t C t f 

: L U O E S S C A L E F A C T O O O F 

. D E C * * WDDES 

CHAR. « INTO PU HIV 
CHAR- x INTO P I P I O 
CHAR. X INTO P I P i t 
CHAR. •, INTO P| 2 P K 
CHAR. K INTO " U P IO 
CHAR. < INTO E M O > 
K i INTO P I * P I - f t • 
K« INTO P | » P I * F- "i 
K* INTO P | t P I - «U> 
M INTO P | * P I * HU-
t H A R . *. INTO f »JEU 

C H A R . " I N T O " U N E U 
C H A R . < I N T O P I P I G 
C H A P . « I N T O P I P I * 
C H A P . . < I N 7 0 P I E * 6 
C H » R . K I N T O P ! M U * 
CHAR. K INTO P I GAMk 
CHAR. < I N I O PIO E k 
K t - I ' U O P I - . E * - Et 
C H A R . » I N T O P I H E U 
CHAR. •; tUTO f 'JEW C 
CHAR. < INTO P I O A f " 
C H A P , K I N T O P I 3 C A * 

C H A R . K I N T O P I O P U 
• • INTO P 

• I N 1 P I * 

H U - - N I U ( . -

' 1 TKF S»E NO OEASLlN t f ) B ( j 

P 2 - . r 3 « * - ? l l b * - . o ; 
P 4 - . 192>i - . H " ? 
P <. - . 1 8 ^ 7 . C ! 5 0 

^ ::!»; ::!US 
n l T E I J l - A i U l A I . H L ^ A ^ • 

.2061 .3171*- .0005 

. I M ! . 0 2 6 1 . ; i ? 6 . 0 S E 2 * 

1 . 2 " 1 0 . 1 0 1 



Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 

. -1 l/JlVlRB'.i |Pf »t FT 

t f tP' i t INUuOf '. " 0 1 

',?'\-f.7-\M»vi~ii.\ 

Value* j b o v r o! -J.ngl.ti-d ..-..- r..^.-, 
t r n . r , ur.d i ( l . l r favKjr .. r- i - r ili<-

ddt.i WIT.- «ii-i.i.iily pr.jrcs,.-.! 1-y * 
I c ^ t r i i n r d f n program, whith 

c i U ' i l - t l t s it-, ..-.n v j l u , . ! , 0 ( ?, f , „ , 
I * i id , 1 - d K a i t n r , which „ r- - : iff.- r -

/ X 7 I -

' 6 2 C ; * 

I M C O . , ' P : 3 ) / ' t . - B . [ • , ' . 

S i CMUL * 

61 HIBC • 

, ' 0 l * U L . 
i? I'SPH • 1.8+ .1 v/C i» 

C"i»"" . r? rspn • i .a+ GE. ' .T «> 

'"no M l lENSiie iNCl. i tC. <t*LE F*(.10« OF 1. 

iV TIF V TO SFlEf.1^ L3* D | . FNEOCi' TO F 

13 * * -«j.*i*l 0** 

C«»«. < INIEI .Ml f • ( -

IBflS l>N0 IVNIf PBI1L511 

.GE IfBBtie INCLUOCi SCai 

..+ i LP LESS ct- .oD B I S I 67 nee 
1.-.I CB LESS C111E1 67 FBC 
i . e i i c» LESS ci_..<>f) CL ISEJ * r FBC 
' . • ) ) OB l ^ S S r . L ^ . o o 9 E I F B 7? e s t * 

1 1 . 0 1 no LESS ( L ' . 9 0 ' . * f t « . t N [ 6 ^ FRf 

O A H . * [ N 

D.03+ ( B O " F I T m t « t l » 1M. I 'PES ' • t * ( . E ' * C T [ i n f l f 1 . 1 . 

http://-J.ngl.ti-d


Stable Particles Data Card Listings 
For notation, see key at front of Listings. 

3 1 0 0 0 . 0 0 8 £1 

• IMU P I O NEU] 
0 . OSS 
0 . 1 6 

1 0 . 0 1 7 ) 
0 . 0 1 9 

REANALYSI 

0 . 0 5 4 

OF EICMTEN 

IVERAGE l£BR( 

8 / 6 b 
1 1 / 6 8 
1 2 / 7 D 

WEIGHTED AVERAGE - 0.536 ± 0.054 
ERROR SCALED 81" J 2 

V a l u e s a b o v e of w e i g h t e d a v e r a g e , 
e r r o r , a n d s c a l e f a c t o r a r e f o r t h e 
r e a d e r ' s c o n v e n i e n c e o n l y . T h e 
d a t a w e r e a c t u a l l y p r o c e s s e d by a 
c o n s t r a i n e d fit p r o g r a m , wh ich _ 
c a l c u l a t e s its awn values ot X, fix, 
and s c a l e f a c t o r , wh ich a r e d i f f e r 
e n t f r o m the v a l u e s s h o w n h e r e . 

10 WE0I. 
.Oh 

0 . 16 
c . 09 

(0 .0211 
0 .019 

BDBREANI 6 * HEC 
.DUNG 65 t " 0 t 

6 7 HLBC 
6 8 MLBC 

R F A N A I T S I S OF F I C H T f N 

0 . 0 1 4 AVERAGE IE1RC 
. 1 0 9 6 F " 0 « F I T 

! • d - [ < N f U l 

0 . 3 2 

0 . 2 6 

SK"? 

B I S 

I INCLUDES SCALE ( 

6 7 OBC 

10 IE P IO * 1 F U I / ( N J 2 . P | 2 ] ( U N I T S | 0 * * ~ 2 I I P 6 I / I > 
; 0 . 2 1 CF$TER 6 6 OSPK * 
i 0 . 2 2 ESCHSTOJT (,B CSPK . 
I 0 . 6 * WFISSFN9E 76 SPEC • 
:<J l» tED F B I - . I E I S S E N B E R G 7b « * 3 . K » U 2 . K P I 2 VI 
• Tf DEPENDENCF ON OUR 1 1 7 4 I t u AND TAU-PB INE F 

0. 15 iGE I Ei 

n 0065 AUFOflACM 67 CSPK * 

« ZFI .e« 6 9 
i) 0 0 5 ) mt\ 
0 0 0 5 7 WE! ! 76 S P K • 
NGEO n )M . 3 2 5 H - , COMMENT 
R VISFS WF.ISSEN1EB 

AVERAGE |C 

G 7 * 

INCL n 0051 

WF.ISSEN1EB 

AVERAGE |C 

G 7 * 

INCL DES SCALE 
0 0030 CBO" n ti » n i INCLUDES SCALE 
(SET ia I I G R A BEL": 

CMAB. . | M 0 CE P I O * I E J I / ( M U 

B n t T E P I l 6B ASPK * 
OAKLAND 6 8 CSPK * 

7 * - , D 0 ^ 4 . SEE COMMENT WITH RAT 
I N A U E " 9 * H 6 7 I S AM AVERAGE OF 

3 . 9 7 5 2 O . O D Z - . 
191 FROM F I I I E I 

AUFBBACH 6 7 DSPK < 

AUEBRBCM 6 7 CHANGED FROM . 0 6 0 2 * - . 0 0 4 6 BY ERRATUM WHICH BBINGS THE 
•W-SBECTBL-M CALCULATION INTO AGREEMENT K I T H GAILLARO 70 APPENOI* S . 
&APLAND 6B CHANGED FROM . 0 5 5 * - . 0 0 4 I N AGBFEMENT W ITM "U-SPECTRUN 
C A I C U L A T I C 1 CF GAILLABO 70 APPENCIX B. l . G . P O N D R O M , PR t V .CQMN. ( 73 I 

WEIGHTED AVERAGE - 0.3307 t 0.0051 
ERROR SCALED Br 1 2 

V a l u e s a b o v e of w e i g h t e d a v e r a g e , 
e r r o r , a n d s c a l e f a c t o r a r e for t he 
r e a d e r ' B c o n v e n i e n c e o n l y . T h e 
d a t a w e r e a c t u a l l y p r o c e s s e d b y a 
c o n s t r a i n e d fit p r o g r a m , w h i c h _ 
c a l c u l a t e s i t s o w n v a l u e s of x , 6x> 
a n d s c a l e f a c t o r , w h i c h a r e d i f f e r 
e n t f r o m t h e v a l u e s s h o w n h e r e . 

•WEISSENBE 76 SPEC 
ZELLER 69 ASPK 
•AUERBACH 67 OSPK 

0 28 0 30 0 32 0.36 0 36 
CHAR. K INTO (PI P10)/(MU NEU) 

(MU NEU1/TAU ( P I 1 / ( P 3 I 
1 0 . 0 2 1 YOUNG 6 5 EKUL * 

I FHOM OVERALL F I T BECAUSE YOUNG 65 CONSTRAINS H I S RESULTS. 
UP TO t . ONLY VOUNG MEASURED MU2 O I R E C T L Y . 

< ABOVE 

CHAR. > 
V IOLATE! 

; TEST 0 ' 

CHAR 

K* INTO 
o ( i : 

I 3 
I CORRE 

164 0 . 0 T 2 FROM F ( T 

ITO IE N E U I / I M U NEU) I U N I T S l 0 » * - 5 ) 
' D . T O . S BOTTERILL 6? A5PK < 
I O.S 0 . 6 MACEK 6 9 ASPK < 
.2 0 . 4 2 C L A W 72 OSPK ' 
IT D. I T HEARD2 75 SPEC < 
. 1 0 . 1 5 HE1NTZE 76 SPEC < 

I P 1 U / I P 1 ) 

AVERAGE (ERROR INCLUDES SCALE FACTOR GF I . 0 1 

• NEU) 5 I / I P 6 I 
CALLAKA1 6 6 HL6C 
B 0 T T E R I 2 6B ASPK • 

6 8 HLBC 
7 1 ML6C » 
72 OSP* * 

LUCAS2 7 3 HBC -
BRAUN 7S HL8C • 
WEISSENBE 7 6 SPEC » 
HEkNTZE 7 7 SPEC * 

ITO <*U P IO N E U 1 / ' 

6 0 B 1 1 0 . 0 1 4 1 
67 D . I i 
6 1 0 1 1 0 . 0 1 4 1 

CCHWENTS 
LAHANL 66 HE USE ONLY THE MU3/E3 R A T I O AND 0 0 NOT 
I N Tt-E F I T THE RATIOS " U 3 / T B U AND E 3 / T A U , SINCE THEY SHOW 
SACREEHENTS H t T H THE REST OF THE 0 R 7 A . 

IS A BEANALYSIS OF E1CHTEN 6 S . 
UV IDUAL RATIOS INCLUDED I N F I T (SEE B 19 AND R 2 0 ) . 
2 R2*» I S STATIST ICALLY INDEPENDENT OF CHIANG 7 2 R5 AND B 6 . 

G IVES N t M U 3 l « S 5 4 « - T . 6 P C T , N I E 3 ) - 7 B 6 » - 3 . 1 P C T . HE D I V I P E . 
VALUE IS FROM FORM FACTOR F I T . ASSUMES MU-E UNIVERSALITY 

77 VALUE FROM F I T TO L A N B D i O . ASSUMES MIJ-E U N I V E R S A L I T Y . 

0 - O I B 

EGAM GT 10MEV 1 0 / 7 1 
EGAM GT 3 0 NEU 9 / 7 3 
EGAM GT 3 0 MEV 9 / 7 3 
EGAM GT 3 0 «EV 
SECOND ' *ALUE *s 9 / 7 3 

3N WITH 1 "CMAND. 9 / 7 3 

NTD I P I O E NEU G A M M A ) / ( P I D E NEUI ( U N I T S 1 0 » » - 2 ) 
| P 1 B ) / | P 6 1 

2 ) 1 0 . B l RELLOTT) 6 7 HLBC * EGAM GT 30MEV 
7 6 0 . 2 8 ROMANO 71 HLBC 
5 3 ) 1 0 - 2 2 ) ROMANO 71 HLBC • 
4 8 ) 1 0 . 2 0 1 LJUNC 73 HLBC < 
221 1 0 . 1 5 1 ( 0 . 1 0 ) I JUNG 7 3 HLBC < 
UhG VALUE I S FOR C O S I E L E C T - G A M M A I L . T . 0 .< 
ELECT-GANHAI BETM 0 . 6 ANO 0 . 9 FOB COMPARISON U 
iNO VALUES ARE FOR CDSIELECT-GAHMA) BETH 0 . 6 AND 0 . 9 . 
HUE I S FOR COMPARISON H I T H SECOND LJliNG VALUE. 

OWEST EGAM CUT FOR TABLE VALUE. SEE RCMANO FOR E G A M DEPEND. 

P I * E- E - I / T O T A L ( U N I T S l O » * - 5 ) ( P 1 9 I 
LEPtCN NUMBER CONSERVATION. 
S I OR LESS CHANG 6B HBC 

NTO I P I NEU NEUI /TOTAL ( U N I T S I O » « - 6 ) ( P 2 0 I 
4 1 CR LESS C L » . 9 0 KLENS 7 1 OSPK • T t P I I 117 -127MEV 
941 CB LESS C l » . 9 0 CABLE 73 CNTR • T ( P I J 6 0 - 1 0 5 MEV 
561 OB LESS C L - . 9 0 CABLE 73 CNTft * T ( P I ) 6 0 - 1 2 7 MEV 
01 CB LESS C L * . 9 D LJUNG 73 HLBC * 
14 CB LESS C L > . 9 0 ASAND 91 CNTR > T ( P 1 ) U 6 - 1 2 7 N E V 

ANO CABLE 73 ASSUME P I SPECTRUM SAME AS KE3 DECAY. 
ABI E L I M I T COMBINES CABLE AND RLEM5 DATA FOR VECTOR I N T . 

AS5LMES VECTOR I N T E R A C T I O N . 

N10 (E NEU GAMNAI/TOTAL ( U N I T S 1 0 « - S I I P 2 1 I 
I I OB LESS KACEK TO OSPK * P ( E I 234 TO 247 

MEASUBEMENT OF STRUCTURE-DEPENDENT DECAY ONLY. 

NTO ( P I GAMMAI/TOTAL ( U N I T S 1 0 * * - 6 t ( P 2 2 ) 
ANGULAR MOMENTUM CONSERVATION. NOT L I S T E D t N TABLES. 

0 1 CR LESS C L - . 9 0 KLEMS 7 1 OSPK * 
MCOEL OF S E L I E B I . NC 6 0 * , 2 9 1 ( 1 9 6 9 1 . 

m m W M : ^ ^ -

'^F™-;FTx: 
I LESS C L - . 9 0 BEIER 

1 GT I t T M E V 6 / 7 1 

I P 8 1 / ( P 7 1 
B / T b 
B / T 6 
2 /BO 

P 6 I 
1 2 / 7 1 

9 / 7 S 
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Stable Particles 
K* 

I M O I P t - t - « IJ«» / 
1 1 . 4 1 C« W,", 

M I N U S i o « - e i I P ? M 

* I N T O t " n i N t u i / t o i » i U N I T S i o » » - e i 
•>.o r " i n s L I - . I T P * N & J3 e n ' 

7 1 » S V J " [ S « u ' . P F C I B J M FOOM NEU-NEU I N 1 E ' n o * 0 ' p i ^ j i N J O . 

• I M ( . 

0 . 0 0 J ! f 

I ' M ? P | 3 I / I P] B ] 

I t I F » i ODB I*JClUt>[L < t a i ? FftCTOH 01 

o.oos U C 1 ' 73 e e t - o a i I T ; p ' i 
.uc»' •, 73 r ] V | 

j i n i v.* 
P ( 0 ' S - ' ̂

.py^i / • I I P ! ? | WHfl i f i . . 5 n PFCf lu SE n u r a a i i i 

o u r u r n I I I " N D ( N I e » » t . 
. t i . o s i i o . ? s t n , 
<1 S v f l i g ! IS I N C L U D E D l-i 

I N U J L t S ' -C4LF 

PI - f fifUl IUNHS IQ 
BLOC" 7S S " ! C . 

MULT | P L U Ll BT OUR [">; 

» u - t ( . i / | p ] . p | - f s r . n U N I T S n « - * t 
r « L I S S C l ' . " l J I » » A * l t B E T6 1 P K < 

» Q'JCUfs i n i " , " i v n r i f f , nua m < > K< 

HE 7', a u n t i s t i ' i ' . « r i i i i 

' ' . 0 O A K . < INTO ( • U NEU f ' ' - t / ( P | f > t - E » l l EUl U N I T S 1 0 . . • 

! ^ - j J -
1 * l i . U 

3 l<- / 7 . 8 . s i : : : ; I t BE 7(, - .PIC . • 

J O l i » l ' I I 9 ! J t OUQlfcs TM ES( o f - S U l l S I I IHE-5 nup l i t * K f 
' ^Q 1 THF. S fC 'J ' i l l H I 

T i s c i J D t u : 
« M » i T f i r 

M S „ ,s,.., 
= F i n n V H U F F . 

'si > . - m i ( p | - . t 
I I ' .1 HF I ( P i r *. N-JNBFR ;;;;;u::?i«' J S 1 T ' , ' 1 0 » * - - . I I P 

B( F6 i O O I E S T H I S n r * . U L l 1 1 « F S IJUH 1"» 

l ( H i j - » •»[} [ . . i t - ] / I P [ t P | - l I t U I I U M l ' 
l.*> ! . " L F V j r . L = . 1 1 O I A M A N I R ! 7h Si 
B l i i CUUILS I H I S » r s u i ' I T T " . i j » 1 J , 

/ ( P I . P I - F s r u i 

I ' d ' i i t S ! u r,« 
l=E U f P F N l J E M P 

F f 9 SPI 
T i n r : u T " l 1 

Note_ on Slope Parameter for K •- 3TT Decays 

As was discussed in Section VI B.l of the 
text, for the 3T> decays of the K mesons we list 
the slope parameter "g" which is defined, as in 
that section, by 

2 (s - s ) 
|M|2 " 1 + cj 3, ° 

lis, " 1 , 2 A 2^ 2^ 2. 
3 ("K + ̂  + ̂  + ^J 

i-K' arc- the four-vectors for the K and the 
-th I->ion, and the index 3 refers (4) 
to the odd pion, i.e., the third pion 
in the decays listed below. 

refer to th« three possible charged decays as 
T', and l" : 

T'1 K' - v°r,%r 

The measurements of g vary considerably beyond 
the authors' quoted errors as can be seen in the 
ideogrrims associated with the GT+, GT-, and GTP 
subsections of the K' Data Card Listings and the 
GTO subsection of the K° Listings. 

There is no indication of a CP-violating 
asymmetry in K decay as measured by the coeffi
cient j given in subsection JTO of the K Listings. 

The high-statistius 1'-decay experiment of 
MESSNER 74 finds significant non-zero quadratic 
coefficients h and k. CHO 77, a lower-statistics 
T experiment,obtains results in agreement with 
MESSNER 74 but can also obtain good fits with a 
linear term (q) only. The correlation bet'-ac" the 
linear and quadratic coefficients changes the CHO 
77 g 3 from 0.629.1 0.017 (linear fit) to 0.6811 
0.024 (quadratic fit). Another experiment, 
PEACH 77, does not observe this correlation and is 
in agreement only with the linear fit of CHO 77, 

There is some evidence for a non-zero k 
coefficient from T experiments. FORD 72 (1.5M 
events) have studied K~ * 7t"n~7t and find that the 
X2/DF goes from 1.38 to 1.20 for DF ==150 when the 
second order and CP~violation terms are added. 
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However, the authors state that since their Coulomb 
correction is larger than the experimental errors 
and is not well known, it is difficult to interpret 
these results. DEVAUX 77 also finds a non-zero k. 

Because of the above evidence for quadratic 
terms, and for consistency in our treatment of T 
and T~ decay, we now include in our averages only 
those T° and T~ experiments for which we have 
information on the three coefficients g, h, and 
k. Correlations prevent us from comparing fits 
which do not include these three parameters. For 

+ T decays we compile g and h only since no 
experiments measure k. 

Parametrizations 

In the literature other definitions of slope 
parameters have appeared. We have converted to the 
definitions of g, h, j and k in Eq. (1) from 
whatever experimental quantity has been reported. 
We give the conversion to the definition (1) for 
the most widely used parametrizations and tabulate 
the conversion factors for the reader's convenience. 

a) For analysis of charged K's and some K° 
experiments, the expression often used is: 

|M| 2 = 1 + a y Y + b y Y 2 + d y X + e y X 2 

V3 t^-Tj) 

Q = m K " I ""i 

The r e l e v a n t formulae a r e : 

2 \ Q 2 m K g 

• ; - 3 / . " V M 

9 = 

h = 

j = 

k = 

" V a y + 2 b y A ) 

9 = 

h = 

j = 

k = 

1 + * y A + b y A 
9 = 

h = 

j = 

k = 

1 + V + b y i 2 

c d 
y y 

9 = 

h = 

j = 

k = 

•Jl (1 + a yA + b y A 2 ) 

2 
c y e y 

9 = 

h = 

j = 

k = 
3(1 + a A + b A2) 

3 JV^ 
C y = 2 V 

b) For the analysis of some K experiments 
the expression used is 

|M|2 - l + 2 a t - J ( 2 T 3 - T 3 m a x ) 

(2T, -T_ ) J 3max 

The r e l e v a n t t r a n s f o r m a t i o n s a r e 

^ • ? u - « 

h -

- 2 a t - b t = t 

h -

b e 2 

1 + v t

+ -V 
h -

1 + a , c . + 
t t 4 

2 m K f : B d + A) 3max J 
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Stable Particles 

c) Other K authors use the same form of 
matrix element as given in b) above with a linear 
terr. only, but define 

T - 4e • 
max 3 

The relevant transformation is then 
g -=au g 

1 + au cu 

c u 
4m 

d) Older K analyses were done using 

i«r 1 + a 

The relevant transformation, is *:hen 

u) The CP-violating term in |MJ" for K •* 
v 77 TT experiments has been parametrized in several 
ways. BLANPIED 68 and SCRIBANO 70 use the parame-
trization given m (bj above with no quadratic term 
and with an additional CP violating term. BLANPIED 
•'38 parametrizes the CP-violating term as 

K 

vant transformation is then 

with c t as defined in (b) above. SCRIBANO 70 
parametrizes the CP-violating term as 

where T._ is the maximum kinetic energy of 
particle 1 or 2, the charged TT'S, given by 

.2 , ,2 
K~ m i " 2 + m3 

The resulting transformation is then 

K 12max 

SMITH 70 gives the asymmetry 

N_ is the converse. BLANPIED 68 gives the relation 
0 = a/1.16 which allows us to use the transforma
tion to j given above for BLANPIED 68. 

For the reader's convenience we give a table 
of numerical values for p, T , T, _ , in c , c. , 3max 12max y t 
c , c , and d , obtained using the masses from the 
current edition. 

e 74.97 B4. 17 83.57 

imax 48.08 53.20 5 3.89 
T 12max 48.08 5 3.99 53.12 
A 0.0000 -0.0790 0.0798 
CY 0.7895 0.70 32 0.7025 
Ct 0.0962 -0.0769 0.3204 
c O.OOQO -0.2246 0.2272 
cv 0.0400 0.0400 0.0393 
dv 0.0506 0.0523 0.0604 

References 

See the reference sections of the K~ and K 
Data Card Listings. 

See also the* review of T. J. Devlin and J. o. 
Dickey, Rev. Mod. Phys. 5±, 237 (1979), which 
contains an nalysis of K -»• 2TT and K -• 3TT data in 
terms of transition amplitudes with appropriate 
energy dependence. 
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ftND H | N l - n t 

, SFE N I N I - B E V 1 E W »BOV( 
1 0 . 0241 M " C « E N * 0 &7 HBC * " • - . 0 3 

1 - 0 . Z 1 8 1 1 0 . 0 1 6 1 B U I I E S 6 " -PC * T T t - . O i O 
1 - 0 . 1 9 6 1 t o . o i ? > &B«u"A> j 70 n l B C * 

7S0K - 0 . 2 1 S 7 o.oo;e FORD 77 ASPK * 
9 8 1 9 - 0 . 2 0 0 0 . 0Q9 HO.FFMASTE 12 " I B C * 
22-.K - 0 . 2 2 2 1 0 . 0 D b 5 DEtf»OX 71 SPEC • flT = ^ . B 1 4 » - . 0 0 t 

EXPERIMENTS " I T H IAP5E F»RDR5 TOT INCl 'JDE'J I N A' 
t t i c I V C I U D F S DSC E V E H I S 
E « U L 5 . DATA ADCEO - AUL B Y E ' I I S INCLUDED S> HCFTI 
HOFFM»5TE« 7? INCLUDES M A U I A ' , 7 0 0 « T A . 

I4GE tFPBOn INCLUDES SCAI 

W E I G H T E D A V E R A G E >= 0 . 0 1 ? ? i 0 . 0 < j / 6 

E R R O R S C A L E D B Y 1 -

- 0 PA 0 0 0 

Q U A D r . O E f F M F O R 

auADBATK i . H t a t 
T S O K a, , a i f l 7 0 . 0 0 6 7 

3 9 8 1 4 - 0 , . 0 0 " o . ai fc 
2 2 S * - 0 , o . c i * i 

f i " ' a ! . O l / ? 0 . 0 1 1 * 

O F F M A S T E 

F O R D 

C O B 

P i t P I -

i i s n u o t s S C M E ' 

W F 1 C H T E D A V E R A G E = - 0 . 2 1 5 4 ± 0 . 0 0 3 5 

E R R O R S C A L E D B Y 1 4 

IWflTIC CdCM : . < FJk 
- 0 . 0 0 * 5 0 . O O I 9 
- 0 . 0 1 0 5 0 - 0 0 4 S 
- O . 0 ? 0 5 0 -OO39 

- o . o i o i i.o»* 

7 5 0 * 
3 9 8 1 0 

2 2 5 < 

(SEE I0F3G 

^ li: it 
' ^ ' i ; u™';;.';;.! 

- " S : . ¥ • 0 . 2 4 2 * . 0 2 9 

:-o.r 
72 » 

ta R A D I A T I V E CCmoECTfCWS t-K.LU7ta. 
EKPEMKENTS k l l H URGE IP.R0»S NO* 
>LSC I N C I ODES OBC EVENTS. 

QUADRATIC DEPENDENCE IS HEOJIREE Bl 
«VE«»GE O N L " r»aSE * • - EXPERIMENTS 

fG - 0 . 2 1 6 T 0 . 0 0 6 * AVERAGE CE* 

W E I G H T E D A V E R A G E = - 0 . 0 1 0 ' t 0.3G1 

E R R O R S C A i E I J B Y 2 ' 

I '-CLUOES SCALE I 

i r t n r n H P U B «-

6 30 0 . OTH 

. 6 70 0 . 0 1 * 

K j f i f r t n i m t " t > [ 5 St 4 

1 / 7 9 0 * 0 . 5 0 6 0 7 O B 0 9 

I'M L JIM CNCRO i- D£P F O f f K 10 P I P J O P J 0 

1 / I « 

H I " ( J J A U P ' . T C COF^F H FC« C HP •• - > P I P10 " 1 0 . SEE " M - R E V I E t f 
4 0 4 B 0 . 0 2 6 0 . 3!>0 PAVISQN (.9 HLBC « A l S f l EMU 

"i 0 . 0 1 9 1 
O . O l 
3 . 0 * 1 

0 
0 
0 030 

PATOOIJLAS 70 FMUL * 
» U M ° T 72 " I S C • 
SHIBF"" 7S V-LBC » 

2>K 3 . 0 0 9 0 S ^ I T - 75 MIRE • 
t * 6 3 9 ( ( J . I 6 4 J 0 121 I BEBTOA^D TA fcHUl • 

3 2 6 3 0 . 152 a 082 SRHUK Tti * L B C «• 
I. EKPE1 I NENTS M H LARGE BUR OR NOT INCLUDED t N AVE A G E . 

•UP AVG 3 . 0 3 * 0 020 AVE01GE 1EBM0R I N t L ' - ' . E S SC I E FACTOB 
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Stable Particles 

"urri Factors 

definitions of the rarameters > , f,(0>, >• , 

f /f ' and ' f ,'f ' and a general discussion of the 
methods of analysis arc given in Section VI B.2 of 
the- tuxt. 

This note describes the contents of the Data 
Card Listings for the two K paramet r izat ions , 
{• , •' {'•))) and (J , • ) , which were discussed in 
the text.. Problems related tc our data entries for 
3;.dividual experiments c-.re discussed and a compari
son of resul ts i.-' given. 

_K ^ Experiments 

The matrix element for K ., decay, assuming a 
:ure vector current, is giver by Eq. (2) in Section 
VI B.L. of the text, "ost experiments appear to be 
compatible with the assumption that f depends 
linearly on t and that f is constant. Only D A L L Y 
12 (K -J appears to require •_ / 0 (by about three 
.standard deviations). A sinqle data bin at low q 
seems tc be- responsible. The effect is not observed 
ii. ti.t high-statistic?; experiment of D0NALDS0N2 74 

.3 
(';) l-aramf-t 'i Zc(^ i o n : data from K. -

decay are entered into the K and K* sections of 
the U.ta Card J:.-tine- iij subsection h+M. The 
corresponding •' (0) values are entered in subsection 
Y.'ih, XIB, or ."It", depending on whether Method A, B, 

or C, discussed below and in the text, was used. 
The data card., contain the value;?, one-standard-
deviation e n or*: .'••• and '. •* (0) , as well as the 
correlate..1 d ;i r)/d- , all indicated on t{y e 

+ 
like! iho;-d contour below. The correlations are 
given on the r n h t side of the r(0) data card?. 

Slope d € ( 0 ) 
dX + 

X + ± A X. 

J , / Parametrization: This parametriza-
tion is used in recent K analyses. To facilitate 
comparison between experiments, we convert earlier 
experiments from the (̂  ,f(0)) parametrization to 

(* i-' ) whenever possible (i.e., when > and ' (0) 
values, errors, and correlations are given). The 
transformation between these parame.tr izat ions is: 

> - } + ar-(0) , 

d£ 10) 

The "' value, the ono-
standard-deviation error '.'-., and zh** correlation 
d-1 /d.' are given in subsection 1.0 of the data 
cards. 

We also convert 1 , .'..) results into the !• , 
'".(0)) pare n.irtrizat ion whenever {.jspifcle so thar 
subsection L0 is essentially equivalent tc the three 
subsections XIA, XIB, and '-lie. 

Inaividual analyses have .:sed a v uri"ty of 
parametrizat-ions. Problems arise when tr-'inq to 
express their results in terms of the parametr i-
zations used here. The discussion of the=.e problems 
is divided into three sections corresponding to the 
three methods of analyses discussed in the text. 

Method A: Dalitz plot analyses and uion 
spectrum analyses usually determine • and '{•-> 

(or » i values, errors, and correlation. Such 
measurements are entered in the L+:', XIA, and LI. 
subsections. They give rise to the error ellipses 
shown in Figs. 1 and 2. These are arproxirr.it ior.s 
to likelihooa contours. 

Sone analyses of this type fix '• and dete.-pine 
C(0), e.g., CARPENTER 66 and PEACi! ?"* (both V. ' ) . 

We enter ^(0) and d£(0)/d.\ in th" XIA section a.id 
give the fixed -•• value in the data card foot:.ote. 
The ^(0) error is parenthesized because it •:ca, i.ot 

include the uncertainty in the vjlue of ' . Thes-> 
results, transformed to '. measurements , aive r i se 
to b^nds in Fig. 2. These bands are also approxi
mations to the likelihood . onto.irs. The actual 
likelihood ban-is wt.-jl; r.tit be stiaiuht. 

http://parame.tr
http://arproxirr.it


Stable Particles Data Card Listings 
For notation, see key at front of Listings. 

In some cases, we alter an error from its 
published value in order to obtain an error ellipse 
with a width which matches the error in £(0) for 
fixed > . Thase adjustments are noted in the £(0) 
data card footnotes, e.g., for CALLAHAN 1 66 and 
HAIDT 71 (K subsection XIA), where the published 
errors and correlation violate the constraint 
|c < 1 on the normalized correlation coefficient 
C-, given by 

c = ii+ dC(Q) 
>•- u d>.+ 

BISULEV 8] 'K ) give- a correlation H ' •/d* 
which, whi le not unphysical , is so large that the 
resul t ing error el lipse is unreasonab1. / narrow. 
As a resul t, in th<? fit to be discussed, BIRULEV 
HI would dominate even D0KALDS0N2 74 which has 10 
tiim.*s the BIRULKV 81 statistics. To prevent this, 
w make- thtj assumption d ' . ,/<i/ = 0, giving the 
broad or rui ell ipse shown in Pig. 2. 

In some cases, e.g., BRAUNl 73, the parametri-

0.1 -

x„ o 

-0.1 : 

1 1 i y i 

CALLAHAN 66* \ v J -
CHIANG lh*f~\ /-̂ ^ e - WHITMAN 80 

J 1 , 

-HtlN 1 Zt 1 ' >< - ' J ~n-Kj»/K »s— 
BRAUNl 73 -W* -L ' *7^ 
MERLAN 74 Y t » j ( . * \ 

/ ^ * - H A I D T 71 

ANKENBRANDTJ^^~»^\ 

KIJEWSKI 6 9 - J * ^ < , 

/ y **•' ^ 
c yy 

/ ^ * - H A I D T 71 

ANKENBRANDTJ^^~»^\ 

KIJEWSKI 6 9 - J * ^ < , 

/ y **•' ^ 
c yy 

*--ARNOLD 74 

1 1 

* + 

0.1 

-1/2, Fig. 1. One-standard-deviation (e ' } likelihood 
cortours in the (•*• , ̂  ) plane for K ,. 

zation used is 1 > f.(0J , £(t ), where t is the 
weighted average of t with weighting according to 
the sensitivity to :". In this case we do not use 
£{0). It is a badly determined parameter comparable 
to A or the slope of £(t). Instead, we use 

E;<O> -- C(t ) (i 

d£(0) _ df(t*) 

t ) 

(1 + ' t ) + r(t )t 

With t h e BRAUNl 73 v a l u e s , •• - 0 .027 , - '(6.6) = 

- 0 . 3 4 ± 0 . 2 0 , and di . (6 .6) /d" ' = - 1 4 , we o b t a i n 

tin -~ ( - 0 . 4 0 * 0 . 2 4 ) - 1&(?. - C.027) ; 

or for their fitted ' 
C(0) = -0.36 : 0.40-

0.025 - 0.017, we get 

contours in the (\ .\ ) plane for K.0,. 
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
K* 

Method B: Branching ratio experiments cannot 
determine A and £(0) simultaneously, but simpiy 
fix a relationship between them, given in Section 
VI B.2 of the text. Results are usually quoted as 
values of £(0) at fixed A . We list these results 
in subsection XIB, but we do not average them 
because the A values differ. Instead, we compute 
a combined result by using the relations in the 
text and our fitted values of r(K~,) /r(K~ } and 

JJ3 e3 
r(K )/r(K }, which include the branching ratios 
from these experiments. The branching ratios from 
our 1980 edition and the results for £(0) and A Q 

evaluated at A = 0.030 are 
± o 

£(0) -0.20 i -15 (S=1.7) +0.08 ±.13 

d£(0)/dA+ -11.9 -10.3 

A +0.014 ±.012(S=1.7) +0.037 ±.011 
o 

dAfl/dA+ +0.04 +0.12 

The current (1982 edition) values differ only in 
the addition of the CHO 80 K° branching ratio 
measurement. We include their Dalitz-plot-analy-
sis results in our overall form factor fit, and 
since their branching ratio measurement is not an 
ir. Sependent result, we do not include it here. 
The scale factor S in the above table is the 
amount by which the error has been multiplied in 
order to compensate for discrepancies in the 
branching ratios. These A0 results give rise to 
the K „/K . bands in Figs. 1 and 2. U3 eJ 

Method C: Polarization experiments measure 
<£(t)> , the weighted average of £(t) over the t 
range of the experiment, where the weighting 
accounts for the variation with t of the sensi
tivity to £(t). Such measurements are entered in 
subsection XIC. 

To reinterpret these results in the (A ,C(0)) 
pararaetrization, we recognize that )• = 0 corre
sponds to £(t) constant (always assuming A =0) so 
that 

£(0) A =0 <£(t)> 

The correlation with A is given by the following 
relations (valid for small A ): 

£(0) * (C(t)> (1 + A (X\) , 

'•+ \ < / 

dg(0) -
d 

where ( t/m ) is the average value of t weighted by 
the sensitivity to £(t). These results, transform
ed to AQ and dAQ/dA values, are entered in sub
section L0 and give rise to bands in Figs. 1 and 2. 

In Figs. 1 and 2, we do not include those 
polarization measurements for whir d£(0)/d> 
is not obtainable. Also we do not include the 
MERLAN 74 (K ) polarization resul• because the 
signs of £(0) and d£(0)/dA are opposite, w! ereas 
the above equation requires them to be the same 
(since t > 0). 

for K and K 0 _, respectively. 

are fairly consistent and appear to cluster between 
the K ,,/K „ result and the polarization results of IJ3 e3 
BETTELS 68 and CUTTS 69. However, the latest 
experiment, WHITMAN 80, finds larger values of >.., 
and A than most others. 

The K11 _ results are even less consistent. The U3 
latest results, HILL 79, CHO 80, and BIRULEV 81, are 
not in very good agreement with the earlier high-
precision experiment of D0NALDS0N2 74. 

2 X fits to the results shown in Fig. 1 and 
Fig. 2 yield the following values for A and A . 
The corresponding values of E,(0) are also given. 



Stable Particles 
K 1 
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Data Card Listings 
For notation, see key at front of Listings. 

K, U3 X, V3 

X 
+ 

o 
dX„/rU, 

+0.032 ±0.008* 

+0.004 ±0.007* 

-0.16 
56/21 

1.6 

+0.034 ±0.005* 

+0.025 ±0.006* 

-0.16 

88/16 

2.3 

HO) -0.35 +0.15 

d£(0)/dA -14. 

-0.11 + 0.09 

*A11 errors have been increased by the scale 
factor S = (X'VDF)"3 to take into account the 
discrepancies between measurements. 

2 rn view of the large y /DF, the fit results 
should be taken with a grain r,f salt. The largest 
contributors to x in the K ., case are WHITMAN 80 

U3 
with 12, CHIANG 72 with 8.3, the polarization 
results, BETTELS 68 with 7.4 and CUTTS 69 with 
5.9, and the " spectrum result of ANKENBRANDT 72 with 5.3. In the K' case the largest contribute ^ 
tors are the polarization results of SANDWEISS 73 
with 21, LONGO 69 with 14, and CLARK 77 wiOl 8.4, 
and the Dalitz plot results of ALBROW 72 with 12, 
CHO 80 with 10, D0NALDS0N2 74 with 6.0, BIRULEV 81 
with 5.8, and PEACH 73 with 5.8. All other x 2 

values were less than 5. 
The D0NALDS0N2 74 result 

i = 0.030 ± 0.003 

A = 0.019 ± 0.004 
o 

clearly dominates the statistics in the K _ case. U3 

and with the pole approximation 

""K* 
2 V 

Their f0<t) extrapolates linearly to the Callan-
Treiman point. It is less than two standard 

_K Experiments 

The f term of the matrix element [Eq. (2) text 

it is proportional to the lepton mass. The £ term 
2 2 

is usually assumed to be linear in t = q = £P - P ) , 
the square of the four-momentum transfer, i.e., 
the effective mass of the lepton pair. We quote 
the linear coefficient X1" (L+E on the data cards). 
There has been some suggestion of departure from 

lunet, Gaillard, 
spelling evidence. 

The X results are fairly consist -nt and the 
average values are 

linearity [CHIEN 71 {K ,) and • 
1 e 3 

and Gaillard — Review] but no 

e3" = 0.0285 ± 0.0C 

0.0300 ± 0.0016 

where the K error has been multiplied by the 
scale factor 1.2 to compensate for inconsistencies 

See also the excellent reviews of illard and 
. 2 Chounet, Chounet, Gaillard, and Gaillc :,~ and 
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10 C U M CEO K FORM FACTDRS 

RELATES TEXT iter ton vi s . ; AND *INI-&EVIEW ABOVE. 

IN THE FORM TACroU COMMENTS, THE FOLLOWING ABBREVIATIONS *(tE USED. 
F* AN0 F- IRE P0RM FACTORS FOR THE VECTOR MATRIX ELEMENT. 
FS AND FT REFER TO THE 5CRLAR AND TENSOR TERM. 
F0 - I F * I » <F-)*T/(MK**2-HPI**2» 
L+, L- RN0 L0 ARE THE LINE** EXPANSION C0EFF5. OF f* . F- AND F0. 
L* REFERS TO THE RNU3 VALUE EXCEPT IN THE KE3 SECTIONS. 
0KI/DL IS THE CORRELATION BETWEEN XK0I AND L* IN RKI1. 
0L0/DL* IS THE CORRELATION BETWEEN L0 AND L* IN KNU3. 
T - MOMENTUM TRANSFER TO THE PI IN UNITS OF HP1**2. 
OF • DALITZ PLOT ANALYSIS 
PI - PI SPECTRUM ANALYSIS 
MU - MJ SPECTRUM ANALYSIS 
P0L« HU POLARIZATION ANALYSIS 
Sfi - KNU3/KE3 6HAHCHIHC HAJIO ANALYSIS 
E - POSITRON OR ELECTRON SPECTRUM ANALYSIS 
RC • RADIATIVE CORRECTIONS 

KTA X I A • F-/F* (DETERMINED FRGM SPECTRA1 
KTA 7b 1*1.Bl ( 0 . 6 1 BR OHM 6 2 XE6C * DP*BR, L » - 0 1 / 7 * 

BT (•0.71 ( 0 . 5 1 HU*6R RVUE. L * » 0 1 / T * 
J r-o.oai 1 0 . 7 1 JENSEN 6 4 XEBC *• D P * B R I K M U 3 , K E 3 I 1 / 7 4 

24*8 1 0 . 0 1 6 6 FRBC * W , L * - 0 . T U » 1 
C * * * • 0 . 7 2 6 6 FRBC • P I . D X I / 0 L — 1 7 ) / 7 * 

7 8 ( - 0 . 5 1 < 0 . 9 I E ISLER 6B H I B C • P 1 , L * - 0 ( N O DX/DL 1 / 7 * 
K20*l - 0 . 5 6 9 OSPK • P I . 0 X I / 0 L — 2 6 

X1A H32*0 - 1 . 1 0 . 5 6 H A I 0 T 7 1 M ieC * OP, O X I / O L — 2 9 
X I * A*025 - 0 . 6 2 0 . 2 1 AMCENBRAI 7 2 ASPK * P I , D X I / 0 L — 1 2 1 / 7 * 
MIA B3*B0 • D . * 5 0 . 2 8 CHIAHC 7 2 OSPX • OP, O X I / 0 L — 1 5 1 / 7 * 

01697 - 0 . 3 * 0 . W BRAUNJ 7 3 HLBC • OP, D X t / S L — [ • ) 3 / 7 * 
X I A N *90 - 0 . 6 0. B ARNOLD 7 * H I B C • DP, D X I / 0 L — 2 0 1 1 / 7 5 
W1A H652T - 0 . 5 7 0 . 2 4 MERLIN 7 * ASP* • OP. 0 X I / 0 L - -9 3 / 7 * 
XIA 39T3 

AVC 

- 0 . 2 7 0 . 2 5 WHITMAN 8 0 SPEC • DP, O X I / 0 L — 1 7 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 3 1 

* / 8 2 

X I A 

39T3 
AVC - 0 . 3 2 0 . 1 5 

WHITMAN 8 0 SPEC • DP, O X I / 0 L — 1 7 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 3 1 
X I A F i t - 0 . 3 5 0 . 1 5 FROM F I T (ERROR INCLUDES SCALE FACTOR OF 2 . 3 1 S / B 2 

F I T DISCUSSED I N NOTE OH KL3 FORM FACTORS ABOVE. 
JENSEN 6 * G IVES L * M " L * E » . 0 2 0 + - . 0 2 7 . 0 X I / 0 L UNKNOWN. INCLUOES l / T * 
5HAKLEE 6 * X 1 E I K M U 3 / K E 3 I . 1 / T * 
CALLAHAN 6 6 TABLE 1 ( P I ANAL) G IVES D X I / O L - I . 7 2 - . 0 5 1 / ( 0 - . Q * l « - 1 7 , 1 / 7 * 
ERROR R A I S E 0 F R C . 1 0 TO AGREE W I T H D X I 0 - . 3 7 FOR F I X E D L + . 1 / T * 



Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
K 1 

r l J E M C K I 6 9 F I G . IT WAS USED r o O B T A I N D X I / D l »ND ERRORS. 
HA IDT 71 TABLE B (DP ANALI GIVES O X I / O L » < - I . 1 * 0 . 5 I / I . 0 1 0 - . 0 2 1 1 = - 2 9 . 
ERROR R A I S E D FRO" -SO TO AGREE H I T H D X t a - , 2 0 FOB F IXEO L « . 
A N H E N B R A N O T 1 2 F I G . 3 WHS USED TO OBTAIN D X I / D l . 
CHIANG 7 ? F I G . 10 HAS USED TO O B T A I N D X I / D L . 
F I T MAD I — t * 6UT MOULD NOT CHANGE FOR 1 - - 0 . L .P i rNDRaM.PRI V.CTJH.74 
BRAUNI 7 1 GIVES X t l T I — . 3 4 » - . 2 0 < O H ! I T I / D L * — 1 * FOR I * . . 0 2 7 . T'b.b. 
WE CAICULATE ABOVE X U 0 1 ANO D X l l O l / D L * FOR THEIR L * = . 0 2 5 » - . O ] 7 . 
A R N a O 7 * F I G . * MAS USED TO OBTAIN X t A ANO D X J / O L . 
MFRLAN 74 F I G . 5 HAS USED TO OBTAIN 0 * 1 / D L . 

X I B » f - / H (DETERMINED FROM K M U 3 / K F 3 ) 
THE KMU3/XE3 BRANCHING P A T I O F I X E S A RELATIONSHIP BETWEEN I I O ) 
AND L « . ME O'JOTE THE AUTHORS X l t O l AND ASSOCIATED L* BUT 0 0 NOT 
AVERAGE ftKAUSF THE t_+ VALUES O l F F E " . THE F I T ftCS«lT M B 5 C M . f 
rACTOR G I V E N I N THE ABOVE NOTE OK * 1 3 FORK FACTORS ARE NOT OBTAINED 

>0K THESE X I B VALUES. INSTEAD THEV ARE OBTAINED Clr fECTLV FRO- THE 

1 / 7 * 
3 / 7 4 
3 / 7 * 

1 1 / 7 5 

" " 5 ? , : , , . 
(»0.6I 

<€3 

I 0 . B21 
10-221 
10.271 

A T I D l « 2 9 » . W I E T H E EXCEPT.ON 
7 * 1 t 0 . 9 9 S H A K K E 6 * »EEC 
5 ( 
61 

CALLAHA1 66 FPBC 
501 AUERBACH 6 7 DSPK 
151 B 0 T T E R I L 7 i f l ASPK 
201 ! ' " " ? »^ec 

: H E I N L E 

(LAND 6B OSPX. • 

TALCULA1 * US 

N NOTE ON KL3 FIIRM F8C10RS 
REEVALUATIDN OF BOTTFRIL 2 
L » * - 0 2 3 « - . 0 0 f l . T > 4 . I N D E P . 

R 0 1 LO ANO L * GIVEN HEM 

(FROfiR INCLUCFS SCALF F A C I O " 

ROVF, 

;Hili:illLflli:!|pj|y|^|:|i!;" 
i n . . 

..D AND n . i 
I I - S I 

[ - 3 . is;;?. 
- 0 . 2 5 1 . 2 9 

- 0 . 9 5 
. 3 5 is ,s 

IYJSI [ U S S I C I N NOTE ON 
lALur m t G 
TEL5 ,*:.::. l / D L = X I » T « - I 

I) WAS CALCUL 
L»N ; < - » ? ' A O I I A T I O N RE 

65'ML'BC • POIAR N A T I O N 
LONG. P O L . 
TOTAL POL . 

CALLAHA LONG. POL. 
BETTELS roiAi ROL . 
cu t i s TOTAL POL. 
^ERLAN P D L . D I I / D L " 

TS m. ec * °Q\.. < •> . . ? 

LE FAC10R OF 
I E FACTOR OF 

OR" FAC ORS ABO V I . 

J FRf lH F I G . e . O X I / D L - X I " ! 
I I F I G . 5 I NOT P O S S I B L E . 

W A T I t J N EXPERIMENTS I N NOTE ON KL3 FOR" T A C K 
n i t ! / D L r * i » i » - . ; 5 « * - ? = - i . o . 

1 / T 6 
1 / 7 6 
1 / T 6 

0.02b 

0-025 

sis; 

; A « P B T L L n i C N T H 

( fPROH INCLUDES ', 

TOT A t POL . 
LnNG. PDL . 
TOTAL POL. 

ALE T A r i O R DF 1 

• SEE GINSBURG TO 
CALLAHA1 
< t i t M S M 
MAt 9 1 
AN<rENBR»N 
CHIANG 
BRAUNI 

AND B E C K F R I 
6 6 FRflC • 
fel OSPK * 

7 * HLBC ' 
74 ASPK « 
80 SPEC ' 

1 .0072 AVERAGE I F ' 

( L I N I A R ENERGY DEPENDENCE OF FO I N CMU3 0ECAY1 — - ~ 
' P O S S I B L E . ME HAKE CONVERTED THE ABOVE V A I U F 5 OF 1 1 1 0 1 INTO 
IF 1 1 USING Ti l t ASSOCIATED L *M AND D X I / O L . 

ANKEN8RAN 72 ASP* 

LO 

;5:SS 
O . 0 1 9 

OISCUSSE 
CALCULATE 
VALUE IS 

0.0*0 

BHAUN 
HE I NTIE 
WHITMAN 

75 HLBC 
TT SPEC 
80 SPEC • 

0 I . D L D / D L » = -
POL.OLD/nL* - -
POLiOLO/DL*- -

D « , O L 0 / D t * > - O , 2 I 
D P , O L 0 / 0 l * = - 0 . S 3 
O P , 9 1 0 / O L " - 0 . 6 2 
IWU3/HE3 V S . T 1 
D P . W . Q * T H . « * 0 . 2 T 
P O L . D L O / 0 L * ' * . 9 2 
B R , D L 0 / O L » « * O . O 3 1 
D P . D L O / D L * « - 0 . 3 7 ] 

ILUE ' I;IIF ACTORS APOVE. 
AND O X I / H L . 

I BV US FROM X I O AND O X I / D L . 
BRAtlN 75 BUT CORRESPOND TO THE 

i I S FROM BRAUNI 73 D X I / D L IN > 
BPAUN 7 * IS A COHBINED K K U 3 - K 6 3 RESULT. I T I S NOT INtlEPENOENT O 
BRAUNl 7 3 I K « ' J 3 I AND BRAUN2 73 ( K E 3 I FORM FACTOR RESULTS. 
HERLAN T4 LO ANO OLO/OL" >JERE CALCULATED BY US FRO* 1 X | A , I H , AND 
D X I / D L . T H E I R F I G . 6 GIVFS L O « - 0 . 0 ? 5 t - 0 . 0 1 2 AND NO D L D / 3 L * . 
HEINT7F T7 USES L » - » . 0 2 9 4 - 0 . 0 0 3 . D L O / D L * ESTIMATED BV US . 

FOR PAD.COP. OF 

> .02T 

0 0«S GROWN 6 2 XEBC * P I . NO »C 
0 . 0 2 7 JENSEN 6 4 KEBC • P I . NO RC 
0 . 0 5 BORREANI 6 4 HBC • E * . NO o r 
0 . 0 1 7 0 . 0 1 B E L L 0 T T 2 6 7 FBC OP. USES RC 
0 . 0 1 6 I " t A V 6 7 CSPx • OP NO o c 

0 . 0 1 • (AL IUS 6 7 FBC P I . NO « 
0 . 0 4 e O I T E R I l 6 9 ASPK • USES RC 

0 . 1 2 F I S L E R 6 6 HLBC • USES " C 
0 . 0 1 5 BOTTFRIL 7 0 OSPX P I . USES " C 

STEIHEP T l « l EC • DP. USES o c 

o.ou CHIAtJG 72 DSP* * SO, "C N E f l L I 
, NO = 1 . 0 2 7 O.OOB BPAUN2 73 H IBC 

3 . 0 2 5 1 1 0 - 0 0 7 1 BRAUN 7 4 HLBC * K H U S / ' E I 
7 3 STATES THAT OC OF GINSBERG 67 WDULO LOWER I * E B7 

: OF BECHEPRAWV D I S A G F t E S AND MO'XD RAISE L«E 3V - 0 0 5 
}•, I S A COHBINED KHU3-KE3 RESULT. IT 15 NOT I ' l O f P F N I E ' 

T3 I K « L ' 1 I AND BRAUN2 73 I T E 3 1 F t * " FACTOP RESULTS. 

I T O R r 

002 61>I 3/7* 

D . 0 2 R 5 0 . 0 0 4 AVERAGE IFRROP INCLUDFS SC 

TO F t COUPLINGS 'OR HF3 OEf 
1 0 - l B t t « 1TS5. L l * . * » 0 B E I L 0 1 1 2 6 7 « L E t 
1 0 . 3 0 1 0 " LESS C L - . " > 5 RAL"US 6 7 HL EC ' 

: L > . * O B O T T E R U I 68 ASPI 
0 . 1 4 0 . 0 3 0 . 0 4 STEINER 71 HLPC » 

L l i - 1 0 CHIANG 72 OSP« • 
1 . 0 0 0 . 1 0 BRAUN 75 HLBC 1 

i i N C L u n F S S C A I 

TE ' iSU" 
I LESS C I ' 
i LESS C I " •75 < A l " U S 

JPLTNGS fO" WW: 01 
10AUN 75 " L 6 C 

' O S S E i f l 77 s r t r . . 

P (FE°FNCES F')« CHBPGEC 

iPETEBSPN STCHf 
3 L D H A B E P . l * N N U T T I . G ] L B t P t 

ALEXANDER, JOHNS TON. OCf A L I A I C - ID : 
< C * n w E . O U * 0 N D I A T O - K S I N T f l 
E l S F N B E T . . X O t " . l O H R M A N N . N I I ' . n L I C • 
6 t l B R . O H t S 1 C A L D « E H . 1 F « I T ' W I L 1 » 

[ ? 4 1209 B . R . A S . O Y E R . K A S O N . NOR! 
?•) B57 B fiH3WIK.P C J A I N . P < 

F E R P O - L U 2 2 I . ^ I L L r R . " U f 
; 2 3 71 fir, PAUL NOPQIN JP 

7 ?46 
.28 ? W 8 B . T ' A n S K i . i n . i . N . F W F L A . f 

H» r i l .N .KAOV« . T R I L L I N G . 1 
11 26 U •< R A P ' ! a ' . . j N DVFR.H 

12 173 G - t nRPEANI .G S I N a j D O . ) 
136 t I 4 - . 2 A t ^ L L A H A N . R *ARr .H.R . 

!? M f l C A « r R I N I , C L I N E , F O Y , P r » 

. n i C " a s , s « i T iLRii 
1THUH IDTLH1 IJNIV l 

?6 e i * ? j 

) a 1 6 0 0 

C L I N E . H r FPV 
l A C O M E L l l . - O N T I . Q U A B f N H 
' GRE1NER, W OSBORNE. W BA( 
F ' lSFH, SHiiCLEE .CflE . S I N C L A l : 
R F H N A N , P I J , B O W E L L , D C W C 

E l . J F N S f N . o n f . S I N E 

i - i s r o N S P 
( w i s r r 

i " « i ' . » i 

111 
T P I L L I N G 6 5 ' 

I B 14 30 

B l H G E . EL t , GIO A L , C A " t . R | M . C L I N E 
H I S I . B O R B F A N I . C E S T E R . f E R R A O O « 
B 3 B R E A N I , M A R I * R I - C H I F S A . 0 I N A y j q . (TD I 
B O B R E A N I . G I O A L . P I N K U D O . C A F O n l D t I P A » I , ' 
1 CALLAHAN.D C l I N E I H l S C O -
t C L l ' t E . G l O A l . ' A L W l i . K t B S A H L W l S t ' L O l . 
A C I I N E . M F FPV ( V S C O N S I N ; 
C U T T S . F L I O F F . S T T E N I N G l i o i l 

i R I N O I 

ISIM 

1TED FR01 I 1 6 S 

DE MARCO.GROSSO.OINAUDD 
F I T C H . O U A R L F S . W I L K I N S I P I 
QUOTED BY 9ARKAS 

0 S T A » f R . H U E T T E P . K O L t f P . T i 
GEORGE H T R I L L I N G 

GUNNE C n N F . . PAGE 5 . 
BOH-SHIEN VOiJNG I T H E S I S . 
° - S v a U N G . H . r . O S B O P N F . H . 

CALL 

ELEYt 

C A M E R t N I » ( U I S C , L P L . R I V E R S I 

ALSO 7 
B E I L 0 T T 1 6 
6 E H O T T 2 6 

• O Q B B S . M A N N . H r F A P L A N E , W H I T E * t ^ 
ERRATUM 
B E L L O T T I . P U L L I A 
B E L L O T T I . F I O R I N I . P U I U A 
B E L L O T T I . F I O R I N I . P U L L I A * 
B I S I . C E S T E P . C H I E S A . V I G O N E 

BOTTERILL.BROMN.COHBETT.CULL IGAN • 

SSHSi 
t I L L I N O I S ! 

( P O I N C E T r i N I 
t P R I N C E T D N I 

R J ' G E R S I T H F S I S I Z I N t H ' 



Stable Particles 
K\ K° 

Data Card Listings 
For notation, see key at front of Listings. 

BETTELS be NC 5 6 1 1 1 0 6 
U S D T l HA IDT 

BDTTERlL 68 BR , 7 1 1*02 
S O T T E R I I 66 DO I T " . 1661 
B O T T E R I ? tB BML ; i i n 
SUTLER 68 U t - 1 1 - 1 8 * 2 0 
CHANG 6 8 POL 2 0 5 1 0 

CNfff 6P Pit 20 73 
6S PL 2T"j 5B6 
6 ! »B ] 6 ? 100 
6 6 *R 1 6 5 1 *8 
6 8 "R 167 122 

MOSCOSG 6 8 THESIS 

6 9 PP te<i i i a o 
AL5C 6B PHL 2 0 1 5 5 

DAVISON 6 9 •»• 1 BO 133 3 
ELY 6 9 BR 1BD 1 3 1 9 

6 9 BRL 2 3 3 9 3 

69 BR 186 1*33 
R I J E M K I 6 9 U C R L - I B 4 3 3 T' 
L09KCWIC 6 9 BR I B S 1676 

6 6 BRL 17 • i ? 
6 1 BRL 22 32 
6 9 BR 163 1 2 0 0 

2ELLER 6 9 BR I 8 Z I * ? 0 

70 PL 31B 3 2 5 
F W 3 70 BRL 25 137Q 

70 "0 D l 1 2 7 7 
AL iO 6 9 PPL 2 3 7 7 7 

70 BR D l 1 2 * 9 
7 0 SJNP I D 6 7 8 

PANDQULA 7 0 BR 0 2 1 2 0 5 

BASILE 71 OL 3 6 B 6 1 9 
71 PL 3 6 6 6 1 5 
7 1 OH D3 10 

ALSO 6 9 PL 29B 6 9 1 

ALSO 7 0 BRL 2 * 10B6 
70 BRL 2 5 * 7 3 

71 PR D3 5 2 
71 PL 3 6 6 5 2 5 

SCHWEtNB 71 PL 36B 2 * 6 
.'1 PL 36B 5 * 1 

AERANS 72 PRL 29 1119 
72 "PL 2B 1 * ' ? 

AUBEBT 72 V. 1 2 * 5 0 9 
• U ' E R 72 PI.L 2 9 67B 

72 PR 0 6 1 2 5 4 

72 P P L . '9 1 2 7 * 
EO-ARDS 72 PR D5 2 7 2 0 
FORD 72 PL JOB 3 3 5 

72 HP 8 3 6 1 

AERAHS 73 PRL 3 0 5C0 
3ACKEHST 73 PL 4 3 8 * 3 i 
8 E f £ R T3 o*L 30 3 9 9 
BP»UNl 73 PL 4TB l n 2 

ALSO 75 BRAUN 
BRAUN2 73 PL 4 7 8 1B5 

ALSO 75 BRAUN 
CABLE 7 3 "K OB 3 8 0 7 

LJUNG 73 BR OB 1307 
ALSO 7 2 PRL 2 9 523 
ALSO 12 "HI 13 1287 
ALSS 6 9 PRL 2 3 326 

LUCAS1 73 PR 0 8 7 1 9 
LLCAS2 73 PR 0 8 7 2 7 
PANG 7 3 PR D8 1 9 8 9 

ALSO 72 PL 4 0 8 6 9 9 

A t C H F N - B A R I - B E R G E N - C E P N - E P - N I J H ^ G f N - O R S m 

BOTTEft l lL ,BRn>IN,CLEGG.CCf iBETT * (OXFORD) 
B a M E P I L L . 8 F 0 t l N . C L E G G . C 0 R B £ T T » fOXFORD) 
BOTTERILL.BHOWN.CLEGG.CORBETT * (PYFQRD) 
*BLAN0iG0LDHABER,GOLDHABER,HIHAT** ( L R L I 
CHANG. V O 0 « . F H R L I C H , P t A M ) * ( H A n Y L A ' l D . R U T G E R s l 

CHEV-CVtrirHIJBM<KUS1!£HJH0 » 1 L R L . N I T J 
4 A r « E N - 8 i P l - C £ R N - E P - 0 R 5 A V - p A 0 O V » - V A L E > I C t * 
E I S L E R , F J N G , M A R M E C K , K E Y E R , P L * - i O (RUTGERSI 
ESCHSTRUH .FRANKL1N.HUGHE5* I PRINCETON, PENN1 
• T S I P I S . D ^ V C N S . R D S E N * (CGLUMBIA .PUTG.MtSCI 
M L NOSCOSO ( U N I V PARIS QRSAVI 

• ST IENlnG.MIEGBND.DEUTSCH ( L R L . N 1 T I 
CUT IS ,ST IEN1NG.M1EGAND.CEUTSCH I L R L . H 1 T I 
*BACASTOW. BARKAS, E VANS, ftJMG, PORTER* ( U C R I 
E L V , G I O I L , H A G I ? F I R N , K A L H U S * ( L O U C * W I S C * L R L I 
EMMERS0N.QU1R* I O X F 0 R 0 I 

*B»NNEn.BElEB.BERTRAM.ECKARDS • f ILL 1 
S P K K[JEWSKI ( L B L ) 

»MELIS5 INOS,HAGA5HIMA,TEHKS6URY* IROCH.f tNL) 
L O B K O W I C J . M E L I S S I N O S . N R G l S H I H * (RGCM*3NL1 
•ACER,MANN,HC FARLANE, ROBERTS*l PENN.TEMPLEI 
•GERSHWIN, ALSTON-GAXNJOST.BANGERTER* U R L ) 
fEL t£R .H«OOOCK.MELLANC.PAHL« ( U C L A . L R L J 

*BRCn<N.CLEGG > CCRBETT,CULLIGAK* I 0 K F I 
»P IROUE,REMHEL, S M I T H , SOUOER I P R I M 
• K O L L E R . T m O R . P A N D O U L A S * I S T E V . S E T O . L E H l I 
• KDLLER. TAYLOR. PANDOULAS* ( S T E V . S E T O . L E H I I 
tHANN.MCFI PLANE, ROBERTS ( P E N M 
»PEST0V« ,5OL0D0VNIKOVA,FADEEV • ( J I N R I 
tTAYLOR.KOLLER.GRAUMAN • I S T E V , S E T C I 

• Bf tEHIN.DIAMANT-BERGER.KUNZ* ISACL»GEVAI 
» 6 0 YHOND. E X T E R N A L , HAR A SCD* IGEVA.SACL) 
AACHEN+BtRI+CERN*EP+NIJHEGEN*ORSAY*PADOVA* 
* U A C H . B A R I . C E R N , £ P O L . N I J H , 0 R S A Y , P A D n , T O R I ) 
» H t l D E B R « N D , S T I E N I N G I C H I C L R D 
KLEHS.HILDEBRRND.ST IENln lG I L R L . C H I C ) 
«LEHS,H ILDEBRArJD,S1 IENING U R L , C H I C ) 

P . KUNSELMAN (WYOMING) 
OTT.PRITCHARD ( L O O " ) 
• RENT0N,«UBERT,BURBAN-LUI2 I BAR I .CERN.ORSAI 
AACHEN*BELGtUM*CERN»NIJHEGEK*PADOVA C C l L t B 
AACHEN*BRR1*CEBN*EPOL»ORSA*NIJI ( *PADD*TOR1N 

4 C A R R 0 L L . K Y C I A . i l , M E N E S i H I C H A E L * I BNL I 
» N * E N B R A N 3 T , L « R S 6 N * i B N L * t « l * F N » L » V » L E ) 
*HEUSSE.PASCAUD.V IALLE* ( O S A * B R U x * E P 0 L l 
«BUCHKOLZ,MANN.PARKER I P E N N S V L V * N I A ) 
• f U S E N . S M A P I f O . HANDLER, a SEN* IPGC«»WISCI 

*CORK,ELIOfF ,KERTH,KCREYNOLOS.NEWTON* I L B L I 
*B£1FR.BERTRAM,HERZ0.KOES1EP * ( I L L ) 
*P |ROUE,REMMEL,SM|TH,S0UOER I PR INCETON! 
HOFFMASTEP.KOLLEP.TAYLOR* I S T E V * S E T O * L E H I I 

* C A R 3 0 L L , K Y C I A , L I t M E N E S , M I C H A E L t I S N L 1 
BACKENSTOSS,BANBERGER*lCERN*KARL»HElD*STaHl 
* e W C H H O L 2 , H » N N . P M I C E R , R 0 8 E » 7 S (PEXUJ 
*ACHEN*8ARI*BRUSSELS*CEnN COLLABORATION 

AACHEN*BAR|*BRUSSEL5*CERN COLLABORATION 

•RXOLO 7 * PR 0 9 1 2 2 1 
74 PL S I B 3-;3 

CENCE 74 PR 0 1 0 7 7 6 
ALSO 7 * TMESIS I U K B U B L . 1 

KUHSELMA 7 * PR C 9 2 * 6 9 
HERLAK 7 * PR D9 107 
U E I S S E I B /* PL * 8 8 * 7 * 

BLOCH 75 PL 56B 2 0 1 
BRAUN UP B 8 9 2 1 0 
CHENG NP A 2 5 * 3 8 1 
HEAROI 7-i PL 5 5fl 3 2 * 
HEARD2 PL 5 5 E 3 2 7 
SHEAFF 75 PR 3 1 2 2 5 7 0 
SMITH lb NP B 9 1 * 5 

BERTRANO 76 HP B11A 3B7 
BLOCH 76 PL 6 0 B 3 4 3 
BRAUN 76 ViZ 17 5 2 1 
0 IAMANT8 76 PL 6 2 B + 6 5 
HEI17ZE 7 * PL 6 0 S 302 
SMITH 7 6 NP 6 1 0 9 173 
u E I S S E f B T6 NP 8 1 1 5 55 

ABRAMS 77 PR D t S 22 
OEVAUX 7 7 riB B 1 2 6 11 
H E I M T H 77 PL 7 0 B 4 8 2 
ROSSELET 7 7 PR 0 1 5 5 7 4 
BARKOV 7 9 *|B B14S 5 3 
H E I N T I E 7 9 NP B 1 4 9 365 

MHITMAN 8 0 PR D 2 1 6 5 2 
ASANO 81 PL 1 0 7 8 159 
CAMPBELL 81 P«L 4 7 1032 
LUM 81 PR 0 2 3 2522 
LVDIIS 81 IPHY C I O 2 1 5 

>HILDEBRANO,PAf|G,STIENIf tG I E F 1 H . B L 1 

D . L J U N G . 0 . C L 1 N E I U I S C 1 
D.LJUNG I H I S C 1 
i ) . C L I N E . D . L J U N G I W I S C I 
C A M E R I N l . L J U N G i S H E A F f . C L I ' i E I " I S O 
LUC A S , T A F T . W I L L ' S I Y I L E ) 
L U C A S . T A F T . W I L L I S I * I L E 1 
• H I L S E B R A N D , C A B L E , S I I E N I N G ( E F 1 * A R I Z * L B L 1 
CABLE,HlLOEBRAND,PANG.STJEMING ( E F I * L B L I 
*B0OTH.RENSHALL,JONES* ( G L A S * L I V P * O X f * H H E L 1 

C L ARNOLD,B P ROE.D S I K L A I R IMJCHl 
*CORNELSSEN,HARTYN * I AACH*BIR I *BRUX*CERNI 
• H 1 R R I 5 . J O N E S , N 0 N C * D O * (HAWA*LBL»WISCI 
0 B CLARKE I H I S C I 
R.KUNSELNAH IWYOHI 
t K I S H A . U A N D E R E R . I O A t R * I Y * L E * 8 N L » L « S L I 
UEISSENBERG,EG0R0V,H1NERVINA * ( I T E P * L E B D I 

• B * E H I N . B U N C E , O E V A U X * (SACL»GEVAI 
*C0RNELS5EH,MARTYN* I AACH»BAR|*BRUK»CERNI 
*»SANO.CHEN,OUGAN.HU.WU,HUGHES* [COLU*YALEI 
* w E i « r : c,ntmi£iHtnnt (CERH*HEI 01 
» H E I N T £ E , H E 1 N I E L M A N N * I C E R N t H E l O ) 
H, SHEAFF ( M I S C I 
*BOOTH,RENSHALL,JONES* ( G L A S * L I V P * O X F » R H E L I 

tSACTON • (BRUX*U6EL*0UUC*LOUC*WARSI 
*BUNCE,DEVAUA.DIAHANr-BERGEft * fGEVA*SACL> 
tMARTYN.EARlQUEI * (AACH'BAR1*BELG»CERNI 
DIAMtNT-BEf tGER,e iDCH«DEVAUX * (SACL*GEVAI 
rXCIUELMANNr lGO-KEMENES^MUNDHENKE* ( H E I D I 
•BOOTH,RENSHALL,JONES* I G l A S * L I V P * O X F * R H E L I 
WEISSENBERGtEGORCrV.MINERvlNA* U T E P t L E B O l 

• C A R R O L L , K Y C I A . L I . M I C H A E L , M O C K E T T * <8NL l 
*BLOCH,DIAHANT-BERGER,MAILLARO* ISACL*GEVA1 
• H E I N Z E L H A N N . I C O - K E H E N E S , * f H E I O ' C E R N ) 
* E X T E R M A I M . F I S C H E R , G U I SAN * I G E V I * S A C L ) 
*VASSERMAN.ZOLOT0REV,KRWIN» <N0VO*K]AEI 
*HE INZELHANN. IGO-KEMENES* <HEIO»CERK> 

• A B R A H S . C A R R O L L . ^ Y C I A . L I * I 1 L L C * B N L * I L L I 
• K I K U T A N I , K U * O H A M A l « ! Y A . C H I + <NEK*TGKY*OSAKI 
* 6 L A : K , B L A T T , K A S H A , S C H M I D T * I Y » L E + B N L ) 
t W I E G A N D . K E S S L E t t . D E S L A T T E S . S E K I * U B L * N B S * t 
* A L 6 A J A R , M r A T T ( O X F I 

BIRGE 6 3 PRL I I 35 
AOAIR 64 PL 12 6 1 
CABIBBO 64 BL 9 352 

• L 5 0 64 PL I t ) 6 0 
RLSO 65 PL 14 12 

CASIBB? 6 6 BERKELEY CONF 33 
GINSBERG 67 PR 162 1570 
W I L L I S 6 7 HEIDELBERG 2 7 3 
CR0N1N 68 VIENNA CCNF 2 * 1 
HAIDT 2 6 9 PL 29E 6 9 6 

B»RD1N 7 0 PL 3 2 B 121 
BECHERft* 7 0 PR D l 1 * 5 2 
FEARING TO PR 0 3 5 * 2 
GATLLARO 7 0 CERN 7 0 - 1 4 
GINSBERG 7 0 PR 0 1 2 2 1 

PAPERS NOT REFERRED TO I N O A T * CARDS 

BRENE.EGAROT,OVIST INOftD) 
B I R G E . E L Y . G I D A L . C A M E R I N I * I t R l * W I S C * 6 l « I I 
A O M f t . L E I P U N E R I V A L E . B N L 1 
CABIBBO. M»KS»HOMICZ 
CABIBBO.MAKSYMOMICZ 
CASIBBO.MAKSVMOUICZ 

CABIBBO 
tDMARO S GINSBERG ' 
M J W I L L I S -RAPP0R1EUP TALK 
•tAPPORTEtlR TALK 

ICERNI 
I C E R N I 
I C E R N I 

(CERNI 
iS BOSTONI 

I YALEI 
' R I N C E T O M 

» C M . B « R l , C E P ^ . E P 0 L . N l J M . C R S » , P A 0 D . T O R n 

PONTECCRVD 9 A R D l N . e t L E N « ' 
T.BEtHERRAWV 
' F I S C H b A C K , S M I T H 
1 « CHLLteo, L * 
E S GINSBEPG 

(R0CH1 
tST0N*BOHP) 
IC£AN*ORSAJ 
H I T H A I F A 1 

IRISTFNS 64 OSPK 

0 . 3 2 AVERAGE IEPROB INCLUDES SCALE FACTOR OF 1 
0 . 1 3 FROM F I T (ERROR INCLUDES SCALE FACTOR OF ] 
I S E E !OEOGR»N BELOW I 

WEIGHTED AVERAGE - 497.< 
ERROR SCALED BY 1 

11/67 

I 3/82* 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO I N THE DATA CARDS 

6 2 CERN CONF 3 7 1 B L O C K . L E l W I X A R A . f O N A R I IMW£S»BOLOGff*I 

Values above of weighted average, 
error , and scale factor are for the 
reader" s convenience on]y. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values of:*, 6x, 
and scale factor, which are differ
ent from the values shown here. 

CHRISTENS 64 OSPK 

• ( K * - l MASS DIFFERENCE IMEV1 

0 

0 
D 
D 4 

T 

3 . 9 

S . 9 0 
3 . 7 1 
3 . ^ 5 1 ROSENFELO 59 HBC 

CRAWFORD 5 9 HBC * 
BUNNSTEIN 65 H6C 
K IM 65 HBC - K- P TO KO N 
H I L L 68 OBC » K»0 TO KOPB 

AVERAGE 1 ERROR INCLUOES SCALE FACTOR OF l . O t 
FROM F I T IEPROR INCLUDES SCALE FACTOR OF 1 . 1 1 

6 / 6 8 
J / 6 B 

D AVG 
0 F I T 

T 

3 . 9 2 
4 . 0 1 !:'» 

ROSENFELO 59 HBC 
CRAWFORD 5 9 HBC * 
BUNNSTEIN 65 H6C 
K IM 65 HBC - K- P TO KO N 
H I L L 68 OBC » K»0 TO KOPB 

AVERAGE 1 ERROR INCLUOES SCALE FACTOR OF l . O t 
FROM F I T IEPROR INCLUDES SCALE FACTOR OF 1 . 1 1 3 / 8 2 

REFERENCES FOR NEUTRAL K 

CRAWFORD 
ROSENFEL 
CHRISTEN 
BURNSTE1 
K IM 

5 9 
59 
64 
6 5 
65 

; I L 
BRL 
PRL 13 
PR 136 
PR 1 * 0 .MS 

C<UWFO»0.CREST 1.GOOD.STEVENSCN.TtCHO I L R U 
A H ROSENFELD.F S O L M I T I , R D Tf i IPP ( L R L I 
C H R I S T E N S a N . C R O N W . F I T C H . T W R L A r CfR INCCrONf 
» A 6 U R N S T E I N t H 1 RUBIN tMARYLAND) 
J K K I M , L K IRSCH.D MILLER 1 COLUMBIA! 

BALTAY 
F I T C H 
H I L L 

6 6 
6 7 
6 8 

PR 1 *2 
PR 1 6 4 
PR 16B iKi BALTAY,SANOWEISS.STONEHILL * IYALE+BNL) 

F ITCH.ROTH.RUSS,VERNON ( P R I N C E T O N ! 
H I L L , R O B I N S O N , S»Kt rT ,CANTER IBNL, CARNEGIE 1 

. «... --— - •— ••-» 

http://4CARR0LL.KYCIA.il


Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
K 

12 SHORT-L IVED NEUTRAL KH 

HEAM L I F E EXPERIMENTS! 
U . O T t 1 0 111 SOU 07 SB CC 

0 . 9 4 0 . 0 5 (1 ris CR4WFDB0 5<J M6C 
6 3 C O . 1 8 ) ( 0 I ' l l "OMEN 611 CC 
w r EKPTS Ml •M L O * STI M S T I C S NOT INCLUDED I N AVERAGE 

3 7 8 a. 9* f> 1)5 BERTAN2A tiS HBC 
M l 0 . 8 7 0 . 05 CHRETIEN 6 * HLBC 

0 . 8 6 0 . 0 4 KPFISLER GSRH 
0 . 8 6 6 0 . 0 1 6 A L F f - S T E l 6ft 05PX 
0 . 9 0 0 . 0 6 0 AUERBACH DSP* 
0 . 9 2 0 . 0 - BALTAY 6 6 HBC 

1 0 - 0 2 4 1 B0TT-BO0E D 4 P " 
5 0 0 0 3 . 8 4 3 o.oii M O S C H 6 6 H B C 

0 . 6 5 6 0 . 0 0 8 OQNALD H B C 

20000 0 . 6 7 ? 0 . 0 0 1 H I L L 6H UBC 

: I N C t . SCALE 1 

'HE ST* 
UES G* THE KOS * E > t l 

0 . 8 9 5 8 0 . 0 0 * 5 
( 0 . 8 6 7 1 ( 0 . 0 2 4 1 

D . 8 9 3 T 0 . 0 0 4 8 
0 . 8 S I 3 0 . 0 0 3 2 
0 . B 8 I 0 . 0 0 9 

0 . B 9 2 3 0 . 0 0 2 2 
0 . 8 9 2 3 0 . 0 0 2 2 

W D 0 A 1 E S . 
SKJEGGEST 72 HBC 
F I L L E R 73 DSP* 
GEHEN1GER 74 A S ° " . 
CARITHEP.S 75 SPEC 
ARDNSON 76 SPEC 

(IF 1 .0 

CCHNENTS 
H I L L 6 9 HAS PEEN CHANGED BY THE AUTHORS FHnH THE PU9L I5 . "E3 VALUE 
1 0 . B 6 5 * - O . 0 0 9 l BECAUSE OF A CO«"FCT IQS I N THE S H I F I DUE TO E T A * - . 
S n j E t . O E S I A D 7 7 AND W l L l 6B GIVE DETAILED DISCUSSIOHS C SYSTEMATIC 
ENCOUNTERED I N TMIS TYPE f = EXPERIMENT. 
KOS «EAN L I F E HOT T I E PRIMARY QUANTITY MEASURED I N TH | <, F * P T . 
FACKLER 7 3 OCES NOT INCLUDE SYSTEMATIC ERRORS. 
CABITHER5 7 5 VALUE I S FOR KCL-KOS "ASS DIFFERENCE CM- . 5 3 4 8 * - . 0 0 2 1 . 
THE 0 1 DEPENDENCE OF TME TOTAL DECAY BATE IINVEP-SE "FAN L I F E ! li, 
G A « M A ( K O S ! ' ( l l . W 2 * - . < i a M 4 . l < » 1 0 « - . ^ 3 4 B > f D W I * l O * * l 3 'SET . 
V»LUF WOULO NCT -.HAUGE " I ' M OUR CUR*FNT D ' (» . 5 2 4 9 * - . 0 5 7 2 . 

1 1 / 7 1 
3 / 7 4 
7 / 7 5 

12 KOS PARTI 

INTO P I * 
INTO f l f j 
|NUJ 
I N I f ! L* INTO P I - GAHMA 
111 3 G •><*•• A ftt^WA 

. OECAY MODES 

P t - I / T O T A [ P i t 
1 . 6 8 CBAHFCRD 5 9 HBC 

,;x., COLUMBIA 6 0 HBC 
ANDERSON 6 2 WBC 

D . 0 1 0 DOYLE 6 9 HBC P 
ANDERSON PFSU I T NOT PU S L I S H 

AVER 

u 

r. 

EVENT5 ADOED TO OOYLE 

* * 0 : * 7 i 5 

S L I S H 

AVER 

u 

r. [ERBfJP. INCLUDES SCALE 
R 0 * 1 [ERROR INCLUDES SCALE 

os „™ , ; , , ,,0,/JO.. 1021 
C A M F 0 1 D 5 9 HBC 

O . J . B A G L I ' I 6 0 VLfc t 
O . ) 0 BROUN 61 HLBC 

0 . 0 1 4 BROWN 63 MLBC 
TB 0 . ? R B 

AVE«AG 

CHRETIEN 63 H l f l C 

• *o:,u* AVE«AG IFRRf lR INCLUDES SCALE 

?•"«* ROM 1 I fBHOR INCLUDES SCALE 

FAC TIP OF 1 .1) 

WEIGHTED AVERAGE = 0.JI6 . 
ERROR SCALED BY 1 3 

Value* above of weighted average, 
error , and scale factor are for the 
reader' s convenience only. The 
data were actually processed by a 
constrained fit program, which _ 
calculates its own values of x. 6x, 
and scale factor, which arc differ
ent from (he values shown here. 

63 HLBC 
63 HL0C 
61 HLBC 
60 HLBC 
5S HBC 

KOS INTO (PIO P10J/I0TAL 

no* P ( - l / I P I O R I O l P I I / ( P 2 I 
N 2 6 7 1 2 . 1 2 1 ( 0 . 1 7 1 aoio«:i 6 9 HLBC 5 / 7 0 
G 3 0 1 6 I 7 . 2 6 M ( 0 . 0 5 5 1 & 0 8 6 I 6 9 CSPK K*N TO KQP 5 / 6 9 

2 . 1 0 0 . 0 6 HORFI rj 6 9 Ht,eC K * N TO HOP 1 0 / 6 9 
2 . 2 8 2 0 . 0 4 3 MQFFETT 7 0 OSPt R»M TO <0P 2/72 

0 . 0 9 5 BALTAv 71 H8C 1 - P TO KO * N E U T f t * L S 1 2 / T 1 
0 . 1 0 I L I T T 1 72 MBC «»P TO P | » P HO 6 / 7 2 

6 3 B 0 o.oe HORSE 7 2 08C <»N TO KOP 2/72 
0 . 1 1 NAGY 7 2 H t f l C U N TO * 0 P W ? J 

K*0 1 0 KO » f 9 / 7 3 
0 . 0 9 4 COWELL 74 r s R K P I - P TO L A " KO 7 / 7 5 

1 3 1 5 _ -!! . 0 . 0 9 EVERHAR 76 h i RE P I - P TO L A " KO 1 1 / 7 6 

siaiw^ffiTSii"!^^^..^.-. lis! 
1ME O l R E C l t Y -EASUHEO 0UANTT7Y I S t D S TO PT» P 1 - / A H K O ' . 3 4 5 « - . O 0 5 6 / 7 2 

DS IN10 P I * R I - P I O . CP V I O L A T I M G I / ( K O L INTO P I * P I - PTOI 
EST OF CP V t C L * T t O X - SEE TEKT " f C H O - l V I B . 3 * T 0 « DET-1N1TK*1S 
PT ASSUHEC V A L I D - [ I . E . R F I L I - O I - ONLY U M A t « 2 OUOTFD MERE 
B ( 3 . 8 1 OR (.ESS C L « . 9 0 ANDERSON 6 5 H9C 

( 0 . 4 5 1 OR LESS C I ' . 9 0 6EXR 6 6 HLBC 

C L ' . 9 NOT A V A I L , 

I 4 B ( 0 . 7 1 1 TR LESS C L - . 9 0 ("ALLARY 7 3 OSP« R E « R l - - . 0 ? * - . l 
l l i ( 1 . 2 V Co VESS t t - r - 9 0 B » l » t J C E r L 7 5 HLEC 

SECOND H E e a f " 7 0 V A L J t IS F I R S T VALUE COMBINED • * * ! * • ANOEBSON 6 5 -
J A M f S 72 IS A F INAL BESULT WHICH IXCLUOES JS»ES ; 

LESS CL . 9 0 WEBBER 70 VBC 
LESS . 9 0 7 0 H B t 
LESS .10 71 DEC 

CL . 9 0 J » - E S 71 H B t 
LESS . 9 5 n HBC 
LESS . 9 0 72 HBC 
LESS CL. . 9 0 JONES 7 2 OSP 
LESS - 9 0 7 2 ASP 

L I A ) . 2 . T 5 » - . 6 5 , kBOVE VALUE i 

If OS I '(TQ (< IRGED 
?OTT-BQtlE 6 7 CSP< LESS C L - . 9 0 

LESS C L - . 9 0 BOH" 6 9 OSP« 
LESS C L - . 9 0 HYAMS 6 9 CSPR 

( J 2 . 6 1 CR LESS C C - 9 0 S70TZXE 4 9 OSPK 
0 . 0 4 7 CR I F S S C C - 9 0 GJESDAL 73 ASPIt 

HUT C41CUL»7FD BY U S . USING 2 . 3 1NSTER0 OF 1 EVEN! 

flJBGUN 7 3 F t 
80BISUT 74 H 
ESTIMAT1 S m 

MES9ER 
BURGUN 
BOBISUT 
TAVIRE*: 

1 0 * « - 3 I I P 5 1 / I P I I 
6 6 HBC PC GT 50 1 E V / C 
70 HBC PG GT 50 HEV/C 
73 KBC PG GT 50 HEV/C 
7 * HLEC PG GT 4Q « £ V / C 
T 6 SPEC PC G7 5 0 " E V / C 

e / 7 0 
8 / 7 0 
4 / 7 L 
6 / 7 1 
2 / 7 1 
1 / T 3 

1 0 / 7 2 
2 / 7 4 
8 / 7 3 

I & / 6 9 
5 / 6 9 
7 / T 3 

1 0 / 6 9 
1 0 / 6 9 
1 1 / 7 3 

r EMISS ION CONTRIBUTION IS . 
INCLUDE" I N AVER AC. F BECAUSE P|CA»MA» CUT D I F F E R S . 

IT EMISSION CONTRIBUTION TO FE 0 . 5 OR L E S S , C L - . 9 5 . 
DIRECT EMISS ION COMTRIE LT - 0 6 , C L = . 9 0 . 

0 . 1 4 AVERAGE IERROR INCLUDES SCAL* f A C T O " OF t - 3 

I » ! S F L I M I T S A" 

KOS INTO P I * P : 
184 1 0 . 4 2 1 G» 

/CHARGED ( U N I T S 1 0 * * - 5 I I P 4 | / ' P 1 I 
LFSS C f - 9 0 H T H " 6 9 CSPK 

/TOTAL [ U M T S 0 » » - 3 l ( P C ) 
LESS C l « . 9 0 BANNER 6 9 C5PK 
LESS C L - . 9 0 P E P E L L I N 71 CSP« 
LFSS C L ^ . 9 0 BANNER 72 DSP": 
LES^ C L - . 9 0 tORSE 72 DBC 
LESS C L ' . 9 0 8 A R » I N 2 73 f L B C 
E TOO "AK IHUM NTERFERENCE 111 R S - K t TD 2 G A M K A S 

- P ( 0 . CP C3NSER.V|HG!71«.OL 1«TG 0 1 * f - P 1 0 J 

1 2 / 7 1 
a / 7 2 
2 / 7 2 

72 ASP* 

IKOS INTO 1 P I 0 . C P V I O L A T I N G I / I K O L INTO 3 P I 0 I 
SEE CCMHfNTS UNDFR BRANCHING R A T I O R4 

7? ( 1 . 2 ) C LESS C L - . 9 0 B A B H I N I 73 HLBC 
; 0 . 2 B CR LESS C L * . 9 0 5JESDAL 74 SPEC 
J GJtSDOL 74 USES K 2 P I . KNU3 AND KE3 DECA" RESULTS AND u ' H T A R H 
I CALCULATE! » R S ( E T » O O a i * . ? 6 * - - 2 0 . WE CTNVEPT TO C L - . 9 0 UPPER 

RAGLIN 60 NC 13 1 0 4 } 
BOilEN 6 0 "P 119 2 T 0 
C 0 1 U U B I A 6 0 R X H CONF 7?T 

e A G L I N . S L O C H . e R I S S D N . * 
BOWEN. HARDY. REYNOLDS. I 
» SCHHAHTI • 

, T I C « 0 * I L R L l 

* (FPOLJ 
> ( P R I N i B N L I 

tCr\V.W«Blkl 

BROWN 
CERN CONF B 3 6 

UNPURLISHEO, BUT B rCE 

CVRETIEN * • ) PR 131 J 2 0 R 
PR 110 7 6 9 
PR 1 3 6 R 107 

6 5 ORL 14 4 7 5 

A L F F - S 7 E fif, OL 7 1 595 
PR 149 1CS2 
AUERBACH 

;ttr 66 
PR 1*2 9 3 2 
PL 2 7 S*0 
•1C 4 ^ A 73 f 
PL 2 3 277 

K IBSCH 6 6 PP 147 = J 9 

67 PL 2 4 6 1 9 * 

K u „ faB 
6B 

PL 7 7R 5 8 
OB 1 7 1 1418 

nAN iEB f,9 PR 1 8 8 2033 
6 9 rttsts 
6 9 PL 3 06 4 " 8 

' T U T / K F 6 9 P 

jillllip:;;;;?-;^: 

B A L I A Y . S A N O U E I S S . S T O N E f I LL * ( V A L E * 9 N ' . I 
E E H R . B f l l S ^ O N f P E T U U * I E P O l , M I L A . P U O D . O ^ i A Y J 
* P U L L l A , e A L 0 O - C E O L I N * f * T H N * P A D U A I 
BDTT-BODENHAUSEN.DE BOUARD * ICERNt 
L K I R S C H . P SCHMIDT (COLUMSIA I 

BOM-BDOE' IHAUSEN.OE BCUABO, CASSEL* (CERN1 
DONALD, EDWARDS.NISAR* ( L I V P . C E R N . I P N P . C D E F I 
H I L L . R O E I N S n N . S A K I T T • ( B N L . C A R N E G I E I 

• C R O N t N . L I U . o l L C H E R (PRINCETON) 
fc. BOHK (AACH) 
• Ff .NVVES.GOKBOSt.NAGY.SUR ANY | * I BUDAPEST) 

; J . C - DOYLE I L K L I 
G09B I . GREEN.'IAK E L . H O r F E t T . R O S E N X ROCHESTER I 
• KOCH.POTTER.VDN L INDERN.LORENZ* C E C N I N P I H 1 
K O R F t N . S I N C L A I R I M I C H I 
• AP A S H I A ^ J O N E S . M A N T S C H , O R « , S " t r H I I L L 1 N 0 1 S I 

http://�
http://Ff.NVVES.GOKBOSt.NAGY.SUR


Stable Particles 
4 K 

Data Card Listings 
For notation, see key at front of Listings. 

• OFFETT 70 BAc>5 
MEBSEft 70 Rft D l 

ALSO 6 9 J C M 

ALSO 71 N E V C S - I 

I 9 S ? 6 F< 

IfcTB 

sis. I H 3 5 3 ? L 5 
RR 33 *•» 
"L 3 b B 6C1 

ALSO f.1 
S-JEGGES u 

BABMJNI 7 1 
SABHIN2 M 
a I P GUV H 
FACKLF* 74 
GJESU1L 
H I L L f l 
MALLARY 71 

BOBISUT 7 * 
COKEIL 7* 

GJESbA l '* 
flALCOCEO 75 
CAR IT HEP /s 
AflONSON /(. 

::.i;:r.,r:ss.;^:s*sc,.n.JH:^:"'7:t[': 

t S A K l T T , S A M i u $ . B U R R I S . E ' ; G L E o . ( n * u i r m r . i 

< i l / I i i lamat I.PUGLIEMN 
• l F . E - F R A N ? I N I , O P C U I T . t R A ' i < ] ' 
G E k E N I G E R t C . J E s a A L . P R E S S r u * 
••!•*£ SSFR.5TEFF E N . 5 T e i N P r « r , r ; 

f l A L D O - C E a i l l . B O B I S U T . C A L I M A ' 
CAS 1THERS.M0DIS .NYGPFN.PUN • 
•MC1NTYRE.B0EHRIC * IWIS t 
* " > A U S . L « N D E . 1 0 N G , L C I * F ' I S T F 1 > 
*7ECH.D1")AK,NAVARR I A» I 

iPERS '< HEFEBBEH I 

6 0 f r i H CIJNF 6 0 1 » rf 3 ! 
MULLEB M l 

wc ? ; 116C » M f C 
GOOD E l Oli 7 * !?"?3 u m o . N 

C«AWFDBD <7 CEB'I CONF H?7 r s CR 
f iS * 19? AUFRBA 

»»miw *>. 'JCMl 1 6 6 J 3 GEOP'.F. 
bl> FROM 1«65 » c r ON-if C O N F . , 

'IHfSr;^''"'™;: 

1 7 . 2 0 1 ( 0 . 3 5 1 m e n »1 f ' l T B 
( 0 . 2 1 1 I O . 2 7 I G D 0 D H L P t 

lolS'l 
( 0 . 2 3 1 
( 0 . 2 * . ! zzsr h i ! r-LBC 

( 0 . 3 0 1 1 0 . ?i ft". a r . SU "E ' J CD r 
n . 6 * i ' 0 . 1 2 1 b"i 

:«" LESS F I T C H f f . M f i S N F R 
t a . B 9 i ( 0 . 151 6". f l AHr- M a r 

[ 0 . 0 3 0 1 
t O . 2 * 1 tn.it, « o * N t ' l l n H Y 
( 0 - 0 J 7 I 
I D . 1 7 1 C M E P I N T 6 ' . 

C R E G F ' I 
O&C * 0 < N INTO H 

( . 0 . 6 - . ) ( O . I 91 6 * GRC t o S C A T T E R i 

6f t KfHP INTO HY 
I 0 . 9 U ; o . | 7 | •>IS I=CN " E G E N d 
1 3 . 7 * 1 1 0 . 3 * 1 (.IS «nc 

• SIGN F VOOED * 6 MBC 
1 0 . 1 6 1 6 6 O i U M U t y M R t 

( • 0 . f r * l *rnn t\rn HY 

:s:«: 1 0 . 1 1 1 
( 0 . 1 3 1 x?sr 6P its A l OFGE'J lP f t l 

1 0 . 1 2 0 C O I T S I E *>(• 1 0 . 0 4 6 1 6R OSPK S T . S I E E l « c ; 
I 0 . 0 2 * » PSPK E REGEN 

0 . 5 A 2 
to.Qiot 

0 . 0 0 b cIJ"™" 
6V 
70 

REGF'l I ' l r i l 

1 0 . 0 0 6 1 70 Odt> M F I " 0 0 
I 0 . * 8 I ( 0 . 3 S 2 1 ( O - T S 

( O . C 0 7 1 n 
• ; ^ ; 

' 0 . 1 * 1 
( 0 . '3B> %i,t. 71 

7 1 s& 0 . 5 3 * 0 . 0 0 3 0 GEWENI&3 GAP "ETKOO 
0 . 0 0 * 0 "• SPEL C'(G AS*MM£TR 

Q.53«<< 0 . 0 0 2 2 AVERAGE (ERROR INCLUDES SCAl 
C - - N E N 1 

EllC I I OF I ' 

IS BEEN MADE 1 0 CORRECT OLDER EUPERIKFNTS WITH LARGE 
ERRORS FOR THE SUBS'OUENl CHANGES I N THE KOS HEAN L I F E C3B I N F T f l * - . 
A -COS 1EAN L I F E OF 0 . 8 4 2 1 0 » * - I 0 SEC U*S USEO I N C C W E P T I ' J ? THE 
MASS DIFFERENCE FPOM UNITS OF INVERSE * 0 S " E A N I IVES TO ABSOLUTE 
O N f T S . VAtWFS HOT B E A S T S T H I S FODTNOrE F I T H E B WEOE GIVFI t I N 
ABSGIUTE UNITS 01 HERE CONVERTED USING THE AUTHORS' VAIUE OF THE 
« 0 5 1EAN L I F E . 
CAMEBIN1 62 VALUE CXANOEO FROM l . T (SEE TABLE 1 DF CAME31N! 6 6 1 
CHHISTEMSCN 6 5 CORRECTED FOP. INTERFERENCE BY F I T C H 65 F D D t N O T E . 
VISHNEVSKY 6 5 NOT CORRECTED TOP INTERFERENCE EFFECTS. 
CANTER 6 6 FRRCP IGN0PE5 1INCEOTA1NTY OF PHASE S H I F T S . THFSE f l f E W S 
ARE USED IK 1- lLL 7 1 . 
BOTT-BOi)E^HAUS£N 6 9 I S A REEViLUAT ION OF BOTT-BODE'.HAilSfcN 6 6 . 
FAISSNER 6 9 HAS AOD*IL. SYSTEMATIC ERPCB LESS THAN TWO PFBCENT. 
• RONSEf^ TO ANO CARNEGIE T l USE KOS MEAN L 1 F F » . H 6 2 t - . O 0 6 E - 1 0 SEC. 
we HAVE Ncr Arre«preo m town fwess vtiuti fan r*t SHBSFOUFVT 
CHANCE I K THE KOS HEAN L I F E OR I N E T A * - . 
H I L L 71 P R I « » f t V RESULT I S THAT DM I S P 0 5 1 I I V E . 
THE MAGNITUDE MAY HAVE AN ADDIT IONAL SYSTEHATIC ERROR OF ADOUT 0 . 1 7 
NOT AVERAGED "ECAUSE EBBOR 15 LARGE AMI SYSTEMATIC* NOT D1SCUSSE0. 

2 / 7 6 
10/71 

«SSL*>FJ OS-^C AND F '. \ - \ n CAWFCinr 
1 . 3 Pi f tMON 

F U J I I 

. DECAY -on ; -

• i ?w>r.f io* • 1 0 5 . i 

u n s ' jsrs >,•> DAT( 
WIDTHS AND BO »-jf M 1M-. 

. rn DE" ' -R-P-E DI« 
IAS t - ' ' l * S 3 L A t | r ' 6 ' ' . " 

•- ? ~.tb." 

(F0B3R INCLUDES SCALE FBCTOO C 1 71 

6 S E C - l l I G 2 I 
ANOERSCN 6S HBC B / t .6 
F B A N r i N T 6 ^ ISC 4 / 4 6 

WEBBER 70 " B C ASSU-FS CR 1 0 / 7 1 
CHO 71 DEC ASSUMES CC 
JA-4ES 71 KBC ASSUMES C " 6 / 7 1 
" E I S N E R 71 HBC ASSUMES CP 1 0 / 7 1 
JAMES 72 HBC ASSUMES C<* 1 / J 3 
BALDOCEOL TS HLEC ASSU"FS CP I / T 6 

I N TKF OVERALL F I T THIS RATE IS WELL DETERMINED BY T IE MEAN L IFE AN 
THE BRANCHING B A U D R ? . FOR THIS REASDN THE DISCREPANCY RETWCEN THE 
W? M [ A 5 U R f M r u T i OOFS N i l AFFECT 1"E SCALE fACTOR Or T H F OVERALL F I T 
JAMES 72 IS A F I N A L MEASUREMENT ANQ INCLUDES JAMES 7 | . 1 

2 . J * 0 . 1 1 AVERAGE (ERROR INCLUDES SCALf FACTOR OF 1 . 2 1 
7 . 3 9 1 0 . 0 * 1 FROM F I T (ERROR INCLUDES SCALE FACTOR OF 1.2 1 

(SEE IDEOGRAM REI (lw I 

http://1THERS.M0DIS.NYGPFN.PUN
http://tn.it


Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 

WEIGHTED AVERAGE - 2.3* ± 0.11 
ERROR SCALEP BY 1 2 

Values above of weighted average, 
and scale factor are for the 

reader' s convenience only. The 
data were actually processed by a 
constrained fit program, whteh _ 
calculates its own values of x, 6x, 
and scale factor, which are differ
ent from the values shown here. 

BALDOCEOL 75 
JAMES 72 HBC 

BC 

71 HOC 
71 D8C 
70 H8C 
66 HLBC 
65 HBC 
€5 HBC 

KOL R»IE INTO PI 

KOL INTO P [ E NEUTRINO I 
7 . 5 2 O . B 5 

6 2 0 T . B 1 0 . 5 6 

FBDM F I T (ERROR INCLUDES SCALE FACTOR OF I 

0 1 0 9 1 . 0 5 F R A N Z I N 1 6 5 H8C 2 / 7 2 
3 3 5 ( 1 0 . 3 1 ( 0 . 8 . H I L t 67 OBC : I D KO P B / 6 T 

D 3<»3 1 1 . 6 0.<J CHO TO OBC 
0 2 5 2 1 3 - 1 1 . 3 WEBBER 71 HBC P TD KOBAI 2 / 7 2 
a « io 1 2 . * 0 . T BURGUN 72 HBC TO KOPPI 1 / 7 3 
0 126 8 . * 7 l . w MANN ^^ HBC P TO KOBAI K 9 / 7 2 

CHD OF H I L 
0 ASSUMES 0 5 - 0 0 BULE 

AVERAGE IERR0R INCLUDES SCALE ACTOB OF 1 .",( VG . 1 . 6 0 0 . « AVERAGE IERR0R INCLUDES SCALE ACTOB OF 1 .",( 
IT 1 1 . 7 0 0 . 1 8 FROM F T I E D R 0 " INCLUDES SCALE ACTOR OF 1 .*) (SEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE - 1 t . 60 : 
ERROR SCALEO Br 1 5 

Values above of weighted average, 
er ror , and scale factor are for the 
reader' s convenience only. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values of x, Gx, 
and scale factor, which are differ
ent from the values shown here. 

- t—- / -
- r - \ 

MANN 
0URGUN 

72 HBC 
72 HBC 

3 4 
1 . 3 

WEBBER 71 H8C 1 3 
•CHO 70 D8C 0 . 0 

t — . . • FRANZIN I 65 HBC 2 . 5 
8 . 6 

(CONLEV 
= 0 . 0 7 2 ) 10 14 10 

2 . 5 
8 . 6 

(CONLEV 
= 0 . 0 7 2 ) 

INTO KMU3 + KE3 ( I 0 " 6 S E C - i ) 

t "S INTO P I " L NEUTBI 
5 * 1 . 2 * 

*0 U N I T S 1 0 * » 6 S E C - l l I G 3 1 
1 , 0 8 LOWYS 6 7 HLBC 

FPOM F I T (ERROR INCLUDES SCALE FACTO" OF 6 F I T 5 2 32 0 . 0 B 6 

*0 U N I T S 1 0 * » 6 S E C - l l I G 3 1 
1 , 0 8 LOWYS 6 7 HLBC 

FPOM F I T (ERROR INCLUDES SCALE FACTO" OF 1 . 3 1 

13 KOL BRANCHING RATIOS 

i T. 
i ~ 

INTO 
0 
0 
0 
0 

( P I O B IO P IO 
24 O.OB 
2 5 1 O . O K 
2TT 0 . 0 2 1 
31 0 . OT 

/CHARGED ( P W / ( P 2 * P 3 t P * 
A N I * I N A 6 * CC 
3U0AG0V 6B HLBC ORSAY MEASU 
SUD4GOV 6 8 HLBC EC. P D ' Y 1 = C 

0 . 0 6 KULYUKINA 6B CC 

AVERAGE l E t m O P INCLUDES SCALE FACTOR OF 
FBQH F I T (ERROR INCLUDES SCALE FACTOR OF 

MEAS 

i n? 0 
0 

2 6 0 0 . 0 1 1 
2 7 * D . O I I 

/CHARGED ( P W / ( P 2 * P 3 t P * 
A N I * I N A 6 * CC 
3U0AG0V 6B HLBC ORSAY MEASU 
SUD4GOV 6 8 HLBC EC. P D ' Y 1 = C 

0 . 0 6 KULYUKINA 6B CC 

AVERAGE l E t m O P INCLUDES SCALE FACTOR OF 
FBQH F I T (ERROR INCLUDES SCALE FACTOR OF 

1 . 3 1 

i . n 

KOI INTO (P I* 

I T 2 9 ( 0 . 1 * ' 

/CHARGEO P 2 1 / | P ? » P 1 
A S f l E B 6 1 ec 
AOAIR 6 * HBC 

0 . 0 * LUERS HBC 
0 . 0 * ASTBURY1 CC 

ASTBURY? *•• CC 
GUIOONI ft") H6C 
HOPKINS ft-i SEE « ) P K 
HAWKINS 6 6 Hec 
HOPKINS 6 7 
KULVUKIN i ftp CC 
ALEH4NDE' H HBC 
BRANOENBI n HBC 
EVANS n " L 6 C 
CHO rr HBC 

6 / 6 6 
6 / 6 6 
6 / 6 6 
6 / 6 6 
6 / 6 7 
2 / T I 
1 / 7 * 
1 / 7 * 
1 / 7 3 

1 1 / 1 7 

15B7 O . O 0 2 * AVERAGE (ERROR INCLUDES SCALE F A r - n B . OF l . j l 
1 5 8 * 0 . 0 0 2 0 FROM F I T I E R P ^ B INCLUDES SCALE FACTOR OF 1 .21 

(SEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE * 0.1587 ± 0.0024 
ERROR SCALED BY 1 3 

Value* above of wriBhted average, 
error, and »cale faclor are for the 
reader- * convenience only. The 
daU were actually procemed by a 

CHO 77 HBC 
EVANS 73 HLBC 
BRANDEN8U 73 HBC 
ALEXANDER 73 HBC 
KULYUKINA 66 CC 
HOPK1N5 67 HBC 
HAWK INS 66 HBC 
GUIDONI 65 HBC 
ASTBURY2 65 CC 
ASTBU9-M 6 5 CC 
LUERS 64 HBC 
ADAIR 64 HBC 
ASTIER 6 ! CC 

R3 C T H I S WQOE 

10 0 14 0 . 1 8 0 . 2 2 0 

KOL INTO ( P I + P I - P IO) /CHAPG£D 

( P I " U NEUTHINOI/CHARGEO 
. 3 5 6 ) ( 0 - 0 7 1 LUEBS b * H6C 
. 3 9 ) ( 0 . OBI I 0 . 1 D I AS T BURY I 6 5 CC 
. 3 3 5 ) ( 0 . 0 5 5 ) KULVUKHI4 6 8 CC 
N C I -"ENSURED I N O E P E T O E H T V PRO" R2 AN& I 

0 . 3 * 6 6 0 . 0 0 2 B FROM F I T 

INTO ( P I E KEUTRI- IOI /CHARGEO 
0 . 11 NEAGU 

0 . * 8 T 0 . 0 5 LUERS 6 * H B 
O.OB 0 . 1 0 4STBURY 6 5 CC 

0 . * 9 B 0 . 0 5 2 KULYUKINA 68 CC 

I P * l / t f 2 4 P 3 . P 4 | 

0 . * " ) 5 1 
0 . 0 3 ? AVERAGE 
0 . 0 0 2 9 FROM F I T !IRBOB 

INCLUDES 
INCLUDES 

SCALE 
SCALE 

f ACTOR 
FACTOR 

OF 
SF 

l H T l l l l ^ N E U I / K P I E N E U 1 * 
0 . 1 2 0 A 

( P I MU 
STIER 

NEUl 1 
61 CC 

INCLUDES SCALE 

( o 3 * t > i 

fAC TOP " "o.'ss.i 0 . 0 0 3 2 FftOf* F I T 

( P I MU 
STIER 

NEUl 1 
61 CC 

INCLUDES SCALE 

( o 3 * t > i 

fAC TOP f>F 

INTO I P I , P I - P I D 1 / T O T A L ( P 2 I 

IT 0 . 1 2 3 9 0 . 1 0 2 0 F B O " H I 

KOL INTO ILEPTDN P I NEUTRINOI /TOT Al 

CBIEGEE 6 6 CSPK 
TODOROFF 
CRCNIN ' 6 7 C 5 P * 

6B 0 5 P * 
ENSTROK T I OSPt 
R E P E L L I N 71 PSPK 
BANNER2 72 nSPK 
• O 5 « - 0 . 1 * I N GENF 

' L . c o i r ; 

i x . T O J P H 

5 . 0 1 1 . 0 ) 
* . 5 4 O . S * 

T H I S VALUE USES ( E O O / E * -
t * . 3 ! * - 0 . 5 5 l * l l 0 * * - t ) * I I E O 0 / E » - l * * 2 l . 
ASSUMES REGEN AMPL I N COPPER AT 2GEV I S 12 MB- 7 0 EVALOI 
FOR A GIVEN BEGEN AMPL AND ERROR. NULT IPLY BY I P f O E N »«""t 

CRIEGEE 66 REPLACED BY TODOBDFF 6 7 
C 1 « W ( H \ (.1 » E P L * C 9 0 BY KUMI ( , B . 

B/12 
8/72 
6/7! 

11/71 

VG *.e<; o.s* AVERAGE (ERROR INCLUDES SCALE FACTO" OF 1 01 
R 2 1 BELOW GIKES l * . B 2 » - - 5 2 ) E - * . COMBINED AVG 1 * . f l S « - . 3 T ) E - * . - / e ? 

KOL INTO ( P | * P I - I / C H A R G E D [ U N I T I 0 " ~ 3 I 1 PS 1 / | P ? 4 P J ^ P * 
* 5 ( 2 . 0 ) ( 0 . « 1 CHRISTENS 6 * TSPK ETA • - > I . S S * 
5 4 1 2 . 0 8 1 ( 0 . 3 5 1 GAIBRA1TH 6S CSPK ETA * - •= ! - • ) • > • 0 . 1 6 

1 1 . < ) 3 I 1 0 . 2 6 1 0 . 1 1 
H . q ^ l 1 0 . 0 8 0 1 BDTT-BODE 6 6 CSPK ETA t - * 1 - 0 5 * 

* 2 O 0 1 2 . 6 0 ) ( 0 . 0 7 1 MESSNER 73 ASPK ETA » - . 2 . 2 3 t 
OLD EXPERIMENTS EXCLUOI R 
AVERAGE E T A t - OF THESE EXPERI1ENTS ANO FOR NOTE ON DISC°EPANCV 
FROM SAME C A T * »S B2T MESSNER 7 3 . B U T W I T M P I F F f P E N T NORMAI I24T CN. 6 / 7 3 



Stable Particles Data Card Listings 
For notation, see key at front of Listings. 

KOL IN IO I P ! " U N E U l / l 
0, 
0. 

. P I £!5 
2 7 3 0. . 7 0 . 1 

0, . B l o.oe 
7 7 0 . 7 1 0 . 0 5 

10, . 6 7 1 1 0 . 1 3 ] 
5 6 9 t o . ( 0 . 0 * 1 

1 3 0 9 t o . 1 1 0 . 0 1 0 1 
3 5 * 8 0. , 6 8 0 . 0 8 
6 7 0 0 0 . . 7 4 1 ?•«* 

ADIJR 64 HBC 
DEBOUARD 6 T DSPK 
HAWKINS 6 7 HBC 
HOPKINS I HBC 
8UDAG0V 6 8 HLBC 
KULYLKINA 6B CC 
B E I L L 1 E » E 6 9 HLBC 
EVANS 6 9 HLBC R E P l . BY EVANS 73 
9 A 5 I L E 7D OSPK 
BRANDENBU 73 H8C 

1 3 0 9 9 . 6 6 ? 0 . 0 3 0 (VANS 73 HL6C 
10K 0 . 6 6 3 0 . 0 3 7 rilLLIAMS 7 * ASPK 
33K 9 . 7 0 3 0 . 0 1 1 CHO 30 HBC 

i • C U L Y U H I N A b? m o i s N O T M E A S U R E D I N D E P E N D E N T L Y F R O M R ? » « D " * . 
t 9 E I L L 1 E R E 6 9 I S * SCANNING EKPT USING SAME E.POSUP.E AS BUDAODV 6B 

« 0 t INT!) ( " ' . I ' M U - I / C H A O G E D ( U N I 
( 1 0 0 . 0 1 OP. LESS 
1 2 5 0 . C > CR LESS C L * . ? 0 

( 2 . 0 1 CR LESS C L = . 9 0 
( 3 5 . 0 1 CO LFSS C L = . 9 0 

• N I K I N * 65 CC 
• L F F - S T E I 6 6 OSPK 
6 0 T T - 6 0 D E 6T CSPH 
F I T C H 6 7 OSP" 

INITS 10»*-3I 

1 0 / 7 0 

1 / 7 3 

9 / 6 6 
8 / 6 7 
3 / 6 8 

1 S . 0 I ESS 

X I ? D 24 

1 3 . 0 1 
( 0 . 4 1 CR LESS C L - . 9 0 
1 3 . 2 1 CB LESS C L * . 9 D 
1 0 . 0 6 2 1 ( O . 0 2 1 I 
( 0 . 4 6 1 CR LESS T L - . 9 0 
( 0 . 0 1 5 2 1 I O . C 

»N! mm 
8 F L L 0 T T I 
NEFKEHS 
THATCHER 
BOBISUT 
DONALDS I 

65 CC 
4 6 HLBC 
6 6 DSPK 
6 6 DSPK 

<LBC 

GAM Kf 4 0 - 1 3 0 KV 
GAM KE 1 2 0 «£V 

MOO 
74 SO EC 
74 SPEC 

0 L L 2 HO SPEC 
0 L L 2 BO SPEC 
DLL? BO SPEC 

KE G ' 20 MFK 

- O G A " KE GT 20 " 
1 0 . 0 2 8 9 1 ( O . O 0 2 B 1 

U 0 6 2 0 . 0 4 4 1 0 . 0 0 3 2 
D USES KOL TO P I » P | - P | D / A L L KOL OECAYS • 

INTERNAL BREH5STRAMLUNG COMPONENT ONLY. 
OIRECT GARMA EMISSION COMPONENT ONLY. 

It A P T " COMPONENTS. USES KOL TO P I « « M - P I O M H * 0 l DECAYS • 0 . 1 2 3 9 . 

KOL INTO ( = • E - I /CHARGED ( U N I T S 1 0 « - 6 I I P T I / I P 2 » P 3 * P 4 l 
( 1 0 0 3 . 0 1 CO LESS ANIK INA 65 CC 

( 3 0 0 . 0 1 CR LESS C l = . 9 0 A L F F - S T E I 6 6 OSPK 
( 2 3 . 0 1 CR LESS C I * . 9 0 B01T -B0DE 6 7 OSP" 

AOL l « n (E "b l /CMARGEO ( U N I T S 1 0 * * - 4 1 I P 6 l / | P 2 t P 3 * ' * 4 1 
( I D . 0 1 OR LESS AN1KINA 65 CC 

( 1 . 0 1 C LESS C L - . 9 0 CARPENTER 6 6 OSFK 
( 3 . 1 1 C" LESS C L * . 9 0 B3TT-B30E 6 T DSPK 

Q.OB 0 " LESS C L = . 9 0 F I T C H 6 7 05PK 

t 2 / 7 1 
f 1 2 / 7 5 

1 0 / 7 4 
1 2 / 7 5 
L 2 / 8 0 * 
L 2 / B 0 * 
I 2 / B 0 * 

/ I F -

R15 0 8 9 4 
R15 0 1 5 1 9 
R15 0 

INTO I E * 
( 0 . 9 0 1 ( 0 . 1 B ) 
( I . O i l ( O . l b l 
M . 9 9 I ( 0 . 0 2 3 
1 1 . 0 6 1 ( 0 . 0 5 1 
I E C I S I C I . FKPTS N01 

61 Cr 
NEU) 

NEAGU 
LUERS 64 HBC 
KULYUKINA 6 6 CC 
VERHEY 6 6 USPf 

IVERAGFO. FOR MORE » 
R15 0 SEE 513A2 I N THE CP V I O L A T I O N SECTION BELOW. 

KOL INTO (MU» P I - N E U l / ( « l l - 0 | . NEUI 
l" I . 0 0 8 1 0 . 0 0 2 7 DORFAN 67 rSPK 
SEE ALSC S I 3 A 2 AND S13AL I N THE C V I O L A T I O N SECTICS P 

OF THIS EXPERIMENT G I V E N AY FAISSNER 70 9 1 9 0 1 7 G L A I E S ' 

0 . 1 9 

( P | 0 1 / I P I » P I - P I 0 I I P I l / l P Z ) 

R19 F I T ? 
9 19 R 1 5 0 

( 1 6 5 1 1 0 

0 

071 

n 
1 11 o 10 

INTO I 7 P t O I / O P I Q 
( 1 K9I 1 0 411 
( 1 **•] M l 

IS FUR THE 
EVENTS SEEN 

0 0 I I 
( 1 

0 " 0 on 
0 37 0 I S 
0 9 0 0 •vt 

?1 o ' 0 
SNER :nwi« 

ICE 49 EV Ht 

. 64 FBC 
6 8 HLBC 
72 HLBC 

J I T S 1 0 * * - 2 > I P 1 I I / I P 1 1 
CRONIN I 6 7 GSPK E T A 0 0 - t . 9 * - t 
CRONIN 2 6 7 GSPK E T A O O - 3 . 9 2 * -

U Y S I S OF CR0N1NI >NOH BOTH WITHDRAWN 
BARTLETT 6B CSPK SEE EOO • f t 
BANNER 6 9 OSPK ETAOO-Z 

6 9 OSPK ETAOO-3 
BARMIN TO HLBC ETAOO-2 
BUDAGOV 7 0 HLBC ETAOO*! 
fA ISSNER TO OSPK ETA00>3 ? * -
REY 7 6 CSPK ETA00>3 

SAMF 2 P I 0 EVENTS AS GAILLARD 6 9 R1T 

0 . 0 9 2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF j 
0 . 0 8 5 M O M F I T (ERROR INCLUDES SCAIE FACTOR OF | 
(SEE IDEOGRAM BELOW 1 

1 1 / 6 8 
1 1 / 6 8 

2 / 7 2 
1 0 / 6 9 

I 1 2 / 7 0 
1 0 / T O 
1 2 / 7 0 

6 / 7 6 

1/77 

l / t * 3 + P 4 l 
E T A « - - 2 . 0 0 * - O . O 9 2 / 7 6 
E T A * — 1 . 9 4 » - 0 . 0 B 2 / T 6 
E T A * - . 2 . 2 5 * - 0 . 0 5 l l / T T 

O I U EXPERIMENT^ EXCLUDED FROM F I T . SEE SUBSECTION E » - BELOW FOR 2 / T 6 
AVERAGE E T A » - OF THESE EXPERIMENTS AND FO* NOTE ON DISCREPANCY. 2 / 7 6 

| J1 f1 f 
»i ( U N I T S 1 0 « » - 3 I I 

JEBOUARD 6 7 OSPK 
= I T C H 6 7 OSPK 
JEVOE 7 7 SPEC 

0 70 ( 3 . 0 7 6 0 , 0 7 5 FROM F I T (ERROR INCLUDES SCALE I CTOR < 1.01 

WEIGHTED AVERAGE - 0.*37 ± 0.092 
ERROR SCALED BY 1.6 

Values above of weighted average, 
er ror , and scale factor are for the 
reader ' s convenience only. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values of x, 6x, 
and scale factor, which are differ
ent from the values shown here. 

FAISSNER 
BUDACOV 
BARM1N 
BANNER 

76 OSPK 
70 05PK 
70 HLBC 
70 HLBC 
69 OSPK 

KOL INTO (2PIO)/{3PiD) {10* 

KOL INTO I2GAXMA 
16 7 . 5 i 

BANNER 

' ( 3 P I O I I U N I T S 1 0 * » - 3 I 

6 9 IS NEW EKPT. 
2 . 7 4 O.ZB 
7.13 0.43 

i » U - l / 
0 1 1 4 0 . I OR LESS C L ° . 9 0 
0 I I S . I OR LESS C I - . 9 0 
0 1 1 . ^ 3 1 OR LESS C I * . 9 0 

6B HLBC VACUU* 
TO BE CC1NF WITH R8 CF CR0NIN1 t 

BANNER 6 9 CSPK 
BARMIN 71 HLEC 

fRAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 0 1 

I J M T n « - ' i ( P O / ( P 5 ) 
; DETH 6 9 SPEC 

1LAT 7 0 SPEC 
CLARK 71 SPEC 
CAP.ITHERS 73 SPEC 
FUKUSHIMA 7 6 SPEC 

I S 4 . 0 1 . 4 0 . 9 SHCCHET 7 9 SPEC 
CLARK 71 L I M I T RA1SE0 FR3M L . 2 E - 0 6 BY F I E L D 74 REANALYSIS . 
NOT I N AGREEMENT WITH SUBSEQUENT E X P t S . SO NOT AVERAGED. 
CARITHERS 73 ERRORS ARE AT C L - 0 . 6 8 , U.CAR1THERS. PR1V.C0MM. 
FURUSHIMA 76 ERRORS ARE AT C L « 9 0 PERCENT. 

1 9 7 9 . 

1 1 / 6 8 
2 / 7 2 

1 1 / 6 8 
B / 7 1 

5 / 7 0 
L l / T O 

2 / T 6 
2 / T 6 
2 / T A 
7 / 7 9 
2 / 7 6 
2 / 7 6 
2 / 7 6 
2 / 7 6 

J. 95 AVERAGE (ERROR 1 

^ i - i r s sr£;r™™r 
•L^ !L-H:rs»:sl=l,»5!'.m . 

CLUDES SCALE FACTOR OF 1 . 0 1 

( P 7 l / ( P 5 l 
6 9 ASPK 
T l ASPK 

B t / ( P S I 

R22 ABOVE. 

1 . 6 3 5 5 . 0 3 5 FROM F l l 

) » * - 2 1 I P 5 I / I P 2 I 
IESSNER 7 3 ASPK ETA » - • 2 . 2 3 

(ERROR INCLUDES SCALE FACTOR OF l .C 

KOL INTO I E * E- GAMMAI/TOTAL ( U N I T S 1 D « * - 5 1 ( 
} 0 ( Z . T I DR LESS C I * . 9 0 6ARHIN1 72 HLBC 

4 1 . 7 4 O.BT CARROLL 1 BO SPEC H 
J USES KOL TO 3 P 1 0 / T O T A L > 0 . 2 1 4 . 
: USES KOL TO P I ' P I - P I O / A L L KOL DECAYS = 0 . 1 2 3 9 . 

KOL INTO (MU» K U - GANMAI/TOTAL IUN1TS 1 0 * * - 6 ) t 
} 1 7 . 8 1 1 DR LESS C L - . 9 0 D0NALDS3 74 SPEC 

I 0 . 2 8 0 . 2 B CARROLLI 8 0 SPEC • 
) USES KOL TO P I « P 1 - P ! Q / A L L KOL DECAYS » 0 . 1 2 6 . 
: USES KOL TO P U P I - P I O / A L L KOL DECAYS - 0 . 1 2 3 9 . 

KOL INTO (NU*- " U - P I 0 1 / T 0 T A L ( U N I T S 1 0 * * - 5 1 I 
) 1 5 . 6 6 1 CR LESS C L > . 9 0 D0NALDS3 74 SPEC 

0 0 . 1 2 OR LESS C L - . 9 0 CARROLL! SO SPEC 
) USES KOL TO P I » P t - P I O / A L L KOL DECAYS • 0 . 1 2 6 . 

USES KOL TO P I A P I - P I O / A L L KOL DECAYS • 0 . 1 2 3 9 . 

• P I - E - E - 1 /TOTAL ( U N I T S 1 0 » » - 6 I I 
( 3 0 . 1 GR LESS A N I K I N * T3 ST PC 

6 . 8 1 OR LESS C L - . 9 0 DONALDSON 7 6 SPfcC 
USES KOL TO P I * P I - P I O / A L L KOL DECAYS • 0 . 1 2 6 . 

1 2 / T 5 
6 / T 7 

1 2 / 8 0 * 
6 / I T 

1 2 / 8 0 * 

1 2 / 7 5 
6 / 7 7 

1 2 / 8 0 * 
6 / 7 7 

12/80* 
12/T5 

3/T* 
6/77 
6/77 

! LIiy°ci-°l 
i /TOTAL ( U N I T S 1 0 * * - 3 1 (P1B1 
10 DONALDS3 T * SPEC 

CARROLL3 8 0 SPEC 
P I * P | - P I O / A L L KOL DECAYS • 0 . 1 2 6 . 

KOL INTO ( E + E- P 1 0 1 / T 0 T A L [ U N I T S 1 0 * * - 6 I 
0 2 . 3 CR LESS C L - . 9 0 CARROLLI 8 0 SPEC 

: USES KOL TO P I * P I - P I O / A L L KOL DECAYS • 0 . 1 2 3 9 . 



Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 

13 KOL ENERGY DEPENDENCE OF OAL ITJ 

X ELEKFN SQUARED • 
U*f 5 3 - S | / ( H P I * . 7 ) 

S COEFF1 IENT G FOR 
u 7 9 ( 0 . 5 5 1 ( 0 . 2 3 1 
0 ( 0 . 5 1 ) ( 0 . 2 0 1 
0 ( 0 . 3 2 1 ( 0 . 1 3 ) 
(1 ( 0 - 5 1 ) < 0 . 0 9 1 
0 ( 0 . 6 4 1 1 0 . I T ) 
Q I Q . T Q I 1 0 . 1 2 ) 
U ( 0 . 6 4 0 1 ( 0 . 0 4 4 1 

( 0 . 4 2 8 1 
U ( 0 . 4 0 0 1 1 0 . 0 4 5 ) 
U ( 0 . 6 5 0 1 ( 0 . 0 1 2 ) 

1 0 . 5 « 1 ( 0 . 0 2 2 ) 
0 " 0 0 ( 0 . 6 6 4 1 ( 0 . 0 5 6 1 
0 ISO ( 0 . 5 0 1 ( 0 . 1 1 1 

1 0 . 6 0 0 1 
u 3 8 4 1 0 . 6 8 6 ) ( 0 . 0 7 4 ) 
0 1 0 . 6 1 2 1 ( 0 . 0 3 2 ) 
Q 1 0 . 7 3 1 ( 0 . 0 4 ) 
01 ( 0 . 6 1 9 1 ( 0 . 0 2 7 ) 

509K 3 . 6 T T 0 . 0 1 0 

• 0 » H » U « 2 • J » V K V * » 2 
( S I - S 2 ) / NR1 t » » 2 ) 

P I * P I - P I O M A T H X ELEMENT SQUIRED 
ADA1R 6 * HBC * V 
LUERS 64 HBC AV - 7 . 3 - 1 . 6 
ASTBUKY1 6 1 cc AV - 5 . 5 - 1 . 5 
ASTBURY2 6S cc *v - ( 7 . 3 + . 6 - . 8 1 
ANIKINA cc »v 
HAWKINS 6 6 HBC AV 
HOPKINS 6T HBC 
NEFKENS 6 ( CSPK - 0 . 2 0 * . - . 0 2 5 
BASILE2 6H PSPK Rl 
ALBROU Nl ASPK AT 
BUCHANAN T(! SPEC a i l - 0 . 2 7 8 * - . 0 1 0 
SMITH 7(1 OSPK 

IV HBC 
KRENZ 7? HLEC 
WETCALF n ASPK A l 
ALEXANDER 7 3 H6C 
BRANDENBU 73 HSC 
B I S I 74 iSPK A T — 0 . 2 8 2 * - . 0 1 1 I 
NE5SNER 7 * AS"X A V — 0 . 9 1 7 * - . 0 1 3 

0 . 6 9 ) ( O . 0 7 | 8ALD0CECL 75 HLBC I 
0 . 5 9 0 ) ( 0 . 0 2 ? ) BUCHANAN 75 SPEC A U — 0 . 2 7 7 • - . 0 1 0 
0 . 6 8 1 0 . 0 2 4 CHO 77 HBC I 
0 . 6 2 0 0 . 0 2 3 PEACH 77 HBC I 

QUADRATIC DEPENDENCE REOJIREO BY SOKE EXPERIMENTS (SEE SECTIONS 
HTO AND KTO BE L DWI . CORRELATIONS PREVENT US FROM A V E N G I N G RESULTS 
OF F I T S NOT i r e i U O t H G C . H , ««D K TERMS. 
BUCHANAN 70 RESULT REVISED BY BUCHANAN 75 TO INCLUOE RAOIAT IVE C O * . 
AND TO USE MCPE RELIABLE KL MOM.SPECT. OF 2ND E X P T . I H A D SAME BEAM) . 
B I S I 74 VALUE COMES FROM OUADRATIC F I T WITH QUAD. TFRM CONSISTENT J 
W I T H ZERO. GTO ERROR I S THUS LARGER THAN IF LINEAR F | T MERE USED. I 

WEIGHTED AVERAGE - 0 . 6 7 0 . 
E R R O R S C A L E D B Y 1 . 6 

ii QUADRATIC COEFF. H FOR KL - - > 
Q 29K ( - 0 . O L L 1 ( 0 . 0 1 H I 
Q 4 4 0 0 ( 0 . 0 4 3 1 ( 0 . 0 5 2 ! 

509K 0 . 0 7 9 0 . 0 0 7 
6 4 = ' ( 0 . 0 9 5 0 . 0 3 2 
4 7 0 4 0 . 0 4 8 0 . 0 3 6 

SEE TOTES I N SECTION GTO ABOV 

T? AVG 0 . 0 7 B 6 0 . 0 0 6 7 AVERA 

ro QUAD 
S09K 
6 4 9 9 
4 709 

AVG 

RATIC COEFF. K FOR 
0 - O 0 9 7 " . 0 0 1 8 
0 . 0 2 4 0 . 0 1 0 

-O.OOH 0 . 0 1 J 

3 . 0 0 9 1 0 . 0 0 1 8 

KL - - > 

AVERA 

;s L I N E •R COEFF. J FOR KL 
METERS I N KOL DECA S. 

13 KOL FORM FAC 

AL8R0H 
SMITH 
MESSNEF 
CHO 
PEACH 

PIO MATRIX ELEMENT SOUAPEO 
TO ASPK 
TO OSPK 

77 HBC 
77 HBC 

: IERROR INCLUDES SCALE FACTOR OF 1 . 0 ) 

• I * P I - P IO MATRIX ELEMENT SQUARED 
MESSNER 74 ASRK 
CHO 77 HBC 
PEICH 7T HBC 

ERAGE I ERROR INCLUDES SCALE FACTOR OF l . D I 

10 I S L I S T E D UNDER CP VIOLATION. 

3 / 7 8 
3 / 7 B 
3 / 7 8 

I THE CHARGED " 

I THE FORM FACTOR COMMENTS. THE FOLLOWING ABBREVIATIONS ARE USED. 
ANO F - ARE FORM FACTORS FOR THE VECTOR MATRIX ELEMENT. 

. ANO FT REFER TO THE SCALAR ANO TENSOR TEP.H. 
I > | F » + ( F - I M / ( M K * * ; - M P I * * 2 ) 
•, L - RNO LO ARE THE LINEAR EXPANSION COEFFS. OF F * . F - ANO F O . 

REFERS TO THE KNU3 VALUE EXCEPT I N THE * E 3 S E C T I O N S . 
I I / O L I S THF CORRELATION BETWEEN XI < 01 AND L» I N KMU3. 
. O / D L * I S THE CORRELATION BETWEEN LO AND t * IN KMU3. 

• MOMENrU" TRANSFER TO THE PI I N UNITS CF M P 1 « « J . 
• • D A L l T Z PLOT ANALYSIS 

• P I SPECTRUM ANALYSIS 
I • m SPECTRUM ANALYSIS 
I L " MU POLARIZATION ANALYSIS 
I • KMU3/KE3 BRANCHING RATIO ANALYSIS 

• POSITRON OR ELECTRON SPECTRUM ANALYSIS 
. • DAOIAT IVE CORRECTIONS 

? 6 6 OSPK DP. O X I / D L — 1 8 1 / 7 4 
9 1 ( 0 . 4 ) SASILE TO OSPK OP. INOEP OF I t 1 / 7 4 
6R 70 ASPK OP. O X I / D L - - 2 6 1 / 7 4 

- I 5 0 . 7 ALBROM 7 2 ASPK OP, O X I / D L — 2 B 1 / 7 4 

sn OP. O X I / O L UNKN. 1 / 7 4 

no PEACH 73 HLeC 0 " . O X I / D L — 20 1 / 7 4 
- 0 11 0 . 0 7 0ONALDS2 74 SPEC 0 » , O X I / D L — 1 7 1 1 / 7 5 

; * • > BUCHANAN OP. O X I / D L — 5 . 9 2 / 7 6 
i i 79 STRC c». O K I / D L — 2 0 4 / 8 2 * 

• 0 2 6 8 0 HBC OP. O X I / D L — 1 3 4 / 8 2 * 
10 0 . 0 9 BIRULEV B l SPEC DP. D X I / D L — 1 2 * / B 2 » 

F I T DISCUSSED I N NOTE ON «L3 FORM FACTORS I N *.*- S E C . OF DATA CDS. 
CARPENTER 6 6 X 1 I 0 1 I S FOR L * ' 0 . 0 X 1 / 0 1 I S FRCM F I G . 9 . 
SASILE 7 0 I S INCOMPATIBLE WITH ALL OTHER RESULTS. AUTHORS SUGGEST 
THAT F F F I C I E N C Y ESTIMATES MIGHT BE RESPONSIBLE. 
CHIEN 70 ERRORS ARE S T A T I S T I C A L ONLY. D X I / D L FROM F I G . 4 . 
DALLY 72 I S A REANALYSIS OF CHIEN 7 0 . THE DALLY T 2 RESULT I S 
NOI COMPATIBLE WITH ASSUMPTION L - ' O SO NOT INCLUDED I N OUR F I T . 
THE NON-ZERO L- VALUE AND THE RELATIVELY LARGE I * VALUE FOUND BY 
DALLY 72 COME MAINLY FROM • SINGLE LOW T B I N ( F I G S . 1 . 2 ) . 
THE I F * . X I I CORRELATION WAS IGNORED. 
WE ESTIMATE FROM F I G . 2 THAT F I X I N G L — 0 MOULD GIVE X K O I — l . * * - 0 . 3 
AND WOULO AOG 1 0 TO CHI SQUARED. O X I / O t IS NOT G I V E N . 
AL8R0H 7 2 F I T HAS L- F R E E , GETS L — . 0 3 0 * - . 0 6 0 OR I A N » * . 1 5 * . 1 7 - . 1 1 . 
PEACH 73 GIVES X 1 D — . 9 5 * - . 4 5 F 0 » L * - L - = . D ? 5 . THE ABOVE VALUE I S 
FOR L — 0 . K .PEACH, PRIVATE COMMUNICATION! I 9 T 4 I . 
0ONAL0SON2 74 G IVES X I — . 1 1 * - . 0 2 NOT INCLUDING SYSTEMATIC? . ABOVE 
ERROR AND D X I / D L WERE CALCULATED BY US FRO» LO AND I * ERRORS I K H I C H 
INCLUDE SYSTEMAT1C5I ANO O L O / O L * . 
8UCHAWAK tt (S CALCl/LATfO B r US F R O " LO* L* AND DLO/Df BECAUSE 
THEIR APPENDIX A VALUE - . 2 0 — 22 ASSUMES X K T I CONSTANT, I . E . L - « L « . 
H I L L 79 ANO CMC 8 0 CALCULATED BY US FROM LO. L * . AND D L O / D L * . 
B IRUIEV 8 1 ERROR. O X I / D L C A L C BY US FRO* LO. I * . G L O / D L * - 0 USED. 

X I 8 • F - / F * (DETERMINED FROM K N U 3 / K E 3 I 
THE KWU3/KE3 BRANCHING RAT IO F I X E S A RELATIONSHIP BETWEEN X I I 0 ) 
ANO L » . WE QUOTE THE AUTHORS X K O I AND ASSOCIATED 1 * BUT 0 0 NO) 
AVERAGE BECAUSE THE L* VALUES D I F F E R . THE F I T RESULT AND SCALE 
FACTOR GIVEN I N THE NOTE ON KL3 FORM FACTORS I N THE « * - SECTION OF 

E DATA CARDS ARE NOT OBTAINED FROM THE5E X I B VALUES. INSTEAD 
E OBTAINED DIRECTLY FRON THE AU1 "ORS K i (U3 /KE3 BRANCHING 
I A TVE F I T T E D KMU3/KE3 RATIO I R K ) . 
. 1 1 1 1 . 1 ) AOAIP. 64 HEC BR. L " 0 
. 6 6 ) ( 0 . 9 1 ( | . 3 t LUERS 64 HBC BR. L » ' 0 
. 2 1 ( O . B ) ( 1 . 2 ) KULYUXINA 6b CC BR. L * - 0 

( 0 . 2 B I BEILL1ERE 6 9 W B C BR. l * = 0 
( 0 . 3 0 1 EVANS 6 9 HLfc -

BASILE 70 OSPK BR. l » » . 0 2 
BRANOENBU 73 HBC 0- . L * * 0 1 9 * - . 0 1 3 

THEY 

XIB E 1 3 0 9 1 - 0 . 2 2 

1 / 7 * . 
2 / 7 6 
1 / 7 * 

1/7* 
1/74 
1/7* 

11/75 
11/75 
11/75 
2/76 
2/76 
4/82* 
*/82« 

1/T4 
2/T6 
2/76 
2/76 

(0 .5) 

:s:u, 'ANS 73 HLBC 

XIR E EVANS I 

(FRRQR INCLUDES SCALE FACTOR OF 2 . 3 ) 

S It. K + - SEC. OF DATA COS. 

X I C • F - / F « (DETERMINED FROM "U POIARIZAT ION I N KHU3I 
THE MU P r L A R l [ » T I O N I S A KEASUHF OF X K T ) . NO ASSUMPTKNS ON l * -
NECESSARY. T (WEIGHTED BY S E N S I T I V I T Y 10 X I O ) SHOULD BE S P E C I F I E D . 
I N L * , X I I O ) DARAMETERKATION THIS I S X K O I FOP L » - 0 . 0 X 1 / D L » Y I » T . 

FOR RAD. CORP. TO M'JDN P O L A R I I A T I O N I N KMU3. SEE GINSBERG 7 3 . 
AUERBACH 6 6 OSPK P O L A R K A l 
ARRAMS 6 8 OSPK 

0 . 2 6 LONGO 6 9 CNTR 
5ANDUEISS T3 CNTR 
CLARK TT SPEC 

IERAGE (ERROR INCLUDES St 

1 0 . 5 1 P O L A R [ I I I 

M - 0 . 3 8 5 
X + • ) . 1 78 2 : 1 ^ 

- 0 . 1 7 
- 0 . 1 1 

IT DISCUSSED 
VALUE NOT G 

ONGO 69 T = 3 , 
ANDWEISS 73 
LABK TT 1 - 1 3 

III A 
I N NOTE ON :L3 FORM FACTORS I 

«IIT)*T = . l T B « 3 . B 0 - « 

• SEC. OF DATA CDS. 

I D I V I D E D BV X I — 1 . 6 1 

I TEST OF T REV! 

2 . 2 M 
S 2 . 2 * - 5 . 0 8 5 0.06* 
C20TK 

I 2 M 
S SANDVEISS 73 VALUE C 
S TO EW VALUE OF RE(X 
C CLA X 77 VALUE HAS A 

68 CSPK POLARIZATION 1 0 / 6 9 
LONGO 6 9 CNIR POL. T - 3 . 1 1 1 / 6 9 
"ANDUEIS5 73 CNT>- POL. T - 0 t / 7 * 
5aiYD«ElSS 73 CWTR " O L . Y ^ o 1 2 / 7 9 
CLARK 77 SPEC POL, T - 0 1 1 / 7 T 
SCHMIDI 79 CNTR REPL.BY MORSE 8 0 L 2 / 7 9 
MORSE 80 CNTR POLARIZATION L 0 / B 1 * 

E CORRECTED FRO" VALUE QUOTED I N THEIR PAPER DUE 1 2 / 7 9 
SEE FTNDTE 4 OF SCHMIDT 7 9 . L 2 / 7 9 
IONRL X IO DEPENDENCE * 0 . 2 I « R E I X | 0 ) . 1 1 / 7 7 

kVERRGE (ERROR INCLUDES SCALE FACTOR OF 1 . 0 ) 

IDA • I L INEAR ENERGY DEPENDENCE TF F * I N KKU3 OECAYI 
i ALSO THE CORRESPONDING ENTRIES AND NOTES I N SECTION 
t R A 3 . C 0 R . OF KMU3 DP SEE GINSBURG TO AND BECHERRA'ilV 7 0 . 

ANO I 

1 0 . 0 7 1 ( 0 . 0 2 1 
0 . 0 1 5 

( 0 . 0 * 1 
( 0 . 0 0 8 ) 

0 . 0 0 3 
0 . 0 3 0 

I O . 0 3 3 7 ! 1 0 . 0 0 3 3 1 
0 . 0 2 8 0 . 0 1 1 
0 . 0 2 8 O.OIO 

0 . 0 0 4 * 

• - 0 : 0 3 4 7 0 . 0 0 * 9 A 
O.O05 FR 

OISCUSSED I N NOTE ON 

ASPK R E P L . BY OALLY 72 
AL6R0H 7 2 ASPK DP 
DALLY 72 ASPx DP 
ALRRECHT 7 * WIRE REPL . BY BIRULEV 8 1 
0ONALOS2 74 SPEC DP 
BUCHANAN 75 SPEC DP 
D7H0R0ZHA TT SPEC REPL. BY BIRULEV e l 
H I L L 7 9 STRC 0» 
CHC 8 0 HBC DP 
BIRULEV 81 SPEC DP 

1 / 7 4 
1 1 / 7 5 
1 0 / 7 4 

9 / 7 5 
1 2 / 7 9 
1 2 / 7 9 

2 / 8 2 * 
1/B2» 

f O R * FACTORS I • SEC. OF OATA C D 5 . 



Stable Particles 
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Data Card Listings 
For notation, see key at front of Listings. 

LANBD* 0 ( L I N E A R ENERGY DEPENDENCE OF FO I N FHU3 DECAY) 
WHEREVER P O S S I B L E . HE HAVE CONVERTED THE ABOVE V I L U E S OF X I I O I 
VALUES OF LO USING THE ASSOCIATED L*N AND O X I / O L . 

INTO 

O G 14K 

• 0 . 0 8 
- 0 . 1 * 0 

1 - 0 . 3 3 3 1 
- 0 . 0 * 3 

( - 0 . 0 6 7 1 
( • 0 . 0 6 1 

- 0 . 0 6 0 
-o -o ie 

( * 0 . 0 2 4 1 
• 0 . 0 1 9 
• 0 . 0 2 5 
• 0 . 0 4 7 

(*o.o«asi 
• 0 . O 3 9 
•o.oso 
10.0411 

(0.071 
(0.0*31 
( 0. 03* I 

0 . 0 5 2 
( 0 . 2 2 7 ) 
1 0 . 0 3 1 
( 0 . 0 3 8 1 
( 0 . 0 0 9 1 
1 0 . 0 1 1 1 

0 . 0 0 * 
0 . 0 1 9 

( 0 . 0 0 9 1 

CARPENTER 
( 0 . 0 2 2 I L O N G O 

B A S I I E 
AL6R0M 
DALLY 

6 6 OSPK 
6 9 CNtft 
7 0 OSPK 
72 ASPK 
72 ASPK 

BRANOENBU 7 3 HEC 
PEACH 
SANDMEISS 73 CNTR 

O P . 0 L O / D L * * - 0 . 5 * 
P O L . 0 t . 0 / D L * " » . » 9 
D P . 0 L 0 / D L * - * 1 . 
D P t O L O / D L * — 1 . 3 9 
0 * , D L O / D L + U W D . 
B R . L » - . 0 ] 9 t - . 0 1 3 
D P , D L O / O L + — 0 . 7 1 
P O L . O L O / D L * - * , 

IL6RECHT 7 * MIRE R E P L . Br BISULfc 
D0NAL052 7 * SPEC D F « D L 0 / D L * « - 0 . * 7 
BUCHANAN 7 5 SPEC D P . D L 0 / 0 L * * * 0 . 5 
CLARK T 7 SPEC P 0 L , 0 L 0 / 0 L * > 1 . 0 6 
DZH0RD7.HA TT SPEC R E P L . BY SIRULEV S I 
H I L L 7 9 STRC O P . O L O / O L * — 0 . 6 7 
CHD 6 0 HBC D P . D L O / O L * > - 0 . l l 
CHO 6 0 HBC BR. L + « O . 0 2 O 
BIAULEV S I SPEC D P . D L 0 / 0 L * - 7 

F I T DISCUSSED I N MOTE ON KL3 FORK FACTORS I N K * - S E C . OF DATA CDS. 
LO VALUE I S FOR L » - 0 . 0 3 CALCULATED BY US FAOH X I O AND D X I / D L . 
BASILE TO LO I S FOR l * - 0 . CALCULATED BY US FROM X IA WITH D X t / O L - 0 . 
9AS1LE 7 0 I S INCOMPATIBLE WITH ALL OTHER RESULTS. MJTHOHS SUGGEST 
THAT E F F I C I E N C Y ESTIMATES MIGHT BE RESPONSIBLE. 
ALBROM 7 2 LO I S CALCULATED BY US FROM K I A . L * INO D X I / O L . THEY GIVE 
L 0 - - . 0 * 3 * - . 0 3 9 FOR L — 0 . ME USE OUR LARGER CALCULATED ERROR. 
DALLY T2 GIVES F 0 « l - 2 0 » - . 3 5 , L O < - . 0 8 0 + - . 2 7 2 , I O P R | H E > - . 0 0 6 * - . 0 * 5 , 
B U I H I T H A DIFFERENT D E F I N I T I O N OF L O . OUR QUOTED LO I S H I S L O / F O . 
ME CANNOT CALCULATE TRUE LO ERROR WITHOUT H I S I L O . F O I CORRELATIONS. 
SEE ALSO NOTE C I N SECTION X I A . 
PEACH 73 ASSLMES L * - 0 . 0 2 5 . CALCULATED BY US FROM X IO ANO D X I O / D L * . 
F I T FOR LO DOES NOT INCLJDE T H I S VALUE BUT INSTEAD INCLUDES THE 
KMU3/KE3 RESULT FROM T H I S EXPERIMENT. 
0ONALDSDN2 T« 0 L 0 / D L * OBTAINED FROM F I G . I B . 
BUCHANAN 75 VALUE I S FROM! THEIR APPENDIX A ANO USES ONLY KHU3 DATA. 
D L O / D L * MRS OBTAINED BY PRIVATE COMMUNICATION. C.BUCHANAN. 1 9 7 6 . 
CHO 80 BR RESULT NOT INDEPENDENT OF THEIR OP RESULT. 
BIRULEV 8 1 G1VE5 D L 0 / D L > > - 1 . 5 . G I V I N G AN UNREASONABLY NARROW ERROR 
ELLIPSE MHICH OOMINITES ALL OTHER RESULTS. WE USE D L O / D L * - 0 . 

1 / 7 * 
1 / 7 * 

I 1 / 7 S 
1 0 / 7 * 

2 / 7 6 
H / T 7 
1 2 / 7 9 
1 2 / 7 9 

2 / 8 2 " 
2 / 8 2 " 
4 / 8 2 * 

1/7* 
1/7* 
1/7* 
1/7* 

1/7* 
1/7* 
1/7* 

2 / 7 6 
2 / 7 6 
* / 8 2 « 
* / 8 2 » 

LAM 80A > I L NEAR ENERGY DEPENOENCE OF F * I K KO E3 DECAY 1 
FOR RAD.CCR. OF KE3 DP SEE GINSBURG 6 7 AND BECHERRAHY 7 0 . 3 / 7 * 
S3 » 0 . 0 T 0 . 0 6 LUERS 6 * HBC DP. NO RC 
7 7 » 0 . 1 5 O.OB F ISHER 6 9 OSPK DP. NO RC 6 / 6 7 
6 2 - 0 . 0 1 0 . 0 2 FIRESTONE 6 T H i t D P . NO RC B / 6 7 

531 4 3 . 0 1 0 . 0 1 5 « D Y K 6 T KBC E . M , NO RC B / 6 7 
* 0 * 0 . D 8 0 . 1 0 0 . 0 6 LOMYS 6T FBC P I B / 6 7 

100 0 . 0 2 0 . 0 1 3 ARONSON 6 6 OSPK P I 5 / 6 9 
0 0 + 0 . 0 2 3 0 . 0 1 2 BASILS 6 8 OSPK DP. NO RC 3 / 6 8 
2K 0 . 0 2 3 0 . 0 0 5 B I S T 71 ASPK OP 1 2 / 7 1 
6K 0 . 0 5 0 . 0 1 C H I E N 7 1 ASPK DP. NO RC 6 / 7 1 
10 0 . 0 2 2 0 . 0 1 * NEUHOFER 7 2 ASPK P I 1 / 7 3 
no 0 . 0 * 5 0 . 0 1 * ALBROM 73 AS Pit OP 9 / 7 3 
71 0 . 0 1 9 0 . 0 1 3 BRANDENBU 7 3 HBC P I TRANSV. 1 / 7 * 
7 1 0 . 0 * 0 0 . 0 1 2 MANG 7 * OSPK OP 7 / 7 * 
5K 0 . 0 2 T O 0 . 0 0 2 8 BLUNENTHA 75 SPEC DP 7 / 7 5 
* K 0 . 0 * * 0 . 0 0 6 BUCHANAN 75 SPEC DP 7 / 7 5 
8K ( 0 . 0 3 2 1 ( 0 . 0 0 * 2 1 BIRULEV 7 6 SPEC REPL . BY BIRULEV B l 1 / 7 8 
OK 0 . 0 3 1 2 0 .OO25 GJESOIL 76 SPEC OP 1 / 7 7 
2K 0 . 0 2 5 0 . 0 0 5 ENGLER 7B HBC OP 7 / 7 9 
8K 0 . 0 3 * 8 0 . 0 0 * * H I L L 7 8 5TRC DP 6 / 7 B 
6K ( 0 . 0 2 B 6 ( 0 . 0 0 4 9 1 BIRULEV 7 9 SPEC REPL . BY 11 RULEV S I 1 0 / B K 
9K < 0 . 0 2 9 l r o.oosi CHO 8 0 "BC DP 2 / 8 2 * 

0 . 0 3 0 f t 0 . 0 0 3 * flIRULEV 8 1 SPEC OP I / B 2 * 
ENGLER 7 8 USES UNIOUE KE3 SUBSET OF CHO 8 0 EVENTS ANO IS ESS 2 / 8 2 * 
SUBJECT TO SYSTEMATIC EFFECTS 2 / 8 2 * 

WEIGHTED AVERAGE - 0.0300 ± 0.0016 
ERROR SCALED BY 1.2 

C H I S O 

B I R U L E V 8 1 S P E C 0 . 0 
H I L L 7 8 S T R C 1 . 2 
E N G L E R 7 8 H B C 1 . 0 
G J E S O A L 7 6 S P E C 0 . 2 
B U C H A N A N 7 5 S P E C 5 . 4 
BLUUENTHA 75 SPEC 
WANG 74 OSPK 
BRANDENBU 73 HBC 
ALBROW 
NEUHOFER 
CHIEN 
BISI 
BASILE 
ARONSON 
•LOWYS 
•KADYK 

73 ASPK 
72 ASPK 
71 ASPK 
71 ASPK 
68 OSPK 
68 OSPK 
67 FBC 
67 HBC 

FIRESTONE 67 HBC 
•FISHER 65 OSPK 
LUERS 64 HBC 

-0. 1 0.0 0.2 0.3 0.4 20.6 
(CONLEV 

LAMBDA+ FOR KE3 DECAY OF KOL -0.112) 
F S / F « RAT IO OF SCALAR TO F» COUPLINGS FOR KE3 DECAVIABS. VALUEI 

( 0 . 1 5 1 OR LESS C L ' . 6 B KULVUKINA 6 7 CC 1 0 / 6 9 
5 6 0 0 I O . I S I C> LESS C L - . 9 5 ALBROM 7 3 ASPK 9 / 7 3 

25K ( 0 . 0 * 1 OR LESS C L - . 6 B B U I ME N T H * 75 SPEC 7 / 7 5 
* 8 K ( 0 . 0 7 1 OR LES5 C L * . 6 S BIRULEV 76 SPEC SEE ALSO BIRULEV 8 1 1 / 7 8 
16K ( 0 . 0 9 5 1 0 P LESS C L * . 9 5 H I L L 7 8 STRC 6 / 7 B 

F T / F * RAT IO I F TENSOR TO F* COUPLINGS FOR K £ 3 DECAVIABS. VALUEI 
1 1 . 0 1 CR LESS C L > . 6 8 KULVUKINA 6 7 CC 1 0 / 6 9 

5 6 0 0 ( 1 . 0 1 CR LESS C I * . 9 5 AL8R0M 7 3 ASPK 9 / 7 3 
25K 1 0 . 2 3 1 OR LESS C L - . 6 I BLUKENTHA 75 SPEC 7 / 7 S 
* 8 K ( 0 . 3 * 1 CR LESS C L * . 6 8 B IRULEV 76 SPEC SEE ALSO BIRULEV B l 1 / 7 B 
18K ( 0 . 4 0 1 CR LESS C L - . 9 5 H I L L 7 8 STAC 6 / 7 8 

13 CP V I O L A T I O N PARAMETERS I N KOL DECAYS 

RELATED TEXT SECTION V I 8 . 3 AND M 1 N I - A E V I E M BELOM 

| 3 CHARGE ASYMMETRY I N TAU DECAYS 

COEFF DF TERM I S I - S 2 I / ( " P I 2 I I N MATRIX ELEMENT DEFISED AT BEGINNING 
OF SECTION GTO ABOVE. SEE ALSO M I N I R E V I E M ON SLOPE PARAMETERS I N 
CHGD K SECTION AND TEXT S E C . V I B . l . T H I S SECTION REPLACES CHARGE 
ASYMMETRY PARAMETER S E C T i n N I A l I N THE I 9 T B AND EARLIER E D I T I O N S . 

2 3BK 0 . 0 0 1 0 . 0 0 * BLANPIED 6 8 
3M 0 . 0 0 1 3 0 . 0 0 0 9 SCR ISANO 7 0 

4 * 0 0 0 . 0 0 . 0 1 7 SNITH 70 OSPK 
6 * 9 9 O . O 0 1 0 . 0 1 1 CKO 77 
* 7 0 9 - 0 . 0 0 1 0 . 0 0 3 PE ACH 77 

TO AVG 0 . 0 0 1 1 0 

TEXT SECTION V I I 

SUCH ASY1I 

KOL INTO ( I 

II 0 
e l D 

7 . T H 

Q.ODOB* AVERAGE (ERROR INCLUDES SCALE FACTOR O* 1 . 0 1 

! CHARGE ASYMMETRY I K LFPTGNIC DFCAVS (PERCENT! 

VIOLATES CP . IT I S RELATED TO REAL 1 E P S I I O N I . 

• N U I - ( M U - P I * N U I / I H U » P 1 - N U I * I M U - P I » N U I (PERCENT 1 
1 0 . 1 3 4 1 OORFAN 6 7 OSPK DERIVED FROM R16 I 

0 , 1 7 P A C I D T T I 6 9 OSPK 
O . 0 5 1 P I C C I O N I 72 ASPK 
0 . 1 * MCCARTHY 73 CNTR 
0 . 0 2 9 GEHENIG l 7 * ASP* 

i A BERNALYSIS OF OORFAN 67 AND I S CORRECTED FDR 
DIFFERENCE I N MC CARTHV 7 2 . 

1 . 5 1 

WEIGHTED AVERAGE - 0 . 3 1 9 ± 0 . 0 3 8 
ERROR SCALED BY 1 . 5 

GEWEN1G1 
M C C A R T H Y 

P I C C I O N I 

P A C I O T T I 

7 3 C N T R a 0 

7 2 A S P K 0 6 

6 9 O S P K 

~4 7 

C O N 
= 0 . si:, 

C H A R G E A S Y M M E T R Y F O R K L — > M U P I N U 

NTO I E « M - N U I - ( E - P I * N U I / I E * P I - N U > * E-P I *«u i 
10M ( 0 . 2 2 * 1 1 0 . 0 3 6 1 BENNETT 6 7 CNTR 
ION 0 . 2 4 6 0 . 0 5 9 6 9 CNTR 

TO CNTR 
iOOK 0 . 3 6 0 . 1 6 72 ASPK 

* 0 M 0 . 3 IB 0 . 0 3 6 7 3 ASPK 
0 . 3 * 1 0 . 0 1 6 G E . E N I G 7 * ASPK 

SAAL 6 9 I S A REANALYS1S OF 

0 . 0 1 * AVERAGE (ERROR INCLUDES SCALE FACTOR OF l . O t 

- I L - l ) / ( ( L O * l L - l > (COMBINED A l ANO A21 (PERCENTI 

- . 5 7 0 . 1 7 P A C I O T T I 6 9 OSPK KHU3 1 / 7 3 
0 . 0 3 3 MIRX TO CN1R 2 / 7 1 
0 . 1 8 ASHFORD T 2 ASPK KE3 2 / 7 2 
0 . 0 5 1 P I C C I O N I T2 ASPK KMU3 1 / T 3 

0 . 3 1 B 0 . 0 3 8 F I T C H 7 3 ASPK KE3 1 2 / 7 3 
7 3 CNIH KMU3 6 / 7 3 

0 . 0 5 0 WILLIAMS 7 3 ASPK KMU3*KE3 1 2 / 7 3 
0 . 0 2 9 GEHENIG1 74 ASPK KMU3 7 / 7 * 
o.ote CEMENT C I 74 ASPK KE3 7 / 7 * 

FOOTNOTES I N SECTIONS A l AND A2 ABOVE. 1 / 7 3 

TEXT ; L C T I O N V I B .3 C 

0 . 0 1 2 AVERAGE (ERROR INCLUOES SCALE FACT) 

PARAMETERS FOR KOL INTO 2 P I DECAY 

THE F I 
OF A F 
BELOI 
VALUES 

RATIOS 
HEAT! I 
FROM TI 

TTED V I L U E S OF E T A * - ANO ETAOO GIVEN BELOM ARE THE RESULTS 
IT TO E T A * - , ETAOO ANO E T A O O / E T A * - RESULTS. THE VALUES L ISTEO 
M I C H ARE NOT PARENTHESIZED ENTER THE F I T AS SHOWN. THE 
WHICH ARE PARENTHESIZED AND BEAR THE FOOTNOTE X DO NOT ENTER 

T AS SHOWN. THESE EXPERIMENTS GIVE BRANCHING RATIOS ANO ENTER 
T V IA THE QUANTITY ACTUALLY MEASURED — BRANCHING RATIOS 
0 AND R2T I E T A * - I AND A I T A W R19 ( E T A O O I . THESE BRANCHING 

ARE COMBINED H I T H CURRENT NORMALIZATIONS AND CURRENT KL ANO KS 
IVES TO OBTAIN P I P I R I T E S . THE E T A * - AND ETAOO VALUES OBTAINED 
HESE RATES ARE ENTERED BELDM M I T H VHE NAME ' G K L / W S * . 



Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 

E T A 0 0 I » « 2 * ( M I L TO 2 P I O I / A C K S IQ 2 D I 0 U " ? I U N M S I O * » - M 
0 1 - 2 . 1 I T . 3 | BARTLErT 6B OSPK. 
7 U . " l 1 1 . 2 1 BANNER bt CSPK 

CEtiCE 6-) CSPK 
0A1LLARO M c*>P« 
BARMIN ro "tec 
BUDAGOV TO f l . B C 
CHQLLET TO CSPK CU " E G . . " , >-,»1MAi 
FA I55NEC 70 OSPK 
WOLFF 71 OSDK CU * E G . , * G A * H A S 
REV 76 TSPK 
C M R I S T E I r i A S P * 
G K l / G l t S 1? PVUE Sit SC 'LE F A C T f ) » - l . i 

e n V A L U E S O F L T A I - A N D I T A O O . 

: S !iS US:!' 

. *F 173 ( 9 . 9 1 

5 .*J 

If SEE Unit ABOVE REGARDING F I T 1 
B C E N C E 6"> E V E N T S n o t I N C L U D E D I N R E * 7 6 . 
F IA ISSUER 70 C C M A l - j S SAHE ? P 1 0 EVFNT*. AS G a l 
C C H C I I E I 7 0 -".IVES E r A 3 0 » I I . 2 3 * - O . 2 M » ( O E G E N A 
f i lOLFF 71 S I V E S E t & 3 3 . ( l . l 3 * - 0 . I 2 ) " ( R F C E N A 
C JF C O - D U ' F 3GTH F U a O « 2 VALUES FOP (RFC-EN t 
C T H I S OEGFN A»PL " F 5 U L T S F R O * AVERAGING OVFS 
C E 'TRAPOLA lEO US1SG OPTICAL "-OOEL CALF U l l IONS 
C PL 27B S S * I l 'JfcBT AND THE DATA OF BAIATS 7 1 . 
C PRIVATE CCMHUNICATtONI 
F FA1SSNER 70 CCNTAI ' iS SAME 2 P I 0 EVENTS AS GUI 

•PL ,?GEV/C C ' J ) / 1 3 0 O 0 - i -

:s:S',lf!i:^S. 

% . 5 f l 0 . 6 3 AVERAGE IEHHO" I N C l U D F S SCALE F a c t OR ' 
% ! < • ! 0 . 3 S FROM F I T I E B R P P l l E i u S E S SCALE FArTGR r 

I VALUE CCR=?SPONDS 10 E 1 A O O = 2 . 3 2 5 ' - O . 3 f i 2 

- • A i m TO P I * P ] - | / A < < ' , TO P U P I - ) J N I T S I 3 » « - 1 
1 1 . 9 5 1 ( 0 . 7 0 1 CHRISTEN! . 6 * r ! , P K 
u . f l s i (O.K. i CAiBoair t f.i t - p -
(1 .921 (0.111 BASIIF K. I Suf 
11.15) (O.dM BOrT-BOOF ftd rSP-. 

M . ' 
131 

OEBC 
F l t C H I (".M. 

E K P F R l H E ' i r * . . THESE ABE fXCHJOFl i F" 

• I I PRECISE AND l-i p a i r i C l P l E SUPERIOR E*P HMMI H I 1 
l . * . ? M I O . 0 S ) HESSNER 73 t'.o*. 

,i:j;, ,;:;;: si™' :;;;£ 
2 . 2 » O. I ? C H R I S I t ? It fir."'. 

I M S c. 

I . ' 

C H H I S I t I 
(OS VAKJES I 

A G E i r n p i i B i 
F I I IFRBOP 1 

HASF OF t I A « - IOFGREFS) - - -
T»E !)!PF'JOF*JCF OF T H E PHASF ON T H E * 0 L -
l i C I W N FOP tACH EXPERIMENT !>( THE CO" 

n i M F R E ' l C E 

E FVALUATFU I I 
O . ' . . H ' l t - O . 0 O 2 J 

( 3 3 . 0 ) 45 .01 

C H B I S K 

iVG * • » . * I . ? AVERAGE IE-PROH INCLUDES SCALE h A-" ( 3 " n l 1 .0 

•J HENNFI7 t v I S A B E E V H L M l tn'l DF HCUNFIT2 6 B . 

3 BOM" * » F * - « H . l . 0 « - l 2 . 0 1 » * 7 9 » ( ' i > ' - . S 2 M 2 f r . . 

\ l l n r ;F:ii!¥Pi;iII'l[?? "i!"^ If Hi1 

P CAPNFGtf 7,- F t - I S i - J V E ' J S I ' I W F 10 'j».' ' ' ' R - •>(,.' ? . - •'.? I-:. 

' 0 ( G B b ( 

i.f AVIRAGF (ERROR I N f . t u c t i SCALE F AC rt)C ( 
. . 8 C H P ' S T E l 79 ASDr 

»f«""t"S PHAU MV-IX'.W'-VX l\V. 
F I T r n n o c i n C m t i E c SCAlE I 

PHf lS t D I F I E P F ' . r E tn" - F > - I D L G C I E S I 
7.f- I H . O B A R B I E L L I 73 s s i " . 

( 1 2 . 6 1 \L. l\ C H R I S I F l 7<S i 5 P " 
INDEPENDENT rt REGrNEBAT3« MECHAM S « , 0 " . ANC I . J F F H H F S , 
•(OT I t lDEPENOE' : ! Dt F i - AND FOO VBLUFS WHICH AFT I ' ICLUOtD 

F I T (ERROR INC-LUIUS SCALE 

Superweak Model Predictions for !'lco/n \, <K , an.i Rê -

In terms of the parameters defined in the text. 

1CL 

Sec. Vin(d), the superweak model predicts that 

k, / r . t J = i • 
- , / 2 t o T s \ 

\ - ' • ' • • ' > • > ' t a n \-^-J . 

• v = 1 - 1 / 2 

'¥) 
The l a t t e r two e x p r e s s i o n s and the va lues of t h e 

K? - K° mass d i f f e r e n c e Am - (0.5349 i 0.0022) "• 10 
-1 -1 

sec , t he K° mean Life i = (0.8923 t 0.002?) ' 1 0 
o + - r + -

si?f, arid the inaqnitudo of t he K ' v n /K_ - T TI 

ampl i tude r a t i o In _! = (2.274 ' 0.022) * 1 0 - 3 , a l l 

from the L-urrent e d i t i o n , r e s u l t in the p r e d i c t i o n ? 
f .hn' 

R«( - H . f . 4 r . • 0 . 0 1 G ) • 10 

TJK.' . i h o v e p t u ' l i f . ' t ioiiK c a n be c o m p a r e d w i t h t h e 

-•xpr-r iiTienl.dl v - i ! u c s 

l - i . / ' i ' = 1-O.M ' 0 . 0 Jf. , 

•••,„ " ( ^ . 5 . 5 . 3 ) ° , 

Re, -- (1 .621 * 0.083) •< 10 

when; Re- has been computed usinn the relation 

1 - x'" Re> 
1 - x 

and our current values of the charcje asymmetry 
parameter for leptonic K° decay ^ = (0.330i 0.012)% 

and the ,\S =-t\Q amplitude (Rex, Xinx) = (0.009+0.020, 
-0.004 r 0.026). 

The superweak predictions are in agreement with 
tiie data except for the measured value of <p , which 
is two standard deviations above the prediction. 
This results primarily from the CHRISTENSON1 
70 measurement <t r Q = (55.7 ' 5.8)°. 
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Stable Particles Data Card Listings 
For notation, see key at front of Listings. 

I • I D S ' - O O AMPL ITUDE l / I O S = * D O A M P L I T U D E ! 

BELATLO T E X I SECTION v ! B . 4 

0 . 0 6 0 . I B 
0 . 0 3 5 0 . 1 1 

- 0 . 0 8 0 . 1 6 
0 . 1 T 0 . 1 6 
0 . 1 7 ! ( 0 . 1 0 1 

1 0 . 0 3 . 1 0 . 0 3 1 

44 BALDO-CE 6 5 HLfiC K« CHARGE, EKCHNG 
1 1 AUBFRT 6 5 HIBC K* CHARGE EKCIttG 
. " i 6 5 HBC PBAR P 
3*1 F f lT jMAN 6 7 OSPK P l - P TCI » 0 LMBDA 

H i l t 6 7 OBC K*0 Y I E L D S KOPP 
S I N M E I I 1 6 6 C M R 

IM J * " E S 6 6 HBC PBAR P 
BENNETT 6 9 C M R CHAR A S Y * * CU * E 

16 L I T T f N B E l 6 0 OSPK K*N TO KQP 
CHO 70 OBC H*D TO KOPP 

R E * 0 3 * 2 
10.0*) 
- 0 . 0 5 
- 0 . 0 " B 
- 0 . 0 ? 
-O.QTO 

0. 0* 
0.10 

4 724 
7 9 
BALDTVCE 6 5 C I ' 
F R A N Z I N I 65 G I V 
CHO TO 15 ANALY 
eWOit 7 ? I S 4 i 
BENNETT 6 1 I S A 
SECOND GRAH 
-UNTSCH 7 ? . 

(0.111 
It.. 10) 

o. 39 
0.04* 
0.07 
0.036 
0.03 

( 0 . 0 6 1 SWPfiUf 

GRAK 
72 C 

0 . 16 
ES 1 

: ACKLEP 
HAST 
MALI.ARY 
N1EBERGA 
SMITH 

I.CONVERTED BY US TO « 

KE3 FRO1*. « 0 LNB 
KMU3 F«OM KO LHB 
P l - P TD KO LKBDA I 

* R f * ' SEE ! 

.•Ss"i» 
I IGUDUS EUFNTS I N NEN D A I 

OS 9ENNETTI 6 9 . 
IRST GRAM4N 72 VALUE C0> 

' TO « 0 LMBDA P / 7 6 

1 J / 7 3 
1 0 / 6 1 

2 / 7 ? 
2 / 7 2 

C . 0 C 9 

WEIGHTED AVERAGE - 0.009 . 
ERROR SCALED BY 1.4 

T 9 - 0 . 1 0 
BALDO-CE 6S 
F R A N Z I N I 6 5 
FTNOTE 1 0 Qi 
CHO 7 0 I S 
BURCOM 7 2 1 
SECOND GRAK. 

" " " 7 2 . 

FACKLER 
HART 

O . O T * MALLARV 
NIEBERGA 

0 . 1 9 SMITH 75 H IRE P I 
GIVES * AND TKETA.CONVERTED BY US TC REX AND I N K . 
GIVES X 4 * 0 r H E T A . F O B REX ANO INK SEE SCHMIDT 6 7 . 

: H i l l 67 SHOULD READ * 0 . 5 B , NOT - 0 . 5 6 ( P R I V . C O M M . I . 
NALVSIS OF UNAMBIGUOUS EVENTS I N HEM D A I A AND H I L L 6 7 . 

F INAL RESULT WHICH INCLUDES 8UPGUK 7 1 . 
A« 7 2 VALUE I S F I R S T GRAHAM 7 2 VALUE COMBINED K I T H 

iVERAGE (ERROR INCLUDES S O L E FACTOR OF 1 . 1 ) 

1 1 / 6 7 
U / 6 7 

3 / 6 6 
1 0 / T O 
1 J / 7 3 

2 / 7 2 
. V 7 2 

BARDON 5 8 ANP 5 196 
CRAWFORD 59 PRL 2 3 6 1 
• S T I E S 6 1 A IX CONF 1 2 2 7 
P I T C H 6 1 NC 2 2 1160 
GOOD 6 1 PR 1 2 4 1223 
NEAGU 6 1 »RL 6 5 5 2 

ALSO 6 1 JETP 13 1 1 3 8 

ADAIR 64 PL 1 2 6 T 
ALEKSRNY 64 DUBNA 2 10? 

ALSO 64 J E ' P 19 1 0 1 9 
A N I K I H * 64 JETP 19 4 2 
CHRISTEN 6 4 PRL L3 1 3 6 
F U J I ] 64 0U8NA 2 146 
LU6RS 6 4 PS 1 3 3 9 12T6 

REFERENCES FOR KOL 

M BAROON.K L A N D E . L LEDERMAN (COLUMBIA+BNL! 
CRAWFORD.CRESTl.DOUGLASS,GODO + I L R L I 
1 S T I E R ) B L A S K O V I C , R I V E T I S I A U D * I E P O L ) 
V F I T C H . P P IROUE.R PERKINS ( P R I N C E T O N ! 
GOOD,HATSEN.MULLER.P ICCIONI ,POWELL * I L R U 
MeAGV,OK<3HQV,PET(tQV,ROS*H0VA,mj5*KDV ( J I V f i ) 
NYAG'JtCXCINDVtPETROV^ROZANOVArRUSAKOV I J I N R 1 

R K A D A I R . L B LEIPUNER ( Y A L E > B N L I 
ALEKSANVAN.AL lKHANYAN.VAf tTAZARTAN* (EREVANI 
ALEKSANVAN* (LEBEDEV»HOS ENG PHYS»EREV»NI 
A N I K I N A , Z H U R A V L E V A * IGECRG ACAD S C I * DUBNAI 
C H R l S T E N S O N t C R O N l K . F i r C H . T U R L A Y ( P R I N C E T O N ! 
F U J I I . J O V A N O V I C H . T U R K O T * ( B N L . M A R Y L A N D . M l T I 
L U E R S . M I T T H A . H T L L I S . Y A H A H O T O ( B N L ! 

» W * | i * 6 5 Jfi* J 2 * Bf 
ANDERSON 65 PRL 1 * * > 5 ANDERSON 
ASTBURYl 6 5 PL l b 8 0 ASTBURY. 

ALSO 6 5 1 E I V . P H . A C . 3 9 523 H P E P I N 
ASTBURY2 6 5 B L I B 17% ASTBURY, 
ASTBURY3 6 5 ° L 18 176 ASTBURY. 

r A R D E N G A , ; H i j P A V L E V » , « C j U 
CRAWFORD. GOLDEN,STERN * 
INOCCHIARO.PEUSCH * IC 

. 15 73 

AUBERT 6 5 PL 17 5 1 
ALSO 6 7 L f lw rS 

BALOO-CE 6 5 NC 3 8 6 B 4 
CHRISTEN 65 PR 1 * 0 B 74 
F ISHER 6 5 ANL 7 1 3 0 63 
F I T C H 

GU1D0NI 
HOPKINS 
V1SHNEVS 

H E L I H T I 1 6 6 NC 
B O T T - t f l O 6 6 PI 
CAHERIN l 6 6 P» 

i PL 23 JO? 

AUBERT. BEHR.CANAVAN.CHCUNETt (EROLtORSAYl 

B A L O D - C E O L I N . C A L I H A N I . C I A M P O L l L L D * I PAD01 
CM." 1 S T E N S 0 N . C R 0 N I N . F I T C H , C u f l l A Y (PR INCETON! 
F ISHEP.ABASH1AN,ABHAMS,CARPENTER* ( I L L I 
F I T C H . ROTH, PUSS.VERNON ( P R I N C E T O N ! 

F » A N 7 I N I , K I R S C H , P L A N 0 » <C0LUMBIA4RUTGERSI 
GALBRAITH,MANNING.JONES * I «ERE*BRTS»RHEL I 
* B A R N E S i F O E I S C H E , F E R B E L , F I R E S T O « ( B N l * Y A L E 1 
H A K H O P K I N S . B R C O N . f l S L E P tVAND'RUTGERSI 
V ISHNEVSKY,GA' .AN1NB,5EMEN0V • ( I T E P l 

ALFS-STE INBERGER.HEUER.RUBBIA » I C E R M 
A N I K 1 N A . VARDENGA, I K U H A V L E V A t I J I N R I 
AUEHSACH, MANN. MCFARIANE.SC I U L L I I PENN1 
A U E R B A C M ^ P O B B S . l A N D E . H A I i N . S C I U L L I * (PENNJ 
• L A N D E , M A N N , S C I U L L I , U T O , W H I T E , Y O U N G (PENN1 
B A L O O - C E O L I N . C A L I H A N I . C I A H P O L I L L O * - IPAOUA) 
8 A S I L E , C R D N I N , T ; l E v E t ( E T « I S A C L A Y I 

• B R T S S O V . B A L O D - C E O L I N , A U B E R T * ( P A O O . E P O L ) 
B E L L O T T I . P U L L I A , B A L D : ' - C E O L I N « ( M I L A N . P A D U A ) 
B O T T - E 1 0 0 E N H A U S E N , D F B P U A R D . C A S S E L * ( C E R N L 
C A M E H I N I , C L I N E , E N G L I S H , F I S C F I B E I N * M I S C O H S T N 

• C H D . E N G L F R . F I S I ' . H I L L F I C A R N E G I E « B N L | 
C A R P E N T EFT. A B A S K F . N , A B R » M S , F I S H E R ( I L L I N O I S ! 
C H A N G . B A S S A N O . H I X U C H I . O C D D * ( S Y R A C U S E . 6 N I I 

CRIEGEE fab PRL I T ! 5 0 
FIRESTON bb P " L 16 5S6 
F I R E S I D N 6 6 "RL ] T ] ] 6 

»FO»,FRAUENFELDER, . IANSOK.KOSCATt I I L L I N O I S ) 
F I * E S I O N E . K I M . L A t H . 5 A N D k i 6 I S S « ( Y A L E , BNL I 
F I i l E S T D - l E . K l x . L A C H . S A N D h E I S S t ( Y A L E . BNL | 

[ 66 " " I M Ibf F U J I I , J D V A N 0 V I C H , I U R K 0 T . Z O R N <1NL*MA"YLANDI 
F U J I I 6 6 I I THE '.CORECTED VALUE GIVEN BY JOVANCVICHi b 6 

" "1 ?3B " - " 
15( 1*- C J « W I N S l Y l 

U N 6 b BERKELEY 7B 
MEISNERI hft •>RL 16 27H 
MEISNERj h6 PPL 17 4 9 2 
NEFKE' iS PL 1 9 70 f t 
VERHEY 6 t PRl I T 6 6 9 

BENNETT hi PRl 19 9 9 1 
BOTT-BOO P I 24B 194 

eori-eoo PI 2 4 B 4 3 8 
ALSO ° L 2 0 212 

CANTER 67 THE S1 S 

CRONIN 1 PRL 18 25 
CRONIN 2 67 PRINC COM-( 11 
QEBOUARO hi NC 5 2A 66 2 

ALSO 6". 
D E V L I N PRL 18 54 

ALSO 6 8 PR 1 6 9 1045 

DOR FAN 6 7 PRL 19 9BT 
PR 1 55 1 6 1 1 

FIRESTON PRL 18 176 
F I T C H 6 7 PR I b 4 I T U 
HAMKINS 6 f OR 156 1444 
H I L L 6 7 PRL 19 6 6 8 

6 7 PL 24E 15 

ABRAMS 6 8 PR 176 1 
ARNOLD 6 8 PL 2 B 6 56 
AR0N50N 6 8 BRL 20 2 8 7 

ALSO 6 9 PR 175 I7C 

BARTLETT 68 c . 21 558 

B A S I L E 6B PL 2 6 B 5 4 2 
B A S I L E 2 68 PL 2 8 B 5B 
3ENNETTI bB PL 2TB 2 4 4 
BENNETT? 6B PL 2 7 8 248 
SLANPJED 6 3 "SL 2 1 1 6 5 0 
BUDAGOV 6B NC 57A I E ? 

ALSO 6 8 PL 2BB 2 1 5 

J O V A N O V I C H . F U J I I . T U R K O T . I O R N H B N L * U M D * H U I 
K U L Y U K I N A . M F S T V I P I S H V I L I . N E A C U . P E I R * I J I N R J 
5 tf M E f S N E R . t 6 CUtlFOIO.f CfitUFOPO ILKLt 
G HSISNER.B CRAHFDROrF CRAHFCRD I L R L J 
NEFRENS.ABASHIAN,ABRAMS,CARPEN(ER* ( ( L L 1 
VERHEY.NEFKFNS.A9ASH1AN* ( I L L ! 

BENNETT ,NYGREN.SAAL ,STE INBERG?* t l C O L U H B T A ) 
BOTT-BDDENHAUSEN,T-EBOUAflD.CASSEL t I C E ' i N l 
BOTT-BODENHAUSEN.OEBOUAPO.OERKERS* (CERN) 
BDTT-BDDENHAUSEN.DEBQUARD,CASSELf ICERNI 
eOTT-BODENHAUSEN,DEBOUARD.CASSEL» I C E R N ! 
J . H , CANTER I C A R N E G I E I 

• K U N I . R I S K . W H E E L E R I PR INC ETON! 
! *K ' JN7 ,R1SK,KHEELER IPPJNCETON) 

DEBOUARD.OF^fEPS.JOHDAH,HERMCO • ( C E R M 
o£ e o y * P O . O E * * e f i s , s c n * p ^ F * tc?WQhSA*»Pi»> 
DEVL IN .SOLOMON.SHEPARO.BEALL* I P R I N » U « t j | 
S A V E R . B E A U . D E V L I N , S H E P H A P O * ( U M O * P P A * ^ R I N I 

D0RFAN,ENSTROH,RKYM0ND,SCHMARTZ * I S L A C * L R L I 
FELOMAN.FRANKEL.HIGHLAND,SLOAN I P E N N I 
F I R E S T O N E . K I M , L A G H . S A N O U E I S S - ( Y A L E > B N L I 
F ITCH.ROTH.RUSS.VERNON ( P R I N C E T O N ! 
C J 8 HAHKIVS ( Y A L E I 
H I L L , L U E R S , R O B I N S O N . i . a r < T E R * I 8NL ,CARNEGIE I 

H T I P K I N S , B A C 0 N , E I 5 L E R I BNL I 
KADYK.CHAN.ORIJARD, OPEN,SHELDON I L R L I 
R U L Y U K I N A t M E S T V I R I S H V I L H N E A G U * I J I N K ) 
LOr fYS, AUBERT.CHOUNET, PA SCAUD* I E P O L . O R S A ) 
• f r S C H K E . * B A S H I A N , A 8 R * » ' S t I I L L I N O I S ) 
* A B A 5 H I A N , A B R A « S , C A R P E N T E R , F I S H E R * I I L L ) 
JOHN t TODQHOFF ( I L L I N O I S ! 

» A B A S H A N , MTSCHKE.NEFK ENS, S H I T H * ( I L L I N O I S ! 
ARNOLD. BUD»GDV.CU!)0Y.A(J6ERT* (CERN*0RSAY1 
•=.H,ARONSON. K.W.CHEN ( P R I N C E T O N ! 
S H ARONSON, K H CHEN (PR INCETONI 
B A L A T Z i B E " E Z I N , V I S H N E V S K Y . G A L A N I V A * I t T E P I 
B A R T L E T T , C A R N E G I E , F I T C H * ( P R I N f E T O N I 

B A S I L E . C R O N I N . 1 H E V E N E T . T U H L A Y . ( S A C L A Y I 
* C R O N I N , T H E V E N E T , T U R L A Y , Z Y L B E R A J C H * I S A C L A Y J 
BENNETT,NYGREN. STEINBERGER* (COLUMBIAt-CERN! 
BENNETT,NYGREN,STEINBERGER* (C0LUMB1A*CERh l 
B L A N P I E 0 . L F V 1 T , E N G E L S + ICASE*HARV*MCGI ) 
BUOAGOV.EJRHEISTER.CUNDY* ICERN.ORSA.TPNP! 
» C U N D Y , M Y r . T i , N E Z R I C K * ICERN.ORSA, EPDLI 

CARNEGIE 6B > ' I N C 1 
JAHE5 6B NP BB 3 6 5 

ALSO 6B PRL 2 1 2 5 7 
KULYURIN 6B JETP 26 2 0 
KUNZ faB THESIS ( P U 4 6 1 
*(ELHOP 66 PR 1T2 1 6 1 3 
THATCHER 6B ' R 1T4 1674 

BANNER 6 9 PR 18B 2 0 3 3 
ALSO 6B PRL 2 1 1103 
ALSO 68 PRL 2 1 l ! 0 7 

8 E I L L I E R 6 9 P I 3 0 " 2D2 
BENNETT 6 9 PL 21a 317 
80HH 6 1 NP 6 9 6 0 5 

ALSO 68 PL 2 7 B 3 2 1 

j R .K .CARNEGIE 
F JAMES, H BR I AND 
HELLANO.LQNGO.YOUNG 
K U L Y J K I N A . M E S I V I R I S K V 
P F KUNZ 
W.EIMOP MJRTY 
THATCHER.ABA! 

( P R I N C E T O N ! 
( I P t l P . C E R N ) 
( U C L A . M I C H ) 

,NEAGU» U I N R ) 
f P R r « E T O N ( 

3 2 9 BOTT-BOO 6 9 CERN 6 9 - ' 
CE fCE 6 9 PRL 22 1210 
EVANS 6 9 PRL 23 4 2 7 
FAISSNER 6 9 PL SOB 2 0 * 
FCETH 6 9 PL 3 0 B 2 8 2 

GAILLARO 6 9 NC 59A 4 5 3 
ALSO 67 PHL LB 2 0 

GOBBI 6 9 PRL 2 2 6 B 5 
L I T T E N B E 6 9 PRL 2 2 6 5 4 
IDNGO 6 9 PR 1 8 1 1B0B 
P A C I O T T I 6 9 THESIS.UCRL 1 9 4 * 6 
SAAL 6 9 THESIS 

( P R I N C E T O N I 
(PR INCETON) 
( P R I N C E T O N ! 

I E P O L I 
( C O L U . B N L I 

ICERN1 
ICERN) 

BO• .- BODENHAUSEN.OE BOUARO.CASSEL* ICERN1 
r E ,JONES.TETERSON.STENGER* ( H A U A I 1 . L R L I 
E V i ? : , 1 0 1 0 6 1 1 . M U I R . P E A C H * (EDINBURGH,CERN) 

*FOETM, srstfoeiTrrreL* <AKH,CERH.TOKI> 
tHOLDER.RADERHACHEft * I A A C H E N . C E R N . T O R ' " > 

* C R O N I N . L I U , P I L C H E R 
B A N N E R . C R O N I N , L I U . P I L C H E R 
BANNER C R O N I N , L I U . P I L C H E R 
B E I L L l E R E . B O U T A N G . L I t W N 
*NYGREN,5AAL.STEINBERGER» 
tOARRlULAT.GROSSO.KAFTANOV* 
BOHH.DARRIULAT.GRDSSD.KRFTANGV 

* G A I B R A I T H . H U S S R I , J A N E * (CCRN.RHEL.AACHEN) 
* K R I E N E N , G A L B R A I T H . H U S S R I + ( C » N * R H E L + A A C H I 
* G R F r " , H A K E L , M O F F E T T . R O S E N , G O Z * IROCH*RUTGt 
L I T T t N B E R G . F I E L D . P I C C I O N I . H E H L H O P * - (UCSDt 
N J LONGO.K K YOUNG,J A HELIANO I H I C H . U C L A I 
M A P A C I O T T I I L R L I 
H J SAAL I C D L U H B I A I 



Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
K D* 

* LB ROW 
ARDNSCT 
8ARH.1N 
B A S I L E 
BUCHANAN 

ALSO 

BUDAGOV 
ALSO 

CHI EN 
ALSO 

CHD 
ALSO 

CHQLLET 
CULLEN 
0ARR1ULA 
FAISSNER 
JENSEN 

ALSO 

IVATE C O ' 

0 PR 0 2 B 1 5 
8 PL 2BB 2 1 5 

3 3 B 6 2 7 
PRIVATE COMHUMICA1 

0 PR DL 3 0 3 1 
T PRL 1 9 6 6 e 

' 0 PL 3 1 8 6 5 8 
' 0 OL 5 2 8 5 2 3 
O PL 3 3 B 2 4 9 
0 NC 70A 57 
Q T H E S I S 
9 PPL 2 3 6 1 5 

PL 3 2 B 2 1 9 
T H E S I S , N E V I S 11 

' 0 PL 3 2 B 2 2 * 
' 0 PL 3 2 8 1 3 3 

1 9 6 7 
6 9 iJCRL 1 9 2 2 6 THESIS B R WEBBER 

:tss 
ALBROU 
ASHFORD 
BANNER I 
RANNER2 
BARMIN1 
8ARMIN2 
BURGUN 
CARNEGIE 

33B 5H 
'0 M l 25 10 

PL 338 31 
'0 PR 02 78 
'0 PL 33B 23 

t A S T D N . B A R B E R . B I R D . E L L I S O N • t » C H S * D » R E I 
* E H R L l C H , H O F E R . J E N S E N * tEF 1 . I L L C S L A C I 
* B A RY tON,BO R I SO V. BYSH EVA* M T E P . J I N R I 
* C R a N t N , T H E V E N T . T L I " L A Y , Z Y L 6 E H A J C M * I S A C L I 
• ORICKEY.RUDNICK.SHEPARD* ( S L A C . J H U . U C L A t 

JN. B . COX. F E B . 71 

• C U N D Y . H Y A T T , H E Z R I C K * ( C E R N . CRSA.EPOLI 
* C J N D Y , H Y A T T . N E Z R I C K * (CERN.ORSA.EPOLI 
C - V . C M I E N , C O X , e T T L I N G E f i * ( J H U ' S L A C t U C L A J 

m. « . COK. F t t . 7 i . 
• D R A L L E . C A H T E R . E N G L E R . F I S K * ICARN, BNL .CASE) 
H I L L , L U E R S , R O B I N S O N , 5 A K I T T * I B N L . C A R N I 

• G A I L L A R D , J * N E , R A T C ( . I F F E , R E P E L L ( N • (CERNI 
•OARRIULAT .DEUTSCH.FOETH * ( A A C H . C E R N . T O R I 1 
•FERRER" ,GPOS50 ,HOLDER * (AACH,CERN,TOR11 
• R E I T H L E H , THOME, GA1LLAH0* f AACH.CERN.RHEL) 
D . A . JENSEN ( E F I I 
JENSEN. AROHSON.CHALICH, FRY B l f c l E R t I E F I , I L L l 

* N V C R £ N . PEOPLES,ST E IHeERGE* (CDI U.HARV.CERMI 
JAY HAP.X (COLUMBIA) 
* H * N N E L L I . P 1 E R * Z Z I N 1 , M A R X * I P I S A . C O L U . H A A V ) 
tWANG.WHATLEY.ZORN.HORNBOSTEL (UMD.BNL1 
•SOLMITZ.CHAWFORO.ALSTON-GARNJOST 

I L R L I 

LNC 2 1 1 6 9 

* B E R E 2 I N . V I S H N E V 5 K T I . G A L A N I N A * I I T E P I 
• f lARYLOV.VEr .ELOVSKY.DAVIOENKQ* l l U f : 
• D A R R I U L A T . F E R R E R O . R U B B I A * < AACH.CERN.TORI I 
•LESOUOV,HULLER.PAUL I * ( S A C L t C E R N * 0 S L 0 1 
• C £ S T £ R . F I T C H , S T R O V I N K , S U L A K (PR I N I 
J . H I O N G - S I N G CHAN t L B L I 

*CD« . E m t N G E R . R E S W ( J H U . S L A C . U C L A I PL 3SB 2 6 1 

PR 3 3 1 5 * 7 * O R A L L E , C A N T E R | E N G L E H . r i S K * ( E A R N . B N L • C A S E I 
PRL 2 * LbfeT V E L 1 D F F . F I E L D . T - M S C W . J L M I 5 0 N . K E R T H * I L * l ) 
UCRL 1 1 7 0 9 - T H E S I S P.OLLAND JOHNSON I L H L I 
UCRl 2 0 2 6 4 - T H E S I S HENRY FRISCK U R L ) 
S L A C - P U B - I 4 9 3 B . C . F I E L D I U » C I 

* A < A V 1 A . C 0 0 M B E S , M R F A N « I SL AC.STAN) 
J E EN5TR0H {STANF0R01 
• S A K I T T . S K J E G G E S T A O , C A N T E R * ( B N l . C A R N . C A S E I 
• H O N T A N r i . P A U L . P A U L I * (CERN*SACL*0SLOI 
*KA t * t l ,H tR .TZeACr t ,M lFLER * ( K A - . S . * 8 ' U > f ALE1 
• E V A N S . H U I R . B U O A G O V . H O P K I N S * ( E 0 I N . C E R N 1 

PL 3 5B 2 6 ! 
PR D3 5 9 
PL 3 5 B 3 5 ] 

(ORSA.CERHI • W Q L F F . C H D L L E r . G A I L L A R D . J A N I 
* S 0 L « 1 I Z . C B A W F 0 R D , A L S T 0 N - G » R N J 3 S T I L R L I 
UEPBER.SOI " I t Z , C R A W F O R D . A L S T G N G A R N J O S T ( L R U 

rHESIS 9 R WEBBER l l " L ) 
* C H C L L E 1 . R E P E L L l N , G A I L L A R 0 * (ORSA.CERNI 

PRL 2B 1591 

+ A S T O N . B A R B E R . B I R O . E L L I SON* 
• BROWN.MASEK.MAUNG.M|LLER,RUDEF 
*CRONIN,HOFFMAN,KNAPP.SH0CHE1 
*CRON I N.HOFFMAN.KNAPP. SH0CHE7 
•OAVIOENKO.DEHCOOV.OOLGCLENKCt 
• B A R T l O V . O A V I O E N K O . D E t ' I C D V * 

PRL 2 9 2 3 7 
SJNP 15 63 i 
SJNP 
NP B S C 1 9 * * L E S Q U O Y , H U L L E R . P A U L I . * < S A C L T ERN*OSLO) 
PR 0 6 2 3 3 5 » C E S T E R . F 1 K H . S T R O V I N " , S U L A K (PR I N C ETO N ! 

IMCHS'OARE) 
IAN* (UCSOI 
IPR INCETONI 
(PR I N C ETO N ! 

( 1 T E P 1 
( 1 T E P ) 

) 6 * 7 1 C E N T I . S E P P I . C H I E N . C 0 X * (SLAC*JH1I *UCLAI 

* A B A S HIA N ,JO N ES, "AN TSC H . O R R -
*RAOERMACHER.STAU0E» I 
*MaNTANET,PAUL ,SAETRE* I 
H O P K I N S , F V S N S . M U I R.PEACH I AACI sHSE 

•"ETCALF 1 2 P [ * D B 703 
NEJHOFER 7 2 PL * 1 8 6 * 2 
P I C C I O N I 7 2 PPL 2 9 1412 

ALSO 7 * P- 0 " 2 9 3 9 
V0S90BGH 1 2 PR 0 6 1 8 3 * 

ALSO 1 PRL 2 6 B66 

ALBROU 7 3 NP B5B 22 
ALEKANDE 7 3 NP B 6 5 3 0 1 
A N I K I N A 3 P I - T 5 3 9 CO 
BARBIELL 3 PL * 3 B 5 2 9 
BRANDENB 7 3 PR OB 197B 
CARITHER 7 3 P * L 3 1 1C25 

ALSO 3 PRL 3 0 1 3 3 6 
FVA-JS 3 PR DT 36 

ALSO 6 9 PHL 2 3 * 2 7 

FACKLER 7 3 PPL 31 EA7 
f ITCH 7 3 PfiL 3 1 I S 2 * 

ALSO 7 2 C T O - 3 0 7 2 M 3 
HART 1 3 NP 6 6 6 3 1 7 
HALLAR* 3 P » 0 7 1953 

ALSO 7 0 • <•> 1214 

MCCARTHY 7 3 PP 0 7 6 8 7 
ALSO 7 2 PL * 2 B 2 9 1 
ALSO 7 1 THESIS L 6 L -

MESSNER 7 3 PRL 3 0 B76 
PEACH 7 3 PL *3<J * * l 
S A N D M E I S 7 3 " P L 3C LCC2 
- I L L I A H S 7 3 PBL 3 1 1 5 2 1 

ALBBECHT 7 * ° L * B B 3 9 1 
B I S I T 
BOBISUT 7 
OONALDSl 7 

ALSO 7 

DONALDS2 7 
ALSO 7 

0CNAL0S3 7 
ALSO 7 6 DONALDSON 

GEHEH1G1 7 * PL * B B * 8 3 
ALSO 7 * CERN I N T . RE 

GEHENIG2 7 * P I ; ; t * B T 
ALSO 7 ft o i 5 2 6 119 

G E H E M & 3 1 * PL vis no 
GJESOAL 7 4 PL 9 2 8 U ' 

tK0FLER.HEISNER,HE.7T2BACH( I f A S A * B N L * V A L E l 
•ABASH lAN.GRAHAM,JONES,ORR* ( I L t * N E A S I 
*NEUHOFER.N IEBEPOALL* L C E R N * I P ' 1 * « I E M 
• N I E B E f l G A L L . R E G L E R i S T I E P * ( C E R N t O R S A * V I E N I 
«C00HBES.D0NAL0SON.D0RFAN.FR»BERGER* I S L A C I 
P ICCIONI .DONALOSOU * (SLAC-*UCSC*C0LO» 
* 0 E V L I N . E S T E R L 1 N G , G 0 I , B R V > 1 A N * ( R U T G . X 1 S A I 
V O S B t l R G H , D E V L I N . F S T E R L I S G , G O ! * ( R U T C . M i S A ) 

GASTON,BARBER,B IRD,ELL I S D N * (MCHStDAREI 
A L E * « N O E R , P E ' < A R Y , a r > l ' O N I T I , L A f . D ? . ( T E L A » H H D ) 

I i -BALASHDV.BANNIK •• ( J I N H I 
B A R B I E L L I N I . D A R R I U L A T , F A I N B E R G < - ( C E R M 
B R A ' i a r N B U R G . J G H N S O f . L E I T H , LOCS* ( S I AC) 
CAPITH6R5 .NVGREN-G0RDPN* (CDLU*BNL*CE»N> 
C A R I T H E R S . H O D I S i N V G R E N . F U N * (COLU»CERN*NYU) 
' l U I R . P E A C H . B U D A G O V * (EOINP-URGHfCERM 
6 V A N 5 . G O L D E N . M U I R , P E A C H * (ED1N9URGH*CERNI 

» F R I S C H . « A R r i N . S « 0 0 T . 5 0 f P A Y R A C I H i l l 
. H E P P , J E N S E N . 5 T R 0 V 1 N K . M E B B I P R I N C E 1 0 N I 
n .C .WEBB I T H E 5 I S I IPBINCETONJ 
• HUTTON.F I E L D , SHARP, 91 ACK»"ORE* ICAVE*RHEL1 
. H I H N I E , G A L L I V A N , G O H E I , P E C K , S C I U L L I * ( C I T I 
S C I U L L I . G A L L I V A K . B I N N I E . G C H E Z * ( C I 7 ) 

,«|LLER. t B R E H E P . B U D N 1 T 7 . E N T I S . G R A V E N , * 
UCCAH T H Y , B P E M E R . a u O N l T Z . E N T I S . G R A V E N * I L B L I 
R.L.MCCARTHY I L B L I 
• H O R S E . N A D E N B E R G . H I T L I N * fCOLO*SLAC*UCSCJ 
* E V A t S . W l « , « O P H l N S , K R E W I I ED1H* tER ' l»A fcCwl 
*SUNOERLAND,TURNER.HILL IS ,KELLER ( Y A L E * A N L 1 
•LARSEN,LE IPUNER«SAPP.SESSOMS* ( 8 N L * Y A L E I 

DUBNA»BERLIN»BU0APEST*PRAGUE*SERPUKH*5DFIA 
B I S I . F E H R E P 1 I T O R ] I 
• H U m A . H A T T I O L I . P U G L I E R I N (PADOI 
O O N A L O S O N . H l T L I N . K E N N F L L Y . K I R I t B Y • I 5 L A C I 

0 M A L D S W . F R Y B E R C E R . H 1 T L I N . L I U * (SLAC*UCSC> 
D O N A L D S O \ , F R Y B E R G E R . H I T L t r i , L I U * ( S t A C * U C S C I 
GREGORY J . DONALDSON ( S L A O 

GEMEVIGER.GJFSDAL .KAKAE,PRE5SER* (CERN»HEI0 I 
VERA LUTH I T H E S I S - I N T . P E P T . 7 * - 4 l ( H E I D I 
r ,EM£r | ICER,GJESI)AL.PRES5ER * ( C E R N * H E I D I 
GJE50AL .PBESSER.STEFFEN * ( C E R N * H E I D I 
GEUEt l lCEP.GJESDAL.PRESSER * ( C E R N * H E I D I 
• P R f S S f R . K A W A E . S T E F F E N * ( C E R N * H E ! 0 ) 

XESSNER 7 * PDL 3 3 1 *58 
NIESERGA 7 * PL * 9 B 1C3 
WANG 7 * OR 0 9 5 * 0 
WILL1AHS 7 * PRL 3 3 2 * 0 
MOD 7 * L'JC 1 0 38 

tFaANKLJN.MDHSEiNAUENBEPG* <CCLO*SLAC*UCSCt 
N I E B E R G A L L . R E G L E R . S T I E R * (CERN*ORSA*VIENJ 
• S > » i r H . K H A r L E Y , Z 0 R N , H C R N 6 0 S T E L ( U R D * B N L I 
• L A R S E N . L E I P U N E R . S A P P . S E S S O N S * ( B N L * Y A 1 E ) 
•BUCHANAN.PEPPER ( U C L A I 

BALOOCEO 75 NC 25A 6 8 8 BAuon-CEDL I N , B D B I S U r , C A L I " A r f I * I P A O O t U I S C I 
BLUMENIH TS PRL 3 * 1 6 * BLUMENTHAL.FRANRELtNAGY * ( P E N N » C H I C * T E H P I 
BUCHANAN 75 PP O i l 4 5 7 * 0 « I C K E Y , P E P P E R , R U O N I C K * ( U C L A * S L A C * J H U I 
l A R I T H E R 75 RRL 3 * 1 2 * 4 CAR]THERS, t tODIS.NYGREN>PUN * CCOLO'NYOI 
S M T H 1 5 1KSD 1 H E S I S - U W U B JAWES G . SMITH IUCSD1 

B'RULEV 7b SJNP 2 * . 1 / 8 
CIOHBES 76 PRL 37 2 4 9 
DUNALDSO 76 PR 0 1 * 2 6 3 9 

ALSO 7 * SLAC I H 4 - T H E S I S 
J U K U S H I H 76 PRL 3 6 3 * 8 
GJESDAL 76 N» B I 09 118 
REV 76 PR 3 1 3 1161 

ALSO 6 1 CE'tCE 

CHO 7 7 Pfc D I 5 5P7 
CLARK 77 PR 0 1 5 553 

ALSO 75 L B L - 4 2 7 5 THESIS 
OEVOE 77 PR 0 1 6 5 6 5 
02HORD2H 7 7 SJNP 2 6 4 7 8 
PEACH 8127 

ENGLER 78 PR 0 1 8 6 ? 3 
H I L L 7B PL 7 3 B ".83 
B I R U L E * 79 SJNP 29 778 
C H M S T E 1 79 PRL 4 3 1209 
C H 0 I S T E 2 79 PRL 4 3 1212 
H I L L 79 NP B 1 5 3 3 9 
SCHHIOT 79 PRl 4 3 556 
SHOCHET 79 PR D19 1965 

ALSO 77 PftL 3 9 5 9 

CARRDLL1 8D P P l 4 * 5 2 5 
CARROLL? BO PRL * * 5 f ) 
CARR0LL3 80 P I 9 6 B 4C7 
CHO BO PR 0 2 2 268B 
HORSE BD " = D 2 1 1750 
BIRULEV 81 NP 9 1 8 2 I 

ALSO BD SJNP 31 6 2 2 

BEHR 65 AHGONNE CCNF 
M E S I V I R I 65 JIMR P 7 4 * 9 
T R I L L I N G 6 5 UCRL 1 6 * 7 3 

UPDATED FROf I S 6 5 ARt 

*VESTEf iG0HBI ,VOVENK0,VOTPUB»,GENCHEV»( J I N F . I 
• F L E X E R . H A L L . K E N N E L L Y . K I R K B Y * ( S T A N * N Y U I 
O 0 N A L D S a N . H I T L I N . K E N N E L L V , K I R K B V . L I U * I S L I C l 
GREGORY J . DONALDSON (SLAC> 
F U K U S H l H A , J E N S E K . S U R K O , T H A L E R * ( P R I H t H A S R ! 
»KA«AE.PRESSER,STEFFEN » ICEPN*HEID» 
•CENCE.JONES,PARKER • (KDAH*HAHA*LBL1 

* D E R R I C K , L I 5 S A U E R , K I L L E R - E N G L E R * ( A N L * C A R N I 
*F1ELD.HOLLEY.JOHNSON,KERTH.SAH,SHEW ( L B L > 
G ILBERT SHEN I L B L I 
• C R O N I N - F R I S C H . G R D S S O - P I L C H E R * I E F I * A N L ! 
O Z H O R 0 2 H A O I £ , K E K E L I O I E . K R I V O K H I 2 n I N * I J I N R 1 
*CAHERON • ( B G N A * E D I N * C L A S * P I S A * P H F L I 

»KEVES,KRAEHE<t |TANAKA,CHD* ( C A R N * A N L l 
• S A K I T I . S N A P E . S T E V E N S * (BNL*SLAC*SBER1 
* V E S T E R G 0 M r | , c v A K H A R 1 Y A . G E N C H E V * ( J I N R I 
CHRISTFNSON.GOLDKAN.HUHI 'EL .ROTH* ( N T U I 
C H R I S T E N S " ' 1 . GOLDMAN, HU>*"EL, ROTH* INYU1 
* S A K I I T , S N A P E , S T E V E N S * I BNL»SL«C*5BER1 
• B L A T T , C A M P R F L L . G R A N N A N * I Y A L E * 8 N L I 
• L I N S A Y . G R O i S l i - P I L C H E R . F R I SCH* I E F I + A S L I 
S H O C H E T . L I N S A V . G R O S S O - P I L C H E R , * t E F I * A N L I 

* C H l A N G , K Y C I A , L I . L i r T E N B E P G , H A R V * ( B N L * R O C H t 
« * r H I A N G . X V C I A , L I , L l T T E N B E R G . » " A R I ( * ( B N L * P O C H I 
* C H 1 A N G . K Y C I A . L I , L 1 T T E N B E R G . " A R X * ( B N L * I ' 0 C H I 
' D E R R I C K , M I L L E R , S C H L E R E T H , E N C L E R * ( A N L * C A R N I 
* L E I P U N E R . L A R S E N . S C H H [ 0 7 . B L A T T » ( B N L * Y A L E I 
» 0 l H O R 0 I H A D Z E , G E N C H E V . G R I G A l A 5 H V T l l * | J I N R I 
B IRULEV.VESIEPGOMBI .GENCHEV * ( J I N R I 

PAPERS HOT REFERRED TO I N DATA CARDS 

G ALEXANDER,S A L M E I D A . F CRAHFCRD ( I R L 1 
J O V A N O V I C . F I S C H E R . B U R H I S * ( B t . l . M A R Y L A N D ) 
S T E R N . B I N P O R D . I I N D . A N D E R S ' " * " * ( « ! 5 C * I R L I 
B E H R . B R 1 S S 0 N , B E L L O T T I * I E P D L , H | L A , P A 0 0 1 
M E S T V I P I S H V I L I . N Y A G U . P E T R O V . P U S A I I O V * ( J I N R I 
GEORGE H T R I L L I N G ( L R L I 

ICE I t S . 

f i7 
ROPBIA PL 24B S 

ALSO 1 PL 2D 2C 
ALSO 2 PL 2 1 ¥9 
ALSO 3 6 6 PL 2 3 16 

6 f 

6 8 
BECHERRA Ml PR 0 1 I 4 J 2 

' 0 
7I> 

GINSBERG 
It 

" A S S eOSTOMl ) EDMARO 5 GtHSSEPG 
t C . a u B B I A . J . S I E I N P E R G E R (CERN*COLUI 

A L F F - S U I N B E R G E R . H E U E R , K I E ! N K N £ C H T * ( T E R M 
ALFF-STE INBEHGER.HEUER.KLE INKNECHT* (CERN) 
C . B U B B 1 A . J . S T E I N 8 E R G E P I t F R N . C O L U I 

< E S I S I P. SC-iMIDT I C O L U M B I A I 

I CBONIN.RAPPOI 
T BECHERRAUY 
F S GINSBERG 
* * J B E R T . P R S C A U D , 
E 5 GINSBERG. J 
K. KLEINKNECHT 

EURS TALK 

CHARGED D I I 8 6 9 . J P - 0 -

VIEW SEE T R I L L I N G 81 

1RGE0 C 

SD( 1 8 7 6 . 1 
( 1 8 7 4 . I 
I 1 8 6 8 . 3 1 
I 1 8 7 * . I 
I 1 B 6 B . 4 : 

1 8 6 9 . 4 
P E R U I Z I 7-
U N C E R T A I N ; 
U S E S THE I 
I H O L E N T I I 
PERUZ7I 71 

| 5 . l BERUZ7I 76 SHAG + - K - » P I * - P | * -
1 5 . 1 GOLDHABFP 7T SHAG • - 0 0 . 0 * RECOIL SPC 
( 0 . 9 1 P F R U I I I 77 SHAG * - t » l - 3 . 7 7 G « E t H 
1 1 . 1 PICCULO 77 S1AG * - E * E - 4 . 0 3 , 4 , 4 1 E C H 
( 0 . 5 ! SCHINDLER B l SHK2 • - E * E - 3 „ 7 T r , 6 V ECH 

0 . 6 T R I L L I N G BL RVUE • - E * E - 3 .7TGEV ECU 
! SCHINDLER 81 ERRORS DO NOT INCLUDE THE 0 . 1 3 PERCENT 
r THE ABSOLUTE SPEAR ENERGY C A L I B R A T I O N . T R I L L I N G S I 
PRECISION R S I AND P S I - P R J H F MEASUREMENTS OF 

I DETERMINE T H I S UNCERTAINTY AND COMBINES THE 
I SCHIHDLER B l RESULTS I D 0 8 T A | N THE VALUE QUOTED. 

12/77 
12/77 

1/78 

•:r 

31 CHARGFO 0 MEAN L I F E ( U N I T S 1 0 " - 1 3 SEC) 

OR LESS C L « . 9 Q ARMFNISE 79 HYBR NEU P — S O I ^ U O N S » 
2 . 2 I . I A L I A S I A BO E»<UL NEU WIDEBAND 

1 3 , 9 1 1 2 . 9 ) 6 A C I N 0 BD DLCO E * E - 3 . 7 7 GEV ECH 
1 0 . 5 4 . 1 USHJOA BO E fUL NEU WIDEBAND 

ADA«OVICH 81 EMUL GAP N U C — > 
lALLAGf 81 HVER FNAL 1 5 F T , NU HE -H2 

2 . 5 ABE 82 HYBR SLAC GA» P 1 9 . 5 CEV 
82 S I L I CERN G»« S I 

1 2 . 3 ) 

3.1 • L B I N I 
_ . REOCROFT 

USES THEORETICAL RAIE D 1 0 I K E N E U I - 1 
AOAtOVICH B l VALUE ESTIMATED WITHOUT | l 
BALLAGH 8 1 UALUE CUOTED HERE ASSUMES Tl 
CONTAIN 0 0 " " " ' ~~ ' 
ABE B2 C A N ' 

P l -
l S E C « 

ION 0 \ D MOMENTUM . 
ALL OILEPTON EVENTS 

EACH WITH EQUAL NUHBERS OF S E " I L E P T O N I C 0 E C 4 Y S . 
RULE OUT F * - I N T E R P . . OR DM 2 E V T S . LAMBDA/C* I N T E R P . 

CERI NA16 

AVERAGE (ERROR I N C L . SCALE FACTOR CF 1 . 0 1 



Stable Particles 
D*. D° 

Data Card Listings 
For notation, see key at front of Listings. 

IHGED 0 PARTIAL DECA1 

X - P I * P | 1 
) « INTO KQ6AR P I * 
J * INTO C I * P I * P I -
) * INTO P I * K> K-
i* INTO * • P I * P [ -
)» INTO e . NUE 

E * ANYTHING 
J * I N I O 
) . INTO 
>» INTO K* ANYTHING 
) * INTO K . ( B 9 ? I 0 B A R P I -
) * INTO KOEAR P I * PIO 
) • INTO KOB.O P I . P I . F 
H ] NTD K - P H P I . P I . 
>* INTO P I * P IO 

KOBAH K. 
KOBAR PHO. 

)* INTO 

1- MOOES ARE C-ARGE CQK 

DECAY MASSIS 

* 9 3 * 1 3 9 . 1 3 9 

* 9 7 * 1 3 9 . 13< 
* 9 3 « 1 3 9 . )3< 
139- 13* 

rES OF THE ABOVE MODES 

" 1 CHARGED D BRANCHING RATIOS 

JO | K - 0 | . P t . | / T O T » L I P 1 I 
0 . 0 3 9 0 . 0 1 0 PERU72I 77 SMAG E * f - 3 . : 7 C E V E{ •* 
0 . 0 6 3 0 . 0 1 S 5CHIN0LER B l SMi-2 f *(- 3 . T 7 1 GFV f t " 

1VERAGF (ERROR INC-IUOFS SCALE FACTOR OF 1 , 3 1 

°\nE"^"" 
0* I N I O (KOBAB P H I / I K - P I * P | * l ( P 2 I M P 1 I 

> 0 . * 5 OR LESS C L - . 9 0 PICCOLO 77 SHAG . - E*F - * . 0 3 G E V ( C 4 

3 * INTO I P I * P I * P I - l / I K - P I * P H I ( P 3 t / 0 " l t 

0 . INTO ( P I * I f K - I / I N - P I * P I * I I P « 1 / I P 1 > 

P I * P I - l / ' » , - P I * * I « ( | P 5 l , - i P | l 
L ' . 9 0 PICCOLO 77 S^AC . - E » E - * . (13 r ,£V t C H 
: VALUE5 OF TABLE I . 

.ND DO INTO ( E * ANVTH1NG1/ IT0TAL D* A ID DO! 
iSUREO AT THE P S 1 C 3 T T 2 I . THIS GIVES A WEIGHTED AVERAGE OF 
{ * ( . P C T . l AND 00 156 P C T . I BRANCHING F B A C T I G N * . 

0 . 0 7 ? 0 . 0 2 6 FELLER 7 8 SHAG E * F - 3 . 7 7 2 GEV ECU 
1 3 . 1 1 1 ( 0 . 0 7 1 BACINO 78 OLCO R E P L . «Y BACINO 79 
1 3 . 0 8 1 ( 0 . 0 1 5 1 BACINO 79 DLCO E * E - 2.112 GEV f C « 

I INDEPENDENT OF BACINO BO R 1 3 ( D * I AND R I 3 I D 0 ) . 

0 . INTO I K - A M M M I W I 

o « I ' . r o I I O ^ A O i N v i H i ^ 
3 0 . 3 9 0 . 29 

15 0 . 5 3 0 . 1 8 

( P 

l V t « » G E (ERROR INCLUDES SCALE FACTOR OF 1 . 0 ) 

• «0 A N Y T H p J G l / T O T A L ( P 9 I 
V U 1 L L F H I N 7B SHAG E * E - 3 . 7 7 2 GEV E L " 
SCHINDLER 81 SHK2 E » £ - 3 . 7 7 1 GEV ECM 

0 . 1 5 AVERAGE (ERROR INCLUDES SCALE 

' T M 1 N G I / T 0 T A L 

0 . 0 * 

0 . 0 6 0 0 . 0 3 3 AVERAGE IEHRCR I N C U D E S SCALE FACTOR OF I 

0 . 4 6 

3 . 0 6 ass:;.";; \:s !:l:'?:;?f s is 

I 0 . 2 2 O 1 C O . 0 * 4 1 ( 0 . 0 2 J I B A C I N O RO OLCO £ * E - 3 . 7 7 GEV ECH 

I 81 SM*2 E* l 

s:i^l€l:ii:b-!EfH>s!i:y:feS:r::S: 
P I O I / < K O B A R 

SCHOOLER t 

0 . AND DO INTO I E T A A N V T H I N I i l / I T O T A L 0 * AND L\Jt 
B 1 0 . 0 2 1 OR LESS BRANOELIK T-, OASP E . E - E C * . * . 0 3 G E V 

0 . 1 1 CR LESS PARTRIDGE 81 CBAL E » E - E C H - 3 . T T G E V 
8 BRANREL1K 7 9 RESULT BASED OM ABSENCE OF ETA SIGNAL AT * . 0 3 G E V . 
B P » R T 0 | 3 G f 61 CBSERVE SUBST1MTIALLV HIGHER ETA CROSS SECTION AT 4 . 0 3 . 

1 / 9 2 * 

1 / B 2 * 

REFERENCES FOR CHgor.EC f 

:s;F' i: PEL 3 7 
DRl 37 
Pt»L 3 7 

255 
5 6 9 
1531 :afSK::i;:::ss:s:si5.s;.,.!SK;tS! 

1! ;; Ol 7 0 ? 
PL 6 9 E 
PR(. 3-5 
PL 70S 

HI 
1301 
260 

s.T-sy;.:.!!..4;s::5r:"-';rj;:;K;; 

znu 
T8 
TB 

°f>L ftC 
P6L * 0 
P61. * 1 1 1 * 9 i i i i ^HSSr r ' s;t:!si:;S::r::l 

R l t i U E i * I B A R H C E l N « E P r L * " I L A . r . R ' 
R r , l l S D N . N O 0 J L « W i . I l l C L A * S L A C . J C l * S T ' 
UOil I " * I AAC*-* C t S ' f ^ A K 9 * M P I M . , I 0 ' 

9 A ; I To NP B176 . 3 
PPL -15 3 2 9 

l A N K A n i e i ' . r f B N . D j U t . L 0 U t » I C E Y N . P l S a . B p 1 A . | 
. F i W G U S O ' l . l U C L A . S L A C S T A - J . j n . S T O M 

USHl " » L * 5 1C53 
ZK51 F X W 8 0 PL 9 6 B 2 1 * 

ALSO 81 • A 3 . P H Y " , . 3 * 1*71 ZH0LFNT7 . 1N0VQI 

1 D » " 81 PL 9 9 1 J 7 ] A 0 A M 3 v i i : " . ( P " c r o N - E M U L , c " E & A - P H n r c N c c L t . . i 
AGH B l PP 0 7 * 7 
ALSO 8 0 PI 89H * 7 1 B A L I A G H • I L " L * U C E ! * F N A L * t - A - . . l . A S H . « t S L | 
RIOG B l PPL ".7 7(-C PARTRIDGE, P f C K . I C I T * F A R v . P P l ' . . S T A r , . S L « l 

SCWI BL DO I ? * T(. S C H I N D I F F . A l A M , t i n r A R S « Y . ( S L A C ' L ^ L l 
ABf S2 P»L ITO Rfc P U P t . l l ^ L A C HYBRID F A C I L I T Y PKTTON c n i L A E n = . A ' i n N I 

N l 82 PL H O B 3 39 
= FUC R d F i H2 C E R N / " / D 9 0 3 f i / S H . . .RFUCPPF . I W i n N D C C N H < L E B C - f » S C n L t A f c , 

BABd .AROG 78 LPL F-S3T A . S A R B A H O - G A L T I E O I ( F B I C t 1 9 7 8 1 K i l l 
KOJC 
K I R * 

ICE 1 7B 

31 POP! 7^ 57 

5 . - n j C I C * l ISLAC SU"«1P l > J S T . I 9 T ( l | I ' L A C I 

c . . « . T t ' H t I N G I L p i « j r e i j 

* • • * >•>. I t . . . . . . . . . . ) . . . , 

j D i O - 1 1 = 1 / 2 

I 1 9 6 3 . I 
I t B 6 3 . ' 
I 1 8 4 B . I 

USES THE f I G f 

G0L0HA8ER lb SHAG 

9 . 1 AOAMOVICH h 0 f " U L G A » M » we—: 
AS10N 80 0»EG GA.MA P - » O ( 

2 . 1 AVTRY 8 0 SPEC GM-t '« i j ; 
* . l AVEPY 80 SPEC GAKNA NL» 
7 . 1 F 1 0 B I N D 81 E - U l G A - A N U C ~ : 
0 . 5 1 SCHINOLER P I SHK? E . F - 1 .71 
0 . 1 T f c l L L I M S 81 PVuE . - ( . [ - 3 . T ! 
SCHINULER 81 EBROPS DO 'JHT i t . t l U O E T " t 0 . 1 J ' 
THE A S S O L U I t SPEAR ENE"SV C A 1 I H 0 A T I G N . T " I L I 

' R E C I S I O N PSI AVO P S I - P R I M f -EASUREHENTS OF 
DETERMINE 1" I I S UNCERTAINTY AND <X*B1> i£S THE 
SCHIVDLE* 81 RFSULTS TO n H T A I N THE VALUE 0UG1 
INCLJOE P 1 S S I H L E S Y S T F - i T i c «»- ,5 SCALE S » I F T . 

•JDT IN0FPENUEN1 

- ( 0 0 1 MASS DIFFERENCE l » F « 

P E R U * * ! 77 SMAG . 
SC»INDLEB 81 SMK2 . 

• AND DO *ASS MEASURF"FNT5. 

Note on the D Lifetime 

The D lifetime is a subject of uncertainty, 
with the problems of inconsistent experimental 
results not yet resolved. Earlier results, pri
marily using emulsion targets, reported lifetimes 
of the order of 1 x10 sec or less. The e e" 
colliding-bearas results indicate a charged/neutral 
D lifetime ratio of 3 or possibly much larger (sub
ject to some theoretical uncertainties). Many of 
these results are characterized by relatively large 
quoted errors, and the most recent experiments sug
gest that the D 3 lifetime lies in the range 

-13 2-7 xio sec. The observation of individual 
events with proper lifetimes of the order of 



Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
D° 

20 xlO sec suggests that the mean life may 
indeed be longer than first thought, perhaps com
parable to the D" lifetime. The possibility of 
there being 2 lifetimes in the manner of the Kg-K^, 
or of there being more than one type of massive 
weakly-decaying neutral particle, has been dis
cussed, but there is no solid evidence. 

32 NEUTRAL 0 MEAN LIFE IIT5 1D**-13 SEC I 
I B . 0 > CR LESS C I 
1 0 . 2 2 b 
1 0 . 5 3 1 
U , l ) OP LESS CL 
1 1 . 0 0 1 1 0 . 5 2 ) 
t o . s e i 
1 0 . 1 4 ) 
I 3 . * V 
( 2 . 8 ) 1 2 . 2 1 
1 2 . 1 1 

BILLAGH 
A0EVA 
AQEVA 

• . 9 0 A R H E N I S E T 9 H V C R N E U P ~ > D I M U 0 N S * 
A O A M O V I C H BO E M U L I M C L I N A D A M Q V I C H 8 1 

1 0 . 2 5 1 A L L A S I A BO E H U L N E U H I O E B A N O 
• , * 5 6 A C I N 0 BO D L C O E * E - 3 . 7 7 G E V E C K 
1 0 . 3 1 ) USHlOA flO EMUL I N C L . I N USHlOA B2 
1 0 . 2 > AOAMOVICH 9 1 EMUL CERN-SPS GAMMA NUCL 

ADAM0VI2 0 1 EMUL CERN-SPS GAMMA NUCL 
ADAH0V12 S I EHUL CERN-SPS GAMMA NUCL 

I HVBR FNAL 1 5 F T , NU NE-H2 
81 HYER LEBC CERN-SPS P I - P 
81 HVER LEEC CERN-SPS P I - P 

1 . 6 FUCH1 B l ENUL CERN-SPS P I - HUZ 
2.0 ABE 82 MY BR SLAC GAM P 1 9 . 5 GEV 

( O . T I REUCROFT 92 HYBR P I - P , P P 
16 2 . 3 0 . 8 0 . 5 USHlOA 92 EMUL FNAL NU.ANU W1DE8ND 
A L L 1 5 1 * 6 0 ASSUMES NO LONG-LENGTH LOSSES. V I S I B I L I T Y PROBLEMS I N 
THE EMUL. 
USES THEORETICAL RATE D TO IK E N E U ) - 1 . * * 1 0 * * U S E C » * - 1 . 
ADAMOVICH B l ASSUMES NO LONG-LENGTH LOSSES. 
A0AMQVICH2 B l HAS NO C O M M T I O N FBR O E T E t l l D N E F F I C I E N C Y . 
BALLAGH B l VALUE OUQTED HERE ASSUMES THAT ALL O I I E P T O N EVENTS 
CONTAIN 0 0 OR 0 * . EACH WITH EQUAL NUMBERS OF SENILEPT0N1C DECAYS. 
ADEV* 01 F I R S T A I D SECOND VALUES ARE PROPER L IFET IMES OF 0 0 AND ADO 
FROM SINGLE E V E N T . DETECTION E F F I C I E N C Y I M FDR L I F E T I M E S 1 0 * * - 1 3 
SEC OR L E S S . 
CERN NA16 I L E C C - E H S I E X P T . PRESENTEO AT MORICND CCWF. 8 2 . 
USHIDA 8 2 HAVE 3 SEM1-LEPT0NIC DECAYS NOT INCLUDED IN THIS NUMBER. 
BUT BELIEVED TO. HAVE *UCM LONGER L I F E T I M E S . SUPERCEDES USHIDA BO. 

1 1 . 3 1 

I N C L . SCA1F FACTOR OF 1 . 6 ) 

WEIGHTED AVERAGE - 0.210 ± 0.0 
ERROR SCALED BY 1.6 

DECAY RATE ( U N [ T S 

32 (CHARGED O I / ( N E U T R » L 01 MEAN L I F E RAT 

RATIO OF n * TO 0 0 SEMILEPTONIC BRANCHING FRACTION
' S ! CR MORE C L - . 9 5 BACINO 8 0 OLCO E+E-
1 3 . 1 ) I * . 6 1 U . * l SCHINDLER 81 SMRZ E<-F 

IRTIAL DECAY MOOES 

6 2 E M U L 3 7 

6 2 H T B R 1 . 1 

8 1 E M U L 0 2 

5 . 1 
( C O N L E V 

= 0 0 7 9 ) 

E M U L 0 2 

5 . 1 
( C O N L E V 

= 0 0 7 9 ) 

E C - 1 ) 

E - 3 
i-F- 3 

TT GEV EC» 
TT GEV E C * 

1 /B2 
1 / B 2 

OECAY 
4 9 3 * 139 
* 9 3 * 1 3 9 
* 9 T * 1 3 9 

MASSES 

1 3 9 * 139 
1 3 9 

P I . '10 

* 9 7 » 1 3 9 * 1 3 9 * 1 3 9 * 

• 9 3 * 1 3 9 * 1 3 * 
NTC. K08AR I 
NTO E * RNY1HJNG 
NTO K- ANYTHING 
NTH X * ANYTHING 
NTO KOBAO ANYTHING • 
N I O K M 8 9 2 J - P I * 

( 8 9 2 M 

KO ANYTHING 

NTO K RHO* 
BAR PHOO 

NTO P I - P I - P I * P' 
NTO UNF ITTED "ODE KEEPS F I T PGM. HAPPY) 

I * P I O P IO 
ANYTHING ISEE CHARGED O SECTION R 2 1 ) 

APE CHARGE CONJUGATES rr »Bf . fc MOOES 

139* 13** 13* 

FITTED PARTIAL. DECAY MODE BRANCHING FRACTIONS 

The matrix belo* i t derived from the e r ro r nu t i n l a . the iiUeil 
bnnehing fraction*. P ^ •» follow*; The diiKan J element* arc P ( . i 
' P ' l / . SP .SP^ . v,htle (he afl-dugon*] clemrn • . r e t h e n o f n u l n H 
<wnli { iP jW // |M» • bP (. For the definitiuf.* of the indiviiu.l Ps, 
above; rnly iho«e P ] »ppe*ri«g in the n u i n i J K a i . „med in the in :n 

P I P 2 P 3 o •, P T P I 9 
• I . 0 2 * 0 * - . 0 0 3 9 
• 2 . 2 1 5 1 . 0 * 5 3 * - . 0 1 2 6 
• 3 . I T * S . 0 . 3 7 5 . 0 * 2 1 * - . O O T T 
> * . 3 3 5 * . 0 7 2 1 . 0 5 8 5 . 0 0 0 8 * - . 0 0 0 » 
> 7 . 5 2 0 * . 1 1 2 0 .O90B . 1 7 * 5 , 0 0 2 7 * - . O O D B 
•19 - . 5 0 7 8 - . 8 2 3 * - . 5 3 * * - . 1 9 0 f c - . 3 0 1 1 - 8 B ? 0 * - - O I AB 

3 2 NEUTRAL 0 BRANCHING RATIOS 

DO INTO ( K - P t * m O T * L 
1 3 0 O . 0 2 2 0 . 0 0 6 
2 8 3 0 . 0 3 0 0 . 0 0 6 

IBS 1 .085 

> P I * P 1 - 1 / T D T A L I P 2 I 
O.OLL P F 1 U 2 I 1 77 SWAG E * E - 3 .TTr .EV E L " I 
O . 0 ? l SCHINOLER 81 SMK2 E * E - 3 . 7 7 1 GEV ELK 

n o.a*3 
IT 0 . 0 * 5 

0 0 INTO UtOflAR P I * P I - 1 / T 0 T A L 
2B 0 . 0 * 0 0 . 0 1 3 
3 2 0 . 0 3 8 0 . 0 1 2 

10 INTO ( K - P I * P t * P I - J / t K - P I * I t P 2 ) / I P | | 
! 1 * 2 . 2 0 . 8 PICCOLO 17 SMAG F * F - H . 0 3 . * . * I t t ' < 
H I S CHANNEL DOMINATED BY K- P I * PHDO I B 5 * - 1 ^ PERCENT) . 

: * P I * P I - AND R- * 2 * CONSISTENT K ITH Q, K» U H « FBA"L l"i 0 . 1 * - 1 - 1 . 

° ° ' ^ ; H " : 

l INCLUDES SCALE F 

;»MM« N U C — > 0 * « 

INCLUDES ' .CALf 

BO INTO (Y.* *-\tU- PI*) 
0 .07 CR LESS CL-. 
0.113 O.030 BA-S 79 SMK? F * F - 3 

0 , 1 1 3 1 . 0 J O FfirjH F I T (ERK1H I X C I U O F S T A L E f o r i 

0 0 INTO ( K * P I - V I A D 0 B A R > / | 1 
T H I S IS THE CO-DOPAR H I K I N G L 

O . l b CR LESS C L - . 9 0 
I D . 181 CR LESS C L - . a O 

DO INTO I K - P I * P10J /TDTAL 
T 0 . 1 2 0 . % 

3 7 O . D 6 5 0 . O 3 2 

0 0 INTO (HOBAR P I O I r T O T t l 
( 0 . 0 8 1 OP LESS C L ' . 

8 0 . 0 2 2 0 . 0 1 1 

0 0 INTO IKOBAR ANYTHING • 
6 0 . 5 7 0 . 2 6 

13 0 . 2 9 0 . 1 1 

S C H I N D L t " 81 S"H2 E»l~- 1 . 7 7 1 f.{ V i t " 

J SNY IH l r iG I /TOTAl . ( P i l l 
VU1LLEMTN 7B SMAG E * E - 1 . 7 T 2 G 'V t{W 
SCHINOl f f t 11 S f r ; F * E - 3 . 7 7 1 r . rv K . M 

IAGE If-PBOS INCLUDES * C A L F F A r r i f t p t i . ^ 

r^H '̂Ei''""' 

0 0 INTO 
0 

DO INTO 
1 1 0 

121 0 

P I - P I - P I * P 1 * ) / ( 
2 1 OR L t S S C L - . 9 

R- ANYTHING! /TOTAL 
35, 0 . 1 0 
55 0 . 1 1 

0 

0 0 INTO 
25 0 

* * 0 0 . 1 0 0 AVE 

K* A N Y T H | N G ) / 7 0 T A L 
0 8 0 . 0 3 

'K2 E * E - 1 . T 7 1 GtV f t " 

ERAGE (ERROR INCLUDES SCALE FACTOB OF 1 . 3 ) 

SCHINDLEO B| 5MK2 £ * E - 3 . 7 7 | GEV ( O 

( P 2 D ) 



Stable Particles 
D°, F*. B, p 

Data Card Listings 
For notation, see key at front of Listings. 

REFERENCES FOR NEUTRAL 0 

GDLOHABEA,PIERRE,A6RAMS.ALAM* U B L * S L A C I 
* ' E R U I t I , P l C C D L D l A e R A > S , A L A M • ( S L A C H B L I 
GOLDHABER.HISS.ARRAMS.ALAM * ( L S I * 5 LAC I 
tP ICCOLO.FELDMAN* tSLAC*LBL*NUES*HAHAI 
* P E f t U Z Z I , l U T H t N G U Y E N . W I S S , | f l R A M 5 * ( S L A C » L B L I 

*CA«QUP*LL lS .< : »EHC*WMlBES,HYLTONHT.OLU*»>n . ) 
*BARBARO-GRLTIERI • (SLAC>L9L*NHES* t AWAI 
V U U L E N I N . F E L D K A N * (LBL*SLAC»NNES*HAUAI 
• ALAK, BLOCKER, BOYARSKI* ISLAC+LBL) 
*EARIQUEZ* I 9 A R I » C E R N » E P O L * H | L I * O R S A | 
•HOLMES.KNAPP,LEE* I C 0 L U * 1 L L » F N A L I 

ADAMDVTCHMPHaTON-EMULtCMEGA-PHOTDN COLL S . I 
I A N K A » L I 6 H * C E P N * 0 U U C « L 0 U C « « r Y N » P I S A * R f l H A * l 

» IBONN*CERN*EPOL*GLAS+LANC*MCfS*L>.L0*LPNP*> 
• M I S S . 8 U T L E R , G L A D D I N G * I I L L » F N A L * C O L U I 
• F t R G U S O T * I U C L » » S L A C * 5 T A N » U C I * 5 T 0 N I 

(A ICM»FN» l *KDBE+SEOU*HC(5HKACJ»OSU»OK»y . ) 
• K U R 0 A D 2 E . L E L C H U K . N I S H N E V , N I K I T I N * I NOVO) 
2HOLFNTZ • (NOVOI 

+AGUILAR-BEN1TEZ • ILEBC-EHS C O L L * B O * A T I D N I 
•BINGHAM*- ILBL*UCB*FNAL«HAWAfWASH»WlSC} 
BALLAGH *• t LBLHICB*FNAL*HAUA*WA5H*H ISC) 
F I O R I i J O * (PHOTDN-ENUL. OMEGA-PHOTON C O L L S . I 
• H D S H I N D . H 1 V A N I S H I * (NAGO*fi ICH»TOK¥»VOtOI 
SC«IN0tEA.ALA".BOVABSICV * (SLAC*LBL1 

M 5 L A C HYBRID F A C I L I T Y PHOTON COLLABORATION) 
C E R N / E P K N Q 3 R / S O S.REUtftOFT t H O M O H D t C N M I L E 9 C - E H S C0LLA61 

IA ICH»FNAL*«0BE»SEOU»KCGItMIG04DSU*C<CAY4| 

[NATIONS NOT REFERRED TO I N THE DATA CAROS 

>WlSS.A6RAMS,ALAN,B0YRP.SKI* t L B L ' S H C U 

GOL DHAB E Th PRL 3 7 2 5 5 
f EL O H M Jl M l 3 9 1 3 1 3 
GOL DHAB E 71 PL 6 9 B 5 0 3 
PERUZ2I 
PICCOLO PL 7 0 S 3 6 0 

BAITAV PRL 4 1 7' . 
SCHARRE la 
VUILLEMI 76 PRL 4 1 1 1 4 1 
AERAMS OB.I 4 3 t e i 
ARNEN1SE PL B6B 115 
ATIVA PRL A3 4 1 4 

AOA«OVIC PL B9B 4 2 7 
ALLASIA 80 NP B I T 6 13 
ASTON f. 9 4 9 113 
AVERY 
SAC INQ eo PRL. 4.5 3 2 9 
'JSHIOA PPL 4 5 1049 
iHQLtKIZ PL « 6 B 214 

ALSO Y A D . P H Y S . 3 * 1 * 7 1 

AOAMOVIC 

n, PL ' ' 9 6 2 7 1 
ADAM0VI2 D E S Y - L - T R A N E - 2 6 

ALSO ADAMDVICH 
ALSO F I 0 R 1 N 0 

ADEVA PL 1 0 2 3 285 
3ALLAGH PR 0 2 4 7 

ALSO PL 8 9 B * ? 3 
F I G R I N O LNC 3 0 16b 

I N I 3 1 199 
SCHINDLE PRO 2 * TB 
ABE 92 PRL I T D BE PUBL 
REUC«OFT w C E R N / E P K J 9 0 3 R / S 
USHIOA 6 2 

NTt l" MJ»BER OETE 

BARBAROG 76 L E L - 8 5 3 7 
MDJCICKI 78 S L A C - P u e - 2 2 3 2 
« 1 M & V 7 9 S L * C - P U E - 2 * 1 9 
T R I L L I N G 61 PRPl 75 ST 

A.BARBARO-GALTIERI I E M C E 1 9 7 6 ) I L B L ) 
S . * O J C I C * I ISLAC SUHHER I N S T . 1 9 T B I ( S L A C I 
J .K1PKBY I L E P T U N CONF. 8ATAV1A, 1 9 T 9 H S L A C I 
G . H . T R I L L I N G ( L 1 L * U C 8 I J 

ECH-4GEV I 
E * E - ECH*4 .42GEV 

H1DEBAND 
FNAL NU WIDEBAND 
FNAL NU WlOEBANO 
GAMMA P - - > F • 

J * 4 F * - I 2 0 2 0 . J P ' 1 

4 F * - < 2 0 2 0 l MASS I H E V I 

( 6 0 . 1 9RANDELIK 77 DASP • -
6 2 9 3 0 . 6 0 . 6RANDELIie 79 * A 5 P 
1 2 0 1 T . 7 6 . A*M*R BO MtSB * 
" 2 0 2 6 . 5 6 . USHtDA BO EHUL -
1 2 0 6 9 . 1 2 1 . USHrDA BO EHUL • 

4 0 0 2 0 2 0 . 2 2 . ASTON 81 0«EG • -
BAANDEL1K It ( V E N T S INCLUDED I N BRANDELIK 7 9 VALUE. 
ERROR QUOTED BY ASTON 8 1 I S 10 MEV STAT AND < 2 0 HEW 

|VE»AGE (EPROR INCLUDES SCALE F 

• - I Z 0 2 0 I •"EAN L 

INTO ETA PRIME I 

1RTIAL DECAY MODES 

1RANCH1NG PATIOS 

5 4 8 * 1 3 9 * 1 3 9 . 
95T+ 1 3 9 * 1 3 9 * 

f*~ INTO CEtA * | f l / t E T A ANYTHING! f P l l / ( P 2 l 
6 ( 3 . 0 9 1 4 0 , 0 6 1 M A K D E L I K I S IJfcSP E * E - E O I - 4 . 4 2 G E V 

OENCMINATOR INCONSISTENT WITH PARTRIDGE B l (CRYSTAL BALL I 

91 C*E G GAHK. 

I P S ) 

0 0 
INTO ETA P 
SEEN 

5 0 
INTO ETA P 
SEEN 

3 0 
WTO R H O * -
SEEN 

BRANDELI 77 PL TOB 132 
BR A NOEL I 7 9 PL BOB 4 1 2 
AHMAR BO RL 9 4 B 118 
USHIDA BO PRL * 5 1C53 
ASTON 61 PL 10QB 91 
AST0N2 81 NP B1B9 2 0 5 
PARTR1DG B l PRL « 7 TfcC 

R I L L I N G 81 PRPL 75 57 

REFERENCES FOR F t - ( 2 0 2 0 > 

BRANOELIK * I A * C H * C E S Y * f A H S 4 N P I H * T 0 K Y 1 
BRANDELIK* (AACH*CESV-»f'AHB*KP|M»TOKYI 
» IKANS+FNAL+S£RP»ITEP»CRAC*JINR+HASH»» 

IAlCH»FNAL*K0BE*SEOO»MCGI*»iAGO*OSU»0«C»Y») 
IBONN*CENN+E*>OL4GLAS*LAHC*MCHS*LAL0*LPrlP* l 
IBONN»CERN*EPOL«GLAS*LAIC*HCMS*LALO*LPNP») 

PARTRIOGE,PECK» ( C I T * H A R V * P R I M * S T A N » S L A C » 1 

REVIEHS 

G . H . T R I L L I N G I L B L * I K 8 ) 

BOTTQH «ESOH B I 5 2 0 0 . J P -

6 PARTIAL OEtfcY WOOES 

B INTO ELECTRON ANYTHING 
9 INTO MUDN ANYTHING 
9 INTO H E- ANYTHING 
9 INTO KU» MU- ANYTHING 
P tNTD KAON ANYTHING 

3 9 B BRANCHING FRACTIONS 

8 INTO lELECTRGN A N Y T H I N G I / T O T A L I P J I 
0 . 1 3 0 . 0 * 2 9EBEK B l CLEO DIRECT E AT U P S I 4 S I 

THE STA T I ST I CAL ANO SYSTEMATIC ERRORS ARE EACH + - 0 . 0 3 . 
0 . L 3 6 0 . O S 9 SPENCER B l CUS* DIRECT E AT y f S I M t 

IKE S T A T I S T I C A L ANO SYSTEMATIC ERRORS ARE » - 0 . O 2 5 AND » - 0 - 0 3 . 
THE ELECTRON ENERGY SPECTRA I N BOTH BEBEK I I AND SPENCER B l «AVOR 
B-TO-C OVER B-TO-LI OUARK T R A N S I T I O N S -

0 . 1 3 3 0 . 0 2 9 ERAGE I ERROR INCLUDES SCAI 

CHADMICK 

FACTOR OF I . 0 1 

B l T.LETJ E« E- AT U P S I L I 4 S 1 

B INTO IKAON A N V T H I N G I / 1 0 T A L l P 5 t 
: SEEN BRODV B2 CLEO KAONS AT U P S I L I 4 S ) 
: ASSLM1NG U P S I L 0 N I 4 S ) — > 9 BBAR. A TOTAL OF 3 . 3 9 * - G . 3 4 r - 0 . 6 8 KAONS 
: PER U P S I L 0 N I 4 S I DECAY I S FOUND (THE SECOND ERROR I S S Y S T E M A T I C ! . I N 
: THE CONTEXT OF THE STANDARO B-DCrAY MODEL. T H I S LEADS TO A VALUE 
: FOR (B-OUARK — > C-OUARK! / (B-OUARK — > A L L I OF 1 . 0 9 * - 0 . 3 3 * - 0 . 1 3 . 

4 / 8 Z » 
A / 8 Z » 
4 / B 2 » -
4 / B 2 * 
4/az» 

ANDREWS 
F INDCCHI 
BEBEK 
CHADWICK 
SPENCER 
BRODY 

DO PPL 4 5 I I I 
BO PRL 45 2 2 2 
61 PRL 4 6 84 
B l PRL 4 6 B8 
8 1 RRL * 7 T T l 
82 PRl * B 1 0 7 0 

REFERENCES FOR BOTTOM MESON B I 5 2 0 0 I 

4 »COR«*MA«V*ITHA*5YR»»ROCH»1>UTG*VAN0) 
F I N 0 C C H 1 A R O . G I A N N I N I . * I S T O N » C 0 L U » l i U l 
• (HAPV* ITHA*5VRA*R0CH*RUTG»VAND4CGRNI 
• GANCI<'(ROCH*RUTG«SVRA*VAND*CORN»HARV*ITHA) 
* F I N O C C H I A R O , » I S T 0 N 4 C 0 L U t - L S U * M P I N I 
•CHEN. * ( SYR A«-VANDtC0RN* ITH>.nARV*RCO<«RUTGl 

0 P R O T 0 N I 9 3 8 . J - 1 / 2 1 ! 

16 PROTON MASS IMEV) 

" I 9 3 B . 2 5 6 I 1 0 . 0 0 5 1 COHEN 
I 9 3 B . 2 5 9 2 1 1 0 . 0 0 5 2 1 TAYLOR 

9 3 8 . 2 7 9 6 O . 0 0 2 7 COHEN 

16 • N T 1 PROTON MASS IMEVI 

65 RVUE 
6 9 RVUE 
73 RVUE 

USING MEM E / H 
T / 6 6 
T7TQ 
3 / T * 

» 
9 3 8 . 3 D . 5 BAMBERGER 
9 3 8 . 1 7 9 0 . 0 5 8 HU 
9 3 B . 2 1 9 0 . 0 4 9 ROBERSON 
9 3 B . 3 0 0 . 1 3 ROBERTS 

TO CN1R 
75 CNTR 
7 7 CNTR 
T8 CNTR 

EXOTIC ATOMS 
1 2 / 7 9 
I 2 / T 9 
1 2 / 7 9 

6 / 1 8 
» 

AVG 9 3 9 . 2 1 6 0 . 0 3 6 AVERAGE (ERROR 1NCLU0ES SC LE FACTOR OF l . C I 



Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
P. n 

PROTON MEAN L I F E / BRANCHING FRACT IN ITS 1 IRS) 

BARYCN CONSERVATION dOOLD BE VIOLATED BY A F I N I T E PROTON KEAN L I F E . 
(SEE ALSO NEUTRON-ANTINEUTRON O S C U L A T I O N S I N NEUTRON SECTION BEL31. 
FOR ANOTHER TEST OF BARVON CONSERVATION. ! 
L I M I T S QUOTED ARE PARTIAL MEAN L I F E FOR PROTUN 0 0 BOUND NUCLEON 
DECAY MODE SHCWN AT R I G H T . 
SEE ALSO T*-E REVIEWS BV REINES AND SCHULTZ, SURVEYS I N HIGH ENERGY 
PHYSICS 1 . 8 9 U 4 B D 1 ; GOLOHABER. LINGACKER, SLANS*V< SCIENCE 2 1 0 . 
851 M « S 0 l ; GOLOHAeER AND 5ULAK, COMMENTS NUCL. PART. P H Y 5 . 1 0 . 
215 m a n . 

I 1 . 4 E 2 0 ) CR 
( I . 4 E 2 2 1 C« 
( 6 . E 2 3 ) CR 
< 3 . E 2 3 ) CP 
1 4 . E 2 6 1 CP 
1 9 . E 2 T I CP 
( A . E 2 B I OP 
I I . 2 E 3 0 I CR 
( J . E231 CH 
I 1 . 3 E 2 9 1 CO 
( 2 . E 3 0 ) CR 
( I . 6 E Z 5 ) CR 
( 6 . E 3 0 ) CR 
f l . E30> CR 
U . B E 3 0 ) CR 

0 C 1 . 2 5 E 3 0 1 C R 
2 1 3 . E 3 1 I CR 

( 1 . S E 3 0 ) CR 
2 9. E3C CR 

CCNVERIED TO ME 
REFERENCE AL5I 
F I R S T LEARNEC 

MORE 
MORE 
MORE 
MOPE 
MORE 
"ORE 
MORE 
MORE 
MORE 
MORE 
MORE 
MORE 

MORE 
MORE 
MORE 

GOLOHABER S4 NUC- ->ANTTH1NC 
•>* CNTH NUC ->CHGO ANY 9 / 8 1 * 

R E I N E S •>! CNTR > CHGO ANY 9 / 8 1 * 

•»« - > A N Y T H I N G 
BICKENSTC CNTR NUC-
G.IAM A I ( CNTR > «U OAMHA 

f.s CNTR > MU GAMMA 
t,i CNTR > MU GAMMA 

O K »n OEUT > ANYTHING 9 / 8 1 " 
BERGAHASC CNIR > CHGO ANT 1 2 / 7 5 
REINES 74 CNTR NUC- 1 2 / 7 5 
EVANS T7 T E I 3 0 NUC- - > A N Y T H I N G 9 / 8 1 » 
LEARNED rt CNTR NUC- - > M U ANY 9 / 8 1 * 
LEARNED NUC- ->ANYTHiNG 1 2 / 7 9 

H(l CNTR NUC- - > H U ANY 
NUC- - > A N Y T H I N G 

CHEPRV HI CUTR NUC- - > M U ANY 1 / 8 2 * 
CHERRY HI tNTR WJC- - ^ A N Y T H I N G 
KRISHNASW HI CNTR NUC- ->ANYTMII1G 1 / 6 2 * 

lii 
AN L I F E BY D I V I D I N G H A L F - L I F E Br L N I 2 I * . 6 9 3 . 
GIVES L I M I T S FOR OTHER MODES. HE G IVE HIGHEST t I M H . 
9 VALUE SUPERCEDES RE1NES 7 * . SECONO LEARNED 79 
TIMES B . F . - . 1 S . A GRAND UN I f . GAUGE THFOBV E S T I M A T E . 
2 » - 2 l EVENTS ABOVE BACKGROUND. SECOND CHERRY R| 
T IMES B . F . - . 0 5 . A GRAND U N I F . GAUGE THEORY E S T I M A T E . 

SEE 2 EVENTS I N F I D U C I A L VOLUfE OF DETECTOR. 
L I F E ASSUMES H . F . * E F F . - 0 . 5 IFROM GUT I . 
TENTATIVE MEAN L I F E AS A I W » » 1.11*11. 

RACTION ( U M T S HOURS! ANTIPROTtlN MEAN L I F E 

1 PARTIAL MEAN L I F E FOP MODE S K W N AT R I G H T . 

81 CP MOPE C L - . 9 5 
CR MOPE 

I CP "OPE C L - . 9 0 R E I L 
I I CR MOPE GOLOEI 
TB STCPED ANTIPPGTDNS I I 
S IOPFD ANTIPROTO' 
9 VALUE INFERRED 

P 8 A R ~ > » N ' 
PBAR—>«N< 

79 ICE PBAR—>E-
7 9 SPEC PBAR—>AN> 

STORAGE RING AT C O N 85 
ICE STORAGE P I N G FDR 10 DAYS. 

IOM P R I R / P RATID I N COSMIC RATS. 

PROTON MAGNET, 

( 2 . 7 9 ? i b H C . 0 0 0 0 2 1 
( 2 . T 9 2 7 B 7 C . 0 0 0 0 1 7 ) 

2 .T92R45«> . 0 0 0 0 0 1 1 

16 ANTIPROTON MAGNETIC MOMENT I E / 2 M P ) 

0 l - I . B I ( 1 . ? ) BUT Toil 62 CNTR 
R 1 - 2 . H 3 J 1 0 . 1 0 ) FOK 72 CNTR 
V 1 - 2 . 8 1 9 1 1 0 . 0 5 6 1 ROBERTS 74 CNTR 

- 2 . 7 9 1 0 . 0 2 1 HU 75 CNTR EXOTIC ATOMS 
R - 2 . B I T 0 . 0 * 8 ROREPTS 78 CNTR 

G OLD EXPERIMENT w l ' H LARGE ERROR. NOT AVERAGEO. 
H POBEPTS 7 * I S ' E A N A L Y S I S OF FOX 72 DATA. REPLACES OLD FOX VALUE. 
f R O B t " S 7 6 I S A REANAIYSIS OF ROBERTS T 4 . 

»VG - 2 . 7 9 5 0 . 0 1 9 AVFPAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 0 1 

16 PBOTDN ELECTRIC DIPOLE MOMENI I U N I T S I O " - 2 3 E CM) 

FORBIDDEN BY BDTH T INVARIANCE AND P INVAR1ANCE 

1G 1 7 0 0 . 1 ( 9 0 0 . 1 HARRISON 6 9 MBR 
1 5 6 0 0 0 . ) CR LESS K H R I P L 0 V I 76 

™™&xs^£j"J™*m» 
REFERENCES FOR PROTON 

GCICHABE '-•< PP 9 6 1157 FNOTE? GOLDHABER.REINES'COWAN ( L A S K B N L I 
P E I N E S 54 PP 1 6 1 1 5 7 REINESrCOWAN,GOLDHAB£P ( L A S L * B N L I 
FLEROV 5B SDV PHVS COK 1 79 FLER0V.KLOCHKOV.SK08KIN.TERENTEV IUSSRI 
REINES 67 PR 1 0 9 609 REINESrCQWAN.KRUSE ( U S D 
5»C<ENST 6 0 NC 16 7 4 9 8ACKENST05S.FRAUENFELDER.HYAMS » ICERNJ 

J BUTTON.8 MAGLIC ILBL> 
G 1 * M » t I . R E I N E S (CASE) 
*0UMQN0 I N . A M E R . A V I A T I O N SCIENCE C E N T . . C I T 1 
U R KROPP.F REINES ( C A S £ ) 
GURR<<ROPP<REINES.MEYER ICASE.JOHANNESBURG! 

HARRlSaN.SANDARS-KRlGHT (CIAREHDPN OKFOROt 
•PARKER.LANGENBERG I P R I N » U C I * P E N N 1 
BAMBERGER,LYNEN.PIEKAP I * | M P l H > f E R N * K A R L ) 
F f O I X ICASEI 
• B A R N E 5 i E I S E N S T E t N » l 8 N L * C A R N * V P I t M H L * H Y 0 M ) 

'EF .OATA 2 . P . 6 6 3 . E .R .COHEN,B .N .TAYLOR 
H . f . D Y L L A . J . G . K I N G ( M I T ) 

6ERG4MASCO.PICCM1 ( T O A U F R A S I 
*CROUCH ( U C 1 + C I S E J 
*COX r ECKHAUSE» (H ILL+VPI»CARN»MYDN*CI T»BNL I 
ROBERTS.COV * (M ILL4VPI»CARN*WY0M*CIT*BNL> 
*ASANO. CHEN, CHENG. DUGAN* ICOLU*YALEI 

BUTTON f-? »R 12 7 1297 
G1AMATI h/ 
COHEN 

I S 1 ! PR 1 * 7 8 740 
GURK 67 

HARRISON hi 
TAYLDR fiV 
SAMBERCE 7 0 
D I * ' 0 

I? 
CCMEN n J .PHYS.CHEM 
DYLLA n 

KHRIPLOV T6 JETP M 25 
EVANS 77 SCIENCE 197 9 8 9 
ROBEDSON 77 PR C16 1 9 * 5 
6REGHAN 78 PL 7BB 174 
GANGULI 78 PL T+B 1 3 0 
ROBERTS 7B PR 0 1 7 3 5 8 

BELL 79 PL B6B 2 1 5 
GOLDEN 7 9 PRL 4 3 1 1 9 6 
LEARNEO 79 PPL 4 3 9CT 
C D M S I K BO PR 0 2 T 2 2 0 4 
ALEKSEEV 81 JETPL 3 3 6 5 1 
CHERRY 61 PRL 4 T 15C7 
KRISHNAS S I PL I 0 6 B 3 3 9 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO I N THE DATI 

I . B . K H R I P L O V I C H I N U C . P ' H Y S . I N S T . . S t B E R | A I 
• STEINBERG I B N L * P E N M 
• KtNG.KUKSELNAM* 1WY0M*C I T 4 C * R N * 9 P I » W t L L ) 
» C A L V E T T t , C A R J I O N , C I T T O L I N , H R U E R , H E R R M C F R N l 
• MALHaTRAtRAGHAVANiSUBRAMANIAN • I T I F R > 
B . L . ROBERTS I M I L L ' R H E l l 

» C A L V E T T I . C A R R O N . C H A N E Y , C I T T C L I N * I C E R N I 
tHOR A N . M AUGER,. BADHKAR, L A C » * INASA*PSLL1 
t R E I N E S . S O N I ( U C I I 
R . C C U S I K . V . S . K A R A S I M K A N I T I F R ] 
•BAKATANCV.BUTKEVICH.VOEVODSKI I • I L E N 1 I 
' D E A K Y N E t L A N D E , L E E . S T E I N B E R G • I P E N N t B N L l 
KR I5HNASHAMI .HEN0N.M3N0AL* I T I F P * O S K C * T O K Y > 

CAROS 

A 4 T E K A I . 
t H A I F » P 

0 I T NEUTR0N, I939> . 

I T NEUTRON HRSb IMEV) 

,r>l<),5i21\ 1 0 . 0 0 5 2 1 TAYLOR 6 9 RVUE 1 
9 3 9 . S T 3 1 0 . 0 0 2 7 COHEN 73 RVUE 

TME5E DETERMINATIONS OF N'.UTRON MASS NOT INDEPENOEh 
\EUTRON-PROTCN MASS DIFFERENCE MEASUREMENTS BELOU. 

I T [NEUTRON) T.OTON) MASS DIFFERENCE ( " F V I 

I I . 2 9 3 4 4 X 0 . O O D O T I ' • A t T t u C H 65 RVUE 
1 . 2 9 3 4 2 9 0 . O D O 0 3 6 CKHrN 73 RVUE 

WE HAVE CONVERTED MATTAUCH NEUTRHN-HYDROGEN MASS DIFFERENCE TO 
NEUTRON-PROTON MASS DIFFERENCE U l l " G CURRENT VALUE OF ElECTBO"! MASS 
AND A HYCROGEN B INDING ENERGY OF 1 3 . 6 EV. 

NEUTRON MEAN L I F E ( U N I T ! ' • 3 S E C I 

THE MEASUREMENT OF THE NEUTRON MEAN L I F E BY S O S N C V S * ! ! 5 9 HAS 
BEEN DISCARDED SINCE I . I T OISAGREES WITH THE BETTER AND MORE 
RECENT RESULT OF CHRISFENSEN 6 7 . 2 . THE VALUE CF G»/GV D E 
RIVED FRO" THE NEW VALUE OF THE MEAN L I F E AGREES KEIL WITH TH£ 
GA/GV VALUE OBTAINED FROM THE FREE NEUTRON DATA. 

S05NOVSKI 5 9 P ILE 
CHRISTENS 6 7 P I L E REPL fi* C>«*ISTEr,S7 
C H R I S T E N S 7 2 P T I E 
B D N D A R E N K 7 8 P I L E 
B Y R N E B O P I L E 
K O S V I N T S E 8 0 P I L E 
W I L K I N S O N 8 0 R V U E I N F E R R E D V A L U E 

T H E R E S U L T S CF 8 0 N D A R E N K 0 7 8 A N D S O S N O V S K L '.9 A R E I N S I G N I F I C A N T 
D I S A G R E E M E N T U L T H T H E T W D O T H E R P R E C I S E D I R E C T M E A N L I F E M E A S U R E 
M E N T S A N D T H E I N F E R R E D V A L U E G I V E N BY W I I K I N S C N B O . M E F K C L ' J D F 
T H E S E TWO R E S U L T S F R O M T H E A V E R A G E , A S I S R E C C M H E N D E D S Y 
W I L K I N S O N B O . 
W I L K I N S O N 8 0 V A L U E I N F E R R E D F R O M N D E C A Y A N G U L A R C C R R E L A F I D N S . 

0 . 0 1 1 0 . 0 1 1 A V E R A G E ( E R R O R 1 N C L . S C A L E F A C T O R T 

NEUTRON MAGNETIC "ONENT (MAGNETONS,93R.2 MEV) 

1 1 . 0 1 3 1 1 0 . 0 2 6 1 
1 0 . 9 3 5 1 1 0 . 0 1 4 1 

0 . 9 1 B 0 . 0 1 4 
( O . B 7 7 I ( 0 . 0 0 8 1 
0 . 9 3 7 0 . 0 1 8 
0 . 8 7 5 

1 0 . 9 0 3 ) 1 0 . 0 1 0 ) 

9 2 5 

:i;Hh;s;E=' COHEN 
GREENE 
GREENE 

REPL. BY GREENE 79 

17 NEUTRON ELECTRIC OIPOLE MOMENT ( U N I T S 1 0 « - 2 3 F ( 

I 8 I 0 0 E N BY BOTH T INVARIANCE AND P INVARI INCE 

CR LESS 
3 9 . 

0 . 7 5 
0 . 1 5 

> 0 . 0 7 5 
1 0 . 0 2 4 

INCLUDES DAI 

MILLER 
SHULL 
DRESS 
BAIRD 
APOSTOLES 
DRESS 
DRESS 
RLTAREV 
ALTAREV 

I OF MILLER 6 7 . 

: 3 E-24 ICL-.90I 
: 1.6E-24 ICL-.90I 
: 6 E-Z5 IClc9QI 

r 79 AND Bl USE ULTRACOLO NEUTRONS. 

2/32* 
10/81* 
5/82* 
5/62* 
5/82* 
5/Bi» 
5/B2» 
5/82" 
5/B2« 

7/1.6 
3/7B 
12/79 

1 / 7 8 
1 /7B 
L / 7 8 

1 0 / 6 9 
1 / 7 8 
6 / 7 3 
6 / 7 7 

1 0 / 8 1 * 
2 / 8 2 * 
1 / 7 8 
4 / 8 2 » 

kVERAGE 1ERR0R INCLUDES SCALE FAC1DR TIF ] 

17 NEUTRON CHARGE 

SEE SECTION DC I N THE PROTON DATA CARD L I S T I N G S ABOVE 

BF.RGAMA5 74 LNC 11 6 3 4 

NEUTRON PARTIAL DECAY •> 

17 NEUTRON BRANCHING RATIOS 

NEUTRON INTO (PHOTON NUE ANT I (NUE ) 1 / lPROTtlN E- A N M I N U E ! I P 2 I / I P L I 
FORB100EN BY CHARGE CONSERVATION 

S ( 3 . E -LT)OR LESS SUNYAR 6 0 CNTR RBHT—>SR8TM»NEUTRL 
( 3 . E - 1 9 I 0 R LESS NORMAN T9 CNTR RB8T—>S»8TM»NEUTRL 
9 . E - 3 4 OR LESS BIRABANOV 80 CNTR GA71—>GET1 * ANY 

S ME HAVE CONVERTED SUNYAR 6 0 MEAN L I F E L I M I T FOR ( N — > P * NEUTRL5I 
i AS DESCRIBED I N NORMAN 7 4 . 

2 / 8 0 
2 / 8 0 
2 / B 2 * 

file:///EUTRON-PROTCN


Stable Particles 
n, A 

Data Card Listings 
For notation, see key at front of Listings. 

L I M r ON NEUTHDN-ANTINEUTRON OSCILLATIONS 

HERN TIME FOR N-ANT1N T R A N S I T I O N I N VACUUM ( U N I T S SEC . I 
l l . E B l CR MOKE CHETVRK1N 8 1 

ESTIMATE BA5EC ON M I * FROM NUCLEON S T A B I L I T Y EXPERIMENTS. CONTAINS 
REFERENCES TO EARLIER ESTIMATES AND D I S C U S S I O N S . SEE ALSO 
HOMAPATRA 8 2 . 

17 NEUTRO:- BETA DECAY PARAMETERS 

BELATED 7CXT SECTION V I 0 . 1 

W E N T I O N ! 
C O N P O R T O 6 7 R W U E S E E N O T E C B E L O W 
C H R I S T E N S 6 7 C N T R N D E C A Y F T V A L U E 1 1 / 6 8 
G R I G O R E V 6 8 C N 1 R E - N E U A N G C O N R E L 1 0 / 7 1 
C H R I S T E N S 7 0 C N T R P E . N E U T S P I N C O R R E L 1 0 / 7 1 
F R O Z O L I M S 7 1 C N T A R E P L . B Y E R 0 Z 0 L I M S 7 9 1 0 / 7 1 
C H R I S T E N S 7 2 C N T R N D E C * F T V A L U E 1 / 7 3 
K R O P F 7 3 R V U E N D E C A Y A L O N E 1 / T 3 
K R O P F 7 3 R V U E N 0 E C . + F T V A L U E 1 / T J 
D G B R O Z E M S 7 5 C N T R R E P L . 8 Y S T R A T O W A 7 8 1 2 / 7 5 
K R O H N 7 5 C N T R P E . N E U T S P I N C O R R E L 1 / 7 T 
E R O I O L 1 N S 7 7 C N T R R E P L . B Y E R 0 Z O L 1 M S 7 9 1 / 7 8 
S T P A T O H A 7 8 C N T R P R O T O N R E C O I L S P E C ! 2 / 8 2 * 
E R O Z O L I M S 7 9 C N T R P E . N E U T S P I N C O R R E L 1 0 / 8 1 * 

C O N F O R T O 6 7 C O M B I N E S F R E E N E U T R D N O R T A T O 1 * 5 6 7 . R E P L . B Y K R O P F 7 3 . 1 / 7 3 
T H E S E E X P E R I M E N T S M E A S U R E T H E A B S O L U T E V A L U E O F C A / G V D U L Y I O / T I 
K R O P F 7 3 K R L U E O B T A I N E D B Y F I T T I N G A L L D A T A T H R O U G H 1 9 7 2 . 1 / 7 3 
K K O H N 7 5 P A P E R H I V E S - 1 . 2 S B * - . 0 1 5 I N C L U D I N G E V E N T S OF C H R I S T E N S 7 D . 1 / 7 8 
T H E V A L U E Q U O T E D A B O V E I S D E R I V E D F R O M H I S A , B A S E D ON N E W ETCPT O N L Y 1 / 7 7 

A V E R A G E ( E R R O R I N C L U D E S S C A L E F A C T O R O F 1 . 0 1 

T L V E T O G V I O E G R E E S I 
B U R G V 6 0 C N T R P O L A R . N E U T R O N S 6 / 7 7 
C L A R K 6 D C N T R P O L A R , N E U T R O N S 6 / T 7 
CONFORTO 6 7 RVUE 1 1 / 6 8 
EROZOLIMS 70 CNTR POLAR. NEUTRON 1 0 / 6 9 
KROPF 73 RVUE N DECAY 1 / 7 3 
EROZOLIKS 7 * CNTR 
STEINBERG 7 * CNTR 
ENOZOLIMS 7 8 CNTR 

;V ( S E E FXT FOR SIGN 
I - 1 . 2 S Q I 1 0 . 0 * 4 1 

( - 1 . 2 2 1 ( C D S ) 
• - 1 . 2 6 I 1 0 . 0 2 1 
1 - 1 . 2 7 1 
1 - 1 . 2 3 9 1 ( 0 . 0 1 1 1 
1 - 1 . 2 6 3 1 1 0 . 0 1 6 1 
- I . 2 5 0 0 . 009 

( - 1 . 2 5 0 1 1 0 . 0 3 6 ) 
- 1 . 2 5 3 0 . 0 2 1 

f - 1 . 2 6 3 1 1 0 . 0 1 5 1 
0 . 0 1 7 

- 1 . 2 6 1 D . 0 1 2 

- 1 . 2 5 * 6 O . 0 0 N 3 

PHASE ANGLE CF GA CELJ 
1 1 7 5 . 1 I 1 0 . I 
1 1 9 8 . 1 f 2 7 . ) 
1 1 7 6 . 1 1 ( 6 . 4 ) 
1 1 8 1 . 3 1 1 1 . 3 1 

1 6 1 . 1 1 . 3 
1 8 0 . 3 5 0 . 4 3 
1 8 0 . 1 * 0 . 2 2 
1 7 1 . 7 1 0 . 3 9 

CONFORTO 6 7 COMBINES F 
KROPF 73 VALUE OBTAINS 

POLAR. NEUTRON 
N DECAY 
POLA* . NEUTRONS 
POLAR. NEUTRONS 
PDLAR. NEUTRONS 

1 B 0 . 1 I 0 . 1 7 AVEK 

1TT ING ALL DATA THROUGH I 9 T 2 . 

GE (ERROR INCLUDES SCALE FACTOR OF ] 

THREE-VECTOR CORRELATION C O E F F I C I E N T 
0 1 MEASURES COMPONENT OF NEUTRON S P I N PERPFNOICULAR TO ' H L DEC 
PLANE I N BETA DECAY. SHOULD BE ZERO I F T - I N V A R I A r . C E NOT 
VIOLATED. SEE TEKT SEC V I D . 

EROZOLIMS 70 CNTR 
EROZOLIMS 7 4 CNTR 
STEINBERG 74 CNTR 
EROZOLIMS 78 

- 0 . 0 1 
-0.0027 0.0050 
' 0 . 0 0 1 1 0 . 0 0 1 7 
• O . O 0 2 2 O.OO30 

ER0ZDL1MSKI I 78 SAYS ASYMMETRIC PROTON L05SES AND NON-UNIFORM BEAR 
POLARIZATION MAY GIVE SYSTEMATIC ERROR UP TO 0 . 0 0 3 , THUS INCREASING 
THE E R D Z O L I M S K I I 7+ ERROR TO 0 . 0 0 5 . STEINBERG 7 4 . T6 ESTIMATES 
THESE SYSTEMATIC ERRORS TO BE I N S I G N I F I C A N T I N T H E I R EXPERIMENT. 

POLAR. NEUTRONS 
POLAR. NEUTRDNS 
f-OLAR. NEUTRONS 
POLAR. NEUTRONS 

7 / 7 6 
7 / 7 6 
7 / 7 6 
7 / 7 6 
7 / 7 6 

1 2 / 8 1 * 
7 / 7 9 

1 2 / H 1 * 
1 2 / 8 1 * 
I 2 / B 1 * 
1 2 / 8 1 * 

- 0 . 0 0 0 7 0 . 0 0 1 4 AVERAGE (ERRO* INCLUDES SCALE FACTOR OF 1 . 0 1 

7 1 7 
COHEN 5 6 PR 1 0 * 2H3 
SOSNOVSK 5 9 JETP 
BURGY 6 0 »R 1 2 0 I B Z 9 
CLARK 6 0 CJP 3 8 6 9 3 
SUNYAR 6 0 " » 1 2 0 871 

IRNLOHARVIRDI 
I I A E MOSCOW) 

( « ' I L * C H I C 1 

IBNL1 

MATT I 1 6 5 N 

REFERENCES FOR NEUTRDN 

V W COHEN. CORNGOLDr RARSEV 
S0SN0VSKI I .SP1VAK.PROKOFEV * 
•KROHN,HOVEV,RINGO 
4ROBS0N 
A . V . S U N Y A R . M.GOLOHABER 

• T H I E L E . H A P S T R A (MAX PLANCK I N S T . C H E M . ) 
CHRISrEHSEN.N IELSON.BAHNSEN.eROHN* ( R I S C ! 
G . CONFORTO (CERNI 
• 0 * E S S . B A I R O . R A M S E Y (ORNL*HARVI 
C . G . S H U U . , R.NATHANS I M I T * B N L ) 
. ( j . I M O , MILLER.RAMSEY (ORNL»HARVI 
* G * I S H I N , V L A D 1 H I R S K l l , N I K ( j L A E V 5 K I f • I I T E P I 

• N I L L E R , 0 R E S 5 , R A M S E Y (ORNL.HARVI 
•PARKER.LANGENBERG I P R I N » U C 1 * P E N N I 
APOSTOLESCUtlDNESCU. IDNESCU-euJOR * IBUCHJ 
CHRISTENSEN.KR0HH,AINGO I A N L I 
EROZOLIMSKI.BONDRRENKO, * ( K I I E 1 
EROZOLtMSHY.BDHDARENKO * I R T A E I 

EROZOLIM 71 JETPL 1 3 2 S 2 EPOZOL1HSK1I.BONOARENKO • I K I A E 1 
CHRISTEN 72 PR 0 5 1 6 2 8 CHBISTENSEN.NtELSONt8AHNSEN.BROWN* ( R I S C ) 
COHEN 73 J .PHYS.CHEM.REF .OATR 2 . P . 6 6 3 . E . R . C O H E N . 8 . N . T A Y L O R 
DRESS 73 PR 0 7 3 1 4 7 ORESS.MILLER.RAMSEY lORNLOHARVI 
KROPF 73 ZPHY TO BE PUBL. A KROPF.H PAUL ( L I N Z t 

ALSO 70 NP A154 160 H PAU1 ( V 1 E N I 

CHRISTEN 6 7 PL 2 6 B I I 
CONFORTO 6 7 APAH 22 15 
MILLER 6 7 POL 19 3E1 
SHULL 6 7 PRL 11 3R4 
ORESS 6 8 PR I TO 1 2 0 0 
GRIGOREV 6B SJNP 6 2 3 9 

BAIRQ 6 9 PR 179 126 
TAYLOR 6 9 R"P 4 1 3 1 5 
APOSTOLE TO RRP 1? 3 4 3 
CHRISTEN TO »R C I 1 * 9 3 
E R 3 Z 0 L I M TO SJNP I I 5B3 

ALSO "L 2 7 8 5 5 1 

EROZOLIM 74 JETPL 2 0 3 4 5 
S I E I N B E R 74 PRL 3 3 4 1 

ALSO 7 6 PR 0 1 3 2 4 6 9 
DOBROZEM 75 PR D U 5 1 0 
KROHN 75 * L 5 5 9 I T S 

DRESS 77 *R D 1 5 9 
E R O Z O L I " TT JETPL 2 3 6 6 3 
GREENE 7 7 PL 7 1 B 2 9 7 
EROZOLIM 7 8 S J I P 2 8 4B 
STRATOMA 7 8 PR D 1 8 3 9 7 0 
BONDAREN 7 8 JETPL 2 9 3 0 3 

ALTAREV 7 9 JETPL 2 9 7 3 0 
EROZOLIM 79 SJNP 30 356 
GREENE 7 9 PR 0 2 0 2 1 3 9 
NORMAN 79 PRL 4 3 1226 

BMABANd | 0 JETPL 3 2 3 5 9 
BYRNE 1 0 PL 9 2 B 2 7 4 
KCSVINTS 8 0 JETPL 31 2 3 6 
M I L K I N S O 8 0 EX ICE S C H . N U C . P H . 
At-TARE* 8 1 PL 1 0 2 8 13 
CHETVIWI 8 1 PL 9 9 1 3 3 8 
MOHAPATR 82 ICOBAN CCNF 8 2 

E R O Z O L I M S K U . H O S T O V O I . F E D U N I N . F R A N K * 
STEINBERG.L IAUO.VlGNON.HUGHES tYALE*GRENI 
S T E I N B E R G , L I A U O . V I G H O N . HUGHES (VALE+GRENI 
OaSROZEMSKV.KERSCHBALm.MORAU.PAUL * I S E I 6 I 
KROHN.RtNGD ( A N D 

* M I L L E R , P E N P L E B U R Y . P £ R f t I N * <CRNL*GREN*HAAV) 
E R O Z O L I H S K I f t F R A N f C N G S T O V O t * I K I A E ) 
•RAMSEY,NAMPE* I MARV+ILIG+SUSS*D«WL*CENG) 
E R O Z O L I H S K I I . H O S r a v O t . F E O U N I N . F R A N K * ( K I A E t 
•DOBROZEMSKY.WEINEtERL I S E I B ) 
B0N0ARENKO,KURGUZOV.PR0KOFEV* ( K I A E I 

* B O R ( 5 0 V , S R I N D 1 N , £ G O R O V , E Z H O V , 1 V A N O V * ( L E N I ) 
E P I O I O L I M S K I I . F " I N K , M O S T O Y D I * ( K I A E t 
•RAMSEV.HAHPE* I H 1 R V * t L L G * S U S S * O R N L * C E N G ) 
E.B.NORMAN, A.G.SEAHSTER (HASH) 

BRUABANOV.VERETENKIN.CAVIt lN • ( L E N I I 
•MORSE.SMITH,SHAIKH,GREEN,GREENE ( 5 U 5 S « R L ) 
KDSVINTSEViKUSNNII l fHCWOZOVtTEREKHOV ( J I N R I 
O . H . U I l K I N S O N ; P l l O i ; . P M T . N U C . l > H Y . 6 , 3 2 5 I S U S S I 
•BOR1SOV,BOROVIKOVA,BRANDIN,ECOROV '• ( L E N I I 
CHETVRKIN .KAIARNOVSKY.KUZMIN* I I N R H I 
R.N.MOHAPATRA ( T I F R I 

;RS NOT REFERRED I D I I DATA CARDS 

JACKSON 57 PR 1 0 6 5 1 7 
COHEN 65 RMP 3 7 5 3 7 
SHALL A 66 PL 1 9 6 < l 

JACKSON.YREIMAN.WVLD 
rOUHOND ( N . A H E R . A V I A T I O N S C I I 
C P 8HALLA '•IS 

0 4 B D A I I I 1 6 . J P * I / 2 * I 

IB LAMBDA MASS (MEV) 

SINCE OUR F INAL VALUES FOR THE SIGMA A I D LAMBDA MASSES C1MF FROM 
0 O I M 5 AN OVERALL F I T TO ALL MEASURED MASSES AND MASS DIFFERENCES, 
HE HAVE USED THE UNCORRELATED MEASUREMENTS FROM SCHMIDT * 5 FATHER 
THAN THE ONES COMING FROM THE OVERALL F I T REPORTED I N THAT PAPER. 
SINCE THERE 5EEWS TO I E NO CONVINCING ARGUMENT AS TO WHY ONE SHOWO 
IGNORE DATA U S I N G RANGE MEASUREMENTS. WE HAVE INCLUDED MFIE VALUES 
DEPENDING ON PROTON AND P I O N RANGES. THE SCHMIDT 6 5 MASSES HAVE 
BEEN REEVALUATED USING DUR APRIL 1 9 T 3 PROTON AND CHARGED K AND P I 
MASSES. P . S C M - I O T . PRIVATE COMMUNICAI ION. 1 1 9 7 * 1 . 

1 1 1 5 . 4 4 0 . 1 2 0HOWMIK 63 RVUE • SEE NOTE L 8EL3rf 
ABOVE LAMBDA "ASS HAS BEEN RAISED 35 KEV TO ACCOUNT FOR t f t KEV 
INCREASE I N PROTCN MASS AND 11 KEV DECREASE I N CHARGED PIDN MASS. 

9 7 2 ( 1 1 1 5 . 6 9 1 
1 1 1 5 . 6 

( 1 1 1 6 . 0 1 
195 1115.34 

152411115.521 
9 3 5 1 1 1 5 . 5 9 

AVERAGE OF VERY 

BALTAY 65 HBC ERROR I S 
SCHMIDT 65 HBC EE NOTE N 
CHI EN 6 6 HfiC 6 . 9 PBAR 
CHI EN 6 6 H8C 6 . 9 PSAR 
LONDON 6 6 HBC 
BADtER 6 7 HBC 2 . 4 PBAR 
KAVEUR 6 7 EMUl 
BOHM 7 0 EMOL 

AUTHCliS 3 / 7 2 
DETECT SYSTEMATIC EFFECT OF ABOUT . 1 5 MEV. HHICH TI-EV ATTRIBUTE 
I D ERRDR I N RANGE-ENERGY RELATIONS, I N REGION B E T A - 0 . 6 - 0 . 7 . 
T H I 5 EFFEC T , IF C 0 N F I R M E 3 . WOULD AFFECT VERY L I T T L E THE VALUES CF 
BHDWMICK 63 AND HAYEUR 6 T . 
ERROR PURELY S T A T I S T I C A L . 

1 1 1 5 . 5 6 6 0 . 0 5 6 AVESAGE IERRDR INCLUDES SCALE FACTOR OF 1.3 
1 1 1 5 . 5 9 6 0 . 0 4 6 FROM F I T (ERROR INCLUDES SCAIE F A ^ T H R 0 * l . J 

(SEE IDEOGRAM BEtOH » 

WEIGHTED AVERAGE - 1 1 1 5 . 5 6 6 ± 0 056 
ERROR SCALEID BY I 3 

Values above of weighted average, 
e r ror , and scale factor are for the 
reader 'B convenience only. The 
data were actually processed hy a 
constrained fit program, which _ 
clcui . i tes its own values of x, 6x, 
and scslu mctor, which arc differ
ent from the values shown here. 

H Y M A N 72 HEBC 
MA.YEUR 67 EMUL 
LONDON 66 HEC 
SCHMIDT 65 HBC 
BHQWM1K 62 RVbE 

AMBOA MASS (MEV) 

[LAMBDA MASS DIFFERENCE I 
CHIEN 6 6 HBC t 
BAOIER 6 7 HBC 1 

I INCLUDES SCALE FAC70B OF : 

18 LAMBDA MEAN L I F E ( U N I T S 1 0 * * - 1 0 SECI 

0 B 3 * 2 * 
0 2 6 0 0 . 
D 1 0 5 9 1 

( 2 . 7 2 1 
1 2 . 7 2 ) 
1 2 . 6 0 1 
1 2 . 6 9 ) 
( 2 . 3 6 > 
1 2 . 7 6 ) 
1 2 . 5 5 1 
( 2 . 3 1 ) 
( 2 . 5 9 1 
( 2 . 5 1 ) 
( 2 . 6 ) 
( 2 . 3 5 1 
( 2 . S O I 
( 2 . 7 0 1 
( 2 . 4 5 2 1 
( 2 . 6 8 1 
1 2 . 4 4 1 
1 2 . 5 5 ) 
( 2 . 5 3 5 1 
1 2 . 4 1 ) 
( 2 . 3 9 1 
( 2 . 5 4 ) 
( 2 . 6 9 1 

2 . 6 2 6 
2 . 6 1 1 
2 . 6 9 

( 0 . 2 1 1 
( 0 . 1 6 ) 
( 0 . 2 9 1 
( 0 . 2 8 ) 
( O . l l l 
I D . 061 
I 0 . 201 
1 0 . 0 9 1 
1 0 . 1 0 1 
I O .OTI 
( 0 . 1 6 ) 
( 0 . 1 ) 
( 0 . 0 9 ) 
(0.14) 
(0.20) 
( 0. 0561 
(0.131 
(0.151 
( 0 . L51 
I 0 . 0351 
1 0 . 0 8 1 

(0 .211 BOLOT 
*FDRD 

58 CC 
59 HBC 
6 0 CC 
62 HBC 
6 2 HBC 
6 3 HE EC 

, I D ) 
( 0 . 0 4 1 
( O . 0 5 t 

O.OZO 
0 . 0 2 0 
0 . 0 3 

1 .271 60WEN 
) . 2 0 l CHANG 
> . 1 1 > HUMPHREY 
) . 0 6 1 BLOCK 

CHRETIEN 6 3 HLBC 
HUBBARD 6 4 HBC 
KREISLER 6 4 OSPK 
SCHWARTZ 64 HBC 
BALTAY 6 5 HBC 

65 OSPK 
6 6 HL.BC 

C H I E N 6 6 HBC 
CHtEN 6 6 H6C 

> .054>ENGELN*NN 6 6 HBC 
J . l l l AUERBACH 6 7 OSPK 

BAPIER 
BAOIER 
GRIMM 
HEPP 

HItl 
BUR** 

6 7 H8C 
6 7 HBC 
6 8 HBC 

6 / 6 6 
S/fcT 
9 / 6 7 
9 / 6 6 
8 / 6 7 
6 / 6 8 

OEMK 

POULARD 
CLAYTON 
ZECH 

7 0 HLBC P I - P , 3 . B 6 CEV/C 
71 HBC K-P AT REST 
7 3 OSPK P I » N TO K»LAMBOA 
73 HBC K-P.KMOM . 4 T C 2 . 3 
75 HBC K-P.KMDM . 9 6 - 1 . 4 

' SPEC NEUTRAL H Y P . BEAM 
•RIMENTS NOT INCLUDED I N A V 1 A G E . 

6 / 7 1 
2 / 7 * 
9 / 7 3 
1 / 7 7 

1 2 / 7 7 
1 / 7 8 
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
A 

WEICHTED AVEPACr - 0.3799 ± 0.0029 
ERROB SCALED 8* 1.6 

365 0.375 0 38? 
LAMBDA DtCAV RATE (UN] 

11 LAMRDA MAGNETIC " W E N T (MACNfTONS < , « . / , , « F V ( 

M " - i 5 0 . 5 COOL 67 I U R K 
KERNAN 63 f t 

»M 
B 5 5 3 - 1 

151 1 5 0 
' 2 
28 

ANOERSON 6 * VBC 
CMABRIEOf 65 FMUL 

6 7 1 1 0 311 1 0 . 3 7 ) RAOKOV 71 E«UL P P f L l M . Bf>,ULT 

M -
1 3 0 0 - 3 6 6 0 

u o 
o r 
i f l 

O A " L j F N S F 71 EMUL 
H I L L 71 PS"K 

HAG f i r i D ' 2 O 0 K G 

6 5 0 ?B SAPKOV 72 FMUf. I f l U D E S HAHKOV 71 
5 7 0 BUNCH 76 SPFC 

3 5 0 " - 3 s o 0 17 t t E L L t P 77 SPEC 
b ! 3 B 0 0 0 * 7 SC"ACHING 7B SPEC 

"" 2 0 0 * - 3 6 06 0 O t 5 CO* i l l SPEC 

"" * : « hi33 o. a a " AVERAGE (EBB3H INCLUDES SCALE FACTO" n r 1 .C1 

16 LAMBDA ELECTRIC D I P f H E HOMFNT (UN 1 1 I T » - 1 * f C«> 
NCN/E I' VALUt l « P L I E S V I O L A T I O N OF T AND ° 

F CM ,s 
01 ™ LESS C = . 1 5 GIBSON 6 6 EMU. 

t c - I I 0 1 m LESS C ' . 1 5 BARONt 71 E M UL 
ECM n 0 I 4 I C B LESS C = . 1 5 PFINORDM B l SPEC 

n*"c*Jt fASUHES 1 - 5 . 9 * ? . 9 I « 1 0 « - 1 5 E CH 
EOM OONGROM H I " f A S U R f ( - 3 0 « - T . * l » I O « » - l T E C* . 

IB LAHBOA P A R T I A L OFCAY MOOES 

DECAY -ASSES 
P | LA«BDA 1 n m 1 3 1 
P2 LAK8CA I 10 NEUTRON " 1 0 9 3 9 t 1 3 * 
P3 LAMBDA I TC PROTCN " U - NEUTRINO S3B» 1 0 5 t 1 

TO POCTOU E- N EUTRIND 
0 4 IAMBUS I I T OHrjTfJN D | - GAMMA 93f l< I3"»* 0 

I B LAMBDA flRA'JCHe^ R A T I O S 

ii LAMBO* j i n ( o P i - J / I I P 
62T 0 . 031 
6 5 0 . 0 5 

COAHFOBP 5 9 HPC 
C O L U M B I A s o f e e 

M / ( P I t P ? > 

:: U ( 3 
9 0 3 a 

( .951 t o . s i n 
6 * 3 0 . 3 1 6 

AN0EB5DN 6 2 HBC 
HUMPHREY 6 2 HBC 

» i 473fc- 3 6 3 5 0 . 0 0 7 OOl fL f 6 9 HBC t » I - P 10 LAM, * 0 
" i * 4 T ? a 6 1 * 0.OOB B A L t A * 71 HBC K-P AT BEST 
« i 

ft 

ANDERSO RESULT N O ! o i l B L I S H E D . EVENTS ADDED TO DO 

AVERAGE (ERftOR I N C U ' E E S SC 

LF SAMPLE. 

a ; ft G 0 6 1 1 1 0 . 0 0 * 1 

B L I S H E D . EVENTS ADDED TO DO 

AVERAGE (ERftOR I N C U ' E E S SC LE FAC10P OF 1 .01 
" 1 f 1 "> 6 * 1 1 0 . 0 0 * 1 BOM F 1 I (FRROP INC1 UOES SC L f FAC'OR DT̂  1 .01 

R2 
12 

LAMBDA 1 
•J 

I D C P I 0 1 / I C P 
2 3 0 . 09 

P I - | . ( N P 1 0 1 1 1 
F lS lE fR 5 7 HLBC 

2 | / ( P l » t > 2 l 

3 

3 

* 3 0 . 1 * 
2 8 0 . 3B 
35 0 . O 5 

CRAWFORD 59 MEC 
BAGLIN 6 0 HLBC 
BROWN 6 3 HLBC 

:J 75 3 2<»l 0 . O 3 * CHRETIEN 6 3 HL6C 

AVLRAGE (ERROR INCLUDES SC " 2 G 3 J O * 0 . 0 2 5 

CHRETIEN 6 3 HL6C 

AVLRAGE (ERROR INCLUDES SC LE FACTOR OF 1 ,01 
H2 * 1 3 3 5 8 1 0 . 0 0 * « BOM F I T (ERROR INCLUDES SCALE FACTOR OF 1 . 0 1 

«3 LAMBDA I TO (H E- N F ' J I / D IAL ( U N I I S 1 0 « * - 3 ) [ P 4 1 / I P 1 + R 2 I 
R3 0 15 ( 2 01 1 0 . 5 1 HUMPHREY 61 PVUE 
R3 0 e (2 9 1 1 1 . 5 1 ( 1 . 2 1 HUBERT 6 2 FBC 
R3 1 * 0 O 6 2 1 ( 0 . 1 2 1 E l * 63 FBC K- A l RFST 
RJ 102 ( 3 7 8 ) ( 0 . 1 2 1 ( 0 . 1 3 1 RAGLIN 6 * FBC H- AT 1 . * ^ . E V / C 
1 1 a 5 5 1 ( 0 . 3 * 1 L I N O 6 * HBC 
1 3 1*3 ( 3 BOI ( 0 . 0 8 1 MALONEY 6"> H6C 
S3 7 9 1 ( O . O H CANTER T l HBC K-P AT :;EST 
« 3 N 2i« ro 881 ( 0 . 1 0 1 L INOOUIST 71 TSPK P I - P TO t o LAR 
0 3 THESE V L t f S F-AVE RFI-N CHANGED BY US INTO PATIOS TO pouTON P | - . 
R3 BECAUSE IMkT 15 THE D I ECTLY MCftSORfO DUANTI1V . SE E R5 PCLOH 
R3 a LOH STA IST1CS £ P E P I « E N ? S . IDT AVERAGED 

*/7 1 

C A N T £ 6 | 
9AGGETI 

1 . 5 T 0 . 3 5 A / F RAGE IERBRP INCLUDES 

kMFJDA 

•0 

1 1 1 - [P 

1 . 1 7 

E- N L U l i 
0 . 20 
0 . I B 

l l » p I - l I U M T S 1 

I A G L P . 

a « - i > 

1 . 3 1 0 . 1 2 MALGNEY 
'S 1 . 3 1 

i . i r 
0 . G 6 
0 . 13 

ALT^-OFFl 
CANTFO M H b f " 

( 0 . 151 L1HD0UIS r 71 CSP-
1 . 2 3 0 . 1 1 L I N D W I I S T 77 SPFf 
1 . 3 1 3 0 , 3 2 * ME IF HO S P f f 

.ALE'JL ATEO BY US c ROM SSUMING THE 
INOOUIST T» INCLUDES OAIA . OF L I 1 D 0 U I S T 7 1 . 

"EL A 10 I E I T 

e L A M H D A o r e 

SFC1 ION V I t l 1PD 1 

ALPHA 
1156 ':::;- (LAMBDA I N 1 0 

0 . 3 7 - ss;;:1 
6 3 LNIU IA - !10A i 

1 0 . 0 2 ? ) 6 6 PVVi I N C I T E S A 
1 0 1 3 0 0 . 6 * 5 6 / T S f L A - t D A f-

t O . t l B t ) <-Er B r ° i a* OAU 
0 . 3 6 I P f F P C ' 1 DEC 

C L M A N O If 
0 . 0 * 6 

NCL 

SPEC lAM^r .A F 

AW. 1 . 6 * 2 0 . 0 1 3 AVER NCL HE 4 ',CALE F*r.T')L 

A . P * A 3 / A L P H A - FFJP LAXBDA 11 INTO P10 U 
L 6 0 ' N I B ' " " ' 

a *»6o 0 . 0 6 8 01 SEN 

' i n 

rsr« P U N rr. . . 

AV(» ' i : - i c 6 ' 0 . f 6 6 AV iB 

01 SEN 

' i n Li: S C A U 1 i C T r j f 

PHI A MCL 1 ( 1 1 

: w , C R H I P N DI 

1 ( P H I l / C n S ( l > H I 

I S I . H-F1H LAM10A OE 

vtc-n-1 
1 3 . 0 1 7 . 0 6 3 

••1 " " HFpfw0?^ 
- . 4 U 

£JG - 6 . 5 1 . ' , A M ' O l G f 

GA/GV t-OH I A " H D A RFIA DICAY (111 
C 22 ( - 1 . 3 3 1 l ' 
C 102 1 0 . 6 1 ru - " 'BE PI 
C BETH O . a s ; : - 1 . 1 H, 
C 102 ( 0 . 7 1 r.B -OPE C l = . 1 5 Fl 
C EXPERIMENT"- INCLUDED I N COMFORT' 

0 . 3 3 CI 
• 0 . 7 2 

0 . 15 

0 . 1 ' 

1 . 1 8 71 I 
173 ' - 0 . * C I ( 0 . 1 3 1 I U . 1 7 1 I I N P O U I S T 71 P I P . 
352 - 0 . 7 * 0 . O 1 3 . 1 2 B A G G F I T l / 2 MAC 

1 0 - i . n< 
T3 INC l ' ICES D A ' I 

•JISI 

IHHEE S P I N 

1 I N D G U I 5 ! 77 INCLUDES 0 A 1 I 

WEIGHTED AVERAGE = -0.G90 ± 0.03A 
ERROR SCALED BT 1 4 

: o 
7 t 
6 0 

73 OSP" 
12 M«C 



Stable Particles 
A, Z* 

Data Card Listings 
For notation, see key at front of Listings. 

EISLER 5 7 NC 
BOLDT 5 8 °PL 
CRAWFORD 5 9 PRL 2 6 6 

REFERENCES FOB I H B D I 

E l S L E R . P L A N O . S A w l O S . S C H k A R T Z 
E S O L D I , 3 O CALDt fSLL .V P A l 
C tAWFORD.CRESTI .Oa i lGLAS iQOO * ( L R L J 

9 R G L I N 6 0 NC IB 1 0 * 3 
8DWEN CO PR 119 2 0 3 0 
CO»K 60 "I 120 1000 
COLUMBIA 6 0 « K H CONF 7 2 6 
HUMPHREY 6 1 PRL 6 * T B 

ANDERSON 6 2 CERN CONF B 3 2 
AU9ERT 6 i NC 25 * 7 9 
CHANG 6? T H E S I S DLKE 
COOL 6 2 PR 127 3 2 2 3 
GCOD 6 2 "PL 9 5 1 8 
HOMPuHEV 6 2 PR 1 2 7 1 3 0 5 

ALSTON 4 3 UCRL 
BKJHHIK 6 3 NC 
BLOCK 6 3 PR 1 
B R O M N 6 3 PR 1 
C » * f r i E N 6 3 « J 

L0926 

SCHWART? 6 * UCRL U 3 6 0 THESIS JOSEPH ADAM SCHMART7 

B A GI IN ,8LOCH,B RIS S ON , H E7 . N ESSY • ( E P O L I 
BOtfEN.HARDY,REYNOLDS,SUN * I P R I N C E T O N I 
C 0 1 t K . K E R r n . « N Z E L . C R O N I N * (LRL*PR I N t f l N L l 
M SCHWART7. * < C O L U « B I * l 
HUHRHREY.VIRZ.ROSENFELD.RHEE * I L H L * S T » * I 

ANDERSON.CRAHFORO.GOLDEN.LLOYD • I L R U 
A U B E R T . B P I S 5 0 N . H E N N E S S V . 5 I X * ( F P 0 L 1 
CHJEN CHJEN CHANG ID 'JKEI 
COOL .H ILL .M A RS HA LL • I B f . L * M I T * N V U * A N L I 
M t GOOD.V f. L I N D ( i f | S C O * S ( * l 
M E HUMPHREY,!) R ROSS ( L R L I 

A L S T O N , « I R 2 . N E U F E L D , S C L t ' m , W D « L M U T 
B B W W H . D P GOVAL 
BLOCK. G E S S A R 0 L I . R « T T I + ( N H E S * H G N A * 5 V R A * Q R N L l 
B » O W N . K A O V K . T R I L L I N G , R O E * ( L R L ^ l C H l 
C M > F T I EH.CROUCH* i e r - A K * B R O M N * H A R V » R D * t r T I 
J H C f l O N I N , 0 E OVERSETH l o B I N C E T O N ) 
ELY .G IQA l .KALMUS.OSWALO.PC ikJEL l » ( L R U 
KEBNAN,N0VEV,WARSHAW.WA1TE.NBERG I A N L * I L U 

J A ANDERSON, F S CRAW FOP D t t < U I 
B A G t I N .B INGHAM* t EeOL*CERN*LO. 'C*RHEL*F lERGt 
HJBBAPD.RERGE,RAt .BFLEISCH,SHA«ER • t L » L I 
•C faNAI .PDM-EL l ,SAMPLE? * N * l * L O i K ) 
M N < R E I S L E R , 0 OVERSETH.J C R C M N t * « I N > 
L1ND.B INFORO,GOOB.STERK (WISCONSIN) 
RO-INE* CCERN*EPOL*LOLIC»* 'JNIV.BFRGEM 

I 3 E L H I I 

| L « L > 

9 * 5 1 1 U 65 NC 3 5 OTJ 
f»»LTAV 6 5 »R 1 1 0 B 102T 
BAPLOw 6 5 P I 18 6 * 
C HARRIER 6 5 PL 15 6 6 

ALSO 6 6 NC 96A 2 0 5 
C O W CiST 0 6 5 FC I N T t - E P I E G W V I 
ELY 6 5 PR 1 » 7 B I 3 0 ? 
H I L L 6 5 P»L 15 15 
5 C H H I 0 I 6 5 P» 1 * 0 * I 3 7 P 

3€«>5E 6 b B E B I t L ' Y * 6 
BU=AN 66 PL 2 0 l i e 
C " I EN 6 6 P = 152 1 U 1 
f-VOFLKAN 6 6 t t * * • 103B 
GIBSON 66 • * : - 5 » *A1 
i m a o s 66 PR 1 - 3 | « * 

A J E R B A C H 67 NC fcTA 19 
6 1 0 1 En 67 »L 2 5 ) 152 
C l E L A . o 6T PL 2 " . * S 
1AVEUR 6 7 ; . i . i B B . e G o x . B u i j ? 
3VERSETH 67 M l 19 3 9 1 
GPIMM 6 8 - I t 5 * A 1BJ 
HEOP b*. 7P«V5 2 1 * 7 1 
M E « » [ L L 6P • * ( 6 7 I ? C 2 

3»JB£B 6 9 PO 179 126 2 
anric 6 9 'JCPL 1 8 1 3 9 - T H E - . . I * 

6 » PPL 2 3 * 7 5 
3CHH TO NC 7 0 . ' 3 " - . 
O E M I D O Y 7 0 SJNP 10 6 > l 
OLSEN 7 0 PPL 2 * B * J 

A l f H O F F l 7 i P I 3 7 B ? : i 
ALTHQFC7 71 PL 3TB 5 7 5 
1 A L T A Y 71 PO D * 6 7 C 
3APK0V 71 J E T P l 1 * 6 0 
3APQNI 71 L W 2 1 7 5 6 
CANTER 71 PRL ?6 8 6 ? 

C A ' U E R l 
OAHLJENS :; :;sr,M 
H I L L 71 PR D * 1 9 7 9 

ALSO 65 « l 15 »5 
U N D C U I S T l PPL 2 T t ! 2 

s w « m 7 2 !PHY 249 2 7 9 
BAGGETT2 72 £PHV 2 5 2 M2 

72 P I * 2 B 3 7 9 
3 A R « o v T2 JFTPL 16 1 0 * 
CLELANO T2 NP fl*0 2 2 1 
HYMAN 72 »R 3 5 1 0 6 3 

' - I H 0 F F 1 73 PL * 3 3 2 7 7 
*LTM0Ff3 73 IP 8 6 6 75 
' i W L A R Q 73 »L * 6 B 135 

STB'JBY 75 NP B 9 9 7 0 
CLAYTON 75 NP E 9 5 1 ! 0 
SLUICE 76 PPL 3 6 1113 
BURNETT 76 -It J * A 14 

H E L L E R 7 7 P I 6 e e a<ti 
L I N O ours 77 PR 0 1 6 7 1 0 * 

A l S C 76 JPG 2 L ? l l 
IEC.H 77 NP 8 1 2 * * 1 3 
S C K A C H I N 7 8 PRL * 1 13*H 

rftSE 6 0 PL 9 1 P 165 
c m 81 P«L * 6 ?77 
PGNDRCM 81 PRO 2 3 B l * 
WISE 81 PL 9SS 1 2 3 

ARNENTER *? E!!!< «? ! ?» 

i t I N • I E P O L . C E B N . t O u C , « H E L , B E 1 0 F N l 
T R Y . S A N t J M E I S S . C t l L H l C K . K C P e * 1 V A L E * 9 V L 1 

lARLOUteLA lP .CONFOPTCI* I C E R ' ^ R H E L H - E N M 
,«» IE B E . G I B S O N * I E P C L » B P r 5 * C F R N * H P ! H I 
n m e o E . o i B s n t * l E P O L . e R i s . c E B N . ' t p i M i 
•NFORTO ICEHNI 
. G I O A L . K A L H U S . P O u E l L < ( L R L . L O U C I 
L . C l . J F ' t K I W S . K Y C t A . R U O E R X A N I H 1 T , B N L I 

.CHHIfIT i r . 0 L ' J « " 9 I A I 

UE1 L R L . C E S N I 

1 O E L G . L 0 U C I 

BEOGE.CABteeo 
B U " A N . E I « l N O S O N . S K J E G C E S T i D . T n F T F 
• l A C « i S A V D H E I S S i T A F T . Y E f . C « E N « 
F N r . E M A N N . F I L T m i T H . M . E K A N D E P * t 
¥ •* G IBSON.K GREEN 
L O N D O N , B A U . G n L O B f R G . I I C H T H A N * 

AUER9ACH,?OWEN.009BS.LANOE(KANN» 
• B O N N F T . B R l » N D E T , S A n C U L E T 
C L E I A N D . B I E N I E I N . C O N F C R T O * ICFP ' J . 
C . t A V E U B . E . T o ^ P A . J . M i r K E N S 
0 F aWE»SETH, R P ROTH I M t C H t O A I M 
M , - J . G P 1 H « I M O D E L S EDO) 
V . H E P P . H . SCHLEICH I H r i O E L t E R G I 
» f i ? » f l L . S M A F E R ( L l l l 

» 8 E R r . E . H J B B A n D . M E P R I l L . ' , U L E P r L " l l 
J . C . DOYLF ( L R U 
MAlDNEY S t F H l - z r B N I U N I V «ABYL«>JDJ 
* <REC«ER * I B E P L * B R O X » C L K j C * L O j r * L n u r » M A H S l 
* K i H t L i a i » - y G R v o ' f O t f , » » O K n s o v , p R C T A S O v t i I T E P I 
t P O N D P O H . H A N O l E R . L I H O N . S H l T K • r w l S C . I l C n l 

* B R 0 « N . « f Y T A G . H E A R D i H E l N T I E • ( C E R N . H E I O I 
•BROUN.FREYTAG.HEARD.HE1NTIE * ( C E A N . H E I D I 
• B q i O G E W I T E R . C O O P E R i H A e i B I * < C O L U * B I ' I G I 
• CUREVICH.MAKARINA.MAPTFIYANCV* I I T f C l 
G B A O Q M . S PETRERA.G PQMAMO ( B Q - A I 
• C O L E . l E E - F R A N I I N I , L C V F I E S S • I S T f ] N » C O l U ) 

• C O L E . L e E - F R A N M N I , LOVELESS* 1STDN*C0LUI 
DAHL-JENSEN * ( C E P N t A N K A ' L A U S ^ P I ^ ' R O H A t 
• l l . J E N K I N S . K Y C I A . R U O E P M A H M I T . 3 N L ) 
H U L i L I . J E N K I M S . K Y C I A t P U O E f t K A N t M T T . B N I . I 
L l N O S l - ' l S T . S l W N F R * I E F I . H U U . O S U , A > I L I 

< B A G G E T T . e i S E L E . F I L T H U T K , F R E H S E ' 1 H E I D I 
• S A G G E T T . E I S E L F , f : t t T H D T H , F R e » . « * ( « E ( P * 
* B A G G E T I . E t S F L E . F I L T H L i T H , F R t H S E , ' I F P P * t H E I D I 
*CU«EVICH,MAKAOINA.NARTEHYANCW - <1YFPJ 
K O N F O R T O . EATON.GERBER+ I C E P ' I . G E ' / A * L U N O I 
» t l l l N N E L L . 0 E R R I C K , F I E L O S , K * T 2 » ( A N L * C A R N 1 

(CEP"J»HFID1 

: ; ™ : • • . " I L L E R . R IDFBHi 

L t N O a J I S T , S M A l L n « , S O - f ' F B . I K I ' T : 

meet 
• H f l D ) 

•OS NOT REFFBPED " I IS [>AI« C » c O S 

ITE«OS* I C E P N . E P n i t L O I C ' P I B - T E N - S f l C l A V I 
L Y . P O K I E R . S B - J O ^ E l S F . C U L K I C K * I Y 1 L F . R N L 1 

H3 ; I G 1 A * ( 1 I B 9 , J P . 1 / 2 « 1 I » l 

SEE NCTE 1 >FCFCING LAMBDA MASS L I S T I N G S 

I * * U R 9 . 3 B 0 . 1 5 
5 6 1 1 6 9 - * B 0 . 2 2 

ABOVE SIGMA* " A S S E S HAVE BEEN 
INCREASE I N P ° 3 T r N WASS AND 2 1 

* 2 0 5 1 1 8 9 . 6 1 O.OB 
0 . 1 2 

BOH- 72 L 
1 9 . 3 7 0 . 0< 

1IED WITH POG A 

, f f N t l E S S f L J -

O . O t a AVERAGE I 
0 . 0 5 8 FROM F I T I 
• SEE IDEOGRAM BELOK 1 

WEIGHTED AVERAGE - 1189.371 
ERROR SCALED BY l B 

Values above of weighted average, 
and scale factor are for the 

reader' s convenience only. The 
data were actually processed by a 
constrained fit program, which _ 
calculates its own values of x, 6x, 
and scale factor, which are differ
ent from the values shown here. 

S D H W 7 2 E U U 1 

H Y M A N 6 7 H E B C 

S C H M I D T 6 ^ M B C 

B H Q W M I K 6 4 E M U L 

B i R K A S f 3 E M U L 

1189 3 1 1 6 9 

MASS (MEW) 

12T 

10 S IGMt 

0 . 1 6 

MEAN L l F F ( U M T S 

0 . 1 ? p'uSCHEL 

1 0 * » - 1 0 SE 

58 t V U t 
60 EHUL 

" 
* 1 0 . 6 7 0 . 3 * 0.20 EVANS 6 0 Ctrl 

1 1 1 

2 3 

0 . S 5 
0 . 8 0 
D . T 6 

0 . 1 * 
0 . 10 
0 . 7 7 

0 . 1 1 FPEDEN 60 t."UL 
60 f M | j L 

* 9 
1*0 

0 . 7 5 
0 . B 7 

0 . 1 3 
0 . 1 0 s:s ii"i:r- 61 M l PC 

61 E»UL 
192 G .TA9 0 . 0 5 6 0 . 0 5 2 GRARO 62 H8C 
* 5 6 
2 0 3 

1. 165 
o. a * 0 . 1 2 3 . 0 8 B H f l y H l n 

b2 f f l C 
6 * t » L L 

1 B I 3 . 8 * a . 0 ° BALTAY 65 HBC 
9 0 0 1 . 7 6 0 . 0 3 CARAVAN 6 * H P C 6 / 6 6 

C 1 3 0 0 0 . 8 3 0 . 0 3 2 CHAW. 6 6 HEE 
S 175 ( 0 . 6 6 1 ( 0 . 1 5 1 C " I F N 6 6 UPC * 9 / 6 7 
S 117 ( 1 . I C 1 

0 . 8 Q 
( 0 . 7 * 1 

O.OT 
C H U N 
C00« 

6 6 HHC 
6 6 C S P * 

6 . 1 P9AB P . A N I I 
7 / 6 6 

1 0 6 6 * 0 . 9 0 3 0 . 0 0 8 S A P - U U M U 6 " "BC H - » . * - 1 . 2 G t V / C i )/«.•= 
2 0 * 0 . 7 9 5 0 - 0 1 0 F I S E L f 70 HP.. H-P AT REST 2 / 7 1 
5 2 6 0 . 8 3 BAKKER 71 C5C 1-N i n 5 I G * 2 P I - 1 0 / 7 1 

5 7 1 9 0 . 807 o . o i : CONFORTO 76 ftC • [ -P 1 - 1 . * GEv/C 1 1 / 7 7 
10H 0 . 7 9 B 0 . 0 0 5 MAPHAFFIN 80 HBC n- P r e S I R * P I - 2 / 8 0 

C C"A W EPRCR 0 . 0 1 8 RAISED BY U S . SEE 1970 F t l T l T N . O-P 4 2 . 1 2 3 ( 1 9 7 0 1 1 / 7 3 
S ERR n o p y p E i r S T A T I S T I C AL 

0 . 0 0 3 6 AVERAGE EHFQR |NCL . SCALE FACTOl. CF 

S ERR 

0 . 7 9 9 7 0 . 0 0 1 6 

AL 

0 . 0 0 3 6 AVERAGE EHFQR |NCL . SCALE FACTOl. CF 1 . 0 1 

" <; S I G M A * MAGNETIC MOMFNf ••AGNETONS. 5 3 3 . 2 6 MEV1 

MM 3 8 1 1 . 5 1 . 1 C o n « 6 6 CSPK T / 6 6 
5 2 1 .5 1 . 5 fCOTELCHUC 6 7 fWJL 1 - P AT 1 . 1 5 B E V / C B / 6 T 
S I 3 . 0 1 .2 SULL IVAN 6 7 EHUl "HOrOPRCOUCTlON e / 6 7 
6 9 3 . 5 U 2 COMBE 6B EMLL 1 0 / 6 B 

2 9 J 3 3 2 . 1 1 . 0 XAST 6 8 HBC « - P AT . * GEM/C 6 / 6 B 
9 5 5 7 . 6 7 0 . 9 7 ALLEY 71 GSPK 1 . 2 " G E V / r » I * P 1 0 / 7 0 

2 6 5 1 2 . 7 73 HIBC • 1 - P . 2 5 T 0 . 5 5 G E V / C 6 / 7 3 
5 8 5 0 3 ( 2 . 9 5 1 ( 0 . 3 1 1 DOBIE K-P , * 6 GEV/C 1 2 / 7 7 

t '*% 2 . 3 C 0 . 1 * SETTLES 7 1 UPC • t - o . t P T O . S O G E K / C 1 2 / 7 9 

*l TLES 79 INCLUDES DOBIE 77 DATA. t l f l * 

2" AVG 2 . 3 3 O.W AVERAGE (ERROR INCLUDES SCA ? IACTOB OF 1 . 0 ) 

— . 
" SIGMA* PARTIAL DECAY MODES 

SIGMA* INTC P A C I C i P10 
SIGMA* INTO NtUTRGN > ! ' 
SIGMA* I N T C NEUTRON H * GAMMA 
SIGMA* INTO LAMBDA E* NEU 
SIGMA* INTO PROTON C ( » « » 
SIGMA* INTO NEUTRON MUt NEUTRINO 
S IGHA* INTO NEUTRON E* NEUTRINO 
SIGMA* INTO P»OTON £ • \ -
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
1* 

> I P I * P Z > 

19 S I G H * ' BRANCHING RAT1US 

S I G H * * INTO (NEUTRON M * l / C NUCLEON P I I 
3 0 8 O . * 9 0 0 . 0 2 * HUMPHREY 6 2 MBC 
5 3 4 0 . 4 6 0 . 0 2 CHANG 6 6 HBC 

1 3 3 1 0 . 4 6 8 O.O10 BARLOUTAU 6 9 HBC l l - P . 4 - 1 . 2 GEV/C 
5 3 7 0 . * B * 0 . 0 1 5 TOVEE 7 1 EMUL 

i ae i o.*sa o. ooa NOMAX TS HBC BRITISH I . S M I T S T I 
« 1 0 * 0 . 4 6 3 0 0 . 0 0 3 6 KARRAFF1N SO HBC K-P * 2 O - 5 0 O M E V / C 
4 MARRRFFINO 8 0 G IVES BR TO ( P P 1 0 I / R L L . WE CUGTE 1 - 0 * . 

0 . 0 0 3 0 AVERAGE (ERROR INCLUDES S O L E FACTOR OF 1 . 0 1 

1 2 / 7 1 
7 / 7 9 
Z / B " 
2 / 8 0 

4 8 3 6 

S IGMA* I N T O (NEUT P J * G R H ) / ( P I * N ) I 0 N I T S 1 0 « * - 3 I I P 3 I / P 2 I 
1 1 . 8 1 MOOT BAZ1NZ 65 HBC P I * LT 116 NEV/C 8 / 6 7 

2 0 ( 0 . 2 7 1 I D . 051 ANG 6 9 HBC ft* LT 1 1 0 MEV/C 1 1 / 6 8 
1 8 0 0 . 9 3 0 . 1 0 EBENHOH 73 MBC P I * I T 150 MEV/C 3 / 7 * 

P I * MOMENTUM CUTS O I F F E R , NOT AVERAGED. LATEST VALUE USED I N TABLE. 4 / B 2 * 

SIGMA* INTO (LAMBDA E* NEUJ/TOTAL ( U N I T S 1 0 P P - 5 I ( P 4 I 
* 1 3 . 3 1 ( 1 . 7 ) MILL I S 64 HBC STOP. K- 9 / 6 6 

EVENTS FROM T H I S EXPERIMENT. INCLUDED I N E I S E L E 1 6 9 1 1 / 6 9 
6 2 . 0 O.B BARASH 67 HBC STOP K- 9 / 6 7 
5 1 . 6 0 . 7 BALTAY 6 9 MBC STOP " I - 1 1 / 6 9 . 

10 2 . 9 1 . 0 E15ELE1 6 9 H8C STOP K- 1 0 / 6 9 

2 . 3 2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I . 0 1 

( P S I / I P l l i INTO |C G R M M * I / ( P P I O I ( U N I T S I 0 * » -
1 0 . 0 6 8 1 0 * LESS CARRARA 6 * HBC 

0 . 3 7 0 . 0 8 B A K U 6 5 HBC 
( 0 . 1 7 1 OUARENI 65 FMUL 

0 . 2 1 0 . 0 3 AUG 6 9 HBC STOP K-
3 . 2 7 6 0 . 0 5 1 GERSHWIN 6 9 HBC 
0 . 2 1 1 0 . 0 3 B HANI 8 0 HBC K- P- ->51GNAi 

6 / 6 6 
1 0 / 6 9 
1 0 / 6 9 

0 . 2 3 ? 

WEIGHTED AVERAGE - 0.232 +. 0.025 
ERROR SCALED BY I 2 

MANZ 80 HBC 
GERSHWIN 60 HBC 
ANG 69 HBC 
BAZIN 65 HBC 

SIGMA* INTO ( P GAMMA)/ (P P I O ) 

R5 ED 
"5 EO 
R5 EO 

SIGMA* INTC I • NEUI/IW PI*; 
I 6 2 2 0 1 E F F E C T I V E OENOM. 

3 I 2 T 2 0 I E F F E C T I V E 0 E N O * . 
1 ( 9 6 9 D 1 E F F E C T 1 V E OENOM. 
0 ( 3 2 * 0 6 1 E F F E C T I V E OENOH. 
• ( B 0 4 0 0 I E F F F C T 1 V E OENOH. 
1 ( 3 0 0 0 0 ) E F F E C T I V E OENOH. 

OLDER L3WER S T A T I S T I C S E X F T S . 
0 1 0 5 0 0 0 EFFECTIVE PENOM. 
0 1 1 1 0 0 0 EFFECTIVE OENOH. 

EFFECTIVE OENON. 
EFFECTIVE OENOM. 

E I S E L E 2 6 9 Of PL »C FO BY BY EBE 

1.1 

6 * HBC 
". 6 4 HBC 

6B HBC 
6 9 HBC 

( O N I T S 1 0 " 
COURANT 
•UP.PHY 
NAUENBE* 
BIERHAN 
E ISELEZ 
NORTON 6 9 HSC 
NOT INCLUDED I N At 
SECHIZORN 7 3 HBC 
E8ENHOH 7 * HBC 
CALCULATED BV US 
TAKEN FROM EISELE 

IHOH 7 4 . 

SEE NOTE E 
SEE NDTE E 
SEE NDTE E 

ERAGE. 
STO» « 
STOP « 

1 1 / 6 7 
1 1 / 6 7 

6 / 6 8 
6 / 6 8 
6 / 6 B 

1 1 / 6 0 
2 / 7 6 
2 / 7 6 

NUMBER OF EVI 

SIGMA* INTO I N J* N E U ) / I P | + N ) ( U N I T S ! 0 « » - 5 l 
VSEO EVENTS G R L T I E R I 6 2 EMUL 

1 0 L 5 0 EFFECTIVE DENOK. COURANT 64 HBC 
1 7 1 0 EFFECTIVE OENOM. NAUENBERG 6 4 HBC 

6 2 0 0 0 EFFECTIVE OENOM. E I S E L E 2 6 9 HBC 
3 3 B 0 0 EFFECTIVE OENOM. BAGGETT 6 9 HBC 

EFFECTIVE OENOM. TAKEN FROM E ISELE 6 7 
F F F E C T I V f OENOM. CALCULATED BV U * 

I P 6 1 / I P 2 I 
NO RATIO OUOTEP 
SEE NOTE E 
SEE NOTE E 

T'^Hril" 
INTO LEPT0NS1 

BACGEM 6T HBC 
NORTON 6 9 HBC 

0 . 0 * ) 3 " LE5S C L - . 9 0 OOR AVERAGE USING R5 AND R6 

SIGMA* INTO (BPOTON E* E -1 /TOTAL I U N I T S 1 0 « - 6 I I P B 1 
T . O TB LESS ANG 6 9 HBC STOP K-

1 ANG 6 9 FCUNC 3 F * E - EVENTS I N AGREEMENT WITH GAMMA CONVERSION CF 
i PROTON GAMMA DECAY - L I M I T G I V E N HERE I S FOP NEUTRAL CURRENT 

LVERAGE USING R6 

1 0 / 6 9 

2 / 7 6 

1 0 / 6 9 

2 / T I 

R I O E 
R I O 0 
RIO 0 

( S I G M A * I N T O N E * N E U I / I S I G M A - INTO N E- NEUI 
0 1 0 . 0 3 1 OR LESS C L - . 9 0 E I 5 E L E 2 6 9 HBC • - STOP K-
0 ( O . I Z I OR LESS C L - . 9 5 C O U 71 HBC • - STO* K-

LOMER S T A T I S T I C S EXPERIMENT NOT INCLUDED I N AVERAGE 
0 ( 0 . O I S 1 0 R LESS C L - . 9 0 SECH1Z0RN 73 HflC • - STOP K - . P 0 I 5 S O N 
0 ( 0 . 0 1 9 I P * LESS C L - . 9 I ) EBENHOH 74 HBC • - STOP K-

EISELEZ 6 9 REPLACED BV ESEHHQH 7 4 . 

0 . 0 0 9 CR LESS* C L - . 9 0 OUR AVERAGE USING R5 

1 0 / 6 9 
1 0 / 7 1 

2 / 7 6 
6 V T 3 

1 2 / 7 5 
1 2 / 7 5 

2 / 7 6 

REL. 

1 9 S I G M A * DECAY PARAMETERS 

TEO TEXT SECTION V I 0 RNO APPENOIX I 

A * 0 *LPHA* /ALPHAO FOR SIGMA* ( S I I 
R*0 (*0.04l (O. I l l 
A*0 (»0.20I (0 .241 
A*D 0 3 5 0 0 I - . 0 1 4 I ( 0 . 0 5 2 1 
* * 0 0 2 6 0 0 I - . 0 4 T I ( 0 . 0 7 1 
**0 20R 1-0.1041 CO.028) 
1*0 Z3R -O.0T3 0.021 
A+D 0 OLD RESULTS. HAVE BEEN I 
A*0 
A * 0 C I T - 0 . 0 6 9 0 . 0 L 3 FROM F] 

ALPHA* FOR SIGMA* I S I G * TO I 
35O00 0 . 0 6 9 0 . 0 1 T 

t t O l 0 . 0 3 7 0 . 0 4 9 

I* TO PI* NI/ISIG* TO PIO ») 
CORK 6 0 CNTR S I G * FROM P | * P 
T R I P P 6 2 HBC RERIAC.SV BANGER 
BANGERTER * 6 HBC S I G * FROM K-p 
BERLEY 6 6 HBC S I G * FROM K - P 
REUCROFT 7 7 HOC R E P L . B T HARRRFFIMMO 
MARRAfFIN SO HBC " - P TO S I G * P l -

IEPLACED. SEE BELOW. 

IT IERROR INCLUOES SCALE FACTO* OF 1 . 0 ) 

t * N l 
BANGERTER 6 9 HBC K-P AT 4 0 0 MEV/C I 

9 / 6 6 
9 / 6 6 
6 / 7 7 
2 / 8 0 

ALPMAO FOR SIGMA* ( S I G * INTO PIO PROTONI 
- 0 . 8 O 0 . 1 6 BEALL 6 2 CNTR 

( 0 . 2 5 1 TRIPP 6 2 HBC 
( O . O T Z I BANGERTER 6 6 HBC 

0 . 0 2 2 BANGERTER 6 9 HBC 
0 , 0 5 0 . D 2 HARRIS 70 OSPX 
0 . 0 4 5 BELLAMY 72 ASPK 
0 . 0 5 5 0 . 0 4 2 L IPMAN 73 CSPK 

DTQNS SCATTERED OFF ALUMINUM. 
•TONS SCATTERED OFF CARBON. i; v* BHiff. 

7 / 6 6 
1 0 / 6 9 

5 / 7 0 
11/72 
7/73 
T/73 

P H I * ANGLE I S I G * INTO H S I N ( P H I ) / C 0 S | P H 1 I-
1 1 8 0 . 1 1 3 0 . 1 BERLEY 6 6 HBC NE! 

1 * 3 . 2 9 . BANGERTI 6 9 HBC 
1 8 4 . 2 4 . BERLEV 70 HBC K-l 

ROM 176 TO I B 4 TO AGREE WITH S IGN CONVENTION. RANGED 

I6T.3 ?0. 1 

.PHAG F 0 » SIGMA* (: 
1 - 1 . 0 3 0 . 5 2 
• - 0 . 5 3 0 . 3 B 

- 0 . 7 2 0 . 2 9 

I 4 0 0 " E V / C 1 1 . 

AVERAGE (ERROR INCIUDES SCALE FACTO* OF ] 

> INTO PROTON GAMMA) 
0 . 4 ? GERSHUI 
0 . 3 6 MAN2 

AVERAGE IEP 

BO HBC K-

OR INCLUDES SCA E FACTO" OF 1 . 0 1 

H I O ANGLE I S I G * INTO P IO PROTONI S I N I P 
2 2 . 0 9 0 . 0 HARRIS 

5 9 3 9 . 1 3 5 . T 3 7 . 1 L I P " A N 
OECAY PROTON SCATTERED OFF ALUM1«UM. 
DECAV PRDTONS SCATTERED OFF CARBON. 

H I / C O S I P H I I . B E T A / G A M M A IDEG1 
TO OSPK P I * P TO S I G * K* 
73 OSP" P I * P TO S 1 G * « » 

5 / 7 0 
7 / 7 3 
7 / 7 3 

3 5 . 8 3 3 . : AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1 . 0 ) 

CORN 6 0 PP 1 2 0 1000 
EVANS 60 NC 15 BT3 
FREDEN 6 0 NC 16 6 1 1 
KAPLON 6 0 AMP 9 1 3 9 
PUSCHEL 6 0 NP 2 0 2 5 * 

6 1 * 12* 1209 

62 PRL 8 75 
6 2 PR 1 2 7 6 3 : 
6 2 PRL 9 2 6 

HUMPHREY 62 PR 1 2 7 13( 
62 PRL 9 6 6 

BEALL 
GRARD 
GALTI I 

REFERENCES FOR SIGMA* 

C O R K . K E R r H . U E N Z E L . C R O N t N . C D O L ( L R L * P R I N * B N L I 
9 R I S T * 8 " O S S * I A S - U . C O L - O U B L 1 N * L O N * M I L A N * P A D 
S FREPENtH KORNBLUM.P WHITE ( L R L I 
M KAPLON.A MELISSINOS.YAMANOUCHI IROCH) 
U PUSCHEL (MAX PLANCK I N S T I 

8ARKAS.OYER.MASON.NICHOLS,SMITH I L R L ) 
BERTHELOT.OAUOIN.GOUSSU * ISACLAV*ORSAV) 
C H I £ S A < 0 U * S S I A T I , R 1 N A U D 0 I I N F N - T U R I N ) 

BEALL.CORK.KEEFF,MURPHY.HEN2EL ( L R L I 
F GRARD.G A 5 " I T H ( L R L I 
GAIT I E R I , B A R K « S . H E C K M A N , P A T R I C K , S M I T H I L R L ) 
U E HllHPHREY.R R ROSS ( L » L 1 
R D T R I P P . M R WATSON,M FERRO-LU22 I I L R L I 

64 PR 1 3 6 B 1 7 9 1 
6 * PR 1 3 * B IBB 
64 PRL 12 6 T 9 
64 PRL 13 2 9 1 

BH0UH1K 6 * > 
CARRARA 6 * > 
COURANT 64 I 
MURPHY 6 * > 
NAUENBER 
W I L L I S 

BALTAV 
B A I I N 
BAZINZ 
CARAVAN 
OUARENI 
SCHHIOT 

BANGERTE 6 6 PRL I T 4 9 5 BANGERTER.G*LTIERI ,BERGE.MURRAY* I L R L I 
BERLEY 6 6 PRL I T 1 0 7 1 »HERIBACH.KOFLER.""MA'*OT0 • I B N L » M A S A * Y A L E I 
CHANG 6 6 PR 151 10B1 CHUNG VUN CHANG (COLUMBIAl 

ALSO 65 NEVIS 145 THESIS CHUNG YUN CHANC (COLUMBIA) 

B BHOWMIK.P J A I N . P MATHUR.LAKSHMI ( O E L H I I 
CARRARAtCRESTI .GRIGOLETTO.PERUir .O* (PAOOVA) 
C O U R A H T , F I L T H U T H * ICERN»HE(0*UMO*NRL»BNLI 
C THORNTON MUDPHY (WISCONSIN) 
NAUENBERG,M*RAIECK,* ( C O L U * R U T G * P R I H ) 
U I L L I S , C O U R A N T . E N G E L M A N * ( f i N L , C E R N , H E I D , U M D ) 

6ALTAV,SANDWEISS,CULMICK,K0PP * | V A L E * B N L ) 
BA7.IN,BLUMENFEL0,NAUENBERG * | P R I N * C O L U t 
B A Z I N . P L A N O . S C H M I O T * I P R I N . R U T G . C O L U I 
CARAYANNOPOULOS.TAUTFEST.HILLMANN I PURDUE! 
OUARENI.CARTACCI * ( B G N A . F I R I . G E N O . P R R M A I 
P SCHMIDT ( C O L U " S I A I 

BAGCETT 67 PPL 19 14SS 
ALSO 4 9 VIE-iNA ABS. 3 7 4 
ALSO 6S PRIVATE COMM. 

9ARASH 6 7 PRL | 9 101 
E ISELE 6 T ZPHVS 2 0 5 4 0 9 
HVMAN 6 7 PL 25 B 376 
ROIELCHU 6 7 PRL 1 8 1 1 6 6 
SULLIVAN 6 7 PRL 18 1163 

ALSO 6 * » " l 13 2 4 6 

BAGGETTtDAV.GLASSER.KEHCE.KNC** I MIRYLAND) 
6AGGETT.KEH0E (MARYLANDI 
N . BAGGETT (MARYLAND! 

BAAASH.OAY.GLASSER.KEHOE.KNOP * INARVLAN01 
•ENGELMANN<FILTHUTH,FOLISH|HEPP« I H E I D I 
• LOREN,PEN I T T , M C K E N Z I E . * IANL*CARN*NMES1 
KOTELCHUCK.GOZA.SULLIVAN.ROSS ( V A N D E R B I L T I 
SULLIVAN.HCINTURFF.KOTELCHUCH ( V A N D E ' B I H I 
A D NCINTUAFF.C E RDPS (VANDERRtLTf 



Stable Particles Data Card Listings 
For notation, see key at front of Listings. 

MAST 

6 8 0 » l 2 0 1*5*3 
6B MC 5 7 A S4 
6 6 PRL ZD 1312 

ANG 6 9 ZPHY5 2 2 B L 5 1 
SAGCETT 6 9 • ! D Q f ' " T R - 9 7 3 
BALTAY 6 9 PRL 2 2 6 1 6 
BANGEBTE 6 9 U C R L - 1 9 2 4 * 
BANGERTl 6 9 PR I B ? I B 2 I 

3AR.L0UIA 6 9 NP 9 1 4 1 5 1 
E I S E L E I 6 9 *P-iYS 221 1 
E I S E L E 2 6 9 ZPHYS 2 2 1 4 0 1 
GERSHM1N 6 9 PR 1 8 9 2CTT 

B I E R H A W . K O U N Q S U . N A U E U B E R G 4- (PRINCETONI 
CERN-BR1ST0L-LAUSANNE-MUNICH-ROME-COLLABOft 
MAST, GERSHWIN,ALSTON-GARNJOSl * I L R L I 

• E B E N H O W . E I S E L E . E N G E L H A N N . F I L T H U T H * I ME 101 
N V BAGGETT ( T H E S I S ) I U » 0 1 
B A L T A V . F R A N Z I N l t N E W K A N , N O R T O N * (COLU.STONI 
ROGER ODELL BANGERTER ( T H E S I S I ( L R t l 
BANGERTER, G»RNJOST,GALTIER I .GERSHWIN-- ( L R L 1 

BAR LOUTAUO. BELLEFOH.GR A*JET*<SACL*CI 
• E ' f G E L H A N N . F I L T H I J T H . F C H L I S L H . H E P P * 
* E N G E L M A V J . F I L T H U T H , F O H L I S C H , M E P P * 
* *LSrGW-GA«IVJQ5T.9»«GERTER * 

BERLEY OR 3 1 2 0 1 5 
E I S E L E Tfl 7.PHV 2 3 B 37 2 
HARRIS ro PRL 2* . 165 

ALLEY PR 0 3 7 5 
BAKKER r i LNC 1 37 
CDLE 71 PR D * 6 3 1 
TOVEE NP B 3 3 4 9 3 
9 EL LAKY PL 3 9 B 2 9 9 
BCHM •IP B4B 1 

ALSO n J I H E - 7 3 . 2 NOV 

E6ENHDH ZPHV 264 4 1 3 
L I P I At! PL * 3 B 89 
SAHA 73 PR 0 7 3 2 1 5 
SECHIZOR 73 PR oa 12 

E8ENKDH 7 * ^PHV 2 6 6 3 6 7 
CCWFORTC MP B I 0 5 1B9 
OGBLE 77 PL 6 7 B 4 9 3 
REUCROFT 77 B B 0 1 5 5 
NOW AH IB •IP B 1 3 9 6 1 

H E I O ) 
H E I O ) 
H E I D I 
( L R U 
I L R L I 

COLUMBIA) 

*YAMIN,HERTZBACH,KOFLER * I B N L . " A S A , V A L E I 
+ F ! L T H U T H , H E P P r P R E S S E R , Z E C H ( H E I D E L B E R G ! 
tOVERSETH.pnNOROM.DETIHANN (M1CH.WISC1 

• B E N B R G O K . C O O K , G L A S S . G R E E N , H » & J r * IWASHI 
t . SABRE C O L L A S . IZEEM*SACL*BGNA*REHCH-EPOLI 
» L E E - F R A N Z I N I , LOVELESS , E » L T A Y * (STON,COLLI ] 
LGUC.BELGRAOE.BERL.BRUK.DUBLIN.WAHS CCLLAB 
•ANDERSON.CRAWFORD.OSHON* ( LQ IC*RHEL*SUSS1 
BERLlN*BELGR»OE*BRUX*OUBLIN»LOUC*H*RSAW 
BRUSSELS B U L L E T I N , SANE COLLABORATION 

• E l S E L t . F I L T H U T M . H E P P . L t l T N E R . T H O U W * <HE 101 
* U T O , M»LKER,»"ONTGOHERY* (RM£L*SU5S*L0WC) 
• F E T K O V I C H . H E I N T Z E L M A N . H F L T Z E R * (TABU) 
B . S E C ' I - Z Q R N . G . S N O H IUMD1 

• E I S E L E . E N G F L M A N N . F I L T H U T H . H E P P *• I H E I D I 
* G 0 P A L , K A L M U 5 , L I T C H F T E L D , P O S S t I R W E L + L O I C ) 
• G O T T S T E I N . H A N S L . H E R Y N E K ' (MPIH>BOH«*VA 101 
•ROOS.WATERS.WEBSTER.HANSL * I V A N 0 * M P I M 1 
*A fc r t$TRONG,DAVIS* ILaUC*8ELG»DURH*WARS> 

SETTLES 79 PR 0 2 0 2154 
MANZ s o PL 9 6 B 217 
HARf tAFFI BO PR 0 2 1 2 5 0 1 

J L A S E R 5 8 CERN CONF 2 70 

OUANTUM *.UMBER OETEI 

T B I P P 62 PRL fl I T ? 
ALFF 6 3 5IENA COI.F 1 205 

ALSO 65 PP 1 3 7 B 1105 
COURAfl l 6 3 SIENA COSF 1 73 

• M A N ! , M A T T , H A N S L . H E R V N E K . D O B L E * 
* R E U C R 0 F T , 5 E T T L E S , W 0 L F * 
HADRAFFINO.REUCROFT.ROOS.WATERS* 

PAOEBS NOT REFERRED TO 1H DATA C 

GLASER,GOUO,«ORPIS0N 

H I N A M f l N S NOT REFERRED TO I N THE 

•AND) 

( u | C H » L R L I 

)ATA CARDS 

!illill£:;l°;;S:i!' 
H3 20 5 I G N A - I 1 1 ' > = 1 / 2 * 1 l - l 

; 
N S£F 

3D0O 

AVC 

•K3IE PR 

WtVM 
^CEDING l » « B O A 

O.OB 
0 . 1 5 

ASS L U T I N G S 

SCHMIDT 65 H B t SEE NOTE 1 
UU5AN 75 CNTR EXCTIC A I C . S 

AGE IERROR INCLUDE*: " I E FACTJR OF 
F I T I ERROR INCLUDES *>CA| E FACTOR OF 

. 1 1 
. 0 1 

,r,v. 
* 

N S£F 

3D0O 

AVC 

":il 
7 . 1 1 

0 . 079 AVE 
0 . 0 5 FR[ ]« 

ASS L U T I N G S 

SCHMIDT 65 H B t SEE NOTE 1 
UU5AN 75 CNTR EXCTIC A I C . S 

AGE IERROR INCLUDE*: " I E FACTJR OF 
F I T I ERROR INCLUDES *>CA| E FACTOR OF 

. 1 1 
. 0 1 3/62 

0 
D 

8 7 
2 5 0 0 

B6 
":il 
7 . 1 1 

'.V ( S I G M A - ) -

0 . 4 0 
0 . 2 5 
0 . 2 3 

I S I G » A » ) "ASS C IFFEHENCt 1 "FV 1 

6AH«A5 6 3 E«UL 
DOSCH 6 5 H6C 
BOHH 72 FMUL 1 / 7 3 

' P E C f O I N G LAMBDA ( 

(LAMBDA) MASS CIFFER NCf C E V 

ASS L I S T I N G S 

3 U R N S I E I N 
SCHMIDT 
HEPP 

6 4 
6 5 
6S 

HBC 
NBC 
MBC 

SEE NHTF 

0 . 0 6 9 A^ERACF (FRKOR INCLUDES CALE FACTOR OF I . C I 
F I T 0.0*5? F R 3 - F T IERPCR INCLUDES SCA LC FACTOR OF 1 .01 3 / 8 2 

< C SIGMA - MEAN IFF I U N U S 1 0 * * - 1 0 SEC1 

0 . 4 0 0 . 2 B BROUN 5B HLBC 
. 1 9 0 . 3 3 0 , 2 5 E I S L f R 58 mec 

45 :S 0 . 3 2 
0 . 3 9 

0 . 1 7 
0 . 3 0 

CHIE5A 
SARXA5 

6 1 EMUL 
6 1 EKUL 

0 . 0 6 HOHPHREY STOP. K-
C 3 2 6 7 0 . 0 7 S CHANG 6 b HBC STOP. K-

S 61 ( G . Z Z 1 C H | EN 6 6 H8C 6 . 9 PPAH P 9 / 6 7 
S 6 4 ( O . l l l CHIEN 6 6 HBC 6 . 9 PBAR P . A N T I 9 / 6 7 

5 0 6 0 . 0 7 WHITESIDE 6B HBC 5 T 0 P . K- 6 / 6 B 
0 . 0 1 6 BAPLOUTAU 6 9 HBC X-P . " . - I . ? GEV/C 

0 .1*4 0 . 0 2 2 E ISELE TO HBC X-P AT REST 
0 . 0 5 B&KKER 71 DBC K-N TO S I G - 2P1 1 0 / 7 1 
0 . 0 9 U.OB TOVEE 71 E«UL 1 2 / 7 1 
0 . 0 J 9 BOBERTSO'. K - P . 2 5 GEV/C 

6 4 3 1 0 . 0 3 CDNFORTO 7«, HBC K-P I - l . * GEV/C 1 1 / 7 7 
0 . 0 1 4 XARRAFFIN RO nee K- P I f ) S I G - P I * 

C C"Af tG ERRCR G .ate RAI SEO BV US. SEE I 9 ' U E O f l t C N . R»P 4 ? r ] 2 3 I I 9 7 0 ) 1 / 7 3 
5 ERR OH PURELY S T A T I S T I C A L . 

AVG 1 . 4 * 2 o.ou AVERAGE ERRCR INCL SCALE FACTOR Lf 1 . 3 1 
(SEE IOEOGPA" men i 

WEIGHTED AVERAUE = 0.6747 ± 0.0050 
ERROR SCALED BT 1 3 

HARRAFF1N 80 HBC 0 . 0 
CONFORTO 76 HBC 0 1 
ROBERTSON 72 HBC 0 2 
TOVEE 71 EMUL 0 . 7 
BOKHER 7 ] D8C 1 A 

EISELE 70 HBC 0 . 0 
BflRLOUTflU 69 HBC 0 4 

WHITESIDE 68 HFJC 1 6 

CHANG 66 HBC 7 6 

HUMPHREY 62 HBC 3 C 

8ARKAS 61 EMUL 
CHIESA 61 EMUL 
E ISLER 58 HLBC 
BROWN 58 HL8C 

Tb.2 
CONLEV 
= 0 0 6 5 ) I . 0 

58 HL8C 
Tb.2 

CONLEV 
= 0 0 6 5 ) 

TE (UNITS 10**10 SEC-1) 

J S I & H A - MAGNETIC MOMENT 

D DUG AN 75 " :',.H' 
ROBERTS 

J . 2 B DUGAN 
J . 4 0 1 DUGAN 

[MAGNFTONS, ' 

73 C M P 
74 CNTR 
75 CN1R 
75 CNTR 
TB f B C 

IE AVERAGED 

AVERAGt ( f 

,1' iCE I T AGREES H i ' 

IWOR INCLUDES SC 

SIG-ATOH FTNE ST l z / 7 9 
« - ^ - > S I C - P I * T / T 9 

1 2 / 7 5 

E FACTOR OF I . 0 1 

NEUTRON P l - 9 3 9 * 1 3 9 
NFUTRClN P I - G 9 3 9 * 13<J* 0 
NEUTRON M U - N E U T B MO 0 

SIGMA- m m I E U T R O N E- N f i l « l 
i«na l A K e D A E- NEU1 KING 1 1 5 - . 5 * 0 

, « S I G - A - B .N t „ IKS P A H O S 

,,«. It- *U~ W E U J / I f 
0 . 1 5 

P I - J ( U N I T S 1 0 « - 3 1 1 
COOEANT 6 4 KBC 

3 I / I O ] 1 

11 0 . 2 0 B A I I N 6 5 HBC FPOM STOP 
5 6 0.43 0 . 0 9 BSGGETT 6 9 wfiC STOP. K- 1 0 / 6 9 
7 2 0 . 06 STOP ^~ 1 0 / 6 9 

0 . 1 1 COLE 71 HBC 

E«AGE (EBRCH INCLUDES SC 

STflP K-

LE F AC I OB G 1 . 0 ) 

1 0 / 7 1 

AVG 0.4*7 0 . 0 4 3 AM 

COLE 71 HBC 

E«AGE (EBRCH INCLUDES SC 

STflP K-

LE F AC I OB G 1 . 0 ) 

SIGMA- I N E- N E U I / I N P I - ( U N I T S 1 0 * * - 3 1 ( F 4 t / l " l > 
1 . 0 1.1 MURPHY 64 HLfJC 

« \:0. 0 . 3 4 
0 . * 
0 . 3 

NAUENBERG 6 * H8C 
N | U F » 64 FBC 
Ci i jRANT 6 t H6C 

1B0 l . u 0 , 0 9 RIERMAN ftB HBC b/ t>8 
1 . 0 7 1 1 D . C B l STOP K- 1 0 / 6 9 

5 7 0 . 1 5 COLE 71 HBC •JTOP r- 1 0 / 7 1 
1 . 0 5 SECHIJORN 73 HBC STGP K- B / 7 3 

0 , 0 6 ERENHOH 7 * HBC STOP K-
P I if. ED BV E6EN HOH 7 4 . 

EBAGE lERRt lP INCLUDES SCALE FACTnR OF 1 . 0 1 

1 / 7 6 

AVG 1 . 0 * 2 0 , 036 AV 

HOH 7 4 . 

EBAGE lERRt lP INCLUDES SCALE FACTnR OF 1 . 0 1 

SIGMA- INTO f l A K f l a A E- WFtf 1 / f N P f - l WILTS w**-*t 

0 . 7 5 0 . 2 6 COURANT 6 * HBC STDP. K-
3*^ 0 . 6 4 0 . 1 2 BABASH 6 7 HBC STOP K- B / 6 7 

0 . 6 - i • . 1 2 E I S E L E l 6 9 HBC STOP * - 1 0 / 6 9 
0 . C 9 BALTAY 6 9 HBC STOP K- 4 / 6 9 

K 122 0 . 6 0 1 1 0 . I l l HERBERT 7 6 ASPK HYPEBON BE 6 / 7 8 
THOMPSON 8 0 ASPK " Y P t B O N 9EAM 

H MEflBEPT 7B (PLACED BY TH OMPSON 8 0 . 

ERAGE IERROR INCLUDES SCA LE FACTOR OF 1 .01 AVG O . 6 1 0 0 . 0 5 3 AV 

OMPSON 8 0 . 

ERAGE IERROR INCLUDES SCA LE FACTOR OF 1 .01 

S IGHA- N P I - GAMMA)/ ( N P 2 > / ( P l l 
B A I I N 6 5 HBC P I - L T 166 <EV/C 8 / 6 7 

0 . 1 0 1 ANG 2 6 9 HBC MEV/C 1 0 / 6 9 
2 9 2 0 . S 6 fBENMOM 73 HBC P I * 1 7 15D •EV/C 3 / 7 4 

NQT AVERAGED. LATEST VALUE USED I N T ABLE . * / 8 2 * 

2 0 S IGMA- DECAT PABAMfTERS 

SECTION V I D AND A P P E N 0 I 1 I 

A - - 0 . 1 6 1 1 0 . 2 1 1 T R I P P L2 HB R E " L . B Y BANGERTE 
A - a 6 5 0 0 - 0 . 0 1 0 ) ( 0 . 0 * 3 1 BANGERTE 6 6 HB K-P TO S I G - P I * 7 / 6 6 
A - D 6 0 6 B - 0 . 1 0 4 1 1 0 . 0 4 ) BERLEY 6 7 MS < - P TO S I G - P I * 1 1 / 6 7 
• - 5 1 0 0 0 - 1 . 0 7 1 O . 0 1 2 BANGERTER 6 9 HB 1 0 / 6 9 
A - B S 9 T 8 - 0 . 1 3 * 1 t 0 . 0 3 * 1 BERLEY 7 0 HB K-P AT 4CID MEV/C 2 / 7 1 
A - 60000 -O.O&T 0 . 0 1 1 BDGERT 7 0 HB K-P AT 4 0 0 MEV/C 1 2 / 7 0 
A - 2BH - 0 . O 6 2 0 . 0 2 4 HANSL 78 HB K - P — > S I G - P I * 7 / 7 9 
A - 0 010 E S U L I S . HAVE BE CEO. 
A - B BERL V 7 9 RFP LACED BY BOGERT 70 

AVERAGE I ;RROR 1 NCLUDE SCALF FACTOR OF I . 0 1 

2 / 7 1 

A - AVG - 3 . 0 6 . ! 0 . 0 0 7 7 

BOGERT 70 

AVERAGE I ;RROR 1 NCLUDE SCALF FACTOR OF I . 0 1 



Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 

' H I ANGLE I S I N C P M I » / C 0 $ t P H [ | - 6 E T A / C I K * A l (DECREES) 
I 1 0 0 1 1 * 2 2 . 1 1 3 0 . 1 BERLEV t T H I C K - f 1 0 S t C - » l * 1 1 / * T 

1 3 1 5 H . 1 9 . BANGERTI 4 9 HBC 1 0 / 4 9 
' - C 1 0 9 2 + 9 . 2 3 . >E*LEY TO HBC NEUTRON RESCATT. n / » « 

CHANGED f * & » - 5 TO * 5 TO AGREE W I T H S I G H H M V E H T 1 D N 

- AVG 10 .3 1 4 . 6 AVERAGE I EHUD* INCLUOES SCALE FACTOR o f 1 . 0 ) 

Note on I" 

(by J. A. Thcmpson, University of Pittsburgh) 

The decay Z~-*• A e~v is of special interest 
because its form is predicted by the strong form 
of CVC and is not sensitive to the current octet 
assumptions or so, structure constants which 
enter into Cabibbo's predictions for the other 
hyperon decays. Pbr AS * 0 transitions* the weak 
interaction vector current is related to the elec
tromagnetic current through a multiplicative con
stant, set by neutron beta decay, and an isospin 
rotation. 

The decay! 0 -*• Ay (the isospin-rotation 
analogue of £~-* Ae'v) is mediated predominantly 
through the magnetic interaction, assuming there 
are no inhomogeneitiea in the Z° * A charge 
distributions. Thus we expect the g ^ term 
[q ^ -LA. -— ^~ii (by SO,)] to dominate the 
WH y=— 2 Tl 3 

vector part of the weak current. The strong CVC 
predictions are thus: 9v/9» " 0 and g._, — 1.6. 

CV/GA FOR S I C K * r o LAMBDA BETA DECAY (TEXT SEC Vt D . l F W SIGN CDNVI 
PREDICTED TO I E ZERO BY CONSERVED VECTOR CURRENT THEORY. 
VALUES AVERAGED ASSUME CVC-SU3 HEAR HAGNEr iSH TERM. 

ft 45 10.311 (0 .301 
S 51 <0. 71 (0 .41 
S 11 1*0.33) 10.281 

0.20 
55 - 0 . IT 0.35 

11* - 0 . 2 9 0.29 

BARA5H 
BALTAY 
E I S E L E l 6 9 HBC 
F R A N Z I N I T2 HBC 
TANENBAUN 75 SPEC 
THOMPSON BO ASPK 

BARASH 6 7 MEASURED ABSOLUTE V A L U E . 
S I G H CHANGED TO AGREE W I T H OUR CONVENTION. 
FRANZIN I 12 INCLUDES EVENTS OF SARASH 4 T , E I S E L E 1 6 9 . BALTI 

WEIGHTED AVERAGE - 0.14 ± 0.24 
ERROR SCALED BY 1 .6 

1 1 / 4 7 
USING S I C * - 4 / 6 9 

1 0 / 6 B 
USING S I G » - 1 / 7 3 
B+H. HYPERON BEAN 1 2 / 7 5 
S N l HVPERON BEAN 1 / 1 2 * 

CHI SO 
THOMPSON BO ASPK 2.2 
TANENBAUM 75 SPEC 0.6 
FRANZrHI 72 H§C 2.4 

5.4 

GV/GA FOR SIGMA- TO LAMBDA BETA DECAY 

11* L.« 

FRANZINI 72 "BC 
TANENBAU* 75 SPEC 

O.SL «*»?U0H *=t 

GA/GV FOR SIGMA TO N 
[0 .23) 

0 .20 
0.30 
0.52 

AVERAGE (ERROR INCLUDES SCALE F A C T I " OF 1 . 0 ) 

ifriie 
I 3 . 1 T 1 ELLIS BVUE W " f L . C - S O L I 

0/63 
10/69 
10/10 
10/Tl 
10/7 i 
10/7) 

3 / I i 
3/72 

0.26 
O.Zl 
0.035 
O.OT 

AVERAGE (EROOO INCLUDES SCALE FACTOo or l . C i 

FOR S I G t A TO NEUTRON BETA DECAY 
COLLEPAIN 6 9 HBC NFUTSQN SCATTER 

3 . 1 9 E I S E L F 2 S*> HBC NEUTRCI SCATIEP 
0 . Z 9 BALTAY 72 HBC NFUT°Of SCATTER 

TANENBAU 7 * ASF* 
0 . 0 0 DECAMP 77 ELEC H.E .HYOFBO** BEAH 

...TOR ' : i.a 

WEIGHTED AVERACE - 0.365 ± 0.070 
ERROR SCALED B» 2.3 

DECAMP 77 ELEC 
TANENBAU 7* ASPK 
BALTAY 72 HBC 
EISELE2 69 HBC 
COLLERAIN 69 HBC 

ABS(GA/GV) FOR SIGMA TO N BETA DtCA 

BARKAS 
CHIESA 
HUMPHREY 
T R J R I 

61 PR 1 2 * 1 2 -

62 PRL ' 6 6 

BARKAS 63 PRL I t 2 6 
BURNS I E I 6+ "RL >3 6 6 
COUK ANT 6 * PR 1 3 6 * 1 7 9 1 
MILLER 6 * PL I I 2 6 2 
MURPHY A * PR ' 3 * 8 IBB 
NAUENBER 6 * PRL 12 6 7 9 

BREIN AS PR 1 + 0 B 135B 
OOSCH M » l H 2 3 9 

ALSO 6 6 PR 151 10B1 
SCHMIDT 65 PR 1 + 0 B 1 3 2 1 
BAHCEHTE 6 6 PRL 17 4 9 5 
CHANG 6 6 • " 15L 1CB1 
CHI EN 6 6 PA 152 1 1 7 1 

BAIASH 6 7 PRL 1 9 l f l l 
•ERLEY 6 T M L 19 5 7 9 
BIERNAN 6B PRL 2 0 1+59 
GERSHHIN 6 B PRL 2 0 1?T0 

537 

ANG 1 6 9 ZPHY 2!? 1 0 3 
ANG 2 6 9 ZPHV 2 2 8 1 5 1 
BACGETT 6 9 PPL 2 3 2 + 9 
B ALT AY 6 9 PRL 2 2 6 1 5 
•A4GERTE 6 9 U C R L - 1 9 I 4 4 
•ANCERT1 6 9 PR 1BT 1 8 2 1 

• ARLOUTA 6 9 NP B1+ 153 
C O . L E M 1 4 9 »AL 2 3 1 9 8 
E I S E L E l 6 9 2PHY 2 2 1 1 
E I S E L E 2 6 9 ZPHY 2 2 3 A I T 
CEMSHUIN 6 9 U C R L - 1 9 2 + 6 

REFERENCES F O B SIGMA-

BARKAS.0¥EP,MA$.0 '4 , ' i l (C*OLS»SHHW " " ' I 
A H C H l E S I t B O U A S S I A T I . C RINAUDO M U « I M 
M E HUMPHREY,P R ROSS I L - U 1 
R 3 T R I P P . « BAT50N.M FERRO-LUZZI I L « l > 

W H flARKAS.J N QTEH.H H HECKMAN l l ^ t ) 
BURNSTEIH.OAV.KEHOEfSECHI IGRN.SNOM ( U * D 1 
C P U R A N T . F I L T H U T H * < ZERNtME lOHJMD^NRL'BNLI 
MILLER,STANDARD,BEZA&UET* I L O J C . E P n L ^ E R & l 
C IHORNTO" MURPHY I H I S C C N S I N I 
NAUENBERG. SCHMIDT. MARATECK * I C O L U * P U I G » » R I N I 

B A Z I N , P L A N D , SCHMIDT • I PR IN»PUTC*CDHJ| 
OasCM.€HGELWA.tH.«! lLTWUTM.MEP».>tH)f .E* 1ME1TJ) 
CHUH5 YUN CHANG ( C C L U H B I A I 
P SCHMIDT (COLUMBIA) 
BANGERTERtGALTIERI .BERGE,MURRAY* I t O L l 
CHUNG YUN CHANG {COLUMBIA! 
* L A C H , S A N D M E I S S i T A F T , Y E H , O R E N * | Y » L E * 3 * I L I 

BARASH.DAY,GLASSER,XEHOE,KNOP « IMAOYLANOI 
PERLEY.HERTZBACH.KOfLER * (BNL.PASA.YALE I 
aiERNAN.KOUNOSU.^AUENeERG * CPR1NCET0NI 
GERSHHIN.RLSTPN-GAAMJOST.BANGERTE"* U R L I 

IHFIOELBEOG) 
101 = R L | f 

BERLEY 
BOGERT 70 PR 02 6 
EISELE 

BAKKER 71 L W 1 3 7 
COLE 71 PR 0 4 6 3 1 

ALSO 4 9 N E V I S - 1 7 5 T H E S I S 
TOVEE T l NP 1 3 3 6 9 3 

ANG.E ISELE.ENGELMANN.F ILTHUTK • I H E I D I 
» t B E N H O f t . e i S E L E , E N G E l - M > N N , F ! m W T W + ( H E I B 1 
d»GGETT.KEMOE,SNDI» ( U N I V HAPYLANDI 
B A L T A Y . F R A N Z I N I . N E H H A N . W R T C N * I C D L U . S T 0 N 1 
ROGER OOELL BANGERTEP I T H E S I S ) I L R L ) 
B A N G E R T E R t G A R N J O S r . G ' L T I E R I . G E R S H t l l N * ( L R U 

BARIOUTAUO.BELLEPON,GRANETKSACL*CER1*HEIOI 
C O L L E R A I N E t D A Y , G L A S S E R . W « P » ( U H I V M M V L A N O I 
• E N G E L H A N N . F I L T H U T H . F D H L l S C H . H E P P * I H E I D I 
E ISELE,ENCELMA>(N,F ILTMUTH,FOHLlSCH* I H E I D I 
LAURENCE KENNETH GERSHHIN I T H E S I S ) I L R L I 

• r A M I N . H E R T Z B A C H . K O F L E " • I B N L . " 1 S A . V A L E 1 
• L U C " ; , T A F T . « » . H S . 6 E R l . E Y * t t M L t « » S A , ' f M . E ) 
+ F I L T H U T H , H E F P i P R E S S E A i Z E C H (HFIDELBERG1 

« . SABRE COLL A B. I ZEEM*SACL*BGNA*REHQt-EPOLI 
• L E E - F R A N Z 1 N I , L O V E L E S S , B A L T A V * (STON.COLUI 
HERBERT NORTON ICOLUMBIAI 
L O U C , B E L G R A D E , P E N L . B f U X i D U B L I N , H i » S COLIAG 



Stable Particles 
E". Z°, E" 
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Data Card Listings 
For notation, see key at front of Listings. 

BALTAV 72 PR 0 5 1 5 6 9 
BOHR 7 2 UP 6 * 9 1 
E L L l S 72 NP 6 3 9 TT 
FRANZIN] 72 PR 0 6 2 4 1 7 
R06ERT50 7 2 TMESIS 

EBENHOH 7 3 ZRHV 264 4 1 3 
FOX 73 PAL 3 1 I C f l * 
5ECHIZ0R 7 3 PR OB 12 

EBENHOH 74 ZPHY 2 6 6 3 6 7 
ROBERTS 74 PRl 3 2 1 2 6 5 

ALSO 7 * M L 3 3 1 2 2 
ALSO 75 PR 0 1 2 1232 

TRNENBAU 7 4 PRL 3 3 175 
ALSO 75 TANENBAUN 

OUGAN 75 NP A 2 5 4 3 9 6 
TANENBAU 75 PR 0 1 2 LHTt 
COS FORT 0 7 6 NP BIOS 189 
DECAMP TT PL 6 6 6 2 9 5 
HANSL T8 NP S 1 3 2 45 
HERBERT 7B PRL 4 0 1220 
MARAAFFI BO PR D Z 1 2 5 0 1 
THOMPSON BO Pft 0 2 1 25 

tFE INMAN,FRANZ I N I , N E H K A N . Y E H * ICOLU*STONI 
BERLIN»BELGRA0E*BRUX*DU6LIN*L0VC*W.1AS«K 
OXF**ERE»RHEL*L0QM*LVON*»WES»tTEt | COLLABOR 
C0LUN6IA*HEIDEiaERG*MARYLAND*$TaNY BROOK 
R . N . ROBERTSON H I T ) 

* E l S E L E . F I L T H U T « . « E P P . L E I T N E R . T M n U K » I H E I D I 
t L A M . B A R N E S . E I S E N S T E I H * ( B N L * V P I * M I L L * U V O H ) 
B . S E C H I - Z O A N . G . S N O U IUMDI 

*E ISELE.ENGELHANN,F1LTHUTH,HEPP * ( H E I D I 
W I L L * V P l * C A R N * M Y O M H ; i T COLLABORATION 
ERRATUM TO ROBERTS 74 
ROBERTS.COX • ( W I U * V P I » C A R N . M « I M * C I T * 8 N L > 
TANENBAUM.HUNGERBUEHLER * (YALE*FNAL»BNLI 

•ASANO.CHEN.CHENG.MU.L IOOFSKV* I C O L U t V A L E l 
TANENBAUM.HUNGERBUEHLER » I YALE*FNAL*BNL I 
• G O R A L . K A L M U S . L I T C H F I E L D . R D S S * ( R H E L * L O T C I 
• 8 A O I E R , B L I N D , C « O L L E 1 , G A I L L A S 0 * I L A L O » E P 0 L I 
•MANZ.MATT.REUCROFT.SETTLES • (NPIH*VAND> 
•CLELANO.COOPER.DRIS.ENGELS « I P I T T * H M L I 
N A R R I F F I NO.REUCROFT.ROOS.HATERS* !VAND'NPlH I 
*CLELANO,COOPE">ORIS .ENGELS* ( P I T T » B M L 1 

PAPERS NOT REFERRED I D I N DATA CAPDS 

2 1 S I G N A 0 U l « 3 t ^ 

0 1 N SEE NOTE PRELEC 

BURNSTEl ' 
DOSCH 
SCHMIDT 

tAI M « 5 DIFFERENCE I M E V t 

SEE NOTE PRECEDING LAMBDA MASS L I S T I N G S . 

L I F E ( U N I T S 1 0 * * - 1 9 SECI 

. DECAY MODES 

StGHAO INTO L*"BOA GAMMA 
SIGHAD INTO LAMBDA E* E-
SIGHAO I N T O LAMBDA GAMMA GAMMA 

UMAtOFF EFFECT 

7ECAY MASSES 

21 SIGMAO BRANCHING RATIOS 

X J A N T U H ELECT. 

FEINBERG 5 8 PR 1 0 9 1019 
0AV1S 
BLMNSTEI 
DOSCH 
SCHMIDT 

6 2 PR 1 2 7 
6 4 P R L 13 6 6 
6 5 PL 14 2 3 S 
65 PR 1 4 0 B I 3 2 B 

REFERENCES FOR SIGMAO 

C.FEINSERG I B N L I 
0 D A V I S t R S E T T I . M XaYMOND.G T O « A 5 I N I E F | ) 
B U R N S T E t N . D A V . K E H O E . S E C M ZORN.SNOH (UNO) 
0 3 S C H . ENGELMANN.FI LTHUTH.HEPP.KLUGE* I H E I D I 
P SCHMIDT (COLUMBIA! 

COURANT 6 3 PRL 10 4 0 9 

PAPERS NOT REFERRED TO I N DATA <:ARDS 

C O U A A N T . F I L T H U T H f F R R N Z I M * ICf RN*UMD»NIILI 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO I N THE DATA CARDS 

6 5 PR 1 3 7 6 1 1 0 5 RLFF.GELFANO.NAUENBEAG+ ICCLUMBIA*AUTG*BNL)P 

H3 ( L 3 2 1 . J P - 1 / 2 1 I " l / 2 

22 X I - MASS I H E V I 

H H 1 1 ( 1 3 1 7 . 0 ) 1 2 . 2 1 WANG 6 L H L B C 
1B( 131T.<;» ( 1 . 9 1 FOWLF" 6 1 HLBC 
(OLD DATA ANC LOU S T A T I S T I C S DROPPcO ON SUGGESTION OF J 9 HUBBARD) 

5 1 7 1 3 2 1 . 4 0 . 4 JAUNERU 6 3 FBC 
6 2 1 3 2 1 . 1 0 . 6 5 SCHNEIDER 6 3 HBC 

* 2 4 1 1 3 2 1 . 1 0 . 3 B A 0 I E R 1 64 HBC 
ALL MASSES itQVC MERE RAISED 0.09 MEV BECAUSE LAMBDA MASS RAISES 

149 1 3 2 1 . 3 0 . 4 PJERROU 65 HBC 1 1 / 6 7 
M 6 1 3 2 1 . 6 1 0 . 5 2 C H I E N 6 6 HBC - 6 . 9 P B * ° ' 9 / 6 7 
M 2 9 9 1 3 2 1 . 4 1 . 1 LONDON 6 6 HBC 6 / 6 6 

G L95 1 3 2 1 . 8 7 0 . 5 1 G0L0UAS5E 7 0 HBC 5 . 5 K-P 8 / 7 0 
M G USES LAMBDA MAS5 OF L U 5 . 5 B - H ( X I 1 I S 1 3 2 2 . 1 6 I F H I L A M B O A I - 1 1 1 5 . 8 4 8 / 7 0 

1 3 2 1 . 3 4 0 . 1 4 AVERAGE IERROR 
1 3 2 1 . 3 2 0 . 1 3 FROM F I T (ERROR 

THE F I T ASSUMES X I AND A N T I - X I "AS5ES 

INCLUDES 
INCLUDES 
EOUAL. 

SCALE FACTOR 
SCALE FACTO" 

A N T l - X l -
V 6 . 9 PBA 

A N T I - K I -

10 GEV/C 

OF 
OF !:S! 

ANTI 

3 / 8 2 

1( 1 3 2 2 . 0 1 
5 1 3 2 0 . 6 9 

1 2 ( 1 3 2 1 . 7 1 
34 1 3 2 1 . 2 
35 1 3 2 1 . 6 
THE ERROR I S ill 6 2 KEC 

6 6 HBC 
6 7 HBC 
7 0 HBC 
72 HBC 

SCALE FACTOR 
SCALE FACTO" 

A N T l - X l -
V 6 . 9 PBA 

A N T I - K I -

10 GEV/C 

OF 
OF !:S! 

ANTI 
7 / 6 6 
9 / 6 7 

1 0 / 6 7 
1 0 / 7 D 
1 1 / 7 2 

1 3 2 1 . 2 0 0 . 1 3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 0 1 
1 3 2 1 . 3 2 0 . 1 3 FROM F I T (ERROR INCLUDES SCALE FACTOR Of 1 . 0 ) 

IE F I T ASSUMES X I AND A N T J - X I MISSES EDUAL. 

I T I - X I O MASS DIFFERENCE tMEVI 

C H I E N 6 6 HBC 6 . 9 PBAR P 

X I - MAGNETIC MOMENT I Mf tGNETDNS.93B.26 MEVI 

• (ERROR INCLUDES SCALE FACTOR OF 1.01 

Z2 X I - PEAN L I F E ( U N I T S 1 0 « » - l O SEC) 

< 3 . 4 ) ( 1 . 2 3 ) MANG 61 HL8C 
( 0 . 4 1 1 ( 0 . 2 5 ) FOULER 6 1 HLBC 

C LOW S T A T I S T I C S DROPPED ON SUGGESTION OF J e 

H 
S 2 4 3 6 

4 2 B 6 
ill, 

JAUNEAU 6 3 FBC 
SCMNEIPER 6 3 MBC 
CAB M M * 
HUBBARD 
PJERROU 
CHIEN 
LONDON 
6URGUN 
DAUBER 
MAYEUR 

REP BY PJERROU 6 5 

BALTI 

65 HBC 
6 6 HBC 
6 6 HBC 
6B HBC 
6 9 HBC 
72 HLBC 
74 HBC 
74 CSPK -
75 OBC 

AT 1 .3 -1 .8 

1 1 / 6 7 
9 / 6 7 
6 / 6 6 

THE ERROR I s S T A T I S T I C A L ONLY 

2 . 1 C E V / C X-
1 . 7 5 GEV/C « 
1 . 8 C-EV/C X-
4 . 9 GEV/C X-
4 . 2 GEV/C X-
HYPER1N BEA" 

0 . 0 1 6 AVERAGE (ERRCH JNCL. SEAL! FACTOR CF 1 . 0 1 

• . « 1 l - < > - « . » L I F E (UN I T S 1 0 . - 1 0 SEC) 

'S :F ' "•" 
C H I E N 
SMEN 
STONE 
VOTRUBA M' 6 . 9 D|»»R " 

A N T I - X i -

10 GEV/C < • . :;;;; 

X I - PARTIAL DECAY MOOES 

I M E D A 
- INTO LAMBDA E- NEUTRIM) 
• INTO NEUTRON P I -
- INTO LAMBDA MU- NEUTRIND 
- INTO SIGXAO E- NEUTRINO 
- IVTO SICN10 MU- NEUTRIVO 
• INTO NEUTRON E - NEUTRINO 
• INTO NEUTRCN " U - NEuTRiNO 
• INTO S I G M i - GAMMA 

INTO PROTON P I - P I -
• INTO PROTON P I - E- NEUIRtNO 
• INTO PROTON P I - MU- NEIjTRINO 
• INTO XIO t- NEUTRINO 

1115* 1 0 5 * 

http://MftGNETDNS.93B.26


Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
~ - - 0 

IMEC* E - N E U I / ( L A H B 0 * P I - 1 I t K I T S 1 0 " - 3 I 

EFFECTIVE DENOM. CARMONY 6 3 HBC 1 1 / 6 7 
2 6 0 EFFECTIVE DENO". JAUNEAU 6 3 M6C 
2 2 0 EFFECTIVE DENOM. SERGE 6 6 HBC 
155 EFFECTIVE DENOH. LONDON 6 6 WBC 
7 1 7 EFFECTIVE DENOM. TRIPPE 6 7 HBC 

1 9 7 6 EFFECTIVE OENOM. HUBBARD 6 9 HBC 
( 0 . 9 0 ) ( 0 . 5 5 1 HUBBARD 6 8 P V I E 

BARO 6 8 RVUEI INCLUDES ALL ABOVE EVENTS 
0 . 2 * 0 . 2 4 TEH 7 * HBt 

( 0 . 3 1 ) ( O . l l l HERBERT 7 8 ASPK REPL.BY THOMPSON 8 0 
0 . 3 0 0 . 1 3 THOMPSON 6 0 ASPK HYPEPON BEAU 9 / 8 1 

0 . 2 9 0 . I I AVERAGE TERROR INCLUDES SCALE FACTOR OF 1 . 0 1 

l *TD (NEUTRON » l - l f ( L » W > * P I - l ( U N I T S 1 0 . - 3 1 

1 5 . 0 ) T.R LFSS FERRO-LUZ 6 3 HBL 6 / 6 B 
CR LFSS DAUBER 6 9 HBC 
OR LESS C L - . 9 0 »EH T4 HBC 760 EFF.OENOM. 

INTO ( L A BOA MO- NEUTR(NO) /TOTAL ( U M T S 1 0 « * - 3 I 
( P * > 

OP LESS SERGE 6 6 HBC 

BOA MO- NEUTR(NO) /TOTAL ( U M T S 1 0 « * - 3 I 
( P * > 

OP LESS SERGE 6 6 HBC 
1 1 . 3 1 [R LESS DAUBER 6 9 HBC 6 / 6 0 

0 . 3 5 0 . 3 5 YEH 7 * HPC 2 8 5 9 EFF.OENQP. 7 / 7 5 
CR LESS C L - . 9 0 THOMPSON BO ASP* 1017 EFF.DENOK. 

ni LESS BERGE 
( 0 . 5 1 CR LESS MUBER 6 9 MBC 

0 1 0 . 5 3 OR LESS CL . 9 0 YEH 7 * HBC 4 3 6 3 E F F . D E N O P . 
CO LESS CL - . 9 0 T H O M P S O N 16000 EFF.OENOM. 

GO MU- N E U I / LAM 1-1 ( U N I T I P 6 I / 1 P I I 
OR LESS BERGE 6 6 HBC 

0 0 . 7 6 CR LESS CL . 9 0 YEH 3 0 2 6 EFF.OENDM. 

715 £EF.DENOM. 

DUCLOS 71 CSPK SEE NOTE 0 
I I 5 T I N G U 1 S H SIGMAQ FRO" LAMBDA. THE CABIBBG 
1A1E ABOUT A FACTOR 6 SMALLER THIN THE 

I- IITO ( 
15.3 

1-
I I . 5 

I - INTO I 

SICOA- GAMMAI / ILAN f 

r. wx?% •";;„' 
CR LESS C L - . 9 D 

6 2 0 0 EFF . D EMJM. 

X I - INTO ( X I O E- N E U 1 / I L A M P I - ] 
0 3 . 3 OR LESS C L - . 9 0 

RELATEO TEXT SECTION V I 

1 - 0 . T 3 I ( 0 . 2 3 1 

ill ~ ! § ; 

r PARAMETERS 
I AND APPENDIX 

CARMONY 
BERGE 
LONDON 
BERGE 2 

" I L L 6B HBC 

J . 4 0 
o.o: 
I . 19 

BALTAY 7 * h 
COOL 7 * C 
O I B I A N C * 75 C 
HEMINGWAY 7B t 
CLELAND 8 0 i 
B I A G t B2 ! 

AVERAGE. 
DUE TO APPROXIKATIC 

6 9 FOR 0ETA1LE0 01 
LONOON 6 6 USES ALPHA-LAMBOA • 0 . 6 2 
USEO ALPHA LAMBDA • 0 . 6 4 7 * - 0 . 0 2 0 . 
D I B I A t C A 75 USES ALPHA LAMBDA • 0 . 6 4 7 . 
BIAG1 82 USES ALPHA LAMBDA - - 0 . 6 + 7 * - 0 . 0 1 * 

i 5 9 9 - 0 . 3 7 0 0 . 0 3 2 
» 0 * 6 - 1 . 1 9 0 . 0 4 
150K - 0 . 4 6 2 0 . 0 1 5 

OLD OATA NOT INCLUDED 1 
ERRORS MULT I " " 
P O L A R I Z A T I O N . ( 5E 

SEE NDTE 0 BEL DM 
SEE NDTE 0 BEIDW 
SEE NOTE 0 BEL3W 
SEE NOTE D BEL3W 
SEE NOTE 0 BELOW 
SEE NOTE 0 BEL3M 

INCLUDES ALL ABOVE 
RE P L . BY DAUBER 6 9 

SEE NOTE A BELOW 
I 1 
; 2 . 1 G E V / r « -

1 . 7 5 GEV/C K-
l - 1 . 8 GEV/C K-P 

4 . 9 GEV/C K - 0 
4 . 2 GEV/C K- P 

( BNL HYPERPN BEAM 
: CERN-SPS HYPERON BM 

3/7* 
.0/74 
1/77 

1.1 

- 0 . * 3 * 0 . 0 1 5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 4 1 
(SEE IDEOGRAM BELOW ) 

P H I ANGLE ( S I N I P H I l /COSIPH 1 1 - BETA/GAMM 1 (DEGREES) 
( - 1 6 . 0 ) 1 * 5 - 0 1 JAUNEAU 6 3 FBC SEE NOTE 0 BEL3W 

6 2 ( 4 5 . 0 ) 1 3 6 . 0 ) SCHNEIDER 63 HBC SEE NOTE 0 BEL3W 6 / 6 B 
3 5 6 5 4 . 0 3 0 . 0 CARHONY 6 * HEC SEE NOTE D BELOW 6 / 6 B 
OOo 0 . 1 2 * BERGE 6 6 HBC SEE NOTE 0 6EL3W 6 / 6 8 
3 6 4 0 . 0 2 0 . 4 LONDON 6 6 HBC SEE NOTE 0 BELDM 6 / 6 8 
5 2 9 ( 9 . 8 ) 1 1 1 . 6 ) MERRILL 6 8 HBC ( E P L . BY DAUBER 6 9 6 / 6 B 

OAUBER 6 9 HBC SEE NOTE A 8EL3M 
T 2 4 - 2 6 . 0 3 0 - 0 BINGHAM 7 0 OSPK 1 0 / 7 0 

BALTAY 7 * HBC 
4 3 6 S . O 1 6 . 0 COOL 74 OSPK - 1 . 8 GEV/C K-P 1 0 / 7 4 

OLD OATA NOT INCLUDED I N tVERAGE. 
ERRORS M U L T I P L I E D BY . ? X)F TO APPROXIMATIONS USED FOR XI 
P O L A R I Z A T I O N . 1 SEE DAUBE> AH FOR OETAILEO D I S C U S S I O N ! 
LONDON 6 6 USES ALPHA-LAMBDA 0 . 6 2 
USED ALPHA LAMBDA • 0 6 * / *- 0 . 0 2 0 . 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 1 1 

WEIGHTED AVERAGE - -0.434 ± O.i 
ERROR SCALED BY 1 4 

BIACI B2 SPEC 
CLELANQ 80 ASPK 
HEMINGWAY 78 HBC 
DIBiANCA 75 DBC 

BROWN 62 ORl 8 2 5 5 

CARMONY 6 3 PPL 10 3B1 
FERRO-LU 6 3 PR 1 3 0 156B 
JAUNEAU 63 SIENA CC^F ' 

ALSO 6? PL ', 261 
SCHNEIOE 6 3 PL * 360 

CARMONY 64 PRL 1 2 4 3 2 
BA01ER1 64 OUBNA CONF 1 593 
HUBBARD 64 PP. 1 3 5 B 1 8 3 
BINGHAM PRSL 2 6 5 2 0 2 
PJERROU ft*i PRL 14 2TS 
PJERROU 65 THESIS 

1 1 / 7 5 
BERGE 66 PR 1 * 7 9 * 5 
BERGE 2 6 6 BERKELEY CONF 46 

PR 1 4 3 1 0 3 * 
CHIEN 6 6 PR 1S2 1 1 7 ! 

6 / PL 25 B 4 * 3 
1 1 / 7 5 TRIPPE 6 / P R I V . CCNM. 

BUR GUN 6 8 NP B8 * 4 T 
HUBBARD 6H PRL 2 0 465 
MERRILL 6 8 PR 167 1202 

1 1 / 7 5 DAUBER 6 9 PR 179 1262 
BINGHAM 70 PR 0 1 3 0 1 0 
GDLDWAS! lit PR D l 1 9 6 0 
STONE 7 0 PL 3 2 8 515 

T l NP B32 4 9 3 
I? NP 8 4 7 333 

V07RUBA 1? NP B45 77 
WILQUET fl PL 4 2 6 372 

REFERENCES FUR X I -

F a w i E R ( 6 1 R G E . £ B E R H A R D . E L Y , G 0 C D . P 0 » F L L + ILRL> 
K H a l G . t W A N G . V I R Y A S O V . T I N G . 5 0 L 0 V E V » ( J I N f t l 
BROUN, CULWICK,FOWL ER,GAILLOU0 « IBNL*VALEJ 

CARMONY.PJERRDU I UCLA) 
FEARO-LUZZUALSTON.ROSEt .FELD.MOJCICKI (LB- t 
JAUNEAU* IEPOL»CERN»tCUC»RHEL»BERGENI 
JAUNEAU.+ IEPOL.CERN.LOUC.RHEL,BERGEN) 
H SCHNEIDER (CERN1 

CARMONY.PJERROUtSCHLEIN ,SLATER.STORK*(UCIA I . 
BADIER.DENOULIN.BARLOUTAUD+IEPOL.SACL.ZEEMI 
HUB8AR0.8EPGE.KALBFLEISCH.SHAFER * ( L R L ) 
H H BINGHAM (CERNI 
• S C H L E I " . S L A T E R . S M I T H . S T O R K . T I C H O (UCLAI 
G 1 PJERROU (UCLAI 

BERGE.EBERHAROtHUBBARO,MERRILL * ( L R L I 
SERGE.CABIBBO ILRL.CERN(RVUE11 
LONDON.RAU.GOIOBERG,LICHTHAN»(SNL*SYPACUSE> 
»LACH,SANDWEISS.TAFT.YEH.OREN * (YALE»BNLI 
B . C . S H E N . A . r I R E STONE •G.COLDHARER ( U C B H . R L I 
T . TRIPPE (UCLA) 

(SACL*CDEF*OHEL) 

74 PR 0 9 4 9 

HEMINGWA 78 NP B L 4 2 20S 
HERBERT 78 -RL 4 0 1 2 3 0 
BOUROUIN ' 9 PL 8 7 1 2 9 7 

* M E Y E A . P A U L 1 , T A L L I N I . 
HUBBARD,BERGE.DAUBER I L R L ) 
MERRILL.SHAFER I L R L 1 J 

*BERGE,HUBBARD. MERRILL . MILLER I LRL) J 
• C00- .HUMPHREY,SANDER,WILL I A P S * IUCSD.WASH) 
GDLDUASSER. 5CHULTZ ( I L L I 
*BERLINGHIERI .BR0HBERG.COH£N,FERBEL » ( R O C M ) 

• FRE Y T A G . H E I N T Z E . HEINZ ELMAN, JONES* I C E R M 
*VAN B I N S T . H t L O U E T * (BRUX»CERN*TUFT»LOUCI 
VDTRUBA.SAFDER.RATCLIFFE ( B I R M * E D I N I 
• F L I A G I N E , G U Y . K N I G H T * (8RUX*CERN*TUFT»L0UCI 

• BR 10GEWATER.CO0'>eR, GERSHWIN* ( C 0 L U * B 1 N G I J 
• G I A C O M E L L 1 . J E N K I N S . K Y C I A . L E 0 N T I C . L I * ( B N L ) 
C 0 0 L . G I A C 0 I ' E L L I . J E N K I N 5 , K Y C I * . L E 0 N T 1 C * ( B N I ) 
»G I1GALAS,SMITH.ZENOLEtBALTAY • (B1NG*CQLUI 
F . R . D 1 B I A N C A , R.J .ENOORF ICARNI 

HEMINGWAY. RRMENTEROS* ( C E R N » I E E M * N I J M t O X F I 
*CLELANO,COOPER.DRIS ,ENGEIS • ( P I T T » B N L ) 

( B R I S * G E V A * H £ I O * D R S A * R H E L * S T R B * C E R N * M E L B I 
*COOPER,DRIS ,ENGELS.HEKBERT* I P I T T + B N L ) 
*CLEL A N O . C O O P E R , 0 R I S , E N G E L 5 * I P I T T * B N L ) 
• ISRtS*CAMB*GEVA*HElD*LAUS*LOQM»RL> 

X IO MASS (MEV) 

I X I O I MASS DIFFERENCE I M E V I 

JhUNEAU 6 3 FBC 
CAkMONY 64 HBC 
PJC^ROU 6 5 HBC 
LONOON 6 6 HBC 

REP BY PJERROU 6 5 



Stable Particles 
E°, 0-

Data Card Listings 
For notation, see key at front of Listings. 

Xlr> MEAN L I F E IUN I T S l t » * - 1 0 SECI 

3 . 9 1 . 4 O.BO JAUNEAU G3 FBC 
T 4 5 [ 3 . 5 1 1 1 . D I I O . B CARMONY M HBC REP BY PJERROU 65 

HUBBARD 6 * HBC 
T BO PJERROU 65 HBC t l / 4 7 
T 3 4 0 DAUBER 4 9 HBC 6 / 6 8 
r M is? 2 . 9 0 0 . 3 2 0 . 2 7 MAYEUR 7 2 HLBC 2 . 1 GEV/C K- 1 / 7 4 
T 4 S 2 BALTAV 74 HBC 1 . 7 5 CEV/C K- 3 / 7 4 
T I 6 3 0 0 ZECH 7 7 SPEC NEUTRAL MVP. BEAN 1 2 / 7 7 
T N NAVEUR 7 2 VALUE M O D I F I E D BY ERRATUM. 1 / 7 4 
T Z ZECH TT VALUE I S FOR LAMBDA L l F E T I H E - 2 6 9 E - 1 0 . FOR LAX L I F E T I M E 1 2 / 7 7 
T 1 D I F F E R t N T FROM T H I S , T A U X I O - 2 . 7 7 - I T A U L A M B D A - 2 . 6 9 I I E - 1 0 . 

AVE*ACE (ERROR I N t L . SCALE FACTOR CF 

1 2 / 7 7 

T AVC 2 . 9 0 3 0 . 0 9 9 0 . 0 9 3 

2 . 7 7 - I T A U L A M B D A - 2 . 6 9 I I E - 1 0 . 

AVE*ACE (ERROR I N t L . SCALE FACTOR CF 1 . 0 ) 

23 X IO MAGNETIC MOMENT ( M » G W T 0 N S , 9 3 8 . 2 6 "*EV> 

- 1 . 2 0 0 . 0 6 BUNCE 7 9 SPEC 1 / 1 0 
MM 2 7 0 K - 1 . 2 5 3 0 . 0 1 4 COX 8 1 SPEC 1 2 / 1 1 ' 

X IO PARTIAL DECAY MODES 

WEIGHTED AVERAGE - -0.41J ± 0.022 
ERROR SCALED BY 2.0 

PtO INTO LIMBCA 
INTO PROTON P I -
1NT0 PROTON E- »EU 
INTO SIGMA* E- NEU 
INTO S I G M A - E* HEU 
INTO SIGMA* MU- NEUTRINO 
INTO S I G H * - MU«- NEUTRINO 
INTO PROTON MU- NEUTRINO 
INTO L » M 6 t A GAMMA 
INTO SIGHAO GAMMA 

9 3 8 * 1 3 9 
9 3 8 * . 5 * 

1 I B 9 * . 5 * 
U 9 T * . 5 * 
1 1 8 9 * 1 0 5 * 
1 1 9 7 * 1 0 5 * 

9 3 8 + 1 0 5 * 
1 1 1 5 * 0 
1 1 9 2 * 0 

23 10 BRANCHING F T I O S 

J 10 1NTD 
I 2 T 0 O . 

( 5 0 0 . 

IPHOTON P l - I / I L A K B D A P I O I ( U N I T S 1 0 * * - 5 1 ( P 2 I / I P M 
I OR LESS TICHO 6 3 HBC 
I OR LESS HUBBARD 6 6 HBC 
I OR LESS OAUBER 6 9 HBC 
I CR LESS C L - . 9 0 VEH 7 4 HBC 1 3 0 0 EFF.C 
6 OR LESS C L - . 9 0 GEHENIGER T 5 SPEC 

10 INTO IPROTGN E - N E U I / I L A N B D A P I O I UNITS 1 0 " - 3 ) 
I P 3 I / I P 1 1 

1 2 7 . 0 1 OR LESS TICHO 6 3 MBC 
( 6 . 0 1 CR LESS HUBBARD 

1 . 3 GR L E S * DIUBER 6 9 HBC 
0 ( 3 . 4 1 CR LESS C L - . 9 0 VEH 7 4 HBC 6T0 EFF 

10 I N 7 0 ( S I G M A * E - N E U ) / ( L A H B D A P t O t W I T S 1C*» - 3 ) 
( P 4 I / < P 1 > 

1 1 3 . 0 1 OR LESS TICHO 6 3 HBC 
( 7 . 0 ) DR LESS HUBBARD 6 6 HBC 
( 1 . 5 1 OR LESS OAUBER 6 9 H9C 

0 t . l OR LESS C L « . 9 0 YE I 74 HBC 2 1 0 0 EFF 

10 INTO ( S I G M A - E* N E U I / ( L A H B D A P I O I U N I T S 10«» - 3 ) 
< P 5 » / ( P 1 ) 

( 6 . 0 1 OR LESS HUBBARD 6 6 HBC 
( 1 . 5 ) OR LESS DAUBER 6 9 HBC 

0 9 . 9 DR LESS C L - . 9 0 TEH T * HBC ZSOD EFF 

i n WTO I SIGMA* MU- N E U I / T O T A L t UNITS 1 0 » * - 3 I ( P 6 > 
( 7 . 0 1 OR LESS HUBBARD 6 6 HBC 
( 1 . 5 1 OR LESS OAUBER 6 9 HSC 

0 1 . 1 DS LESS C L « . 9 D VEH 74 HBC 2 1 0 0 EFF 

10 W O ( S I G M A - MU* N E U I / T O T A L ( U N I T S 1 Q » » - 3 I ( P 7 > 
( 6 . 0 1 0 " LESS HUBBARD 6 6 HBC 
( 1 . 5 ) OR LESS OAUBER 6 9 HBC 

0 0 . 9 OR LESS C L - . 9 0 VEH 74 HBC Z50D EFF 

• 10 INTO I PRCIOH M U - N E U I / T O T A L ( U N I T S 1 0 * * - 3 I 
( 6 . 0 1 OR LESS HUBBARD 6 6 HBC 

1 . 3 OR LESS OAUBER 6 9 HBC 
0 ( 3 . 5 1 DR LESS C L - . 9 0 YEH 7 4 HBC 

( 1 0 INTO (LAMGCA G A K K A I / I L A M P I Q ) ( U N I T S 1 0 * * - 3 ) 

6 6 4 EFC.DENOfc. 

6 / 6 1 
6 / 4 8 

, 11/75 
11/75 

6/6B 
6/68 
6/6 B 

U/75 

6/68 
6/68 
6/68 
li/T5 

6/68 
4/68 
11/75 

6/68 
6/68 
11/75 

6/68 
6/68 

. 11/T5 

6/68 
6/68 
11/75 

XIO INTO 1SIGPJ 
LR LESS C L - . 9 0 V£H 6 0 EFF .DENOH. 1 1 / T 5 

2 3 X IO DECAY PARAMETER 

RELATED TEXT SECT 1 OH V I • AND APPENDIX 

( - 0 . O 9 J 1 0 . 4 6 1 
1 * 6 ( - 0 . 1 3 1 ( 0 . 1 7 1 

4 6 ( - 0 . 2 1 ( 0 . 4 ) 
T39 - 0 . 4 3 0 . 0 9 
1 3 0 ( - 0 . 3 4 1 ( 0 . 2 7 1 

-o-s-. 0 . 1 0 
6 0 7 5 - O . 4 9 0 0 . 0 4 2 
300K - 0 . + C 5 0 . O 1 2 

PJERROU 
BERGE 
LONDON 
OIUBER 
HAVEUR 
BALTAV 
BUNCE 
(INOLER 

SEE NOTE 0 BELOW 
SEE NOTE D BEL3N 
SEE NOTE 0 BELOrf 
1 . 7 - 2 . 6 T-EV/C R-
2 . 1 GEV/C K-
1 . 7 5 GEV/C K-

7 8 SPEC FNAL HYPERON BE A:, 
8 2 SPEC FNAL HVPERON BEAM 

65 HBC 
6 6 HBC 
6 6 HBC 
6 9 HBC 
7 2 HLBC 
7 4 HBC 

LOW S T A T I S T I C S EXPERIMENTS EXCLUDED FROM AVERAGE. 
ERRORS M U L T I P L I E D BY 1 . 1 DUE TO APPROXIMATIONS USEO FOR X I 
P O L A R I Z A T I O N . (SEE DAUBER 6 9 FOR DETAILED D I S C U S S I O N ) 
OAUBER 6 9 USES ALPHA LAMBDA - 0 . 6 5 0 * - 0 . 0 1 9 . 
BALTAV T4 USES ALPHA-LAMBDA - 0 . 6 4 5 
BUNCE 7 6 USES AL»HA-LAMBOA - 0 . 6 4 7 
HANDLER 8 2 LSES L P K A - L R K B D A > 0 . 6 4 2 * - 0 . 0 1 3 

J -0.413 O.i 

6/68 
1/T3 
3/74 
7/79 
1/82* 
1/82* 

HANDLER 62 SPEC 
BUNCE 78 SPEC 
BALTAY 74 HBC 
DAUBER 69 HBC 

ALPHA FOR XIO 

P H t ANGLE ( S I N I P H 1 I / C 0 S ( P H I ) - B E T A / G A H M A I (DEGREES) 
1 4 6 - 8 . 3 0 . BERGE 6 6 HBC SEE NOTE 0 HEL3M 6 / b f l 
7 3 9 3 8 . 1 9 . DAUBER 6 9 HBC SEE NOTE A BEL3H 
4 5 2 1 6 . 0 1 7 . 0 BALTAY 74 HBC 1 . 7 5 GEV/C X - ? / 7 4 

USEO ALPHA LAMBDA - 0 . 6 4 T » - 0 . 0 2 0 . 
ERRORS M U L T I P L I E D BY 1 . 2 DUE TO APPROXIMATIONS USEO FOR X I 
P O L A R I Z A T I O N . ( S E E OAtfRCR 6 9 FOR O E T A t L f O DISCUSSIOHI 

2 0 . 7 1 1 . 7 AVERAGE ' ;RROR INCLUDES SCALE FICTDR OF l . C 

ALVAREZ 5 9 PAL 2 2 1 5 
JAUNEAU 6 3 SIENA CONF 1 1 

ALSO 6 3 PL 4 4 9 
T ICHO 6 3 B M . CONF 4 L 0 

CARNONV 64 PRL 12 4 8 2 
HUBBARD 64 PR 1 3 5 B 1 8 3 
PJERROU 65 PRL 14 2 7 5 
PJERRDU 45 T H E S I S 

BERGE 4 6 PR 1 4 7 9 4 5 
HUBBARD 6 6 l/CRL 1 1 5 1 0 
LONDON 6 6 PR 1 4 3 1 0 3 4 

NATEIM 72 H? B47 333 
ALSO 73 NP B53 26B 

W1LQUET 72 PL 4 2 B 3 7 2 

BALTAY T4 PR D9 4 9 
VEH 74 PR 0 1 0 1 5 4 5 
GEHENIGE 75 H S T ( 1 9 3 
ZECH 77 NP 1 1 2 4 4 1 3 

BUNCE 78 PR D18 6 3 3 
BUNCE 7 9 PL I 6 B 3 6 6 
COX 81 PRL 4 8 BT7 
HANDLER 8 2 PR 0 2 3 6 3 9 

REFERENCES FOR X IO 

ALVAREZ.EBERHARO.GOOO.CRAI IANO.r tCHO* 1LRLI 
JAUNEAU* IEPOL*CERN*LOUC*RHEL*BERGEN> 
JRUNEAU* IEP0L*CERN*L0UC4RHEL*BERGEN> 
HAROLD K T ICHO ( U C L A I 

tRRMOHV.PJERROU.SCHLEIN .SLATER.STORK* (UCLA) 
HUBIARDtBERGE.KALBFLEISCH,SHAFER * ( L R L I 
* S C H L E I N , S L A T E R . S M I T H , S T O R K . T I C H Q ( U L L A I 
G H PJERROU (UCLAt 

BERGE.EBERHARO.HUBBARD.MERRILL * ( L R L ) 
J RICHARD HUBBARO I T H E S I S . B E R K E L E Y I ( L R L I 
L0N0aN.RAUiG0LDBERGiL ICHTHAN*(6NL+SYHRCUSE) 

•VAN B J N S T . H I L B U E T * IBRUK*C£RN*TUFT*LOUCI 
ERRATUM TO MAYEUR 7 2 
* F L l A G I N E t G U Y . K N I G H T * I B R U X * C E R N * T U F T * L 0 U O 

*BR1DGEHATER.COOPER.GERSHWIN* ( C O L U * B I N G I J 
*GAIGALAStSMITHtZENDLE.BALTAV * ( B I N G * C O L U I 
GEHENIGER.GJESDAL.PRESSER * ( C E R N * H E I O I 
* D * D A K , H A V I R R I l * ( S t E C * C E R N * D O R T * H E I O I 

»HAN0LER,MAPXH.MART1N* (WISC*MICH»RUTGI 
•OVERSETH.COX.OWDAKIN* ( B N L * M I C H * R U T G * H I S C I 
*DHORRIN » ( M C H * W I S C * H U T G * H I N N * B N L ) 
*GROBEL.PONDRON* ( h I S C * M ! C H * M | N N * R U T O I 

E Z 4 O H E C A - l t 6 T 2 i J P - 3 / 2 w 1 -0 

QUANTUM NUMBERS ASSIGNED f * O M SU3 

1* OMEGA- MASS I H E V ) 

111615.1 
I 1672.1 
1 1*70.6 
I 1673.0 
3 1673.3 
3 1671.8 
5 1674.2 
611671.91 

1311671.431 
4 1 6 7 3 . 4 

4 1 1 6 7 3 . 0 
2 7 1 6 7 1 . T 

HEV) 

ElSENBERG 54 FMUL 
FRV1 53 EMW. 
FRY2 35 EMUL 9 / 7 3 
ABRAMS 64 HBC INTO X I - P I O 
PALMER 6 8 HBC K-P 4 . 6 . 5 . GEV/C 
SCHULTZ 6 8 HBC K-P 5 . 5 GEV/C 1 1 / 6 9 
SCOTTEP. 6 8 HBC K-P 6 . GEV/C 
SPETM 6 9 HBC K-P 1 0 . GEV/C 
ABCLV 73 HBC K-P 1 0 . GEV/C 
01BIANCA 7 3 DBC 
B A U 8 1 L L I E 7 8 HfiC 8 . 2 5 GEV/C K-P T / / 9 
HEMINGWAY 7 8 HBC 4 . 2 GEV/C K-P 2 / 7 9 

THE 

1 6 7 2 . 3 7 0 . 3 4 AVERAGE (ERROR INCLUOES SCALE FACTOR OF t . O ) 
1 6 7 2 . 4 5 0 . 3 2 FROM F I T (ERROR INCLUOES SCALE FACTOR OF t . O ) 
F I T C 0 M 8 I K E 5 OMEGA- AND ANTI -OMEGA- VALUES 

EISEW8ERG 54 MASS CALCULATED FDR OECAY I N F L I G H T . ALVAREZ 73 HAS 9 / 7 3 
S H O W THAT THE OMEGA INTERACTED M I T H AG NUCLEUS TO GIVE K- X I A G . 9 / T 3 
BOTH FRY EVENTS I D E N T I F I E D AS OMEGA- B« ALVAREZ T 3 . 9 / T 3 
FRY MASSES ASSUME DECAY TO LAMBDA K- AT R E S T . DECAY FROM ATOMIC 3 / T 4 
D R 8 I T COULO DOPPLER SHIFT THE K- ENERGY A W RESULTING OMEGA- MASS 3 / 7 4 
BY SEVERAL NEV FOR FRV 2 . T H I S S H I F T IS NEGLIG IBLE FDR FRY 1 3 / 7 4 
BECAUSE THE CMEGA DECAY I S APPROXIMATELY PERPENDICULAR TO I T S 3 / 7 4 
ORBITAL V E L O C I T Y . AS I S KNOWN BECAUSE THE LAMBDA STRIKES THE 3 / 7 4 
NUCIEU5 ( L . A L V A R E Z , PRIVATE CONN. 1 9 7 3 ) . HE HAVE CALCULATED THE 3 / 7 4 
ERROR ASSUMING THAT ORBITAL N I S 4 OR LARGER. 3 / 7 4 
ABCLV VALUE INCLUDES THE SPETH 6 9 EVENTS. EXCLUDED FROM AVERAGE. 1 2 / 7 3 
SEE NOTE 0 I N THE OMEGA- MEAN L I F E SECTION BELOM. 2 / 8 2 * 
D I8 IANCA 75 G IVES MASS FOR EACH EVENT. HE QUOTE AVERAGE. t / 7 7 
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
0". At 

1 6 7 3 . 1 

l ( , 7 ? . 4 S 

r I B t STOtt f 71 Ht.C 

[ ( E " 0 n INCLUDE^ 

BV> 

ilEfl* 
( 0 . 2 2 ! 

SCOT1ER ftS HPf. 
SCOITER 
SC0ITE.R <.H 
SCOITER ISH 
SCOTT CB I.H 
StO.TTE« *1« H M . 
A3CLV M 
DIMA-1CA DBC 
DIBIANCA f b DBC 

0 . l b 
BIA ' ICA 
JB ILL 

. EBC 

i 1 1 . 4 1 ) [ 0 . 1 5 1 1 0 . 7 4 1 DEUTSCHff l 78 HBC 1 0 . 1 6 
I 0 . 7 5 0 . 1 * 0 . 1 1 1'FmnGWAV 7B HBC 4 . 2 Gl 
' o - 9 ? ? o - 0 2 R B O U R Q L I I N 7 9 S P E C C E * N S P S 
UTSCH»Af.N 7B INCLUDES E V F t l l S OF ABCLV 7 3 . EXCLUDED Fo ' t l 

KAJSE OF S I G N I F I C A N T DISAGREEMENT WITH OTHtB "ECFNT f * l 
ISSIBLY OUF TO ' I - CONTAMINATION. 

H19 0 . 0 2 B 0 . 0 2 f c AVEDAGF IERPCR I N C L . 

0-1 EC « - INTO 10 P I - I 3 I 4 » 139 
P I O 1 3 ? H 
04 P I - 1115> 1 ! 1 

I - 1 3 ? l > 0 
1 5 3 0 ) 0 P I  15 33* 1 3 9 

U" i : . ,A - I - U I'J S ' ' i f ' J U K * . 5 - 3 

» OMEGA- P.BftNCMING R A M O S 

1 %s; AM * 0 - « -

FP.Y2 
5 5 EMUL 

EHUL 

( P i t 

I D E M I F I i a ALVARE2 
2 
3 mills PALMER 

SCHULTI 
bti 
6A 

M6C 
HBC 

5 1 P I DECAY 1 <t • SCCTTER HBC 
13 AMRIG. WITH (1 73 

2 D I H I A N C A ABC 
9 7 0 0 . 6 E & 0 . 0 1 3 B0URQIM2 ri SPEC CERN S S HY0FR11N I»M 

OMEGA INTO in P I - ( P 2 I 

•> W,i PftLHER 
SCOTTFR i", H B t 

H8C 
* i A M B I G . M i r H S I G - A Q C I V HBC 1 0 . Gi-V/C 

D I B I A N C A OBC 4 . 9 
0 . 0 1 3 BUUROUI? SPEC CEPN S HM 

T a 
IT,', 

i - P I O 
ABRAHS 
PALMES 
SCOTTER 
ABCLV 

6 4 
6B 

HBC 
HEC 
HBC 
HBC 

( P 3 1 

O.OBO 0 . 0 0 8 B0URQUI2 SPEC CERN S OH 

1N1C i A BUS P : - l / T O T A L ( U N I T S ( P 4 I 
1 . 3 on LFS5 C L - . " » 0 B0UPUU12 SPEC CERN SPS WPERON KM 

INTO ) i GAMMA 1 / IOTA ( U M T S - 3 t < P 5 I 
3 . 1 f,« L f S S C L - . 9 0 B0UR0U12 SPEC CERN S S H Y P E R O N BR 

OMEGA INTO n ( 1 5 3 0 1 0 P | - t TOTAL ( U N I T S I O » « - 3 I P b ) 

CMEGA- INTO ( 
> SPEC CERN 5PS I 

?4 OMEGA 

RELATED SECTION 1/1 D 

ALPHA FOR CMEGA- f C ' . -
I S l - O . t b l ( O . S b t 
4 0 0 . SE 0 , 5 0 

IMBOA 

1 4 0 0 

5 0 ) KOtWER 7 4 HBC 1 
B A M B I L L t E 7 6 HBC I 

- 0 . 2 0 . 4 HEMINGWAY 7 6 HEC ' 
1 0 . 0 6 1 1 0 . 1 4 1 SAUVAGE 7 6 SPEC CERf 

10IE 0 I N I H E OMEGA- MEAD L I F C SECTION ABOVE. 

.0 GEV/C K - I 
1.25 GEV/C 1 
i .2 GEV/C K-
I SPS H f P E I C 

1 0 / 7 4 
2 / 7 9 
2 / 7 9 

I INCLUDES SCALE FACTOR OF l . i l 

E ISE ' l f iER S4 Pp 9 6 5 4 1 
FRYI ••h PR 9 7 1189 
FRY2 b'j NC 2 3 4 6 

ABRAHS IS4 PRL 13 6 7 0 
BARNES 1 PHL 12 20 
BARr jEI 2 PL 1 2 1 3 4 
CDILEY AS PL 19 152 
RICHARDS iss BAPS 10 115 
SAHI415 6 i ARGONNE CCN 

REFERENCES FOR OMEGA-

Y FISENEEHG (C0HNELL1 
FRY.SCHNEPS.SHAMI ( H I SCI 
FRY.SCHNEPS.SMAMI ( H I S O 

» BURNSTEIN.GLASSEB. * IUMD4NRLI 
v E B A R N E S , C O M H O L L Y . C R E m E L L . C U L M l t * > ( B H L 1 
V F BARNES.CONNOLLY,CREhNELL .CULH1CK* t B N L I 
COLtEY.ODDO » I B I R H < G L A S * 1 0 I C * M P I M * 0 X F » R H E L I 
flK.w»PDSOM.BAnNES(CRENNEL* (ONL*SVRACUSEI 
P f SAMIOS ( (RWUEI BNLJ 

P A l M E t LH " l Pi.f Ml O A L H f O . R A O n j I C I f , R A U . R | r . H A B 0 S O * i * t& ' JL .SYO/M 
S t f J L T Z l,B \L>, I * i 1 t 
SCOTTER 
SPFTH h" PI 29H ^5? SPf !•<« ( A » r « r - . e f B i i ' - . C F > " l . n i r . v i F M 

A R t L V 
71 
73 

"1.1 2 ' . 4 13 
Kfc i n? 

• r . 0 L Q " A B t B . L I S S A U [ B , " , | . ( t ^ - i . I O | < t . I N S ( L * l l 

ALYARL7 73 O B r c ? 
<CCHER " I 5 1 1 ! 1 *1 • I IJCHIB.wrRI IHABf) ( 1'j'J , . V | I = M 
• IB IANCB •1> 1 9 9 137 F . A . O J B I A - . C A . B . J . i W f ( F A B N I 

ftlUBILL! 7B » l 7 B 9 347 R A U B R L I I B • ( f . l P - . C f S ' ^ a t ^ - S U H i ' - l P l 
3 E U I S C H ^ TE 
HEM[NG-A 76 B H ? ?1S nr • < i - « - , u A r , a B > ' E ' U ! i O ' . « f r F R ' i * . ' M « « * J i j i * n » f I 
SAUWAOT m 4 2 7 C . S A J V A f i l . R » n r . 1 9 H - f . T L . f f p CQNF l a a S A I 
eay R QUI » PL f 7 s ?S7 iBBistGt li. '•F^»^fls»" i^.rL•STR^*CF^.•(»-Flel 
-50UROUI? 71 PL f B f i I?? ( h = ! S " - , ( v A » t ' F I i » r j B S A » t t - r ' < S I R g * ' F = N t « f i fct 

'HD»/C'i?rB.%jo-

"ooi "i* ein 

Al l AS IA BO F-UL 
C A L l C d ( Mil 
• ITAr.AK 

HI 
'."ArssL 
GOAESSL Bl 
P U S S F U Rl 
B D S E t T I HP 
•JT AT 7?" t - "EV 

\IMS,\*. 82 CPC 

ILBBUO [ L I U O F ^ 

TEO AVtRAGG = 2'/ 
EBROP SCALED Br 

2220 2260 
LAMBDfl/Ci MASS 

K l l A C A K l 82 DBC 0 7 
BOSETTI 87 HBC 0 i 
RUSSELL B l S D EC 0 i 
KITAGAK 1 80 DBC 0 5 
CfiL l ^ C H I O 60 H T 3 R 6 B 
JSLLAS1A BO EMU. 
&BR&MS BO SWK2 0 2 
CI BON I 7S SPEC 4 1 

CNOPS 79 DBC 5 5 
BALTAT 79 HLBC 6 . J 
KNAPP 76 SPE.C 4 9 
C A Z 2 0 L I 75 HBC 

2 9 . 2 

2 3 * 0 
(CONLEJ 
=0 O D i ) 

I (7. 

33 L » " P D A / C < "EAN I M F ( U N I T S 1 0 * » 

A N G F l I N I 7 9 MYBR 
4 1 . 1 4 0 . 9 0 0 . • 4 USHI0A SO [ H U L 
1 ( 0 . 5 7 1 AOAHOVICH 81 EMUL 

3 3 LAMBOA/C l PARTIAL DECAY "ODES 

LAHBOA/C- INTO t A H B r i l P I * p • P l -
LAHBOA/Ci INTO LAMBDA P I * 
LAHBCA/Cl INTO <• KOBAR 
LAMBOA/C* INTO P K- P i t 
LAMBCA/C* INTO K V B9210 P 
t AHBDA/C-) INTO D E L U 2 3 2 I " 
LAMBOA/C* INTO P KOBAR P l - • I « 
LAMBDA/C* INTO P K » I B 9 2 1 - P » LAMBCA/C* INTO SIGWAt P t o 
LAMBQA/C* INTO S1GMA0 P I * 
L A H 6 C A / C * INTO S IGHAt ETA 
LAHBOA/C* IHTO E * A ' lYTHI t tG 
LAMBDA/C* INTO P E* ANYTHIf . 
LAHBDA/C* INTO LAMBDA E t A^ TH1NG 
LANBDA/C* INTO P P I - P I O na E" ><EU 

XBAH 2 P I 1 2 / B 1 < 



Stable Particles 
A*, A*, MASSIVE t/'S AND LEPTON MIXING 

Data Card Listings 
For notation, see key at front of Listings. 

3 3 

LANSDA/C* INTO I P I t - I 
9 0 ( S E E N ! 
9 8 I 5 E E N ) 
1 8 ISEEN] 
3 9 0 . 0 2 2 0 . 0 1 0 

1 ( S E E N I 
74 I S E E N I 

LAHBOA/C* INTO If K * ( ! 
I I S E E N I 

4 7 I S E E N I 

LANBDA/C* BRANCHING RATIOS 

I t - P ! * I / 7 D T » L ( P 4 1 
T9 SEN * P AT 6 2 . 8 GEV ECH 

CIBDN1 7 9 SPEC P P AT 6 3 GEV ECH 
LOCKHAN 7 9 SPEC H P 5 3 . 6 2 GEV ECK 
ABRAHS BO SKK2 £ « £ - 5 . 2 GEV ECH 
CALICCHIO BO HflC NU 9 I N BEBC-T5T 
I R I O N I I SPEC P P AT 6 3 GEV ECM 

? K- P I * 1 
ANGELIN I 
ORIJARD 
WEISS 
B 1 S I L E 

I P M / I P 4 I 
79 HYBR NU EKUL WITH BEBC 
79 SF« P P AT 5 Z . 5 CEV EC* 
8 0 SMK2 £ * E- 5 . 2 GEV ECM 
9 1 CNTR P P - > L A H / C * E- X 

THE ABOVE RAT IOS INCLUDE THE KOBAR P I O NODE OF THE K * 0 . 

1 2 / 7 * 
1 2 / 7 9 
1 2 / 7 9 

l/BO 
12/11* 

2 / 8 2 * 

1 2 / 7 9 
1 2 / 7 9 
4 / B 2 * 
2 / B 2 * 
4 / B 2 * 

I A N B D £ / C * INTO I DELI 12 : 
4 0 I S E E N I 

0 . 1 7 O.OT 
17 0 . 4 0 0 . 1 7 

IVERAGE IERROR INCLUDES SCALE FACTOR OF 1 . 0 ) 

GEV EC* 1 
- 1 / f P K- PI 

ORIJARD 
WEISS 
BASILE 

H I P 6 I / I P 4 ) 
7 9 5FM P P AT 5 2 . 5 C 
8 0 SHK? E * E- 5 . 2 GEV 
B l CNTR P p 

KG 0 . 2 0 3 

LANBCA/C* INTO < 

LAMBDA/C* 1NTC I 
6 I S E E N I 
9 ( S E E N I 

0 .OB1 

KCB4R 

I INCLUDES SCALE FACTOR OF 1 . 3 1 

BALTAr 
KtTAGRKl 

5 5 / 7 5 RUSSELL 

7 9 HLBC NU NE-H2 I N 1 5 - F T 
6 0 OBC NU D I N FNAL 1 5 - F T 
8 1 SPEC PHOTOPRODUCTION 

BO SNK2 6* E- 5.2 GEV ECU 

2/80 
12/81" 
2/S2* 

I D . 8 1 

L A M B D A / O INTO 1 LAMBDA P I + I / 
( 5 0 . 6 7 0 . 7 8 

9 0 . 5 1 0 . 6 2 
DR LESS CL-

SITAGAKl ( CALCULATED BY K 

1 O .ST 0 . 3 5 

L A H B D * / C * 1NTC LAKBOA ( 

( P 2 I / I P 3 I 
7 9 HLBC NO NE-H2 I N 1 5 - F T 
8 0 OBC NU D I N FNAL 1 5 - F T 
B l SPEC PHOTOPRODUCTION 

6 0 SB 

35 
2 7 

9 0 
FROM BALTAY 79 RESULTS. 

ERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 0 ) 

f f I I 
75 HBC NU P I N BNL 7 - F T 
7 6 SPEC GAMMA BE 
7 9 HLBC NU NE-H2 I N 1 5 - F T 
7 9 SPEC P P AT 6 3 GEV ECH 
7 9 SPEC P P 5 3 . 6 2 GEV ECU 

C A I I O L I 
KNAPP 
BALTAY 
GIBONI 
LOCKHAN 

I- P I - I / I P I 

1 2 / 8 1 * 
1 2 / 8 1 * 
1 2 / 8 1 * 

2 / 8 0 
2 / 8 0 
2 /BO 

1 2 / 7 9 
1 2 / 7 9 

• I I / I P 4 I 
• E- 5 . 2 GEV ECH 

KITAGAKI 82 OBC NU D I N FNAL 

' I * I P B J 
CNOPS 7 9 OBC NU N I N BNL > 

. 1 / T O T A L I P 1 2 I 
VELLA BZ SNK2 E* E- 4 . 5 - 6 . 1 

nHBOkfc* inra <P E* ANYTHING i /roTm 
i 0 . 0 1 8 0 . 0 0 9 VELLA 
4 T H I S INCLUDES PROTONS FROM LANBOA DECAY. 

LAMBCA/C* INTO ILAMBOA E* ANYTHING I / T O T A L ( P 1 4 ) 
1 I 0 . 0 2 2 I O R LESS C L * . 9 Q BALLAGH B l HYP* NU NE-H2 I N 1 5 - F T 

1 0 . 0 1 1 O.OOB VELLA 82 SNK2 E * E- A . 5 - 6 . 8 GEV 
H T H I S INCLUDES LAMBDAS FROM S1GHA0 DECAY. 

3/B2* 
3/B2* 
3 /82* 

Z / B 2 * 
2 / 1 2 * 
3 / B 2 * 
3 / 1 2 * 

CAZZOLI 75 PP-l 3 4 I I Z 5 
KNAPP 7 6 ORL 3 7 H2 
BAAISH 7 7 PR 0 1 5 1 

ANGEL I N I 7 9 PL B«8 
BALTAY 7 9 PRL 4 2 
CNOPS 7 9 PRL 4 Z 1 . 7 
DRIJARD 7 9 PL B5B 4 5 2 
G I B O N I 7 9 PL B5B 4 3 7 

7 2 1 

REFERENCES FOR LAMBDA/C* 

• C N O ' S . C O W N O L Y . l O U T T I T . W U R r A G H , • I BNL I 
• L E E . L E U N G , S M I T H * I C O L U » > a w A * I L L * F N I L > 
+0ER*ICK,OOMBECK,MUSGRAVE * IANL+PURD) 

IANKA+LIBH*CEf tN»0UUC*LOUC*KEYN*PISA4R0MA*] 
+ C » R 0 U M 9 A L I S . F R E N C H , H 1 B I S . • (CDLU+BNLI 
•CONNOLLY, KRHN.KIftK*NURTAGH:, PALMER* ( I N L ) 
• F I S C H E R * ICERN*CDEF+CC*T+HEIO*LAPP*MARSI 
• O I B I T O N T O * m C H » C e R N * H A R V * N U N I » N t t £ S * U C R ) 

A8HAMS 8 0 PRL 4 4 1 0 
• L L A S I 8 0 NP 8 1 7 6 13 
C A L I C C K l 8 0 *L 9 3 8 5 2 1 
KITAGAKI 8 0 PRL 4 5 1 5 5 
USHIOA 8 0 PRL 4 5 1 0 5 3 
W E H 5 BO TORONTO CONF 319 

AOAIWVIC 81 PI 99B 271 
6ALLAGH 81 PR 02* 7 
BASILE 61 NC 621 14 

• I LNC 30 166 
— THE EVENT IN FIORINO 81 

GUE55L E 81 PL 99B 159 
IRION Bl PL MB 495 
RUSSEU SI PRL 46 79"3 
BOSETTI B2 PL IDtB 234 
KITAGAKI 82 PRL 4B 295 
VELLA 82 PRL (SUBHIT7E0I 

*AL»M,BLOCKER,10YARSK1 , * I S L A C * L 6 L > 
<AN*A*LIBH*CERN»DUUC*LOUC*KEYN*Pt5A*R0><R*) 

* ( B A R I * a i R H * B R U X * C £ R N » E P 0 L * R H E L * S A C L + L O U C ) 
» T A N A K A , V U T I , A B E . • I T O H D * I I T * U N D * S T O N + T U F T ) 

IFNAL*MCGI+MRGO*OSU*05KC*OTTA*TOKY*TNTO*1 
J H WEISS I S L A C I 

AOAMOYICHMPHOTON-EHUUOMECA-PHOTDN C O L L S . ) 
•BINGHAM » (LBL*UCB+FNAL*H1H1*WASH+UISC1 
*CARA ROMEO * ( C E * N + I G H A * » G 1 A + F H A S I 

IPHOTON-EHUL COLLAB.+0MEGA-PH3TON COLLAB. l 
I S ALSO I N ADAMDVICH 8 1 . 

GRAES5LER.LANSKE* I AACH*B(»tN*CERN*MPIN*DXFI 
'SEEBRUNNER, • tAACH*CE*K»l-RRV*MUNt>NMES) 
•AVERY,BUTLER,GLADDINC • U L L * F N A L * C 0 L U 1 
•GRAESSLER, * lAACH*«ONN*CEAN*MPIN»OXFI 
*TANAKA,VUTA,ABE<* ) T C M O * I I T * U M D * S T 0 N * T U F T 1 
• T « I L L I N C . ABRAHS. A L A N , * (SLAC+LBL»UC6I 

DERUJULA 75 "R D I 2 147 
GAISSER 76 PR D | 4 3153 
LEE 77 PR 0 1 5 157 
MULLER 7 9 CERN/EP 7 9 - l < 
D IB ITONT 81 <**DISON CONF. 
T R I L L I N G 8 1 PRPL 75 57 

THEORY ANO REVIEW 

+CEORCI.CL»SHOM 
T , K . G A I S S E R , F . H A I 7 E N 
•QUIGG.ROSNER 
F.MULLER ICARGESE L E C . I * 
O.DIBITONTO 
G H T R I L L I N G 

4 0 L R M B D A / 6 0 I 5 5 0 0 , 

4D LAMBDA/80 MASS (MEVI 

5 4 2 5 . 0 1 7 5 . 0 7 5 . 0 BASILE 61 SFM 6 2 GEV ECH 4 / 8 2 * 

LAMBOA/BO PARTIAL DECAY MOOES 

LAMBOA/aQ INTO P DO C 
DECAY "ASSES 

4 0 LANBOA/BO BRANCHING FRACTIONS 

REFERENCES FOP LANBDA/BC 

SEARCHES FOR MASSIVE NEUTRINOS 
AND LEPTON MIXING 

SEARCHES FOR INDIRECT EFFECTS Of NEUTRINO MASSES ANO LEPTON M I K I N G 
ARE L I 5 T E 0 MERE. DIRECT SEARCHES FOR HASSBS CF DO»lHAHTL<t COUPLED 
NEUTRINOS ARE L I S T E D I N THE APPROPRIATE SECTION ON N u - N U . N U - E . 
OR N U - T A U . RESULTS OF THESE I N D I R E C T SEARCHES ARE CORRELATED 
UPPER BOUNDS ON N I X I N G MATRIX COEFFIC IENTS U I A . J ) VERSUS 
NEUTRINO MASS. THESE RESULTS ARE D I V I D E D INTO THREE SECT ION* .— 

I A ) BCUNDS FROM PARTICLE ANO NUCLEAR DECAYS 
I B ) BOUNDS FROM NEUTRINO REACTIONS 
I C I SEARCHES FOR NEUTRINOLESS DOUBLE BETA DECAY 

FOR A COMPREt-ENSIVE REVIEW OF THESE L I M I T S . SEE BALTAY 8 1 . 

5 ( A ) . BOUND FROM PARTICLE ANO NUCLEAR C 

L I M I T S ON C A B S I U I 1 , J I I * * 2 AS FUNCTION OF MASSH 
L 0 . 1 QR LESS C L - . 6 B SHROCK BO 
> 1 . E - 4 CR LESS C L - . 6 B 
I 5 . E - 6 OR LESS C L - . 6 B 
: 1 . E - 5 CR LESS C L * . 6 B 

3 - E - 6 C« LESS C L - . 6 B 
t APPLICATION OF TEST TO SEARCH FOR 
) ANALYSIS OF ( P I + — > E* N U - E I / I P I ' 

I - J I IN NEV REGION 
M I N U - J I 0 . 1 - 3 
M ( N U - J ) 10 HE' 

EV 

— > £i N U E ) / ( K < 

SHROCK I 
SHROCK1 
SHROCK 1 0 M I N U - J I BO "EV 
SHROCK 8 0 TO 160 MEV 

INKS I N BETA DECAY MURIE PLOTS. 
— > MU* NUPUI ANO 

C ANALYSIS OF 
R A T I O S . 

L I M I T S ON C A 8 5 I U I l ( J t l * * 2 AS FUNCTION OF M A S S I N U - J I IN KEV REGION 
) 1 . CR LESS C L - . 9 5 SIMPSON 8 1 M ( N U - J I O . t KEV 
} 4 . E - 3 OR LESS C L - . 9 5 S1«PS0N 8 1 TO 10 KEV 
] APPLICATION OF KINK SEARCH TEST TO T R I T I U M BETA DECAY KURIE PLOT. 

L I M I T S ON C A I S ( U I 2 , J ) > * * 2 AS FUNCTION OF M A S S I N U - J I IN HEV REGION 

' L I C t T I O N OF PEAK SEARCH TEST TO EXISTINC 
5 . E - 2 OR LESS __ . . 
3 . E - 2 OR LESS C L - . 9 5 
1 . E - Z CR LESS C L - . 9 5 
1 . E - 4 OR LESS C L - . 6 B 
3 . E - 5 OR LESS C L - . 6 I 
6 . E - 3 OR LESS C L - . 6 I 
* . E - 3 DR LESS C L - . 6 I 
6 . E - 6 OR LESS C L - . 9 5 
4. E-T CR LESS CL-.95 
6. E-A OR LES5 CL-.95 

SHROCK 
SHROCK 1 
SHROCK1 
SHR0CK1 
SHR0CK1 
SHROCK1 
SHROCK I 
ASANO 
ASANO 
ASANO a t 

< T E S T . 

M I N U - J ) * - 6 MEV 
M ( N U - J ) 7 MEV 

TO 13 MEV 
M I N I K I ) 13 MEV 

TO 33 MEV 
M ( N U - J ) 80 MEV 

I D 1 2 0 REV 
H I N U - J ) 2 3 0 MEV 

TO 2 8 0 MEV 
TO 3 0 0 NEV 

NEW EXPERIMENTS TO APPLY PEI 
1 . E - l OR LESS C L * . 9 Q ABELA 81 
7 . E - 5 CR LESS C L - . 9 0 ABELA 8 1 
2 . E - 4 CR LESS C L - . 9 D ABELA 8 1 
2 . E - 5 CR LE55 C L - . 9 0 ABELA 8 1 
Z . E - 5 CR LESS C L - . 9 0 ABEL* 8 1 
I . E - Z OR LESS C L - . 5 S CAIAPRICE 8 1 
3 . E ' 3 OR LES5 C L - . 9 5 CALAPR1CE 8 1 
Z . E - 5 OR LESS C L - . 9 5 ASAMO 8 1 
3 . E - * C» LESS C L - . 9 5 ASANO 8 1 

ANALYSIS OF RAG. SPEC. E X P . , BC E X P . AND E H U L . E X P . ON 
NU-PW DECAY. 
ANALYSIS OF P A C . SPEC. c > f . ON K—>MU.NUMO DECAY. 
ANALYSIS OF E X P . ON K* — > MU* NU-NU NU-X ANU-X DECAY. 
P I * — > MU* NU-NU PEAK SEARCH E X P . 
ft* — > N U * NU-NU PEAK SEARCH E X P . 

H I N U - J I 4 NEV 
TO 11 MEV 

N I N U - J I 1 1 MEV 
TO 16 MEV 

N I N U - J ) 1 6 - 3 0 NEV 
M I N U - J ] T MEV 

TO 3 3 MEV 
H I N O - J ) 1 6 0 MEV 

2 3 0 NEV 
M * — > Ml 

E 
KE 

1/82* 
1/82* 
1/82* 

1/82* 
1/12* 
1/82* 
1/82* 
1/82* 
t/IZ* 
1/BZ* 
1/62* 
1/B2* 
1/B2* 
1/12* 
t/BZ* 
1/82* 
1/82* 
1/82* 



Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
MASSIVE r/'S AND LEPTON MIXING 

L I M I T S ON C A B 5 I U ( A i J l l * * 2 . WHERE » • ! OP 
PARAMETER I N »U DECAY. 

1 . E - 2 OR LESS C L * - 6 S SHROCK2 
2 . E - 3 CO LESS C L * . 6 B SHROCK2 
4 . E - 2 OR LES5 C L - . o B SHROCK2 

« ( N U - J I I D MEV 

( 9 1 . HOUNDS FRO" NEUTRINO REACTIONS 

SOL*" NEUTRINO EXPERIWFNTS 

• l . E - 3 6 CAPTURES/5EC/TARGET ATO"> 
I r . 31 ( [ . 5 ) 8AHCALL SO THEOR.CALC.FLl 

2 . t 0 . 3 0 A V I 5 81 MEAS. FLUX 
1 7 . 0 ) ( 3 . 0 1 F I L I P P C N E 8 2 THEOR . C A I C . F L . 

SEE ALSO THE REVIEW OF J . N . 8 I H C A L L • PRDC. 1901 I N T L . CONF. ON 
NEUTRINO PHYSICS AND ASTR0PHV5. ( M A U I . H A W A I I ) V . 2 . P . 2 5 3 . 

$ DEEP MINE EXPERIMENTS 

K- IKEASUREO FLUX OF N U - « U I / ( E « P F C T E D FLUX OF NU-MUI 
0 . 6 2 0 . I T CROUCH 7fl CASF. WEST/UCI 
1 . a.2b ZATSEPIN B l BAKSAN 

[RAOt " . E M t l W l t S S 1SCALE FACTOR- • 1 . 2 1 

REACTOR ANTINEUTRINO EXPERIMENTS — 

ROM REACTOR ANU-E EXPTS. (E S E RV E OI / IE V E NT S EXPECTEDI 
( 0 . 8 9 1 1 0 . 1 5 ) 80EHM BO ANU-F P ~ > E* N 

0 . 3 B 0 . 2 1 REINES SO SEE 10TF A 
0 . * 0 0 . 2 2 REINES 8 0 SEE NOTE A 
0 . 9 5 5 0 . 12 KWON Bl ANU-E P - - > F» IV 

KWON B l REPRESENIS AH ANALYSIS OF A LARGER SCI OF DATA FROM IME 
SAME EXPERIMENT AS HOEHN BO. S V S T . * S T A T . ERRORS COMBINED I N 
QUADRATURE. 
REINES BO INVOLVES COMPARISON OF NEUTRAL- AND CHARGED-CURRENT 
REACTIONS ANU-E 0 — > N f> ANU-E AND ANU-E D — > N N E* RSPECT1VELY. 
C0M6INOEO ANALYSIS OF REACTOR ANU-E EXPTS. WAS PERFORMED BY 
5ILVERMAN 9 1 . 
THE TWO REINES 90 VALUES CORRESPOND TO T»E CALCULATED ANU-E FLUXES 
OF AVIGNONE-GREENWDOD AND DAVIS ET AL RESPECTIVELY. 

— 5 ACCELERATOR EXPERIMENTS 

B O U ' j S ON 0 E L T A ( M * * 2 > V S . S 1 N I Z * T H E T » I * * l 
WHERE D E L T A ( N * * 2 t IS MAGNITUDE OF ( H A 5 5 ( N U - I > * * 2 - MASS( N U - - J I » « 2 1 
AND THETA I S THE N I X I N G ANGLE FOR THE S I M P L I F Y I N G ASSUMPTION OF 
MIX ING BETWEEN TWO NEUTRINO F A M I L I E S ONLY. 

EACH EXPERIMENTAL RESULT I S A PLOT G I V I N G AUCWED AND EXCLUDED 
REGIONS AS FUNCTIONS OF 3 E L T « ( M * * 2 1 AND S I N ( 2 * I H E T A I * * 2 . HE QUOTE 
TWO REPRESENTATIVE t I * H S F R O * EACH PLOT ~ 

I ) D E L T A I M * * 2 I FOR S I N I 2 * T H E T A I « 2 « 1 . 
21 S I N ( 2 * T H E T A I * * 2 FDR " L A R G E " D E L T A I H « * 2 l , I . E . S U F F I C I E N T L Y 

LARGE 0 E L T A I M * * Z ) THAT THE DETECTOR WOULD MEASURE ONLY AN 
EFFECT AVERAGED OVER KANT O S C I L L A T I O N S . 

EXPERIMENTS ARE OF TWO GENERAL TYPES — 
M l THOSE WHICH SEARCH FOR N U ( A I — > M J ( 9 I IB NOT EQUAL A l , I . E . 

THE APPEARANCE OF L I B I FROM CHARGED CURRENT REACTION OF A 
NU1A1 BEAM. 

181 THOSE WHICH SEAftCM FOR THE «D1 SAROEARAtitE' CF M M W THE 
I N I T I T A L NU(A> 9EAM BY COMPARING THE NUMBER OF OBSERVED L ( A ) 
EVENT". WITH THE NUMBER EXPECTED FROM FLUX CALCULATIONS. 
THESE EXPERIMENTS 0 0 NOT TRY TO OBSERVE THE ANOMALOUS 
L I 8 ) * S , WE LABEL SUCH EXPERIMENTS AS NU-A - / - > NU-A 

1.1 

• 2 1 FCR S I N ( 2 * T H E T ; 
OR LESS C L * . ' 
CR LESS C L * . ' 
CR LESS C L - . ' 
OR LESS CL>.< 
OR LESS C L - . ' 

I * * 2 - l ( U N I T S £ V « Z t 
5 BELLOTTI 
5 9L IETSCHI 
3 ARMENISE 
3 BAKER 
J ERRIOUEZ 

NU-Mti - - > f 
EC GGM CERN PS 

78 HL6C GGM CERN BS 
B l HL6C GGP CERN SPS 
Bl HLBC 1SFT FNAL 
Bl HLBC BE8C CERN SPS 

l ( 2 » T H E T A I * * 2 FOR • • L A R G E " 
I , E - 2 CR LESS C L - . 9 5 
6 . E - 2 CR LESS C L - . 9 5 
1 . E - 2 CR LESS C L - . 9 0 
6 . E - 2 OR LESS C L - . 9 0 
1 . 1-2 CR LESS C L - - 9 0 

ANU-MU — > AVU-E 

D £ L T » I M * * 2 > NU-MU — > NU-E 
BELL0TT1 T6 HLBC GCM CERN PS 
BLIETSCHA TB HLBC GGK CERN PS 
ARMENISE 81 HL6C GGM CERN SPS 
BAKER 81 HLBC 1SFT FNAL 
ERRIOUEZ B l HLBC BEBC CERN SPS 

• 2 - 1 ( U N I T S EV»»2 I ANU-MU — • 
R L I E I S C H A 78 HLBC GGM CERti t"i 
NEMETMV B l CNTR LAMPF 

S I N ( 2 * T H E I A l * * Z FOR ' • LAR[ 
6 . E - 2 CO LESS C L - . 
0.? CR LESS CL = . 

' DELTA(M«»21 ANU-
B L I E T S C H * 78 HLBC GG* CE' 
NEMETHY 81 CNTR LACPF 

ETAI • L A R G E " D E L T A ( M « * 2 I NU-MU - - > 
CR L£S5 C L - . 9 0 ARMENISE 8 HLBC GGP CERN SP5 

E - 2 CR LESS C L - . 9 0 BAKER B HLBC I 5 F T FNAL 
F - 2 CR LESS C L « . 9 0 ERRIQUEI 8 HLfC BEeC CERN SP 

C L - . 9 0 USHIOA B EMUL FNAL 

• 2 1 fCR S I H ( 2 » T H E T A I « « 2 r l ( U N I T S E V * « 2 l N U - " U - - > SU-TAU 
. OR LESS C f . ^ O ARMENtSE B l KLEC GGM CERN SP' 

OR LESS C L - . 9 0 BAlER 8 1 HLeC I S F T FNAL 
OR LESS C L - . 9 0 ERRIOUEZ B l HL8C BE6C CERN SPS 
QR LESS C L > . 9 0 USHIDA B l EMUL FNAL 

NU-TAU 

D E L 1 A | M * * 2 | fCR S I N ( 2 * T H E I A ) A * 2 ' I 

NU-E 
. T A | M » « 2 1 FOR S I N ( 2 » T H E T A 1 « 2 - 1 I U N I 

t. OR LESS C L - . V O BAKER 
5 6 . C» LESS C L - . 9 0 OEDEN 
I D . CR LESS C L - . 9 0 ERRIOUEZ 
2 . 3 TO B EXCLUDED C L - . 9 0 NE"ETHV 

) — > ANU-TAU 

r^ETAi ! FOB 

1 L 

'S E V « » 2 ( NU-E - / -
B l fLBC 1SFT FNAL 
B l HL6C BEBC CERN S 
B l HLBC B£BC CERN S 
B l CNTR LAMPF 

I NU-E -/-
Bl PLBC 1 5 F T FNAL 
9 1 H I EC BE6C CERN 5 
B l H L ( C BEBC CFRN ; 

I/82» 
1/82* 
1/62* 

I N ( ? » I M £ r A ) « ? FOR " L A R G E " 
O . T CR LE5S C L » . 9 0 

AUIHGRS GIVE P I N U E — > N U T A U H 

5 I C 1 . SEARCHES FCR NEDTRINOLESS DOUBLE BETA 01 

THE DECAY I Z . A 1 -_ • * ( 1 * 2 . A I « E- • E - . I . E . NEUTR1K0LES5 DOU"l 
BETA DECAY, VIOLATES TOTAL LEPTQN NUHBER BY TWO U N I T S . I T I S 
FORB130EH I F NEUTRISDS ARE D I R A t PARTICLES BUT C»r. OLC\JR I T 
NEUTRINOS ARE MAJORINA PARTICLES AND (A l THEY ABE f A S S I V E O" 
( B l THEY HAVE NON ( V - A l COUPLINGS, 

• Nut . , THE WEIGHTED SUM OF NEUTRINO MASSES C O N T R I B U T E I D 
NEUTRINOLESS DOUBLE BETA DECAY I U N I T S E V I 

MNUW- S U M FPOR I 10 N DF U ( I . J 1 » * 2 » M ( N U - J I . WHERE N- NUMBEO C 
NEUTRINO GENERATIONS. AND NU-J I S » MAJORANA NEUTRINO. 

HH H ( 1 2 . 1 OR L SS MAXTON 81 1 / 8 2 * 
MM 0 DOf BO I S THEOPE ICA ANALYSIS CF L I F E T I M E RAT IO FCR 1 / 8 2 * 
MW 0 (EL L U R I U M - 1 2 8 / T E LUH U M - 1 3 0 ANO USES NUCLEAR MATRIX £ L E " E N I S 1 / 8 2 * 
MW D CALCULATED BY VERGADOS. 1 / 8 2 * 
MX H HAX TON 81 I S THEORETICAL ANALYSIS OF L I F E T I M E S OF CERMAMUH-76 «ND 1 / B 2 * 
Mrf H 5 E L E N I U M - 8 ; . THE FORMER OF WHICH Y I E L D S H N U H . L T . t 2 EV AND THE 1 / 8 2 * 
"H H L A I ER OF WHICH Y ELDS M N U W . L I . 1 5 EV. WE L I S T THE "ORE RESTRICTIVE 1 / B 2 * 

ER L I M I T ABOVE . THE DO! 81 VALUE OF M'luW AND THE HAxTON 8 1 L I M I T I / 8 Z * 
*NUH BOTH ASSUME V 1 / 8 2 * 

Rrf M CORRELATED 3CUND VI MNUW AND RIGHT-HANDED COUPLtNGS. 1 / B 2 * 

REFERFHCES FOR CDR. BCUNDS ON NU - A S S . MIAING 

BELLOTTI 76 LNC 17 - ^ • C A V A L L I . F I O R I N I . R O L L I E R I M I L A 1 
BL IFTSCH 7B •If B133 2 0 5 
fROUCH 7 8 "It D I B 223 ' ) .LANDECKER.LATHBOP.REINES* ICASE»UCI«WITW) 

BAHCALL 8 0 BRL « 5 9 * 5 •LUBCW.HUEBNEP* ( I « S » L A S L » Y A t E * L L L » U C L A l 
ALSO 76 SCIENCE 1<>1 2 J . N . B A H C A L L . R . D A V I S ( I A S * S N L 1 

BDEHH 8 0 PL 9 7 9 3 1 0 ^ C A V A I G N A C F E I L I T Z S C H * I I L L G * C I T * G R E N » - U N I ) 
F R I T Z E BO PL 9 6 6 * 2 T .G=tA5SLER. ( A A C H . 8 C N N « C E R N * L 0 I C * 0 X F . S A C L I 

REINES 8 0 PRL ^ 5 1307 F . R E I N E S . H . W . S O B E L . E . P A S I E R B C1CI1 
ALSO 59 °R 1 1 3 273 
ALSO 6 6 PR l * i E52 

l /ez* ALSO T6 BRL 37 3 1 5 
I / . ; . SHROCK BO D L 9 6 E 159 

!/•!. . / . p . A B L L A Bl PL 1 0 5 S 2ti 
ARMENISE Bl »L IOCS 1E2 . F 0 G L 1 - M U C I A C C 1 A . ( B A R I . C E R N . M I L A « L » L O » 
ASA NO B l 

ALSO 81 
PL 1 0 4 8 »". 
5HR0CKI 

ASRATYAN B l PL I D 5 B 301 *EFREMEWO.FEDr iT0V • ( I T E P . F N A L * S E R P . " 1 C * | 
BAKER 81 PPL * 7 1576 

1/82* ALSO 78 PRL * 0 1 * * CNOPS,CONNOLLY.KAMN,KIRK* f BNL*COLU) 

I/B2* SALTAY B l NU 8 1 CCNf HA WAI I C .BALfAY IC0LU1 
CALAPftIC 8 1 PL I 0 6 B I T 5 
OAVIS Bl 8NL NU WKSHP 
DEOEN Bl PL 9B9 3 1 0 
DOt B l PL 103B 2 1 9 

ALSO 81 BTP 6 6 1 7 3 9 

[',"'• 
ALSO B l PTP 6 6 1 7 * 5 

ERRIOUEZ 81 PL 10 2B 7 3 
HAXTON 8 1 PRl 4 7 153 • G.J .STEPHENSON.D.STROTTKAN (PURD.LASLI 

1 / B 2 * °R 0 2 * 1017 • BOEHM.HAHN.HENRIKSON* ( C I T * G R E N . " U N n 
1 / 8 2 * NEMETHY 81 PR 0 2 3 2 6 2 

ROSEN Bl ARNS 21 1*5 S .P .ROSEN IPUROI 
RD5EN2 B l NU 6 1 CCNF HA WAI | S .P .ROSEN I P U R D I 

ALSO TS RMP 5 0 11 O.BRYMAN.C .P ICCIOTTD ( T R l U . V l C T l 
SHROOU e i PR 07«i W 3 I 
SHRDCK2 81 PR 0 2 * 1275 RIE^OCK IlroNi 
SILVERMA fll PRL 4 6 * 6 7 O .S ILVERMAN. A . S O m I U C I . U C L A 1 
SIMPSON Bl PR 0 2 * 29T1 J .StMPSOK ( G U E L I 
USHIDA Bl PRL 4 7 1694 
ZATSEPIN B l 1U 81 CCNF HA MAI I 
F I L I P P O N 82 ABJ 253 393 B . w . F I L I P P O N E . O . N . S C H B A C M ( A N L . E F 1 I 

1 / 8 2 * 

! / R ; » 

http://HNUH.LT.t2


Stable Particles 
v BOUNDS, HEAVY LEPTON SEARCHES 

Data Card Listings 
For notation, see key at front of Listings. 

NEUTRINO BOUNDS FROM 
ASTROPHYSICS AND COSMOLOGY 

^ F C T i f j F J ? » P THf « r c i n ' i m r . :,F T-",€ D A T A CAS-O L I S T I N G 

Itote on v Mass Limits 

Thene l imits apply to nv qiven bv to t 3 J 

2 , . , 

where n is the number of neutrino species and g 
is the number of independent components in the 
neutrino field: gv, = 4 for Dirac neutrinos; 
9 = 2 for chiral Majorana neutrinos. 

T T S L «1 a s s . su -> i f o flVFR A I L S P ] N C O u P C N F N T S . n r FF 
J I M M I S 
<A*( IMF 

f 1 . ! 

i'.ll '"'" T ^ 1 - = H T I L I V E S B C U C f L r E 
(UNITS EVI 

Ti C C S " 
TT COSH 

CO LESS OLIVE 81 C C S " 
[ F t t *EEN GENERA L l i E D I D APPLY T 

•E«S AS •srii •w !•*' i n w s F I I » F 
NEUTRINOS. 

F D I R A C r s W A J C R ANA • 

L I M I T S . SEE SB' r n r r , V Y S O I S K V T T , DICUS ' 6 . » U I 1 
r | C " HO 

JF M, '. " !?'_' I *t IT I t S AMU DYNA MICS Cf GALAXIES AND 

; f E C T THF^F GAL 

HIC 

NEUTRINOS nr NMNTEPO 

I S T t N T K l t H PltCSENCF S DARK M « I t t C WHICH. 
I B I N O S , MftULO I M P L Y a N O N - Z E R O V A L U E OF T H E s u f 
( U T " l i n s WITH L I F E T I M E S S U F F I C I E N T L Y I C N U 1 0 
IFS AND CLUSTERS. DIFFERENT ANALYSES FAVOR 

VBLUFS Or THI. SU« OF M I S S E S . F H I S I S ALSO 
MODELS n r G » l * < ¥ FORMATION. ACCORDING 1 0 D.SCHRAMM 

ONE A U l ' H S EITHER A 0 I A B A 1 I C OR ISOTHERMAL GALAXY 
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^rî SwiSI:"'"" 

SUTHERIA 

CCMSlK 
A L S O 

o i c u i 
GGt DKAN 
LEE 
SATO 
S IF I &MA N 
VYSOTSKY 

O I C J S 

4LS0 

REFEPE'iCES F00 n u BOUNDS F R O * A S T P 0 . A*IO C.0S1. 

|XOSU» 
rucei 

n»coLU*Nvui ;i!:SH3bs:. 
IMSIX P1M. 

3 . A . 0 I C U S . F . U . K 0 1 B > V . L . I E P L I I Z f T E X A t V I I 
r . GOLDMAN, G .J .S IEPHENSC-J ( L A S L I 
' . M. L E E . S . HEI ' ISERG l f ' J A L * S F » M 
t . S A I O . M . « O P » V A S H I I n r l T J 
: . . " . ! F i G M A - j . o . ' , r . . < D s * » . j . & u ' j * j I ¥ A L F . C K i r . c n i 
/ ¥SOTSK¥,DOLGG>r , IELOOVICH t I T E R ) 

• - ICDLB.TEPL1TZ. MAGONER 

APJ ??3 1 0 1 5 

PR D1S ??1<) 

A5 1*60 
I I C N F HI 
* * 123T 

I T E t A * V P H ! 

>CAPf i *FN*L»CHtC i , 

G - S T E I G I A ' 

. J-5TERME'1SDS 

. IV< 
l . a L I V F , O . S C « l A M » l 

1 . STF IGMAtl .RCOD I • TALF»V1PG1 

A .DE B U J U L A . S - L . C L A S ' - C h 
F . r f . S I E C K E P 
F . r i . S I E C K E B IPROC. V . l , P . 1 2 * 1 
F . « . S T E « F < > 
I E L O O V I C H , K L V P I N , K H L O P O V , C « E C H E T i 

" I M B L F 

3 L I V E 
O L I V E ? 
SCK0A1W 
SUCKER 
TURNEB 

KANA 

8 1 NU 8 1 CnNF 

- A l l J . R . B O H D . » . S . 5 ; « L A Y 
M . l a t f l S . l . l E C A R . C . P P V O P , 
R . C . H E N R Y , P .O.FELDMAN 
R . K I M e L e ( S . B O « Y E R , P . J A K D B S E ' 

• S C H H A ^ ^ t S T E I G H A N . T U R N E R . ¥ A f 
K . A . O L I V E , M . S . T U R N E R 
0 . N . SCHRAMM, C . S T E I G f A N 
F .K .STECHFR 

1011 M.S.TURNEP 

N . C . R A N ^ 
* T U B N F " . S T E I C M A N , S C H f t A M M , O L I 

WITTENIMARV*C 

IC«1C*B»0TI 
I NASA) 

( U C S B * C H I C t 

HEAVY LEPTON SEARCHES 

Data on the T~(1785) heavy lepton are listed 
in a separate section above, following the e and 
y listings. 

The following section contains information on 
searches for heavy leptons of other types and 

± + -
searches for the T in collisions other than e e . 

Several types of heavy leptons (that is, 
non-strongly-interacting fermions other than e 
and \i) have been proposed. In the Data Card List-1.2 ings we distinguish four types. Each has a 
corresponding antiparticle with opposite charge 
and lepton number. For convenience we omit writing 
the antiparticles in the following descriptions. 
The four types are: 

Sequential Leptons (L ,v )_. Such a pair 
is assumed to have its own separately strictly 
conserved lepton number n 
the radiative decays 

This means that 

are forbidden 

massive) 

http://LF.CKir.cn
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
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e v e 

hadrons 

are allowed 

There could be an increasing mass sequence of such 
pairs. It is frequently assumed that the neutrinos 
are irtassless. 

Decay rates are assumed calculable from conven
tional weak interactions theory. For L mass 
between 1 and 3 GeV, the branching fraction to each 
of the two leptonic modes should be roughly 10% to 
20%. For L mass above 1 GeV, the mean life should 
be 5 10 sec, too short to be observed in a track 
chamber. 

Paraleptons (E ,E°) and ( ,M ). These pairs 
have the same lepton numbers as the opposite-charge 
ordinary leptons, i.e., e and \i , respectively. 
Radiative decays are again forbidden and decays 
similar to those allowed for L are allowed here, 
e.g., 

+ +-M -* V e V 

However, the lightest member is not stable as is 
the case for sequential leptons, so that bizarre 
decay schemes such as (assuming m 0 < m +) 

~ + „o + 
E •+ E U V 

1 *- e e v 
e 

are allowed. 
Heavy leptons of this type (and/or a neutral 

intermediate boson Z ) are desired in unified gauge 
theories of weak and electromagnetic interactions 
to cancel unphysical high energy behavior in such + - + - 3 processes as e e -• W W . 

Ortholeptons (F and H ). These have the same 
leptcn numbers as e and \i , respectively. They 
may or may not have associated neutral leptons. 
Radiative decays are allowed in addition to weak 
modes similar to those of sequential leptons. The 
radiative mode can dominate or can be relatively 

A 
unimportant depending on the model. 
as 

F -*• e + hadrons 
are also allowed. 

Decays such 

Long-Lived Penetrating Particles. Heavy 
leptons could have long mean lives under certain 
circumstances. For example, if m > m -, then L , 

UL L 

the sequential lepton, is completely stable since 
its lepton number is conserved. 

Experimental results. The results are sum
marized in the Data Card Listings below. Mass 
limits for sequential leptons are listed in 
subsection MS, while all other types are listed 
together in subsection M. 

The Listings also contain cross-section upper 
limits reported as results of unsuccessful searches. 
We no longer list cross sections for anomalous ep 
events in e e collisions. These cross sections 
are consistent with coming from e e -*• T T where 
the T""(1785) is assumed to be a spin-l/Z Dirac 
point particle with a mass about 1785 MeV. 
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PROPERTIES OF THE T A U + - I I T 8 S ) HEAVY LEGION AND tTS ASSOCIATED 
NEUIRINO. A.RE L I S T E D SEPARATELY A60VE FOLLOWING THE E ASD Ml) 
L I S T I N G S . THE FCLLOMIN0 SECTION CONTAINS INFORMATION ON SEARCHES 
FOB HEAVY LEPTCNS OF OTHER TYPES AND SEARCHES FOR T A U * - I N 
COLL IS IONS OTHER THAN E » E - . HE L I S T "ASS L I M I T S AND CROSS SECTION 
UPPER 11 H I T S REPORTED AS NEGATIVE SEARCH RESULTS. HE NO LONGER 
L I S T CROSS SECTIONS FOR THE ESTABLISHED "ROCESS E* E > TAU* TAU-
AS WAS DONE I * OUR I 9 T T SUPPLEMENT. 

?5 HEAVY LEPTDN MASS L I M I T S 

L I M I T S ABPLV CNLV ID HEAVY LEPTON TYPE GIVEN IN COMMENT AT RIGHT DN 3 / 7 7 
DATA CARD. SEE REVIEW ABOVE FOR DESCRIPTION CF TYPES. 3 / 7 7 
I N COMMENTS SELOw: ALl BEAMS ARE NU TYPE NEUTRINO OR ANT[NEUTRINO. 3 / T 7 
L . E . H . F . N STAND FOR SEQUENTIAL LEPTON.PAH A-ELECTRCN.PAPtA-MUON. 3 / T 7 
ORTM0-ELECTRCN,ORTHO-MU0N R E S P t C T I V L V . 3 / 7 7 

SEQUENTIAL t-EAVY LEPTON MASS L I M I T S IGEV1 
t U l . l t R WORE A I I M O V BO • - SEQUENTIAL ( L I 2 / B Z * 
6 1 6 . CR MORE C L ' . ^ S BARBER BO CNTO • - SEQUENTIAL I I I 9 / B 1 * 
C NONE *GEV TO 14 .5GEV C L ' . * ) 5 BERGER 81 PLUT • - SEQUENTIAL 111 1 / 8 2 * 
D NONE BELOW t S - 5 GEV C L ' . ' K BRANDELIK B l TASS * - SEQUENTIAL 111 1 / 8 2 * 

A AI IWDV 9 0 ESTIMATED P R O B A B I L I T I E S FDR M»N TYPE EVENTS IN E» E > 1/61* 
A I * L- DEDUCING SEMI-MAORQNIC 0ECAY q u L T I P l l C l T I E S OF L FROM E« E- 2 / B 2 * 
A A N N I H I L A T I O N DATA AT H C M - < 2 / 3 l » M L . OBTAINED ABOVE L I M I T COMPARING 2 / 8 2 » 
A THESE WITH E * E - DATA t B R A N D F l I * 8 0 . PL "J2B I I - ) ) . £ / B 2 » 

8ERCER 01 I S DESY 0 0 B I S AND PETRA E » P T . LOOKING FOR E » E - -

8RANQEIIK 61 IS DESY "ETRA EKPT. LOOKING FOR E * F - ~~> L<L -
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Data Card Listings 
For notation, see key at front of Listings. 

HEAVY LEPTON BASS L I M I T S I G E V ) 
0 1 . 0 OR MORE BEHREND 65 SPEC - ORTHOELECTRONIFI 6 / 7 -

NONE BETWEEN 0 . 1 2 AND 0 5 7 BE TDUNNE 6 5 S f EC - ORTHOELECTRGNtFI 6 / . I 
NONE BETWEEN 0 . 3 AND 0 7 6U0N1TZ 6 6 SPEC - GRTHOELECTHONIf 1 6 / "7 
NONE BETWEEN 0 . Z AND 0 9 2 BARNA 6B CNTR - LONG-LIVED 6 / 7 7 
NONE BETWEEN 0 . 9 7 AND 1 0 3 BARNA 6 1 CNTR - LONG-L IVED 6 / 7 7 
NONE BETWEEN 0 . L AND 1 3 BOLEY 6B SPEC - ORTHOELECTRONffl 6 / 7 7 
NONE BETWEEN 0 . 2 AND 0 6 L1AERHAN 6 9 OSPK - ORTHOMUONINI 6 / 7 7 

0 . 4 4 0 OR MORE ROTHE 6 9 RVUE 6 / 7 7 
NONE BETWEEN 0 . 2 6 AND 1 3 2 LICHTENST 70 SPEC - 0RTH0ELECTR0NIF1 6 / 7 7 
2 0 1 0 . 4 2 * 1 ( 0 . 0 1 3 ) ( 0 . 0 0 2 1 R A M N 7 0 HiBC 0 6 / 7 7 
2 2 ( 0 . 4 3 1 1 1 0 . 0 0 4 ) RAMM T l HLBC - OATHONUONINI 6 / 7 7 

0 0 . L CR MORE ANSORGE T 3 HBC - LONG-LIVED 6 / 7 7 
0 0 . 6 CR MORE aitcr T 3 ELEC * - ORTHOELECTRONIF) 1 / 7 6 
0 2 . 2 CD MORE BACCI T 3 ELEC * - ORTHOELECTRONIFI 1 / 7 6 
0 2 . 0 OR MORE CL . 9 0 BANISH 7 3 ASPX * PARAMUON ( M l 2 / T 4 
0 1 . 4 Of MORE CL . 9 5 SERNARDIN 7 3 ASPK * - AN* NON-RRD TYPE 2 / 7 4 
0 1 . 0 OR MORE CL . 9 5 BERNAROIN 7 3 ASPK * - ANY NON-PAD TYPE 2 / T 4 

NONE BETWEEN 0 . 5 9 AND 4 5 8 U 5 H N I N 7 3 CNTR LONG-LIVEO Z / 7 4 
0 2 . 4 CR MORE CL- . 9 0 E ICHTEN 7 3 H L K * PARAMUON I M I 3 / 7 4 

7 . B CR MORE CL . 9 5 HANSON 7 3 WIRE GRTNOtLECTAONtF) 6 / 7 7 
l . B TR MORE CL- . 9 0 ASRATVAN 74 HLBC — ORTHONUON I N ) 1 1 / 7 5 
8 . 4 CR MORE CL- BARISH 74 SPEC * PARAMUON I M ) 7 / 7 4 

NONE BETWEEN 0 ANO 2 . 0 G I T H E SON 74 SPEC ORTHOMUON ( N ) 1 2 / 7 7 
0 1 . 1 5 OR MORE C L - . 9 5 ORITO 74 ASPK * - ANY NON-RAO TYPE 1 1 / 7 5 
NONE BETWEEN 0 . 2 5 AND 2 . 3 BACCI 77 SPEC *- ORTHOELECTRONIF) 1 2 / 7 7 

1 . 2 OR MORE MEYER 7 7 SHAG 0 NEUTRAL 1 2 / 7 7 
1 0 . 3 CR MORE C L - . 9 8 ASRATVAN TB OPTHOMUON I N ) 1 / 7 9 

0 7 . 5 CR MORE CNOPS 7B KLBC - ORTHnHJON I N ) B /TB 
0 9 . 0 C« MORE CNOPS 7B HIBC * PARAMUON ( H I 6 / 7 B 

1 0 . 0 CO MORE E N R I 0 U E 2 7 8 BEBC 
1 2 . CR MORE C L - . 9 0 HOLDER TB CNTR + PARAMUON ( M l 6 / T B 

NONE 1 GEV TO 9 GEV C L * . 9 0 CLARK 8 1 SPEC D PARAMUGNIMOBARI 1 / 8 2 * 
NONE 1 GEV TO 9 GEV C L * . 9 0 CLARK 6 1 SPEC • • I / B 2 * 
NONE BETWEEN 0 . 6 AND 3 . 3 MAYES • 2 SMK2 • - DRTHONUON ( N l 4 / B 2 * 

HAYES B2 SNKZ • - ORTHOELECTRDNIFI 4 / 6 2 * 

BEHRENO 6 5 tS DESY E X P T . LOOKS POR £ P -- > F P, F — > E GAMMA. 6 / 7 7 
T H I S MASS L I M I T CORRESPONDS TO A L I M I T 3N LAMBDA** 2 OF 6 . 2 5 * L D * * - 4 . 6 / 7 7 

BETOURNE 65 I S ORSAY E X P T . LOOKS FOR E >F P . HASS OF . 1 2 6 / 7 7 
CORRESPONDS TO COUPLING CONS TANT LAMBDA**2 GT . 0 0 1 > MASS DF . 5 7 6 / 7 7 
TO L A M 6 D A * * 2 GT .22. 

B U D M T 2 6 6 I S CEA E X P T . L00K5 FOR E • -

BARNA (.9 I S SLAC PHOTOPNODUCTION E X P T . 

BOLEV 6 8 I S CEA EXPT. LOOKS FOR E P — > l 
1 0 COUPLING CONSTANT LAMBDA**2 GT 3 * 1 0 ' 
LAM BO A * * 2 GT . 0 1 . 

LIBERMAN 6 9 I S A BNl EX»T MEASURING MUON BREMS5TRAHLUNG. 

ROTHE 6 9 EXAPINES PREVIOUS DATA ON MU PAIR PRGD AND P I AND K 

L I C H T E N S T E I N 7 0 I S CORNELL EXPT MEASURING E BREMSSTRAHLUNG. 
HASS L I M I T DEPENDS DN COJPLlNG CONSTANT. F I R S T VALUE ABOVE I S FOR 
LAM B O M * 2 GT . 1 7 , SECOND I S FOR LAMBDA**? GT . 4 2 . 

RAHtf TO F I N D S PEAK I N MU PI COMBINED MASS PRODUCED BY NEUTRINO 
INTERACTIONS. HE ALSO CLAIMS EVIOENCE FOR T H I S I N K0MU3 OECAYS I N 
HBC WHERE P I MU COMBINED HASS PEAKS I N SAME R E G I O N . CLARK 7 2 F INOS 
NO EVIDENCE FOR P I MU PEAK I N H IGH S T A T I S T I C S K0L3 EXPT. 
RAM* 7 1 SEES PEAK I N MU GAMMA COMBINED MASS PRODUCED BY NEUTRINOS. 

OECAYS ft/TT 

6 / 7 7 
6 / 7 7 
6 / 7 7 

6 / 7 7 
6 / 7 7 
6 / 7 7 

ANSCRGE T 3 LOOKS FOR ELECTI » PROD AND ELECTRCN-L IKE 8REMSS. 

BACCI 73 I S FRASCATI E * E - E X P T . LOOKS FOR F — > E GAMMA. 
MASS L I M I T DEPENDS ON COUPLING CONSTANT LAMBDA FOR THIS DECAY. 
F I R S T VALUE ABOVE I S FOR L A M B D A * * ! GT 9 * 1 0 * * - 5 . 2ND I S FOR 
LAMB0A**2 GT I D * * - 3 . 

1 / T 6 
1 / 7 6 
1 / 7 6 

BERNAR0IN1 7 3 I S FRASCATI E » E - E X P T . F I R S T VALUE ASSUMES UNIVERSAL 2 / 7 4 
COUPLING TO CR01NARY LEPTONS. SECOND VALUE ALSO ASSUMES COUPLING 2 / 7 4 
TO HADRONS. 2 / 7 4 

6USHNIN 7 3 I S SERPUKOV 70 GEV P E X P T . MASSES ASSUME MEAN L I F E ABOVE 2 / 7 4 
T E - 1 0 AND 3 E - 8 RESPECTIVELY. CALCULATED FROM CROSS SECtDC BELOWI 2 / T 4 
ANO 30 GEV MUON PAIR PRODUCTION DATA. 2 / 7 4 

HEAVY LEPTCN L I M I T S (NEUTRINO NUCLEOLI 
SEE ALSO SECTION • » • I N 'CHARMED HAORON SEARCHES' ANO 
SECTION * T ' I N 'OTHER NEW PARTICLE S E A R C H E S ' . 

6 TRlMUDN EVENT* BENVENU1 7T N E U . 5 / 6 N F U . I / 6 N E U 6 A R 1 / 7 8 
10 MU* M U - . 3 MU- MU- EVENT' BENVENU2 7 7 NEUL 1 /7B 

BOSETTI 7 8 HVBH 6 / ' -

BENVENUT1 T 7 I S FNAL EXPT.AND CLAIMS THIMUON E V T S . INDICATE BY PPDO 
• F A NEW HEAVY LEPTON — > M U - NEUBAR NEM LIGHTER LEPTON - - > H U * Mu-
NEUTRINO. SEE ALSC BENVENUTZ T T . ALBRIGHT 7 7 ANO BADGER 7 7 FOR 
FURTHER A N A L Y S I S . T H I S CLAIM WAS REFUTED BY LATER EXPS. AT CERN 
(HOLDER 7 B ) ANO FNAL (CNOPS 7 8 1 . ANO BY THEORETICAL ANALYSIS OF 
OF COMBINED CATA - SEE SMITH T B . 

B 0 5 E T T I 78 ANALYSES MOMENTA OF MUONS FROM 01MU0N EVENTS U S I S 1 
2 0 0 GEV NARRCH BAND NEU BEAM AT CERN. F INOS INEUMU P - - > H V V - L E P T ) / 
INEUMU P - - > MU) < 0 . 0 6 ( 9 0 PCNT CL I WHERE HVV-LEPT — > E- NU1EI 
N U I H V V - L E P T I 15 PCNT OF THE T I M E . 

7 / 7 7 
7 / 7 7 
7 / 7 7 

HEAVY LEPTON PRODUCTION CROSS SECTION IWU t 
SEE ALSO SECT ' M U ' I N CHARM SEARCHES ANO 01 

I 1 . 2 2 E - 3 4 OR LESS LEBR1TT0N 8C 
i 0 4 . E - 3 B CA LESS CLARK B] 
) 0 6 . E - 3 B CD LESS CLARK B] 

JCLEONI ! C M * * 2 1 1 0 / 8 1 * 
<ER NEW PARTICLE SEARCHES 1 0 / B 1 * 

SPEC MO—>MU* MU- NU 1 2 / B 1 * 
SPEC O PARA-UONHOBAR) 1 / B 2 * 
SPEC * * 1 / B 2 * 

:HH;;;si^ris;H"£S-s^j;£^:£iIs-" 
HEAVY LEPTON PRODUCTION D I F F . CROSS SEC. ( P NUCLEON) I C M * * 2 / S R - G E V 1 

1 0 1 . 6 E - 3 7 Oft LESS C L - . 9 0 GOLOVKIN 7 2 CNTR- TOGEV P , SEPPUKHOV 1 / 7 6 
! 0 4 . F - 3 8 Cfl LESS C L - . 9 0 BUSHNIN 73 CNTR- TOGEV «, SERPUKHOV 2 / T 4 

MASS RANGE I TO 4 . 5 GEV.THETi 

' • 3 0 GEV/C THETA-
' • 2 ABSORBER. 

AGAKISH1EV 8 0 REANALYZED BEA" DUMP DATA (ASRATVAN 7 3 PL 79B 4 9 7 ) . 
FOUND NO EXCESS OF MUONLESS EVENT I N NEUTRINO OETECTOR. ABOVE L I M I T 
I S FOR C S ! P hUC — > F X I * B R ( F — > T A U NUTAU XI ASSUMING LINEAR A DEP 
AND THAT SOLE SOURCE OF TAU LEPTON I S DECAY OF f - M E S O N . 

INVARIANT fEAVY LEPTON PROD. CROSS S E C . ( P NUCLEONI ( C M * * 2 / G E V * * 2 > 
A 0 5 . 4 E - 3 9 DR LESS C L - . 9 D CRONIN 7 4 SPEC - M - l - 6 . 8 GEV 1 / 7 6 
B 0 6 . 4 E - 3 5 DR LESS C L * . 9 0 B INT INGER 75 SPEC * - M - i - 5 GEV 2 / 7 6 
C 0 l . B E - 3 3 OH LESS C L - . 9 0 ARMITAGE 7 9 SPEC M - 1 . 8 7 GEV 7 / 7 9 

A CRONIN 74 I S AN FNAL 3 0 0 GEV P CU E X P T . LOOKED FOR LONG L I V E O 2 / 7 6 
A PENETRATING P A R T I C L E S . ABOVE L I M I T ASSUMES S T A B L E . MULTIPLY I T BY 2 / 7 6 
A E X P ( 1 , 2 2 E - 8 * M / T A U ) FOR MASS H I G E V ) ANO L I F E T I M E T M J t S E C I . t l » I T 2 / 7 6 
A OBTAINED AT THETA(LAS) - 7 7 KRAD, PT - 2 . 3 B G E V / C . 4 / 7 7 

B BINTINGER 75 I S A 3 0 - 3 0 0 GEV P C E X P T . LOOKEC FOR LONG L I V E O 2 / 7 6 
B PENETRATING P A R T I C L E S . ABOVE L I M I T ASSUMES S T A B L E . MULTIPLY I T EY 2 / 7 6 
B E X P I 3 . 5 E - 8 * M / T A U / P ) FOR MASS M ( G f V ) . L I F E T I M E TAU( SECI . M O " . P I G E V t . 2 / 7 6 
B OBTAINED AT T K E T A I L A B I • 91 MRAD. PT * 1 - 2 . 2 5 G E V / C . 4 / T T 

C ARM1TAGE 79 I S CERN-1SR EXPT AT E C N - 5 3 GEV. VALUE IS FOB X - 0 . 1 ANO 7 / 7 9 

HAN5DN 7 3 LCCK FOR D E V I A T I O N S FROM QEO I N E * E >2 GA"MA. THEY 
MEASURE THE PRODUCT OF THE F HASS * THE COUPLING CONSTANT LAMBDA, 
WHICH I S THE VALUE QUOTED ABOVE. 

6 / 7 7 
6 / 7 7 
6 / 7 7 

HEAVY LEPTCN PRDO. CROSS SECT 
t 0 7 . E - 1 2 OR LESS C L - . 9 5 
I 0 2 . 5 E - I 2 OR LESS C L - . 9 5 

ON I CSIHV 
BUSSIERE 
BUS5IERE ss5s!T;t«s:ilsK 

BUSSIERE 8 0 I S CERN-SPS EXPT WITH 2 0 0 - 2 4 0 GEV PROTCNS ON «£ AND AL 1 2 / 8 1 ' 
TARGET SEARCHING FOR L D N G - L I V E D P A R T I C L E S . FOR L I M I T S AT OT"ER 1 2 / 8 1 " 
MASS RANGES SEE THEIR F I G . 7 . 1 2 / 8 1 * 

GITTLESON 74 I S MU f - - > P DRTHOMUON SEARCH. COUPLING CONSTANT 
L A N 8 0 A * * 2 I S < . 0 1 FOR MASS UP TO . 7 GEV, L I M I T DN LAM8DA*«2 R ISES 
TO < - I FOR MASS OF 2 . 0 GEV. 

MIT REFERS ORITO 74 LOCKED FOR H * H - PAIRS G I V I N G HU-E P A I R S . MASS L 
TO ANY N O N - R A O I A T I V E TYPE HEAVY LEPTON; L . E . M. f=. N . 
COUPLING TO HAORON ASSUMED FROM THEORETICAL M 0 O E L 5 . 

BACCI 77 IS SAME TYPE AS BACCI 7 3 . LOMEN MASS L I M I I CORRESPONDS TO 
LAM BOA" » 2 L I M I T OF 4 * 1 0 * * - 5 . UPPER VALUE I S FOR LAMB0A**2 L I M I T OF 
1 . 5 * 1 0 * * - 3 . 

MEYER 77 LOOKS FDR NARROW NEUTRAL RESONANCE I N f E P I I A N D I M U P I ) 
CHANNELS PRODUCED BY E + E - AT 6 . 8 GEV I E C M ) . ASSUMED TO BE DECAY 
PRODUCT OF THE T A U . SEE SECTION NE BELOW. 

ASRATYAH 7 8 ANALYZES DEPENDFNCE OF N . C . / C . C . ON ENERGY OF ASSOC. 
HAD ACT'S. USES DATA OF HOI O t h 7 7 I PL 7 2 9 , 2 5 * 1 — NUMU INTERACTIONS 
AT C E R N - S P S . 

. » ( - ! . FOLLOW) BY 

1 2 / 7 7 
1 2 / 7 7 
1 2 / 7 7 

3 / 7 4 
3 / 7 4 
3 / 7 4 

12/77 
12/77 
12/77 

1 / 7 9 
1 / 7 9 
t / 7 9 

) U C f I O N CROSS SECTION I C " * * 2 1 
KRISHNASN T 5 CNTR * 0 - t - 2 - 5 GEV 

0 BENVENUTI 7 5 SPEC 0 

KRISHNRSWAMV 75 I S KDLAR GOLD MINE COSMIC RAY E X P T . TYPICAL EVENT 
HA5 VERTEX I N AIR TO CM FROM WALL WITH THREE OBSERVED CHARGED 
TRACKS- AUTHORS SUGGEST NEU+ROCK GIVES NEW PARTICLE WITH MEAN L I F E 
1 0 E - 9 SEC OR L I N G E R . OE RUJULA 75 G IVE5 ANOTfER INTERPRETATION. 
SEE ALSO RAJASEKARAN T 5 . 

BENVENUTI 75 I S AN FNAL EXPERIMENT WHICH ROUGHLY SIMULATES T H E 
KRISHNASWAMY 75 E X P T . BUT APPARENTLY CONTRADICTS I T , F I N D I N G NO 
EVENTS. S E N S I T I V E TD OECAYS OF NEUTRAL PENETRATING PARTICLES 
PRODUCED BY IHE PRIMARY PROTONS OP BY SECONDARY NEUTRINO 
INTERACTIONS I N THE I KM. NEUTRINO BEAN EARTH S H I E L D . 

NEUTRAL HEAVY LEPTON PRODUCED I N NEUTRIN 
I 1 POSSIBLY SEEN BAAANOV 
I 2 POSSIBLY SEEN BARRNGV 

I INTERACTICNS 
7 7 HLBC 0 SERPUKHOV 
7 9 HLBC 0 SERPUKHOV 

2 / 7 6 
2 / 7 6 
3 / 7 7 
3 / 7 7 
3 / 7 7 

A SARATOV HEAVY LEPTON CLAIM NEFUTED BY BALTAY 7 8 . 

UNEXPLAINEC • 



Data Card Listings Stable Particles 
For notation, see key at front of Listings. WEAK GAUGE BOSON, FREE QUARK SEARCHES 

NEUTRAL HEAVY LEPTON PROD. CROSS S E C . I PROTON NUCLFCN] I C * * * 2 I 
I 0 I , E - 2 9 OR LESS FA1SSNER 7 6 H L K 0 
I 0 2 . 8 E - 3 5 OR LESS C L - . 9 0 BECHIS 7 8 5PEC 0 

0 B . Z E - 4 0 CR LESS C L - . 9 0 AGAKISH1E SO SPR* O " - 4 G E V , T A U " E - 7 S 

I FAISSNER 76 L I M I T ASSUMES STABLE NEUTRAL WEAKLY INTERACTING L E ' T O N . 
I ALSO RULES OUT OE RUJULA TS I N T E R P . OF 5 K«ISHNASW»NY TS EVENTS AS 
I ( P NUCLEON — > L* X. L» - - > 1 0 X I UNLESS I * "ASS I S ABOVE 3 GEV. 

) B E C M S T8 I S 4 0 0 GEV FNAL E X P T . LOOKS FOR P NUCLEON — > L » . 
1 L» — > LO X . LO - - > MU P I OK E P i . RESULT I S C L - . 9 0 FOR MASS OF LO 
1 < L GSV, L I F E T I M E 6ETW 1 0 " - L O AND l O « « - 6 S E C . ( V A L I D ONLY FOB CASES 
I WHEN LO UNRCCOMPAN1E0 BY MOON OF P > 1 0 GEV. I 

AGAKISHIEV BO REANALYZED BEAM DUMP DATA FROM 1 0 GEM PROTON ON IRON 
l A S R A T r i N 7B PL T 9 B - 4 9 7 I . ASSUMED DRELL-VAN PROD O f CMGO HVY LEPTON 

: P A I R FOLLOWED BY DECAY INTO NEUTRAL HVV LEPTON. ABOVE VALUE I S WHEN 
: L I M I T I S MOST STRINGENT. FOR OTHER MASS RND L I F E . S E E THEIR TABLE I , 
! AND FOR L I M I T DEDUCED FOR P I NUCLEON I N T E R A C T I O N . SEE THEIR TABLE 2 . 

1/77 
6/78 
2 /82* 

MEYER 77 EXPT LOOKS FOR NARROW NEUTRAL RESONANCE If* E - P I »N0 M U - P I 11/71 
CHANNELS. VALUE GIVEN I S FOR MASS OF . 5 GEV, AND I S PRODUCT OF CS» 1 2 / 7 7 
B B f T A U — > NEW NEUTRAL LEPT0N1«BRINEUTRAL L E P T C N — > E OR HU P i t - I F 1 2 / 7 7 
MASS Qt NEUTRAL LEPfON I S 1 . 5 GEV, L I M I T BECOMES 2 . S E - 3 6 . SEE SZ5M. 1 2 / 7 7 

L I M I T DN N L ( T A U ) PRODUCTION I N 

FRITZE BO I S CERN SPS EXP WITH B E 8 C . NC/CC R A T I O CO«"ESPONDS TO 
R ' t P R D M P T - N U I T A U I - I N O U C E D E V E N T S I / I A L L PROMPT-NU EVENTSI < 0 . 1 . 
M I K I N G P P O A A i l l i r V P I N U ( E ] - - > N U ( T A U I I < 0 . 3 5 AT C I • . 9 0 . 

BEHREND 6 5 PRL 1? 1 0 0 
BETOURNE 6S PL I T 7 0 
BUDNITZ 6 6 PR 14 1 1313 
BARNA 6 8 PR 1 7 3 1 3 9 1 
BOLEY 6 9 PR 1 6 7 1275 

LIBEftHAN 6 9 Of?I 2 2 6 6 3 
ROTHE 6 9 HP 6 1 0 2 4 1 
LICHTENS TO PR 0 1 8 2 5 
RAMM 7 0 NATURE 2 2 7 13 

ALSO 72 NATURE 2 3 7 

REFERENCES FOR HEAVY LEPTON SEARCHES 

*BRRSSE<ENGLERiGANSSAUGE* tDESY+KRRLI 
•NGUYEN NGOC,PEREZ Y JORBA* I0RSA1 
*0UNNING>G0 ITE IN .R IMSEY<UALKER>HILSONIHARV> 
• C O X , M A R T I N . P E R L , T A N , T O N E R . Z I P F M S L A C ^ S T A N I 
•EL IAS,FR1E0NAN.HARTMANN,KENDALL* f M!T»CEAI 

3 8 8 

* H O F F N A N . E N G E L S , I M R I E * I H A R K*CASE*MC . ( • S L A C I 
K .W.ROTHf .A .M.WOLSKV IPENN) 
L ICHTENSTEIN.ASH.BERKELMAN H A R T I L L * (CORN) 
C.A.RAMM «CERNI 
C L A R K , E l I O F F . F I E L O I F R I S C H , OHNSON* I L B L I 

XAMH 71 N A T . P H . S C . 2 3 0 1*5 C .A .RAHM (CERN) 
GOLOVHN 72 PL 4 2 B 1 3 6 •GRACHEV.KHOOVPEV.KUBARCVSKV* ( S E R P I 
ANSORGE 73 PR D7 26 •BAKERiKRZESINSKl tNEALEiRUSHBROOKE* ( C A V E ! 
BACC1 73 PL 4 4 B 5 3 0 • P A A I S I . P E N S O . S A L V I N I . S T E L L A ^ IROMAtFRAS) 
BARISH 73 PRL 3 1 4 1 0 •BARTLETT.BUCHHOLZiHUMPHREY* I C I T * F N A L 1 

BERNARDI 73 NC 17» 38: 
ALSO 70 LNC 4 H 5 1 

BUSHNIN 73 NP B58 4T I 
ALSO 72 PL 4 2 6 13l 

EICHTEN 73 PL 4 6 6 26 
HANSON 73 NCL 7 5 ( 7 

1R*FRAS> 
(CERNI 
( S E R P I 
(SEP.PI 
-LOUCI 

A S R A n . 4 9 B 4 8 8 
BARISK 74 PRL 3 2 1 
CRONIN 74 PR D I D 3C93 
G1TTLESD 74 PR 0 1 0 1379 
ORITQ 74 PL 4BB 165 

BENVENUT 75 P*L 35 I 4 8 6 
BINT INGE 75 PRL 3 4 9 8 2 
3ACCI TT PL 7 1 6 2 2 7 
KRISHNAS 75 PL 5 7 6 1C5 

ALSO 75 PflL 3 5 6 2 6 
ALSO 75 PRAMANA 5 7 8 

FAISSNER 7 6 P I 6 0 B 4 G 1 
BARANOV IT 

ALSO II SJNP 2 6 5 7 
BENVENU1 II 

ALSO n 
ALSO 7T PRL 3 8 1190 

BENVEWJ2 " PPL 3 8 1183 

E L L I O T TT PR 0 1 5 1 6 5 1 
MEYER PL 7 0 6 4 6 9 
ASRATVAN in 
3 ALT AY T8 TOKYC CONF 

BECHIS 78 PRL 4 0 6CZ 
BOSETTI 78 PL T 3 B 3 6 0 
CNOPS 7 8 PRL 4 0 144 
ERRIQUEZ 7 8 PL 7 7 6 2 2 7 
HOLDER 78 PL 7 4 B 2 7 7 
SMITH 78 NU 7 8 CONF 

ARMITAGE 79 NP 8 1 5 0 8 7 
6ARINDV 7 9 PL 8 1 B 2 6 1 

ALSO 79 SJNP 29 ( 2 2 

AGAK1SHI BO SJNP 32 3 4 5 
A I I M D V BO JETPL 32 6 6 5 
BAR8ER 8 0 PRL 4 5 1904 
BUSSIERE 8 0 NP 6 1 7 4 I 
FR1TZE BO PL 96B 4 2 7 
LEBRITTO 90 PL B9B 2 7 1 

BERGER 
BRANDED 
CLARK 

St m,. 
S L A C - P U B - 2 7 5 2 

BERNAROINI .BOLL I N I . B R U N I N I + I L E R N * B 
A L I E S - 6 0 R E L L 1 . B E R N A R D ! N I . B O L L I N I • 
•OUNAYFZEV.GOLOUKIN.KUSRROVSKV * 
GOLOVKIN.GRACHEV.SHOOYREV • 
+OEDCNHAACH*BELGtXERN»EPOL»n!LA*LALa< 
» L E D N G . N E U M A N . L A W , L I T K E * f M | T * H A R V * C E A I 

•GERSHTEIN .KAFTANOViKUBANTZEV^LAPIN . I SERPI 
• SARTLETt .BUCHHOLZ.KERRITT • ( C ] T < F N A L I 
»FRISCH,SHOCHE7,3OYHONO,MERH0D * ( E F I » P R | N I 
G I T T L E S O N . K I R K * IHARV*ROCM. tOLU*FNALl 
+ V I S E N T I N . C E R A D I N I . C O N V E R S I * IFRAS*RDMAI 

6 E N V E N U T I . C L I N E . F 0 R D * IHARVtPENN.WISC*FNAL) 
B I N T I N G E R . C U R R Y * (EF I+HARV»PENNfWI SCI 
* O E Z 0 R Z I . P E N S O t S T E L L A * IR0HA*FRAS1 
KRISHNASWAMV.MENCft* IEQK6A Y.OSAKA I 
DE RUJULA,GEORGIiGLASHOH IHARVI 
RAJASEKARAN.SARNB ( T I E R I 

* H A S E R T * I A A C H * B E L G » C E R N * E P a L 4 M l L A . 0 X F « L 0 U C l 
• V O L K O V . G E P S H T E I N . I V A N I L O V . ( S E R P I 
BARANOV.VOLKOV.GEKSHTEISt lVANILOV * ( S E R P ) 
B E N V E N U T 1 . C L I N E * IFNAL*HARV*P£NN*RUTG*M!SCI 
*LePtGHT,S1trH,¥£R1iSEfieH (FNAL'STOIV/ 
BARGER.GOTTSCHALK* IWI S C * Z * R * G O Z A * R H E U 
B E N V E N U T I . C L I N E * (FNAL*KAPV»PENN*RurG»WISC) 

*FDRTNEY.GOSHAU.LAMSA.LOOS» IDUKE»ALBAI 
•NGUYEN.ABRAMS(ALAM* (SLAC*LBL*NMES»HAWAI 
ASRATYAN.KUBANTSEV ( I T E P I 
C.BALTAY I I 9 T H I N T L . CONF. ON HEPI (CDLUI 

•CHANG.DOMBECK.ELLSWORTH.GLASSER.LAU* IUMOI 
•DEOEN • (AACH*B0NN*CERN*LOIC*0XF»SACLI 
>CDNNOLLY,KAHN.KIRK,HURTAGH • ( B N L * C D L U I 

BRRI«-BIRM*Bf lUX*EPOL*RHEL*SACL*lOUC 
»XNOBLOCM,M^Y * I C £ R N * D O R T * M £ I O * S A C L * B G N A I 
J . S M I T H IC0LU1 

• B E N Z . 8 0 B B I N K * (CERN*DAPE*FOM*MCMS+UTRECHTI 
MVANILOV.KONYUSMKO.KORABLEV. ( S E R P I 
BARANOV,»VOLKOV, IVANILOV,K0NVUSHKO.* I SERF I 

AGRKISHIEV.VOVENKO.GORYACHEV.MJXHIN (SERPI 
Y A . I . A F I M O V t V . A . K H O Z E IKONSI 
• BECKER.BE I * I A A C H * 0 E S Y » M I T * A I K O * B H E P I 
• G I A C O M E L L I . L E S a u O Y * (BGNA*SACL*LAPP1 
AACH*BONNtCEHN+L0]C*OXF»SACL COLLABORATION 
LEBRITTDN.MCCAL^MELISS INOS. |ROCH*BNL*NSF> 

• G E N Z E L * l * * C H . B E R G . O E S V t H l H B * U , ' 0 * S I E G * H U P P t 
BRANDELIK* (AACHtBONN*OESY»HAMB»L01C»OXF+( 
•JOHNSON.KERTHi lOKEN* (UCB4LBL*FNAL»PRIN( 
• P E R L . A L A M . e a Y A R S K I . B R E I D E N B A C H * ( S L A O L B l l 

. L . P E R L , PHV5 . I N C O L L . CONF, 

WEAK GAUGE BOSON SEARCHES 

8ERNARDIN 
BURNS 
fiARISH 
B A R I S H 
BARISH 

SON 

H BOSON KAS5 L I M I T S ( G E V I 
0 1 . 7 CR MORE C L > . 9 9 
0 2 . 0 CR "OPE C L - . 9 0 
0 3 . 8 CP MORE C L - . 9 D 
0 4 . 5 CR MORE C L « . 9 0 
0 4 . T to "ORE C L - . 9 0 
O 5 . 0 OR MORE C L . . 9 5 
O NONE WITH KASS 1 0 - 2 0 GEV BUSSEP 
0 NONE WITH MASS 5 . 5 - 8 . 5 GEV ABOAHOV 

LOOKED FOR <KEU N l TO IW* MU- H I . W* TC 

t E S U i r I S MODEL 

73 ASPK • 
73 ASPK • 
73 ASPK • 
73 ELEC 

i TO L E P * N E U « - 2 
• TO L E P * N E U ' . 5 
, TO L E P * * J f U = . 8 

ORNSI 

.1 i b A l . 

r DIRECT Mumis OF 

I BDSON PRCOUCTIDN CROSS SECTION U 0 » ' 
0 6 . 0 0 9 I F S S iNKENBR 

ANKENBRANOT 71 LOOKED F0> I 
T H I S ASSUMES 8R OF U TO MU 
6 . 0 / B O . HHEPE B R ' I W TO "l> N 

• 1.0 2/74 

IEU I S I . IN GEt:ERAl f t - I S V 

70 BC50N MASS L I M I T S I N Et E - A N N I H t l * 
I 0 5 1 . no "OPE C I ' . 9 5 BARTEL 
1 0 4 0 . no MORE C I - . 9 5 BEPGE" 

LSlSsii 
;RGER B l AT CE5Y-PETRA IH 
r H C 1 = 2 7 . 5 - - ; i . 6 GEV I N ST 
l « 2 PLANE IS 1NC0NSIS IEN 

ILYZED E ' E - ~ > E i 
INDARQ HDTIEL. C I ' 
' W. NJ E RESULT 

IDNTOU" IH GV 
! BtiDI ABDWF 

Dtltt 2 / 8 2 ' 
• ? ANJ 2/B2I 
LIMIT. 2 / 8 2 ' 

CONVERSI 73 ASPK 

BERNARD! 
9 URNS 
ANKENBRA 

65 
65 
71 

N C 3B & r e 
PRL 15 4 2 
PR D3 2 5 9 

BARISH 
BERGESDN 
CONVERSI 
BUSSER 
ABRRMOV 

73 
73 
73 

77 

PRL 3 1 I S 
PRL 3 1 6 6 
PL 46B 2 6 
PL 48B 3 7 
SJNP Z5 4 

BARTEL 
BERGER B l 

PL 9 9 6 2B 
ZPHY C7 2 

REFERENCES FOR WEAK GAUGE BCSON SEA' 

BERN A R O I N I . B I E N L E I N , BCHM.DAP-DEL. • 

.BARTLETT.BUCHHOLZ.HUMPHREY. 
• CASS I DAY,HENDRICKS 
•D 'ANGELO.GATTO.PROLUZI 
• CAMULERI.DI LFLLA * K 
^ANISIxOVA.eOIOARENKO.GRIDASt 

FREE QUARK SEARCHES 

Note on Free Quark Searches 

Five and nine instances of charge -1/3 and 
+1/3 respectively have been reported by airbank' 
group at Stanford (LARUE 77, 79, and 81) using 
magnetic levitation of superconducting niobium 
balls. These events are shown in Fig. 1. There 
has as yet been no independent confirmation of 
the existence of free quarks. 

The best searches for quarks in cosmic rays 
yield upper limits on the flux of quarks of about 
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Data Card Listings 
For notation, see key at front of Listings. 

IU 
13 

i 

4. ^ c 
'0 - | * 13 
12 !• 

K>| 
6 — K> | 10 — ' A . 6 1 I Kh 

10 I 1 6 — 1 . |K> 
10 — • l 
6 — 1 |K> 

1 
1 

10 
|K> 

1 . ( t 6 K>' 

|K> 

1 UJ 10 — 1 • 1 m 6 — KX , 
2 10 - | •< i ! 
_J 7 

- >-0-< 

c 3 ^ b 
-J 9 - 1 - ^ < 7 
m 6 

e 
6 
6 
6 
a 

L._L_ 
1 

ho 
o 
ol 

i-OH 

"b "' 
7 
6 = 1 |K> 

i-OH 

"b "' 

5 ' o 1 I 
3 

4 I J^ • 3 ^ I 
2 
- 4r— 1 

-0.5 -0.333 0 0.333 0.5 
RESIDUAL CHARGE (e) 

Fig. 1. Residual charge measurements in chrono
logical order from LARUE 77 (a), 79 (b), and 81 (c). 
Ball radius 140 (open circles), 116 (solid squares), 
and 98 Um {solid circles). Figure adapted from 
LARUE 81: La Rue, Phillips, and Fairbank, Phys. 
Rev. Lett. 46, ^67 (1981). 

10 _ 4" L cm -' ster-* sec A. Cross-section upper 
limits established from proton accelerator exper
iments and calculations based on production models 
imply that free quarks, if they exist, have a mass 
greater than about 5 GeV. Mass limits from photon 
and electron beam searches are slightly lower, but 
more reliable, depending only on the QED calcula
tions for quark pair production. Limits on free 
quark concentrations in stable matter vary enorm
ously depending on the source of matter and the 
technique. 

The largely negative result of quark searches 
does not prove that free quarks do not exist, but 
indicates that they are hard to find. De Rujula, 

2 Giles, and Jaffe have considered the question of 

unconfined quarks in a framework of a renorm-
alizable, spontaneously broken version of QCD, 
and conclude that: (1) production cross sections 
are small, (2) interaction cross sections with 
nucleons are very large, and (3) the physical 
masses of quarks are probably very large. On 
this basis, primordial quarks would be expected 
to be nonintegrally charged, superheavy nucleon 
complexes. 

We group quack searches by experimental tech
nique - proton beams, photon beams, neutrino 
beams, electron beams, e e annihilations, cosmic 
rays, and stable matter. Proton beam experiments 
generally measure quark production cross sections 
(we quote these in section C), differential cross-
section ratios (sections AF and RPI), or differ
ential cross sections (sections IC and D). The 
photon beam experiment measures cross section per 
equivalent quanta (section DG), and the neutrino 
experiment measures the ratio of quark events over 
total events (section NEU). Searches with elec
tron beams may measure differential cross sections 
(section G) and set limits on the quark mass 
(section H). Searches in e +e~ annihilation pres
ent the ratio to the V-pair cross section (sec
tion EE). Cosmic ray experiments measure quark 
flux {section F), and searches in stable matter 
measure quark concentration (section RH0). Host 
of the accelerator and cosmic ray experiments 
have searched for fractionally charged particles, 
but some have searched for massive stable parti
cles which would have low velocity. The latter 
searches are usually sensitive to a range of 
charges and may appear in the section below on 
Other Hew Particle Searches. 

We have relied heavily on the review of L. W. 
Janes3 for data prior to April 1977. 
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Stable Particles 
FREE QUARK SEARCHES 

QUA K 0R(7DUCTi rS CROSS S E C I . FRO* PROTON BEAM EX TS . I C M « » 2 ) 
0 2 . 0 £ - 3 * G" LESS C L - . 9 0 BINGHAM 6 * MBC - 1 / 3 M - . 5 - 2 . O G E V 3 / 7 7 
0 l . O f - 3 * m LESS C L « . 9 0 BINGHAM HLBC - 2 / 3 M - . 5 - 2 . 5 G E V 3/r? 
0 2 . 0 E - 3 5 CP LESS BLUM 64 MBC - 1 / 3 M . 0 - 2 . 5 G E V 3 / 7 7 
0 1 . 5 E - 3 6 0 " LESS M i GOP U N « l / 3 H - . 5 - 2 . 5 G E V 3 / 7 7 
0 I . O E - 3 * C LESS LEIPUNER CNTR - 1 / 3 " • 0 - 2 . 0 G E V 3 / 7 7 
0 * . O E - 3 * r.n LESS MORRISON 6 * HEC H . . 5 - 2 . 5 G E V 3 / 7 7 
0 l . Q F - 3 3 no LESS MORRISON 6 * HBC M - . 5 - 2 . 5 G E V 3 / 7 7 

• 2 . 0 E - 3 5 n o LFSS F R A N Z I N I 65 CNTR - 2 / 3 M - 0 - 2 . 5 G E V 3 / 7 7 
0 3 . 2 E - 3 9 CO LESS C L - . 9 0 ALLABY 6 9 CNTR - 1 / 3 M-2GEV 1 / 7 6 
0 5 . 5 E - 3 B - c LESS C L - . 9 Q ALLABY 6 9 CNTR - 2 / 3 M.2GEV 1 / T 6 

l . H E - 3 5 JR LESS C L - . 9 0 ALLABY 6 9 CNTR M-2GEV 1 / 7 6 
0 1 . 3 F - 3 5 OR LESS C L - . 9 0 ALLABY CNTR • 2 / 3 M-2GEV 1 / 7 6 
0 4 . 3 E - 3 T CO LESS C L - . 9 D A N T I P 0 V 1 6 9 CNTR M - 0 - 5 G E V 2 / 7 * 
0 3 . 3 E - 3 9 OR LESS C L - . 9 0 A N T I P 0 V 2 6 9 CKTR - 1 / 3 M - * . 5 - 5 G E V 1 / 7 6 
0 3 . 0 £ - ? 7 CR LESS C L - . 9 3 AN.MP1V? 6 9 CNTR - 2 / 3 M-Z-5GEV 1 / 7 6 
0 l . O E - 3 6 C" LESS C K . 9 0 ANTIPOV 71 CNTR - * / 3 M-AGEV 1 / 7 6 

3 . 0 E - 3 * no LESS 6 0 T T - B 0 D E 72 (NTR M-0 -22GEV UT, 
0 6 . 3 E - J * C LESS flOTT-HODE 7 2 M * 0 - 1 3 G E V 2 / 7 * 
0 I . 9 E - 3 2 OR LFSS C L - . 9 0 • LPEtt T3 SPEC 2 / 3 M - * - 2 * GEV 1 / 7 6 

• t . O E - 3 2 n o LESS C L = . 9 0 ALPER 73 SPEC M - * - 2 * GEV 1 / 7 6 
I . O E - 3 5 CR LESS LEIPUNEP 73 CNTB 1 /3 M - 0 - 1 2 G E V 2 / 7 * 

a 1 . 0 E - 3 5 1 0 LESS LEIPUNER 7 3 CNTR 2 / 3 " - 0 - I 2 G E V 2 / 7 * 
5 1 - 0 E - 3 1 0 " LESS LEIPUNER 73 CNT" M - 0 - 1 2 G E V 2 / 7 * 

5 - 0 E - ) " CR LESS C l = . 9 0 NASH CNTR - 1 / J « ' * - 9GEV 2 / 7 7 
5 . 9 E - 3 B 0 0 LESS C L - . 9 0 NASH CNTR - 2 / 3 M . * - 1 1 G E V 2 / 7 7 

a * . O E - 3 5 C LESS C L - . 9 0 75 CNTR Q- 1 / 3 M - O - 2 0 GEV 1 / T 7 
B . 3 E - 3 1 CO t E S S C I - . 9 0 FABJAN 75 CNTR 0 - M.O-ZO GEV 1 / 7 7 

0 1 . 3 E - 7 5 r " LESS C L - . 9 0 B A S I L E I TB SPEC 0 ' * - l / 3 M - O - 2 0 GEV 2 / 7 9 
0 i . a t - 3 3 no LESS C L - . 9 0 S A 5 I L E 1 7B SPEC 0 - t - l / 3 M = 0 - 2 6 GEV 2 / 7 9 

HAG f . f l l ' J ft* CO SS SECTION I N F E " B F O F O C " FL X D A T * . 3 / 7 T 

m» Hlltl 6 5 CROSS SECTION INFERRED FROM FLUX DA «. 3 / 7 7 

o i l »?y i t i s * CERN 27 GEV P • BE F X P T . TUDIE5 HASSES 0 - 2 . T G E V 1 / 7 6 
U t l N G KN-NN 0 . C * 0 5 S SEC M O N S ASSUME ISOTROPIC PROD 11 CM. 1 / 7 6 

CROSS S E C U C S AT 2GEV M E GIVEN HERE. Sf f 1G * OR MASS DEPEN. 1 / 7 6 

ANT I ° 0 V 1 6 9 t S A SERPUKHOV 7 D GFV P EXPT. MASS L I M|T FP3M NN-NNLC1. 2 / 7 * 
1»DV1 fc9 »N ANTI P0V7 6 9 ARE SERPUKHOV 16EV EXPTS ANTIO0V2 1 / 7 6 

GIV ES RESULTS OR M« 2 -5GEV ASSUMING N N - >NHOQ, HAORONIC OR LEPTONIC 1 / 7 6 
D QUARKS. »E CiJ ITE TYPICAL VALUES. 

9 0 1 T - ? 1 0 F N H • USEN 72 IS A CERN I S I 

« L P r » 73 IS CERN ISR 2 6 t 2 f c GEV P-
PRODUCTION. S E N S I T I V E TO I N Y a>; 

LEIPUI IER 73 IS AN NAL 3 0 0 GEV P 1 

>«P EXPERIMENT. 

f " E 5 ISGTRCPtC 

.TS CF BOTI -aOOE 72 

S A S I L E 1 7H I S CI CRN-ISR EXPT WITH ( C - S 2 . S CEV. 

IS FOP ECM-62 GEV, FROM AN Ei 

^OOUCTION I : IFU 
6 . 2 E - 1 0 GO LESS 
I . 7 Q F - 9 CR LESS C L ' . ' 
1 . 0 5 F - 9 OR LESS C L ' . « 
S . I I E - 1 1 0 R LESS C L ' . = 
' . ? - ! I 0 0 LESS 
7 . E - 1 I 00. LESS 

< OUARKS / FLUX CHARGED 

6 0 Z Z 0 L I 
B D 7 7 C L I 
B D I Z O L t 

4 - 0 - 2 0 GFV 
77 SPEC Q- » I / 3 •H = 0 - 2 6 5 E V 
77 SPEC 0-- - 1 / 3 • " • 0 - ? 6 G E V 
78 SPEC Q » « - l / 3 H - 3 - 2 1 GEV 
79 CN1R C - 2 / 3 . l«*<i 
79 CNTR 0 - - 4 / 3 . Z<!»<6 
79 CNTR 0 = * 2 / 3 , 1<M<3 
79 CNTR 0 * * « / 3 . 2<M<6 

1 / 7 6 

2 / 7 * 

2 / 7 9 

2 / 7 9 

12/79 
12/79 
12/79 

FA6JA-4 7 5 REPORTS BOTH FLUX AND CPOSS SECTION IABOVE) 

8AS1LE 77 I S A CERN-1SP PP EKP AT E C M ° 6 2 . 2 GEV COVERING PT Uf 
i E V B A S I L E 77 F I N D DNE OUARH CANDIDATE WITH M . L T . . 1 6 9 GEV. 
tHEY DO NCf CLAIM T H I S AS A OUARK. 

1AS1LE 7 8 I S CEBN- I5R EXPT WITH E C M - 5 2 . 5 GEV. 

PBQDUCT i rN CROSS SECTION 
3. E - l l OR LFSS C L » . 9 5 
I . S F - 1 0 OR LESS C L » . 9 5 
>. F - 1 2 CO LESS C L - . 9 5 
' . E - 1 2 0 0 LESS C L - . 9 5 

10 IS CEON-SPS 
1ST TWO CAROS » 
• DUMB. fOR L l » 

1 CSIOUAOK) / C S I P I C N l J 
BJSSIERE SO C M C 0 ° * * / 3 M . 4 - 6 GEV 
BUSSIcRE 8 0 CNTR 0 - * 2 / 3 H > l - 3 GEV 
BUSSIERE 8 0 CN1R 0 - - 2 / 3 M - l . 5 - 2 . 5 
BUSSIERE 8 0 CNTR 0 - - * / 3 M ' 3 - 6 GEV 
BUSSIERE BO CNTR * 0 * - 2 / 3 M . 1 , 5 - 3 GEV 
BUSSIEOE 8 0 CNTR * Q — 1 / 3 M>2.5 - IS GEV 

1 WITH 2 0 0 - 2 * 0 GEV PROTONS ON BE ANO AL 
• 0 ARE F O * LEPTON-T rPE QUARKS MEASURED 
AT OTHER MASS RANGES, SEE THEIR F I G . 6 . 

[ P H O O . CROSS SECT. FROM PROTON fi£AM5 I C < * * 2 / G E V * « 2 I 
J . I E - 3 9 ?R LESS C L - . 9 0 
8 . 8 E - 3 9 2R LESS C L - . 9 0 
1 . 3 E - 3 9 CH LESS C f . 9 1 
2 . 2 E - I 9 00 LESS C L - . 9 0 
4 . E - 3 9 CO LESS C L - . 9 0 
5 . E - 3 8 C« LESS C L - . 9 0 

H IGt 

ANTREASYA 77 SPEC 0 " + 1 / 1 H - 0 -
ANTREASYA 77 SPEC Q' - 1 / 3 M - 0 - 6 . 3 
ANTBEASYA 77 SPEC 0 - * 2 / 3 K - O - B 
ANTREASYA 7 7 SPEC 0 » - 2 / 3 M-O-B 
STEVENSON 7 9 CNTR 0 " 2 / 3 M>5 GEV 
STEVENSON T9 CNTR Q> 1 /3 M>5 GEV 

TRANSVERSE MOM QUARKS I N * 0 D GEV P-

. 3 GEV 1 1 / T 7 

' 11/77 
12/79 
12/79 

OUARK PRDO. C I F F . CROSS S E C . R O " PROTON BEAM EJCPI . IC • • 2 / S R - G E V I 
l . S E - 3 6 DP LESS 03RFAN 6 5 CNTR BE TAPG " • 3 - 7 G E V 

0 3 . J E - 3 6 OR LESS DO* FAN 6 5 CNTR FE TAPG M-3-7GEV 
0 7 . 2 E - 3 9 CR LESS t l * . 9 0 ALLABY 6 9 CNTR 0 - THETA" 0 MR 

5 . 2 E - 3 B CR LESS C L - . 9 0 ALLA6Y 6 9 CNTR 0 
3 2 . 6 E - 3 5 OR LESS C l « . 9 0 A tLABY 6 9 CN7R o. T K E T A > * « KP / 7 6 
0 1 . 3 E - 3 5 CR LESS CL« . 9 0 ALLABY 6 9 CNTR Q- T H E T A ' * * Mt / 7 6 
0 •» .0E-3B OR LESS C L - . 9 0 ANTTP0V2 6 9 CNTR 0 - M-0-5GEV / 7 6 
0 * . 0 E - 3 B OR LESS C L - . 9 0 ANT IPOV? 6 9 CNTR o. " • 0 - 2 . 5 G F V / 7 6 
0 1 . 6 E - 3 6 OR t E S S C I - . 9 0 ANTIPOV 7 1 CNTR T H E T A - * 7 f* / 7 6 
0 3 . 8 E - 3 6 CR LESS C L - . 9 0 7 1 CNTR THETA>*7 f-R / 7 6 
0 5 . 6 E - 3 6 aR LESS C L - . 9 0 NASH 7 * CNTR / 7 7 
0 5 . 0 E - 3 5 OR LESS C L - . 9 0 7 * CNTR M r,T i . 7 6 
0 8 . 5 E - 3 5 CR LESS 7 + CNTR M L T 1 . 7 6 
D 1 . 6 E - 3 3 CR LESS C L - . 9 0 ALBROW 7 5 SPEC M r 5 - 2 0 GEV 
0 5 . 0 E - 3 * OR LESS CL> . 9 0 JDVANOVIC 7 5 CN1R 1 / 3 - " 7 - 1 1 OEV 
0 ? . 0 E - 3 * OR LESS C L - . 9 0 JOVANOVIC 75 CNTR 1 / 3 M . 1 S - 2 6 GEV 

1 . 3 E - 3 * CR LESS C L " . 9 0 JOVANOVIC 75 CNTR 2 / 3 - 1 0 - 2 6 GEV 
0 8 . 0 E - 3 5 OR LESS CL« - 9 0 75 CNTR 1 1 / 7 5 

3 . - J E - 3 6 OR l E S S C L " 7 6 CNTR - 2 / 3 N - l . * - 6 GEV 1 / 7 7 
0 2 . 0 E - 3 6 HP LESS C L " . 9 0 BALOIN 76 CNTR 0 « - 4 / 3 " • 2 . 7 - I 2 G E V 1 / 7 7 

OOP AN 6 5 I S A 30 GEV/C P EXPERIMENT AT 6 M . . V= I S - . 9 9 5 2 / 7 * 

SEE FOOTNOTE C I N SUBSECTION C ABOVE. 

SEE FOOTNOTE 0 I N SUBSECTION C ABOVE. 

kSH 7 * I S FP.AL E K P I USING 2 0 0 AND 3 0 0 GEV PROTONS. VALUES ARE FDR 
|MB«[) LAB PROO. ANGLE AND OUTGOING MOMENTUM AT MAX OF FOUR BODY 

1ASE SPACE FOP QUARK-PAIR PROD. SEE TABLE I P G . 660 FOR OTHER 

33;°;' :;5ff|;J"""«"""""»«"«""!. 55H.U5,:\..E 

l / 7 b 
1 / 7 6 

A GAL I * T * I S 2 0 GEVIH A X I GAMMA CU E X P T . USING 5LAC 2 0 GEV SPTRMETER. 1 1 / 7 6 

GUAR PROOL.CTTCN I N NEUTRINO EAMS (OUAPK FLUX/NU EVENT1 7 / 7 9 
• L E QUARK INDICATES LEPTON C QUABK 1 2 / 8 1 
• S I QUARK INDICATES STRONG OUAPK 1 2 / 8 1 

0 5 . 0 E - 3 CR LESS C L - . 9 0 B A S I L E 2 78 CNTR NUHU BE AH AT SPS 7 / 7 9 
A 0 t . 5 f 5 GR LESS C L - . 9 0 B A S I L E 8 0 CNTR 0 - 1 / 3 • ST? QUARK. 1 2 / B 1 
A C 1 . 7 6 - 5 CR LESS C L - . 9 0 BASILE 8 0 CNTR 0 - 2 / 3 • STR OUARK 1 2 / 8 1 
A 0 9 . 6 E - 6 CR LESS C I " . 9 0 BASILE 8 0 CNTR 0 = 1 / 3 • LEP OUARK 1 2 / 8 1 
A 0 I . 1 E - 5 CR LESS C L " . 9 0 B A S I L E 8 0 CNTR 0 = 2 / 3 • L E P OUAR« 1 2 / 8 1 

A BAS LE 6 0 A SSUKtS A STRONG OUARK ABSOR T I C N LENGTH THREE TIMES THE 1 2 / 8 1 
A NORMAL HAGR CN1C ABSORPTION LENGTH I N L E A D . 1 2 / 8 1 

L I M t ON OUARK MASS F ROM ELECTRON BEAMS I G E V / C » * 2 
• L E DJARK INDICATES LEPTON C QUARK 
• ST QUARK INDICATES STRONG OUARK 

3 . 6 5 OR MORE C L - . 9 9 BATHOW 6 7 CNTR Q - I / 3 -L.EP QUARK 3 / 7 7 
0 . 9 0 CR MORE C L » . 9 9 BAT«OW 6 7 CNTR 0 - 2 / 3 • L E P QUARK 3 / 7 7 
O.TO OR MORE C L - . 9 0 FOSS 6 7 CNTR 0 - 1 / 3 * I E P OUARK 3 / 7 7 
0 . 8 * OR MORE C L > . 9 0 FOSS 6 7 CNTR 0 = 2 / 3 • L E P QUARK 3 / 7 7 
1 . 0 CO MORE BELLAMY 6 8 CNTR 0 - 1 / 3 • L E P QUARK 3 / 7 7 
1.5 CR MORE BELLAMY 6 6 CNTR Q - 2 / 3 • L E P QUARK 3 / 7 7 
0.5 OR MORE BELLAMY 6 8 CNTR Q - l / 3 • STR QUAPK 3 / 7 7 
0 . 7 5 GR "ORE BELLAMY 6 8 CNTR Q > 2 / 3 • STR QUARK 3 / 7 7 
3 . 6 CR MORE C L - . 9 0 GAL IK 7 * CNTR Q - l / 3 • STR QUARK 7 / 7 6 
* . 5 CR MORE C L - . 9 0 G A L I K 7 * CNTR 0 - 2 / 3 • STR QUARK 7 / 7 6 
t . « OR MORE C L > . 9 0 GAL IK 7 * CNTR Q - L / 3 • LEP OUARK 7 / 7 6 

A 1 . 8 CR MORE C L " . 9 0 GAL IK 7 * CNTR 0 - 2 / 3 • L E P QUARK 7 / 7 6 

F I R S T TWO MASS L I M I T S ARE FOR STRONGLY INTERACTING QUARKS.INFER.RE3 
FROM CROSS-SEC L I M I T S USING DRELL HOOEL. LAST TWO ARE FOR LEPTONIC 
QUARKS. EXPT USES PHQTDPROOUCTION ON COPPER. 

iWFfl" E» E - - (RAT IO T O C S I E * E > M U * M U - I I 
BARTEL 8 0 JADE Q - 2 / 3 M - 2 - 1 2 GEV 
BARTEL 8 0 JADE Q - l . * / 3 . 5 / 3 M . 2 - 1 2 
WEISS 81 SMKZ 0 — 2 / 3 M - 1 . 9 - 2 . 6 G E V 
WEISS 81 SHK2 Q> 2 / 3 M - l . 8 - 2 . GEV 

1 / 8 2 * 
2 / 8 2 » 
2 / 8 2 * 
1 / 6 2 * 

BARTEL 6 0 I S CESY PETRA EXPT WITH H C M - 2 7 - 3 5 GEV. F I R S T L I H I T I S FOR 
BOTH E*E >Q QBAR MD 0 QBAR X . SECOND FOR Q OBAR V . FOR MASS-
DEPENDENCE, SEE THEIR F I G S 6 , 9 , 1 0 , 1 1 . 

WEISS B l I S SLAC SPEAR E X P T . F I R S T VALUE I S FOR E»E > 0 QBAR X 
AND SECOND FGR E * E >0 O B A f l . SEE THEIR TABLES FOR L I M I T S I N 
SURROUNDING MASS REGIONS 1 TO 3 GEV AND I TO 2 . 6 GFV RESPECTIVELY. 

http://M-.5-2.OGEV


Stable Particles 
FREE QUARK SEARCHES 

Data Card Listings 
For notation, see key at front of Listings. 

QUARK FLUX FRCM COSMIC RA.V EXPERIMENTS (KUH8ERVCH»»2 -SR-SECl 
• T O I N THE R IGHT HIND COLUMNS INDICATES * SEARCH FOR M I S S I V E 

QUARKS USING T IME DELAY AFTER A I R SHOWERS. S E N S I T I V E TO A RINSE 
OF CHARGES 

• A S I N THE R IGHT HAND COLUMNS I N D I C A T E S A SEARCH I N A I R SHOWERS 
ALL SEARCHES ARE AT SEA LEVEL UNLESS OTHERWISE INDICATED 

0 1 . 6 E - B ON LESS C I " . 4 0 BOUEN 64 CNTR Q — l / 3 ALT • 2 7 5 0 H 3 / 7 7 
0 2 . 0 E - 7 CR LESS C L - . 9 0 SUNVAR 6 4 CNTR 0 " l / 3 3 / 7 7 
0 B . 7 E - 9 OR f.ESS C L - . 9 0 DELISE 6S CNTR 0 - 1 / 3 • 2 7 5 0 M 3 / 7 7 
0 l . S E - a OR LESS C L - DELISE 6 5 CNTR Q - 2 / 3 ALT • 2 7S0H 3 / 7 7 
0 5 . 0 E - B OR LESS HASSAN 65 CNTR Q - 2 / 3 3 / 7 7 
0 1 . 4 E - 1 0 OR LESS BARTON 6 6 CNTR 0 - 2 / 3 3 / 7 7 
0 1 . 5 E - 9 QR LESS C L - . 9 0 BUHLER-B" 6 6 CNTR 0 - 1 / 3 ALT 45 OH 3 / 7 7 
0 1 . 4 E - 9 OR LESS C L - . 9 0 BUHLER-BR " CNTR 0 - 2 / 3 ALT - 4 5 0 H 3 / T T 
0 2 . 6 E - 9 CR LESS KASHA 6 6 CNTR 0 - 1 / 3 3 / 7 7 
0 2 . 1 E - 9 CR LESS KASHA 6 6 CNTR 0 - 2 / 3 3 / 7 7 
0 4 . 5 E - 1 C CR LESS C l « . 9 0 LAMB 6 6 CNTR 0 - 1 / 3 3 / 7 7 
0 I . 6 E - 9 CR LESS C L - . 9 0 LAMB 6 6 CNTR 0 - 2 / 3 3 / 7 7 
0 1 . 4 E - 1 0 CR LESS BARTON AT CNTR 0 " 2 / 3 3 / 7 7 

1 . 6 E - T OR LESS 6 U H L E R - 1 6 T CNTR 0 * 4 / 3 4 5 0 H 3 / 7 7 
4 . 5 E - 1 0 CR LESS CL« . 9 0 BUHLER-2 6 T CNTR 0 - 1 / 3 ALT 4 5 0 H 3 / 7 7 
I . 7 E - 1 0 OR LESS BUHLER-2 6 7 CNTR 0 - 2 / S ALT 4 5 0 H 3 / 7 7 
1 . 7 E - 1 0 OR LESS C L . . 9 0 GOMEI 6 7 CNTR Q - t / 3 3 / 7 T 
3 . 4 E - 1 0 OR LESS C L - . 9 9 GOMEZ 6 7 CNTR 0 - 2 / 3 3 / 7 7 
2 . 0 E - 9 QR LESS C L - . 9 0 KASHA 6 7 CNTR 0 - 2 / 3 3 / 7 7 
3 .0E - 1 0 OR LESS BJORNBOE 6 8 CNTR N-SGEV OR MORE "TO 2 / 7 4 
1 . 8 E - 1 0 CR LESS C L - . 9 0 BR 1 M O R E 6B CNTR 0 - 1 / 3 5 / 7 6 
l . B E - 1 0 OR LESS C L - . 9 0 BR1AT0RE 6 8 CNTR 0 - 2 / 3 5 / 7 6 

0 3 . 7 E - B CR LESS C l - . 9 0 BRIATORE 6B CNTR Q - 4 / 3 5 / 7 6 
0 2 . 2 E - 8 OR LESS F R A N 2 I N I 6 8 CNTR V * . 5 - . 9C M 2GEV UP 2 / 7 4 
Q 6 . 6 E - L I CR LESS C L - . 9 5 GARHIRE 6 8 CNTR 0 - 1 / 3 3 / 7 7 

S . G E - I 1 CR LESS C L " . 9 5 GARHIRE 6 8 CNTR 0 - 2 / 3 3 / 7 7 
3 . 1 E - 1 0 DR LESS C I - . 9 0 HINAYAMA 6B CNTR 0 - 1 / 3 3 / 7 7 
2 . 4 E - 8 OR LESS C L * . 9 5 KA5HAI 6 8 OSPK V - . 5 - . T5C M S-15GEV 2 / 7 4 
1 . 2 E - 1 0 OR LESS CL« . 9 0 KASHA2 6 8 CNTR Q - 2 / 3 3 / 7 7 
1 . 3 E - I O OR LESS CL« K I S H A 3 6 8 CNTR 0 - 4 / 3 3 / 7 7 

0 5 . 0 E - I I CR LESS CAIRNS CC 0 - 2 / 3 3 / 7 7 
a S . O E - l l DR LESS C l - . 9 0 FUKUSHINA 6 9 CNTR 0 " l / 3 2 / 7 4 
0 7 . S E - 1 0 OR LESS CL« . 9 0 FUKUSHIMA 6 9 CNTR 0 - 2 / 3 2 / 7 * 
1 EVENT C L A I *ED NCCUSKER 6 9 CC 0 - 2 / 3 • A S 2 / 7 * 
0 5 . 0 E - 1 0 OR LESS BOS I t 7 0 CNTR 0 " l / 3 ALT 3 5 0 0 H 1 / 7 8 
0 2 . 5 E - 1 0 OR LESS BOSTA 7 0 CNTR 0 - 2 / 3 ALT 350OM 
I EVENT CLAIMED CHU 70 HLBC •AS 5 / 7 6 
0 1 . 9 E - 9 OR LESS C L - . 9 0 FAISSNEK 7 0 CNTR 0 » l / 3 3 / 7 7 
0 9 . 8 E - 1 1 OR LESS C L - 9 0 KRIDER TO CNTR Q - l / 3 ALT 7 5 0 H 3 / 7 7 
0 I . 6 E - 1 0 OR LESS C L * 9 0 KRIOER 70 CNTR 0 " 2 / 3 I L T 7 5 0 H 3 / 7 7 
0 1 . 3 E - 1 0 OR LESS C L - 9 9 C H I N 7 1 CNTR 0 - 1 / 3 3 / 7 7 
0 5 . 7 E - 1 I OR LESS C L " 9 0 C H I N 7 1 CNTR 0 - 1 / 3 •LT 2 7 TOM 3 / 7 7 
0 3 . O E - 1 0 OR LESS C L " 9 0 CLARK 7 1 CC 0 - 1 / 3 3 / 7 7 

• 3 . 0 E - 1 1 OR LESS C L - 9 0 CLARK 7 1 CC 0 - 2 / 3 •AS 3 / 7 7 
0 1 . 0 E - 1 D OR LESS C L - 9 0 HA I EN 7 1 CC 0 - 1 / 3 . 2 / 3 •AS 2 / 7 7 
a 4 . I E - I C CR LESS BEUCHAMP 7 2 CNTR Q - 4 / 3 ALT 2750M 3 / 7 7 

l . O E - 1 0 OR LESS C L - . 9 0 BDHN 7 2 CNTR 0 - 1 / 3 • AS 2 / 7 * 
l . O E - 1 0 CR LESS C L - BCHH 7 2 CNTR 0 - 2 / 3 • AS 2 / 7 * 
8 . 3 E - 1 1 OR I E S S C L - . 9 0 CO* 7 2 EL EC 0 * 1 / 3 ALT 2 7 5 0 H 3 / 7 7 
9 . 6 E - U DR LESS C L * . 9 0 COX 7 2 ELEC 0 - 2 / 3 ALT 2750M 3 / 7 7 
2 . Z E - 1 0 OR LESS C L " CROUCH T2 CNTR Q - 2 / 3 3 / 7 7 

0 3 . 0 E - 8 LESS OIROO 7 2 • T O 3 / 7 7 
0 4 . 0 E - 9 DR LESS C L * 9 5 EVANS 72 CC 0 - 1 / 3 • A S 1 / 7 7 
0 1 . 5 E - 9 OR LESS TON WAR 72 CNTR H . G T . 1 0 G E V • TO 3 / T T 
a B . O E - l l CR LESS ASHTDN 73 CNTR 0 - 1 / 3 •AS 3 / 7 7 
0 1 . 7 E - 8 OR LESS CL> 9 0 HICKS 73 CNTR 0 - 1 / 3 1 /T6 
0 1 . 7 E - B CR LESS C L " 9 0 HICKS 73 CNTR 0 " 2 / 3 1 / 7 6 
0 1 . 0 E - 7 C I LESS CL- 9 0 74 CC 0 * 1 / 6 •AS 1 / 7 7 
0 T . Q E - I O GR LESS C L - 9 0 CLARK 7 * CC 8 - 1 / 4 •AS W T T 
0 B . O E - 1 1 OR LESS CL« 9 0 CLARK 74 CC O - L / 3 •AS 1 / 7 7 
0 2 . 0 E - 1 1 OR LESS C L - 9 0 CLARK 74 CC 0 - 2 / 3 •AS 1 / 7 7 
0 3 . 0 E - 1 0 OR LESS C L " 95 KIFUNE 74 CNTR 0 - 1 / 3 7 / 7 6 
0 I . 2 E - 1 1 OR LESS C L " 9 0 HA (EN 75 CC 0 - 1 / 3 •AS 7 / 7 6 
0 7 . 0 E - 1 1 OR LESS C L - 9 0 KRISOR 75 CNTR 0 - 1 / 3 3 / 7 7 
0 S . O E - l l OR LESS CL" 9 0 KRISOR 75 CNTR Q " 2 / 3 GAMNI * I D im 
0 1 . 5 E - 1 0 OR LESS C L - 9 0 KRISOR 75 CNTR 0 - 2 / 3 GAMMA G U C O O 3 / 7 7 
0 LESS BRIATORE 7 6 ELEC • T O 1 /77 
3 EVENTS CLAIMEO VOCK 7 8 CNTR 2 / 7 9 

AR TON 6 6 H AC 2 2 0 0 0 0 G/C • • 2 EXTRA SHIELDING 3 / 7 7 

BaRTDN b7 HAB 6DD0 G / t » « 2 EXTRA SHIELDING 

8UHCER-1 6 7 ANO BUHLER-2 6 7 HAD 7 6 0 G/CM«»2 EXTRA SHIELDING 

6J0RNB0E 6 8 -TWO EXPERIMENTS H I V I N G 1 6 5 0 AND 3 6 0 0 G / C M * * 2 5 I E L O I N G 3 / 7 7 

F R A N 7 I N I 66 MEASURES VELOCITY DIRECTLY BY TDF 

CAIRNS 6 9 OBSERVED 4 POSSIBLE OUARK CANDIDATES 

FUKUSHIMA 6 9 DDES NOT RULE OUT QUARKS HEAVIER THAN 10 GEV. 

MC C U S K E R 6 9 CLAIMS 1 CANOIDATE. LATER S IMILAR E X » T S . SEE NONE. 

0 * 2 / 3 I F MAS5 LT 6 . 5 GEV. Q - l / 3 I F MASS « 1 
COULO BE AN E A R L Y - T I N E NORMALLY CHARGED CO! 

DARCO 72 t-AO 7 0 0 0 G / C N " 2 EXTRA S H I E L D I N G 

HICKS 73 LOCKED AT LARGE 2 E N U H ANGLES. THUS USING THE ATMOSPHERE 
AS AH EXTENDED F ILTER FOR HADRONIC QUARKS. THEIR SEARCH PJTS AN 
UPPER L I M I T CN L E P I O N I C QUARK FLUX I N COSMIC RAYS. 

VOCK T8 EVENTS HAVE TAU > 1 0 * » - B SECr CHARGES OF * - . 7 0 , * - . 6 B . * - . 4 2 , 
ANO MASSES > 4 . 4 . 4 . 8 . AND 2 0 GEV RESPECTIVELY. MEASURES BET* AND 
OE/DX I N OSPK-SCINTILATOR COSMIC RAY TELESCOPE. I F TAKEN AS QUARK, 
THE OBSERVED FLUX WOULD BE 2 . 4 E - 9 . 

WJAB.* CONCENTRATION ( H MATTER 
I 0 1 . 0 E - 2 2 OH LES5 
I 0 l . O E - 1 0 OR LESS 

0 1 . 0 E - 1 T CR LESS 
0 1 . 0 E - 1 6 OR LESS 
0 4 . 0 E - 1 9 OR LESS 
0 1 . 0 E - 1 7 OR LESS 
0 I . O E - 2 0 CR LESS 

: 0 l . O E - 1 8 OR LESS 
: 0 l . O E - 1 7 CR LESS 

0 L . O E - 1 8 OR LESS 
> 0 t . O E - 2 4 OR LESS 
> 0 1 . 0 E - 2 3 CR LESS 
) ft 1 . 0 E - 2 3 OR LESS 
> 0 5 . 0 E - 2 3 CR LESS 

0 l . O E - 1 5 OR LESS 
0 5 . C E - 1 9 TR LESS 
0 l . O E - 2 1 OR LESS 
0 l . O E - 2 2 CR LESS 
0 5 . 0 E - 1 5 OR LESS 
0 3 . 0 E - 2 1 CR LESS 

i I EVENTS Q « * 0 . 3 2 * * - . 0 0 1 
i I EVENT a — 0 . 3 3 1 * - . O T O 
I 0 2 . E - 1 9 OR LESS 
« 0 1 . E - 1 3 OR LESS 
' O 9 . E - 1 S OH LESS 

0 5 . 0 E - 2 8 CR LESS 
0 5 . 0 E - 2 7 OR LESS 
0 5 . 0 E - 1 5 0 " LESS 

I 0 5 . 0 E - 1 6 CR LESS C L - . 6 7 
: 0 I . E - Z I CH LESS 

0 l . f - 2 3 OR LESS 
0 5 . 6 E - 1 5 OR LESS 

I 0 1 . 0 E - 2 2 CR LESS 
I 0 6 . 4 E - 1 6 OR LESS C L - . 6 7 

3 EVENTS Q * » 0 . 3 3 0 * - . 0 2 * 
4 . T E - 2 1 QUARK S/NUCLEON 

I 0 8 . 0 E - 2 9 OR LESS 
I 0 4 . 0 E - 2 B OR LESS 

Q 1 . E - 2 1 OR LESS 
I 0 2 . E - 2 0 C" LESS C L - . 9 5 
I 4 EVENTS Q — . 3 * 3 « - - 0 l l ( 5 1 
I 4 EVENTS q - « . 3 Z B * - . 0 0 7 191 

(QUARKS * E « NUCLEDHI 
H U L A S 5 9 
BENNETT 6 6 SOLAR SPECTRUM 
CHUPKA 6 6 H E T O R I I E S 
GALLINARO 6 6 GRAPHITE LEVITOMETER 
STOVER 6 7 I P C N LEVITOMFTER 
BRAGINSKI 6B GRAPHITE LEVITOMETER 
RANK 6 8 O I L DROPS 
RANK 6B SEA WATER 
RANK 6B SEA S A L T . E T C . 
RANK 6 8 LAKE HATER 
COOK 6 9 SEAUATER 
COOK 6 9 ROCK SAMt-LES 
CDDK 6 9 LAVA 
COOK 6 9 LIMESTONE 
ELBERT 7 0 I O N SPECTROMETER 
NOREMJRGO 7 0 GRAPHITE LEVITOMETER 
STEVENS 7 6 DEEP OCEAN SEDIMENT 
STEVENS 7 6 LUNAR SCIL 
BLANO 7 7 TUNGSTEN-OXIDE DUST 
GALLINARO 7 7 IRON LEVITOMETE" 
LARUE 7 7 NIOBIUM-TUNGSTEN LEVITOM 
L IRUE 77 NIOBIUM-TUNGSTEN LEVITOM 
• • - - 7 7 CNTR 2 . 5 < M < 7 . 7 G E V / C 2 

7 7 CN7H FOR M < . 3 
7 7 CNTR , 3 < M < 2 . 5 GEV/C2 
7T SEAUATER 
7 7 SEDIMENT.LAVA 
TB TUNGSTEN IONS 
78 HVDROGEh 
78 SEA WATER 0 * * - 2 / 3 
7B FRESH HATER 0 * » - 2 / 3 
TB TUNGSTEN 6EM7S 
7B N I O B I U M . TUNGSTENMRON 
79 HELIUM 
7 9 N I O B I U M BALL L E V I T A T I O M 
7 9 N I O B I U M BALL L E V I T A T I O N 

OGOROONtK 7 9 SEA WATER 
OGORODMK 79 CLAYS. S ILTS,CONCRETIONS 
MARINELLI BO STEEL 5PHERE L E V I T A f t O N 
H0DGE5 B l M E P C U R V I N A T I V E . ' i E F I M E D I 
LARUE B l N I O B I U M BALL L E V I TAT ION 
LARUE 8 1 N I O B I U M BALL L E V I T A T I Q N 

MULLER 
MULLER 
OGORODNIi 

LUND 
PUTT 
SCHIFFER 

LARUE 

H I L L I 5 5 9 

BENNE 6 b L 

I N S E N S I T I V E TO QUARKS ACCORDING TO SUNYAR 6 4 . 

• I T INFERRED BY JONES 7 6 . 

RHO D CGOK > 

i USES U . V . SPECTROSCOPY. 

1 USES MOLECULAR 8EAMS. 

i 7 6 L5ES AN ION SPECTROMETER. 

3 / 7 7 
3 / 7 7 
3 / 7 7 
3 / T 7 
2 / 7 4 
3 / 7 7 
3 / 7 7 

2 / 7 4 
3 / 7 T 
3 / 7 7 
3 / 7 7 
3 / 7 7 
3 / 7 7 
3 / 7 : 
B/77 
7/77 
7 / 7 7 
7 / 7 7 

1 2 / 7 9 
1 2 / 7 9 
1 2 / 7 9 
1 2 / 7 9 
1 2 / 7 9 

8 / 7 8 
1 / 7 9 

i : / a i * 

2 / 7 9 
2 / 7 9 

1 2 / 7 9 
7 / T 9 
7 / 7 9 

1 0 / B 1 * 
1 0 / B l * 
1 2 / B 1 * 

2 / B 2 » 
1 / B 2 * 
1 / B 2 » 

3 / 7 7 

3 / 7 7 

3 / 7 7 

3 / 7 / 

3 / T 7 

LARUE 77 SEES RESIDUAL CHARGE L I S T E D ABOVE TRANSFERRED TO A 
NIOBIUM BALL FRCM A TUNGSTEN SUBSTRATE. CORRESPONDING TO A C 
OF I . E - 2 3 . 

BOYO 7B USES VAN-DE-GRAFF AS WASS SPECTO«ETE« TO SEABCM FOR 0 ' 

: AS MASS SPECTOMETER TO SEARCH FOR C 

r« MASS < 1 . 7 5 GEV. Er!iiii-!\Sir: 
RHO L PUTT 7 8 I S J [KAN O I L - D R O P TYPE F X P I . RESULT APPLIES TO 0 > . 2 . 

RHO N BOYD 79 USES HE BEAM k L V A N - O E - O A F F AS MASS SPECTROMETER. 

OGOROQNIKOV T> IMPROVED 77 L I M I T S . ELECTRIC F I E L D GATE WAS USED I N 
OESUHPMCN TO REMOVE N E U T E H I I E D BKGD PARTICLES FROM ADSORBED OUARKS 
WITH UNCD-PENSATED FRACTIONAL CHARGE. VALUES IPE FOR NEGATIVE CHGS 
AND I T SOURCE TEMP 2 5 C E N T i - O E G . FOR OTHER CASES, SEE THEIR TABLE. 

1 / 7 9 
1 / 7 9 
1 / T 9 

1 0 / 8 1 * 
1 0 / 6 1 * 
1 0 / 8 1 " 
1 0 / B 1 * 

3 / 7 7 RHO R LARUE B l SAM * 0 — 1 / 3 AND 4 Q - l / 3 EVFNTS OUT OF 2 1 NEW MEASUREMENTS 
RH] R THESE ANO EARLIER EVS GIVE ABOVE AVERAGE CHIRGE W I T H NUMBER OF EVS 

7 / 7 6 RHO R I N BRACKETS. 

2 / 7 4 

5 / 7 6 REFERENCES FOR QUARK SEARCHES 

H I L L A S 59 NATURE 1 ( 4 B92 H!LLAS>CRANSHAH I I E R E I 
3 / Z 7 

BINGHAM 6 * PL 9 2 0 1 » 0 I C K I N S O N . D I E B O L D > K C C H , L E t T H » CERN*EP0L1 
t/Tb BLUM 64 PRL 13 353A *BRANDT.COCCONI .CZ tZEWSKI .DANYSI ( C E R M 
1 / 7 6 BOWEN 64 PRL 13 7 2 8 B0WEN.0ELISE.KAL8ACH.M0RTARA ( A R I D 
1 / 7 6 HAGOPUN 64 PRL 13 2 3 0 * S E L O V E . E H R L I C H , L E B O Y t L A N I A , R A H M * | P E N N t R N L l 

LEIPUNER PRL 1 2 4 2 3 LElPUNER.CHU.LARSEN.AOAfR t B N L * V A L t l 
7 / 7 6 MORRISON PL 9 199 MORRISON (CERNl 
7 / 7 6 SUNYAR 64 "R 1 3 6 8 1 1 5 7 SUNYAR. SCHMARISCHILOitONNORS I B N L l 

2 / T 9 OELISE 65 PR 1 *0B 45B OELISE.BOWEN I A H I 2 I 
2 / T 9 OOP. FAN 65 PRL 1 * 99S • E A O E S . L E O E R N A N . L E E , T I N G (COLU) 
2 / 7 9 F H A N I I N I PRL 14 196 »LEONT!C.RAHM, SAMIOS.SCHWARI I ( B N L ' C O L U l 
7 / T 9 HASSAN 65 NC 40A 5B9 MASSAM,MULLER,ZICHICH1 ( C E R N l 

BARTON 6 6 PL 2 1 3 6 0 BARTON,STOCKEL (NPOL) 
BENNETT 6 6 PRL 17 1 1 9 6 W.R.BENNETT l Y A l t l 
BUHLER-B 66 NC 45A 5 2 0 SUHLER-BROGLlN,F0RTUN*TO,MASSANt (CERNl 
CHURKA 6 6 PRL I T 6 0 CHUPKA.SCHIFFER, STEVEf.S ( A N L l 
GALL 1NAR 6 6 PL 2 3 6 0 9 G AL L1 N A M) , HOR PUftGD tGEHCt 
KASHA »R 150 1140 KASHA.LEIPUNER,ADAIR ( B V L ' V A L E I 
LAMB 6 6 PRL 17 1068 LAMB.LUNDY.NOVEY.YOVANOVITCH ( A N L l 



Data Card Listings 
For notation, see key at front of Listings. FPEE QUARK, MAGNETIC 

Stable Particles 
MONOPOLE SEARCHES 

BAB TON 6 7 "OSL TO t l BUS TOM v o n 
B A T H G H 6 7 " i ; s e 163 B A T H a w . F R E Y T A G . S C M U L / . T E * C H D E S f l 
flUMLER-1 6 7 1C *<IA 20** e i M L F R - B H D G i n . F O f U U N A r C . " A S S A M * CEBh l 
9UMLEB-2 6 7 '(C 5 1 A B U ' a E R - B t t O G L t l . D A t o i A J . M A S S A H . M C H I C x i C F R ' * ! 
FOSS 67 PL ? S « • ;AReL lC* .HOHK».LUBAR.OSBORNE, l JG l . l i > i ( - I I I 
C t N E I 67 PAL 18 » d O e t » K , K 3 L I N E . , " U L L I N S , C P r M . v a ' I P U I 1 E t M C I T I 

6 7 Of ! • > * • L E I P U N E H . W A * I G L E R . « L S P E C 7 C R . A 0 A I 0 ( S N L • m n 
STOVE" f 7 KB 1 6 « 155-) • « a « « N , » B i ^ C M " ; i S*»A> 

B E L I H V 6 0 PR 166 !3<>l • H O E S T A o r E R . L A x P J . PEPI . TONE" IS*A«4 S I A C I 

HJCBUBQE 6 8 NC HS3 2 * 1 • D A - G A P O ^ A N S E t N C H A T T E B J E E * IBOHB 
ao*Gins* 6H j e r o ? 11 R U f t G ! ' i S K t r , 2 E L D n v l C H . " ' * B I Y ' i O V 
9 « I H U H b 8 - ) t S T * M O * t A S T « G N f ; L I . B D l L I N T , ' < « S S A H » ITHRt 
F B f t N M H I 6 8 PKL 2 1 i o n F f t A 1 E t N I . S H m . H A " 
G IB HIKE 68 ° " 1 6 6 12G0 C A B H I B E . L E O N G . SR e £KA*,TAK """ HAfjAVAHJI 6 b c j " * e S 7 3 * • H » « i , M I G » S H I , t I T i « L I P f t , B l C N O * D S A X I 

« » S H » 1 bP PR 1 7 2 1207 • S T E F A M * ! ( L t t . TALE I 
r . * S « * 2 66 PPL 2 0 2 1 7 KASHA.LAHSEN.LE l ° U N E R . A L A r R t BNl • m i l 
«ASH»3 69 CJP * 6 S I W ' . A S " * . . L A ^ 5 E 1 . L E | P U N t C A C * ! < i t e - K 
a.»»Jfi f .a on i 7 t 1 * 3 1 a . • * . « * • « - ( C H I 

ALLABY 6>> -K 6 * * 75 • a i f t N C H i N i . D i O D E ' i s . D O E i n i a N . t - w i i j i c * c e a v l 
A W I P G J I 6 1 PL 2"»9 2 * 5 « « » » P D V , > e H P 0 > ' O V . l t N 0 S B E P G 1 L a P S H l ' l . SERPI 
• KT1POV2 6<> PL 3 0 B 5 7 b • 9 0 L O T 0 V i 0 E V 1 S t t E W . 0 E V l S * , ' V » . ISAKQV* SERBI 
CAIRNS 6 0 OB 1 8 6 U S * • HCC*:USK£P . P F « t . WOOL COT T 1 S 0MEV1 
COOK * D E P * S O U « L I , F P « U E N E f l D E P , P E f l C f M l « • ( l U l 
F U ' U S H | H 1,9 o p 1 7 B 205B F J * U S H I * A , * I F U N E . > ' O N ' y , . l i f : S H I f ! a « 
" C t u s n E * 6") PSL 7 3 6 5 " M C C U S K E B . C M O M 11 O'lf 11 

a o s n 70 NC 6 t i 1*7 r . . B O i i » . i . P B | » T 0 D r TOP | l 
c « u 70 PBL 2 * 1 W c « J » i t ( " . s £ « , f i « K * > ( i r * , u « p n i t < » N S I 

A L S O 7 0 P H 2 5 55-) » L t l ^ n N . o E B R i C K . ' ' U N i . i i > - P ' D « i . v n Y i r r > o i c 
ELBERT 70 MB B 2 3 7 ] I < £ H M I V . H E P B . M E L l E N . P E I P I l B * . M F | r j p ' ° r , H l S O 
* M i S t l t » 70 P O I 2 * n v r • HOLDER, * R I SOB, MASON.1AV.AF.UWBAC" JKHI 
<RIDER 70 PO 0 1 T i HRtOFB.BOWFU.KALf tACM 
•<(JRPURC-0 70 ' l [ H 70 <;s Mf)o.Bl lB ' ; t ) ,GAlL t H » » n , r A l f I F P I r . r i D i 

BASILE 

• S M -

4 K « C " n t i n v . X U ' J ( V . L & t J I ] 1 B ! B r , . l 
C M t * I . H « N * V * > ' » . H f t P * , H I C « ^ H I , t 
• FRSST.F INN,GRIFF IW.MA*SEN.-
w.r-.Hires 

aFUC«AMP,BOWE' l .Cnx . HAIR ACM 
» D | E " n q T V A I S S ' I E B . F A S G L D . O ' I 
B , O T I - » r ) O E ' I H o U 1 E N . C a i O K L L * 
Cn«.BE'JCHA«P.B,r iHEU.KAlRAC>< 
onocH.Mrw i . i 'HT" 
O l a o a . N A V A R B a . P E N E M G C l . S t M E 
• F A ' l t E Y . - u m , W A T S O N 
10>IWAR,HAIfANAM,SBEEKi.- iTAN 

I C E B ' 

JPSJ 36 ( ? * * 

t L r v p » L U N O * a n H » * B n i i « ^ T i ) H i 
: Q O P F R . P « R V * B F S f .SAL EH 

. f S T . S T A N D I ! 
l O S E t , IE S W ' S . ^ I T l l . H I L I «*•>• 

! ( IN , HANSEN. SMITH 
I G O a N . O I C H T E B . I E P B I . S I f ' B N N t I 
E"DA,KL)»ni '»UA.»SUNEHOTr|.KT>'UB»< 

L * A f l O l J C « . l , N £ A 5 F , 1 C U U I t F N M 

: « a i i ! » » a f . H » c r B t t » c E N O t i M B v * T 

:;iis:':;:;K]ps;.;;r:,!: 

•fS^K t iCORnOMKPV. l A - O K I l iTSEW 

kPBBKEB 

- . .D .PUTT, 
B . O E -

B . C . 1 .roc* 

• F f l l o a » W . P K t L L t P ^ 

j a a i C . I O F S V « I 
• 9 E B B I E R S . C t l ' * 1 
*? . l t C O M K l I . L F 

u r v - i o i i T S F * 

? » " E I C > L * N t « " C t - 1 * ' i 

L i ' I ' l E L L I . ' i . M O B P U B r o 

^ • " S . B a O E ' i . f l L AND, JHYCE, ROVE" • 

MAGNETIC MONOPOLE SEARCHES 
| ( 

Mate on Magnetic Monopole Searches 

(by W. P. Trower, Virginia Polytechnic Institute 
and State University) 

Although the idea that magnetic monopoles 
might exist is suggested by the usual formulation 
of Maxell's equations, no observed phenomenon 
requires them for its explanation. Monopoles 
first became interesting with the assertion that 
a single monopole anywhere in the universe would 
result in electric charge quantization every
where. The sole predicted property of this 
monopole was the magnitude of its least magnetic 
charge e/2a» the Dirac charge. A monopole of two 
Dirac charges has been suggested, and an elec
trically charged monopole, a dyonr proposed. 
Observed pure multi-photon showers were attrib
uted to virtual monopole pair-production/-anni
hilation. Monopoles have become indispens
able to many gauge theories, and most grand un
ification theories require a monopole of mass 
> 5 x 10 GeV. Estimates of the monopole 
number density at the earth have been made. 

Biperiments to detect monopoles have essen
tially been based on either ionization or magnet
ic induction, ionization experiments have relied 
on the fact that an elementary relativistic mag
netic charge would produce more ionization than 
a relativistic electrical charge. Massive mono-
poles would have, however, lower velocities, 
3 - 10 , and would thus reduce the prospects 
for ionization measurements. The theory of mono-
pole energy loss at these velocities is currently 
•confused, but progress is being made. it is 
however likely that prospects for ionization 
identification of massive monopoles will remain 
diminished. 

Induction experiments measure the value of 
the monopole magnetic charge by detecting changes 
in magnetic flux induced when a monopole passes 
through a superconductor (CABRERA 75). These 
measurements are independent of monopole electric 
charge, mass, and velocity. 

http://FftA1EtNI.SHm.HA


Stable Particles 
UAGNETIC MONOPOLE SEARCHES 

Data Card Listings 
For notation, see key at front of Listings. 

With the recent attribution of large mass to 
the monopole, searches in matter are less appeal
ing as the ferromagnetic trapping energies become 
comparable to terrestrial gravitrt- onal binding. 
Accelerators do not possess sufficient energy to 
produce real monopoles. Cosmic ray searches hold 
increased promise. Possibly monopole evidence 
will be obtained from direct astrophysical obser
vation. 

The following compilation with the indicative 
experimental limits should be used as a directory 
i;o the literature. 
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ACCELERATOR EXPTS 

BRAONER 59 EMLL 
F10ECAHO 61 CNTR 

PURCELL 6 3 CNTfi 
GJREVICH 72 E"UL 
CARRIGAN 
CAHRIGAN 7 * CNTR 
BLIRKfc 75 OSPK 
r s p R I G A N 75 HLBC 

75 INDU 
C M C t M E u 75 PLAS 
OEIL 76 SPRK 

'nor ( 8EV< 

3 NUCL ' 

r SERPUKHOV. 

FI9?Cl#0 «l - - 28 
ACA'.DI *,3 — 23 
P U P ' l E n 6 3 - - 3 0 GEV i 
OUR'TI ICH 17 - - 70 C E " 
C A R I I C A N 73 - - 3 0 0 GE 
CARDIGAN 7* — *0O GEV PR0T AT FN, 
BURKE 75 — 3 0 1 ItV NEUT M F N A L . 
CARHlGAN 75 — REEXAMINES CFO": NFi 
EBEKMiRD 75 - - 3 0 0 . * 0 O GEV p o m " 
G I A C 3 H E L L I 75 - - ECM.6D GEV AT CEI 
DELL l b — 2 2 < E C » < 6 2 GEV PROT 61 C E R f l - t S R . "ULT IPt-OTCN t 
STEVENS 76 ~ 300 GEV P P ^ t * r F i l l . MULTIPHbTGN EVENTS. 
ZREL'IV 7 6 — 7 0 GEV PHUT AT I H E P . CERFNKOV R A D I A T I O N POL 
CARR'GAN 7R — 23<EC«<63 OEV AT C E R N - I S " . 
HOFFMANN 7B — ECM-56 GEM AT C E R N - I ^ R . 
" I U C ' . H I l l B? — FC«".?9 « V I N f » [ - AT S L A C - P E P . PLASTIC 

H^isi&s.; 

ONOPCLE F ' I I X : ; < H I C RAVS 
f / C M - . . . , . i t / » i 

0 * 2 t - l l B 4 L i " : i 5 1 EMUL 
< 5 E - 1 5 f ' . M I T H E R S 6 6 ELEC 
< 1 E - 1 9 FLE1SCH3 6 9 PLAS 

P R I C E 7 5 PLAS 
feARTlETT SJ FLAS 
BONNARDEA ei CCSM 
K l NOSH I T * «1 P L « 
ULLMAN 8 1 CNTR 

1 6 . 1 E - 1 0 CABRERA 8 2 INDU 

MASS CHARGE 

- . 0 6 

FLEISCHERS 

BONNARGEA 
• U N 0 5 H I T A 
ULLKAN 31 
CABRERA 8 

• - SEA LEV=L ACCELERATOR/CONCENTRATOR. 
>6 — S 'A LEVEL CONCENTRATOR. 
6 1 — OBSIDIAN AND MICA. 

• A N N O U N C E S E V E N T . 

A L V A R E Z 7 5 . F L E I S C H E R 7 5 . F R 1 E D L A - \ D E R 7 >, R O S S T S 
E X P L A I N I T A S A F R A G M E N T I N G N U C L E U S . 
E B E R H A R D 7 5 O L S C U S S T S C O N F L I C T V I 7 M O T H E R E K P E " I H C N T S . 
T - A G S T H O K 7 7 R E I N T E R P R E T S A S A N T I N L C L E U S . 
ftnlCE TP REASSESSES. 

. — FNAL BC MAGNET. L E K A N -
B ) — INTERSTELLAR FLUX INFERRED FROM NEUTRON STARS. 

11 — C R - 3 9 0 1 WHITE FOUNTAIN CA . BETA > 0 . 0 2 . 
— SENSIT IVE TO VERTICAL V E L O C I T I E S 1 0 0 - 3 5 0 K M / S E C . 
— S E N S I T I V E O N i r TO "ACNETIC CHARGE. 

1 2 / 7 5 
2 / T 6 

1 2 / T 5 
Z / 8 2 * 
2 / 8 2 " 
2 / 8 2 » 
2 / 8 2 " 
* / 8 2 » 

*/8?» 
12/75 
12/75 
11/76 
11/76 
11/76 
11/76 
3/77 
T/79 

i iHIS" 

-*/PROT 

MASS 
I G E V I 

GOTO 6 3 EMUL 
PETUHHOV 6 3 CNTR 
F L E I S C M I 6 9 PLAS 
FLE ISCM2 6<> P I AS 
SCHATTEN TO ELEC 
K3LM 71 CN1K 

73 INCU 
C-'BRERA T5 INOU 
Cf lRRIGAN 7 6 CNTR 
BROOERICK 7 9 COSM 

MAGNETITE AND THO KETEOQITES GOTO 63 — ADIRONDACK MOUNTAIN MAGNE 
PE7UKHOV 63 — 5 I K M U T E - A L I N METEORITE. 
F L E I S C ^ E R l 6<V - - MN NOOULfS OCEAN SEDIMENTS LAST 16 E H> T E A R S . 
TLEISCHER2 '•* — MN EAB1H CRUST. 
SCHATTEN TO - - LUNAR MAGNETIC N A U E . 
tOLM 71 - - OfEP SEAXATER. 
ROSS 7 i — t-JNAR OUST. 
CABRERA T: — FLFVEN TERRESTRIAL M U T E R I A L S . 
CARRIGAN 76 - - AIR AND SFAHATFR. 
BFOOERICK 7") — ".2-CM ABSORPTION I N NEUTRAL GALACTIC MYOROGEN. 

• S H I R ' .OSBORNE.F 

A L S O I 
A L S O 7 
ALSO 7 

P H I L I P P E EBERHARI 
R . L . F L F I S C H E R . R 
H .W. FRIEDLANDER 
RONALD ROSS 

(UC6+HFysrOKI 
ILBLI 

IS 1:,!";. 

I L B L I 
R tGESC 'MUSL I 

(MUSLI 
I L S L I 

I ( L 9 L 1 
P I I C E . S H I R K , O S B O R N E t P l N S K T I L E L . U C B , H O U S T O N ! 

* N E ; H l e t , S T O A U S S I F N A L ) 
» J T O . T U A N . A M A I O | . ICERN»BNL*RD-4At«QELl 
••COLL I N S . F I C E N t C T R C H E R , F 1 S C « E R * I V P I » B N L I 
^ K O L L A R Q V A . K O L L A R . L U P U T S E V . PAVLOV I C * I J INK I 

siisii! 
7B .< o n I J « 

SSiiwiSssiS Dl* 
TEPLI ra 

ii I ::t°ii ill' i|p:;::;;r--::;;|i 
;:::i:;, s in::}?" 

i:::;::::::;;;5"""^ 
ISTANI 

IUCR.St.AC) 

is!l s- 77 
Bt SKKHS s i ;S:a™ B . . .» . .» . .™iiSi 

• • • * • 

REFERENCES FOP MAGNETIC HON OPOLE SEARC-ES 

MALKUS 51 PP 93 89<. MALKUS I C H I C I 
BRADNER 59 1 1 * 6 t 1 • t S « E L L 
FIDECARO 61 NC 2 2 6 5 7 * F I N O C C H I A R O . G I A C O M E L L I 
AMflLOl 63 NC 2B 7 7 * * E " R 0 N I , M A N F R E D I N I . B R A O N E R * 
GOTO 63 132 387 •KDLM.FORD 
"ETUKHOV MP *<? e r • VAKIMEIWO 
P U ' C E L L 1 2 ^ 2 1 2 6 . C O L L I N S . F U J I I .HOBNHOSTFL .T 
CARITHER 66 PS 1*9 10TO C A R I T H E R ^ . S T E F A N S K I . A O A I R I V A L E » B N L I 

F L E I S C M I 6 9 PR I T ! 2 C f i M M S C M E H . J A C O e S . S C H W A P H . I C E S C . F S U I 
^ L E I S C H ? 6 9 I B * 1173 F L E I S C H E R . H A R T . IACOBS* I G E S C U N C S . G S C O I 
FLE ISCH3 I B * 1 J . I B FL F I S C H E R , P R I C E . HCOOS IGESCI 

ALSO 7 0 JA P * l 9SH F L E I S C H E R , HART, JACOBS.PR ICE • SCHWARTZ^GESCI 

S C H A i r f - i 70 Oft 01 !?>.• S C H A T I f N I N S S A I 
«OLM D* I 2 9 h • V I L L A , OOIAN ( " I H S L A C I 
GUREVICH 72 PL 3EB 5 * ^ .KHAXIMOV.MAHTEMIANOV* 

ALSC 70 PL 31P M * 5UREVICH.KHAKIMOV* 
ALSO T2 JE 0 3 * i n BAPKOV.GUREVTCH* 

CaoR lGAN T3 PR DB 3 7 1 7 • *IF /11C«t .STRAUSS I F N A L I 
73 0 6 6 9 B «EBERHARD,ALVAREZ•MATT 

ALSO TO SCI U T > l i ALVAREZ.EfERHAB D.ROSS, WATT 
ALSO 71 E6E°HaRD,ROSS.ALVARE2 ,HATT 

CA0R1GAN I t PO 0 1 0 3P67 • N E i ' M C * . STRAUSS I F N A L l 

1UR*E 75 PL 6 0 B 113 • G U S T A F ' i O N . j n N F S . i n N r . n CMICHI 
CABRERA 75 D M S I ! CABRERA I S T A N I 
CARRIGAN 75 B 9 1 ? 7 9 • N E i R I C n I F N A L I 

ALSO 71 D3 5 6 CARRIGAN,NEZRICK I F N A L I 
75 D M 3 0 9 9 r R O S S i I A r L O R . A L V A R E Z . O B E R L A C K ( L B L » M P I M | 

GIACOMEL 75 NC 2SA 2 1 G t A C O M E L L I . R O S S I » IBGNA • CERN.SACLH10MAI 
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
CHARlf SEARCHES 

CHARM SEARCHES AND EVIDENCE 

Data on specific charmed s ta tes are l i s ted in 
separate sections in the appropriate places in 
the Data Card Listings: D, F, and A - s table 
Par t ic les ; D , p - Mesons; 1 - Baryons. 

Evidence for charm not d i rec t ly relatable to a 
given s t a t e i s l i s t ed in th i s section. Neutrino-
induced dilepton events are summarized. Short-lived 
tracks in emulsions are also deal t with. 

Tri-muon production in neutrino interactions i s 
summarized in the Other New Part icle Searches sec
t ion . 

Neutrino-induced Dilepton Events 

Many neutrino experiments have now observed 
dilepton events. These data are summarized in 
subsections Y, VO, VOA, and VAP. Bubble chamber 
experiments have observed neutrino-induced 
\i e events associated with strange par t ic le pro
duction in the reaction 

vN -»• y"e+K° {or A ) + anything. 
Production of charmed par t ic les <C) in neutrino 
interactions would be expected to give r ise to 
such events via the mechanism 

N -+ JJ~C + hadrons 
M 

L - £ + v„ + 
where the Cabibbo-favored transi t ion would predict 
a strange par t i c le among the hadrons. Thus the 
appearance of neutrino-induced opposite-sign d i -
muon events, \i e events, and associated strange 
par t i c les can be understood via the charm mechan
ism. {For another potent ia l explanation see the 
Heavy Lepton Searches section above.) 

Recent experiments show that l ike-sign d i lep-
tons, on the other hand, are produced much in ex
cess of theoret ical expectations. See section Y 
below. 

Short-Lived Tracks in Emulsions 

The mean l i f e of a weakly decaying charmed 
meson or baryon of mass H (in GeV) i s expected to 
be in the range 

T = ( 1 0 " U to 1<T 1 3 sec) x 1/M5 

with a corresponding mean path length for lab mo

mentum p {in GeV/c) of 

per 
M (30jj to 3000y) X p/M 

Thus even at Fermilab energies, the decays of such 
particles are hard to observe directly in most 
bubble, streamer, or other chambers, so emulsion 
is often used. We list data for these experi
ments in subsections CC and EM below. 

Recent experiments using special bubble cham
bers, emulsions, and silicon detectors have been 
able to identify the particular charm state with 
some degree of confidence and to estimate the mean 
life. These measurements are listed in the sep
arate sections associated with the particular 
states. 

Charm Searches 

Experimental evidence for charm production 
has now been accumulated in various reactions. 

Sections CP and CPI include several types of 
evidence for associated charm production in pN 
and TIN collisions: the prompt lp ana le sig-.als; 
low-mass u u~ pairs with missing energy; opposite-
sign pe events; observations of D and A in the 
hadronic final states; as well as hadronic charm 
decay in association with a lepton trigger. Ob
servations of prompt muons in beam dump experi
ments are listed in section BD. 

Sections CG, MU, and D include evidence in 
photon, muon, and neutrino beam experiments. 
Charmed baryon production in e+e"" reactions is 
listed in section CE; further information can be 
obtained from the Listings. 
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Data Card Listings 
For notation, see key at front of Listings. 

CHARMED HAORON PRODUCTION CROSS SECTIONS IGAHMA NUCLEONI I C M " 2 > 
I t o EVENTS "NAPP 76 SPEC LAM8DA8AR P I - P I - P I * 2 / 7 7 
I 0 1 . 1 E - 3 1 OR LESS C L - . 9 5 QUINN 7 6 HBC 8 * * M - 9 / 7 7 
t 0 1 . 2 E - 3 1 OR LESS C I - . 9 5 QUINN 7 4 HBC B* Mr 9 / T 7 
I 9 * ( 7 . 2 . - 2 . 9 I E - 3 1 ATIYA 7 9 SPEC D 0 - - > « * - P I - * L 2 / T 9 
) 1 EVENT AOAHOVICM 8 0 SPEC D 0 B « R - - > K » 3 ( P 1 1 - l / « 0 

1 5 . 2 S — l . * O I E - 3 1 ASTON BO SPEC O 0 B A « - - > K * P I - 1 2 / f l l * 

2 / T 7 
2 / 7 7 
2 / 7 7 
2 / T 7 
2 / 7 7 

KNAPP 76 SEES * PEAK AT M - 2 . 2 6 » - 0 . 0 I G E V / C * * Z . WIDTH IS * O * - 2 0 ME 
CONSISTENT WITH ZERO WIDTH STATE ( R E S O L U T I O N ' 3 0 M E V I . NO PEAK SEE 
I N LAMe.ORB.AR P I * P I * P 1 - . T W ALSO SEE A lAMBDABRR l * P I » 0 PEAK « 
2 . 5 GEV CASCADING DOWN TO THE PEAK «T 2 . 2 6 . EXPT USED W10E-BANO 
PHOTON BEAN AT FNAL. 

OUIHV 76 USED A 9 . 3 CEV PHOTON BEAM «T SLAC. SEE TABLES I AND 3 FOR 2 / 7 7 
I N D I V I D U A L CHANNELS. ABOVE L I M I T S ARE FOR ALL CHANNELS K I T H ONE Oft 2 / 1 T 
NO P I S S I N G NEUTRALS. 2 / 1 7 

) CEV PHOTONS. C . S . ASSUMES 1 2 / 7 9 

ASTON BO I S CERN-SPS OH EGA-SPECTROMETER EXP WITH 2 0 - 7 0 CEV PHOTONS. 
ABOVE I N C L U S I V E ODBAR CS ASSUMES Bit OF DOBAR—>K. P I - < . 0 2 6 * - . 0 0 * . 
FOR CS VALUES AND L I M I T S FOR t m * E R CHANNELS) SEE Tl -EIR TABLE 1 - 2 . 
DBAR-PRQD, SEEMS MAINLY V I A (CHARNED-BARVON OBAR) ASSOC.PRODUCTION. 

1 2 / 8 1 * 
1 2 / B l * 
1 2 ; 8 1 " 
1 2 / B 1 * 

b~UER 7 9 SPEC 
AUBERT1 BO CALO 
AJ9ERT2 BO CALO 
CtARK BO SPEC 
AUBERT 81 SPEC 

CHARMED HAORDN C . S . OR EVIDENCE I N MU NUCLEON INTERACTIONS I C M * * 2 1 1 2 / 7 9 
FOR PHOtON-GLUON FUSION MODEL REFERRED TO BELOW SEE L E V E I U . F ' N O * / 8 2 * 
WEILER NP B U T . 1 *7 1 1 9 7 9 1 AND REFERENCES C I T E D T H E R E I N . * / S Z » 

- - - - — ; 7 0 GEV HU* BEAN 1 2 / 7 9 
280 G"=V HU* BEAM * / 8 Z * 
2 8 0 CEV MU* BEAM 1 2 / 8 1 * 
TJ9GEV H U * - BEAM 9 / B I * 
J505EV H U * ON FE 2 / 8 2 * 

BAUER 7 9 SEES * * 9 DlMUONS, 6 * TRIMUONS. THE NAJCPlTY Of OIMUONS 1 2 / 7 9 
APPEARS TC COME FROH ASSOCIATED 'ADDUCTION AND « L H 1 L E P T 0 N I C DECAY 1 2 / 7 4 
OF CHARMEC MESONS. SEE ALSO L I S T I N G S IWOEft S E C VON W OF OTHER 1 2 / 7 1 
STABLE PARTICLE 5EARCHE5. I 2 / T 9 

AUBERT2 BO SEE 5 2 6 0 T1JNU0N EVENTS t H U * N — > M U * H U * 1 U - X I . EVENTS I Z / S I * 
WITH ENERGY DEPOSITED I N CALORIMETER GT ZOGEV ARE I N EXCESS OF QEP. 1 2 / B 1 * 
D IFFERENTIAL CS WITH CUTS ARE GIVEN I N THEIR F I G . 3 - * . SYSTEMATIC* 1 2 / 6 1 * 
I N DCS AND LARGE M I S S I N G ENERGY SUPPORT PHOTDN-GLUGN FUSION MODEL. 1 2 / 8 1 * 

CLARK 8 0 ANALYIED 2 0 0 7 2 D1HU0NS AT F N ^ L . 0 . 8 1 + - 0 . 1 OF THE" ARE 9 / f c l * 
ATTRIBUTED TC ASSLX- PROD OF CHARM DECAYING TO MUONS. VALUE ABOVE 9 / 8 1 * 
I S O I F r H A C T I V E CHARM MUOPROO C . S . EXTRAPOLATED PHOTON C . S . I Q » * 2 - 0 1 9 / 8 1 * 
I S ( 7 5 0 + 1B0 - I 3 0 1 N B 1 1 5 6 0 * 2 0 D - 1 2 0 t N B I FOR 1 7 8 - M 0 0 - I G E V PHOTON. 9 / B I * 
FOR F2 ICCBAAI AND COMPARISON OF DAT* WITH MODELS. SEE CLA0K2 8 0 . 9 / 8 1 * 

AUBERT B I AT CERN-SPS ANALYZE WRONG-SIGN I R | M U 0 N S > 2 EVS t MU»NlH>HUO 2 / Q 2 * 
AND 1 EVENT ( M u t M U - M U - l . IFOR CORRECT-SIGN TRIHUONS.SEE AU8ENT BO. 1 2 / 6 2 * 
SE1 C L - . 9 0 L I " I T FOP DO OOBAR T R A N S . - P R O B A B I L I T V < O . Z O . 2 / B 2 * 

CHARMEO HACRON PRODUC T I O N CFOSS SECTION I P I NUCLEON) ( C M * * 2 I 
1 . 5 TO 3 - 7 E - 3 0 OR LESS BALTAY 75 HbX 15 GEV P I * R 7 / 7 6 

0 0 . 2 TO 35 E - 3 0 OR LESS BAtTAY 75 HBC 15 GEV P I * P 7 / 7 6 
8 . E - 3 3 OR LESS C I - . 9 0 APEL 76 ASPK * 0 GEV/C P l - 1 / 7 B 

0 0 . 5 TO 1 5 E - 3 0 OR LESS BUNNELL 7 * 5 1 S I U . i . 9 7 1 / 7 7 
0 1 . TO B. E - 3 1 OR LESS CESTER SPEC 15 GEV/C P l - 2 / 7 7 
0 * . TO 8 . E - 3 2 OR LESS G N I D I N I 7 6 SPEC 19 GEV/C P I r 
0 * . E - 3 0 OR LESS C L - . 9 S HA GOP I AN 7 6 OBC SHORT L I V E D Z-5GEV 2 / T 6 

7 . E - 3 1 OR LESS C L * . 9 S HACOPIAN 7 6 oec LOKG L IVSO 1 . 9 - 2 G E V 2 / 7 6 
0 3 . E - 3 1 OR LESS C L - . 9 S HAGDPIAN 7 6 OBC LONG L I V E D l - L 4 , 2 - S ZSTfe 
0 3 . E - 2 8 CR LESS •LLEMS 76 HYBR 2 0 0 GEV/C P I - DEUT 1 / 8 0 
0 3 . B E - 3 1 OR LESS C L - . 9 5 6LRNAR 7 7 ^PEC ZOO GEV/C P I * * / 7 7 

0 . 0 2 8 CR LESS C I * . 9 0 BRANSDN 77 SPEC P I * SEE NOTE I 7 / 7 7 
0 . 0 * 1 GR LESS C L - . 9 0 BRANSON 7 7 SPEC P I - SEE NOTE I 7 / 7 7 

2 . 6 E - 2 0 OR LESS C L - . 9 5 CODOARO 7 7 HBC DOBAR C * * L /7B 
0 5 . 7 E - 3 * OR 1 F 5 S JONCKHEER 7 7 STRC 2 2 5 GEV/C P I - 1 / 7 8 
0 9 . E - 3 0 CR SS C L - . 9 0 ANTIPOV 78 SPEC 55 GEV/C P I - BE 1 / 8 0 
a 2 . E - ? 9 C LESS C L - . 9 S A N T I P 0 V 2 78 SPEC 55 GEV/C P I - 8E 1 / 8 0 

2 . * E - OR LESS C L - . 9 0 BALLAM 7 8 HBC I B GEV/C P I » P , P | - P 1 / 7 9 
. . l f c - 2 9 OR LESS C L - . 9 0 BALLAM 7 6 HBC ASSOC.PROD OF 0 * 0 -
h . U - 3 2 C« LESS C L = . 9 1 9 9 CESTEft 7 8 SPEC 1 0 . 5 GEV/C P I - N 1 / T B 
5 . E - 3 0 C» I E S S C L - . S ' ANTIPOV T9 SPEC 55 GEV/C P I - U 9 / 8 1 * 

12 * 0 . E - 3 0 ALLISON 8 0 H8C ASSOC.PROD OF CHARM 9 / 8 1 * 
6 3 5 . E - 3 0 ALLISON 8 0 HBC I N C L . CHGD 0 PROP. 9 / 8 1 * 

ANDERSON 6 0 SPEC J / P S T M C C 8 A R I . K 
5 « l 9 * - l . U E - 2 9 BARLOUTAU 8 0 BEBC 70 GEV/C P I - M 1 / 8 2 * 

•-. E - 3 2 I S E M I - I - i C L CS»BRI BfirMBERG SPEC DO — > XO PH I 9 / B 1 * 
I eVENT ADEVA e i HYBR P I - P — > D 0 D ' , . 1 / B 2 * 

B A l l A Y 75 S E N S I T I V E TO CHARMED PARTICLES WITH N « 1 . 5 TO * . D GEV 
T»L< M 1 0 * « - I t WHICH THEN DECAY INTO STRANGE P A R T I C L E S . 
THE C 1 R S T VALUE ABOVE I S TOR ASSOC PROD OF CHARKED PARTICLES. 
SEE THE It- TABLE 1 FOR S P E C I F I C DECAY MOOES. THE SECOND RANGE C 
VALUES lb FOP INCLUSIVE PROD OF CHARMED MESONS AND BARYONS w m 
CHARGES - 2 TO * 2 . SEE MIS IABLE 2 FOR S P E C I F I C DECAY MODES. 

7 / 7 6 
7 / 7 6 
7 / 7 6 
7 / 7 6 
7 / 7 6 
7 / 7 6 

CP1 B APEL 76 I S SERP EXPT. LQOKS EOR P I - ' 0 0 ADO N . 0 0 — > KQ P 1 0 . 

BUNNELL 7 6 I S A SLAC 1 5 . 5 GEV P I * P EXPT. * H POSSIBLE 2 TO 5-BDDY 
MASS COMBINATIONS WERE STUDIED FOR NAPROU RESONANCES PRODUCE0 I N 
COINCIDENCE WITH SINGLE MUDNS. MASS RANGE STUDIED HAS UP TO 3 . 1 G E V . 
SEE TABLE 1 CN PC 87 FOR DETAILED " ' S U L T S OF I N D I V I D U A L CHANNELS. 

G H I D I N I 7 6 LOOKED Fl A CHARMED KESOliS OF MASS GT 1 . 5 GEV AND 8ARY0NS 
OF MASS GT Z . O GEV. L I M I T S ARE C L - . 9 S . L I M I T S FOR MOSf CHANNELS L I E 
I N THE ABDVE RANGE. SEE TABLE 2 FOR I N D I V I D U A L CHANNELS. 

HAGOPIAN 76 I S A SLAC 15GEV P ( » D E x P T . ALL POSSIBLE TWO AND T H R C L 
BODY MASS COMBINATIONS MERE STUDIED FOR NARROW (trsONANTES WITH MASS 
1 . 5 - 5 G E V FOR KESONS AND Z-5GEV FOR BARTONS. I N D I V I D U A L L I M I T S FOft 
TWO AND TI-ftEE 9DDV DECAY FROM MANY REACTION:' ARE G I V E N . 
VEES MERE STUDIED FOR THE P O S S I B I L I T Y OF A NtW 10NC L I V E P <"EAN 
L I F E 1 E - 1 1 SEC. OR MORE) NEUTRAL P A R T I C L E . Oh* CANOIOATE I- ' TH MASS 
1 . 9 - 2 5EV WAS FOUNO. SECOND LONG L I V E D L C I T F.1R M - l - t . 9 . 2 - 5 GEV. 

2 / 7 6 
2 / 7 6 
Z / T 6 
2 / 7 6 
2 / 7 6 
2 / 7 6 

CPI H B I A M O 7 7 I S FNAL EXPT. L I M 1 1 I S FOR CS'BP TC MUONS. ASSUMES 
CPI H D I F K A C T 1 V E CHARMED 2GEV MESON P A I R PRODUCTION. OTHER L I M I T S FC« 
CPI H P| AND P BEAMS GIVEN I N TABLE 1 . 
CP I 
CP'. I BRAf-SOtl 7 7 MEASURES ( P I NUC — > J C C 6 A f t l / ( P I W)C — > J AtlYTMING) 
CPI I h l t H J , C . ANC C8AR ALL DECAYING TO MUONS. F N A l f X P T . F I P 5 T VM.UE 
CPI I ABOVE I I FDR 2 2 5 GEV/C P I * SEAM, SECOND I S FOR 2 2 3 GEV/C P I - BFAk 
CPI 
CP I J GCDOARD 7 7 IS A S> AC P I * P ' ' " AT * . J l GEV ECM. 

ANTIOOV 7 8 SE*RCHED FOr. P I - BE — > DO POBAP X WHERE DO — > * » P 1 - . 
ANTIPDVZ 78 SEARCHED FOR DO C X WHERE DO—> K P I . C I S ANY 
CHARMED PARTICLE W I T H S t H I M U D N I C DECAY. BOTH ARE SERPUKHOV E » P T S . 

BALLAH 7 6 I S SLAC EXPT SEARCHING FOR SEN (ELECTRONIC DECAY "ODE OF 
ASSOC. PRODUCED CfARMED P A R T I C L E S . F I R S T VALUE ABOVE IS f O C . S . * 
SUM OF BRANCHING RATIOS INTO ELECTRON ANYTHING. SFCOND VALUE USES 
KNOWN BR FOR U » — > E X I P Y I E L O C S . 

CESTER 7 8 I S INL EXPTi LOOKS FOR P I - N — » 0 * - X, 0 * > DOBA" ( > I - , 
O O B A R — > • * P i - . VALUE CORRESPONDS TO A RUUGH L I M I T OF 2 * 1 0 * * - M 
CM»*2 FOR ODBAP PROD AND DECAY TO K P I . 

ANTTPOV 7 9 LCDKED FOR P I - J — > DO DOBAR X . DO — > K- P I * IDOBAR—> 
K* ^1 -1 A SO S E N S I T I V E TO r A U ( D O I > l . E - 1 2 S . ABCVE L I M I T I S FOR TAJ 
AROUND l . E - l i S E C . FOR OTHER T A U ( D D I . SEE THFIR F I G . 3 . 

ALLISON HO I S 3 * 0 CEV P I - P SPS EXP USING H IGH RESOLUTION O P T I C S . 
F IRST YALUE ABOVE CORRESPONDS TD CHARM L I F F 3 . E - 1 3 S . SECONO VALUE 
COMES FROM OBSERVED S CHGD 3 PRONG EVENTS ( W I T H 2 8KG0I AND AS5UNES 
MEAN L I F E T I M E 1 . E - I 2 SEC AND 3 PPONJ b . R . 0 . * FDR ChGO 0 DECAYS. 

C S I J / P 5 I f. D B A R I / C S I J / P S I I 

X P . LOOKED FOR MULTI-MUONS I N 
I J / P S 1 — > M U * M U - , DIOBAR.) — > 
: l » O . I . SET C L * . 9 0 H l l T S 

I C S ( 2 J / P S H / C S I J f P S I l < . 0 0 5 . 
TS I N OTHER PROD AND DECAY MODELS. SEE THEIR TABLE 2 . 

H ! H « H ° H : S ° T I ! IslTSr^i^ls; 
BMMBERr. BO IS AN FNAL 5 0 AND 100 GEM P I - P S E H I - 1 A C L E X P . OBSERVED 
ik PEAK I N F INAL IKO K* K - l CONSISTENT WITH P I - P — > DO X. 
0 0 — > KO P « I . PMI — > * * K - . ABOVE V A t U - I S S E X I - I ' J C I . C 5 * B » l l . t -
LOWER BOUND FOR JNTLJSIVE C S * B R I . 

9 / a i * 
9 / B l * 
9 / 8 1 * 

T ADEVA 81 I S CERM SPS EXP I Ml H 3 6 0 GEV/ C P I - ON LEBC. SEEN ONE EV. 1 / 8 2 
OF ASSOC. PROD. OF 0 0 ODBAR, 0 - - > « - P I * 2 P I D , OOBAR—>K* P I * ? P ] - . 1 / 8 2 

I SEE L I S T I N G FCR DO L I F E T IME 1/S2 

THARPED HACRCP. PRODUCTION CROSS SECTION ( P NUCLEON! ( C * * 2 ) 
0 1 . E - 3 3 OR LESS AUBEH7 75 SPEC P I * " - 2 / 7 6 

A 0 ft. E - 3 3 OR LESS AUBEflT 75 SPEC K* P I - i / 7 6 
0 1 . E - J 3 CR LESS AU8ERT 75 SPEC X* <t-
0 8 . E - 3 3 OR LESS AUBERT 75 SPEC P I * P I - 2 / 7 6 
0 T . E - 3 3 CR LESS AUBERT 75 SPEC P K- 2 / 7 6 
0 Z . E - 3 3 CR LESS AUBERT 75 SPEf X* RRdR 2 / 7 6 

A a * . E - 3 2 CO LESS AU&ERT 7S SPEC B P 1 - 2 / 7 6 
0 2 - E - 3 3 CP LESS AUBERT 75 SPEC P | * PBAR 2 / 7 6 

8 •S. TO 2 0 . E - 3 0 LESS AAHLIN 7 6 HflC BARYON.M I T 2GEV 2 / T 7 
0 I S . TO 1 0 0 , E - 3 0 OR LESS AAHLIN 76 HBC BARYQN.M 2 - 3 Ot ,' 2 / 7 7 

B 1 0 . TO 3 5 . E - 3 0 OR LESS AAHL1N 7 6 HEC MESON. M 1 - 2 GEV 2 / 7 7 
C 0 0 . 0 5 TO I . 1 5 E - 2 T OR Lrss ALCPOH 7 6 SPEC « P I , K P l / T B 
0 0 2 . E - 3 0 C" LESS B I N T I N G E " 76 SPEC M-2 G E V / C * » 2 1 / 7 7 
0 0 5 . E - 3 2 CR LESS BINTINGER 76 S J E C - = * G E V / C * * 2 1 / 7 7 

0 9 . E - 3 0 OH LESS C L - . 9 5 ALOER 77 SPEC DO — > K- P I * 1 2 / 7 7 
E 0 R. E - 3 0 CR LESS C I * . 9 5 ALDER 77 SPEC DOBAR — > K* P I - 1 2 / 7 7 
F 0 . 0 * CR LESS C I " BRANSON 77 SPEC SEE NOTE F 8EL3U 7 / 7 7 

0 i . 6 1 - 3 1 OR L E * 5 CL = . 9 5 D H Z L E R 77 SPEC 00 — » K- P I * 1 / 7 6 
0 a 2 . 9 E - 3 1 C" LESS C f . 9 5 01T7.LER 77 SPEC DOBAR — > « * P I  1 / 7 8 

0 1 . 6 E - 2 9 CR LESS CL" . 9 5 BRUM TS SPEC P P — > D OBAR ANVTHNG ? / 7 9 
( 7 . 0 * - 3 . 6 1 E - 2 9 CLAFX TS TPEC P P — > 0 OBAR ANYTHKG 2 / 7 9 

0 1 . 0 E - 3 I OP LESS LAUTERBAC 7 8 SPEC 0 * i D O TO R HU N j 1 2 / 7 9 
2 . 6 E - 2 R CR LESS C L - . 9 5 BRANSON 1 9 PP—sDflDOBAR * D * 0 -
5 . 9 E - 2 1 * CR LESS . 9 1 ! BRANSDN 7 9 P I — > D D D 0 3 A R * 0 * 0 -

L ( 1 . 3 TO 6 . 0 > E - Z 9 BROWN 7 9 SPEC 1 2 / 7 9 
( 1 . 0 1 * - O . 2 3 i r - 2 9 CHIL INGAR 79 SPEC D OBAR I N C L U S I V E 1 2 / 7 9 
( 7 TD 2 0 I E - 3 " OIAMRNTBE 7 9 CNTR 0<OBAa — > H U ( , - , 1 2 / 7 9 

C 6 . 7 E - 2 8 OR LESS C L - 95 DISHAW 7 9 CALO 4 0 0 GEV ,"P - - ; - ! , . r i » B . 1 2 / 7 9 
9 2 ( 1 . W 0 J E - 2 S ORIJARO T9 SFM D* - . > K - P I * . - . . 1 2 / 7 9 

0 1 3 . 0 TO 6 . 2 ! E - 3 0 0 R I J A R D 2 7 9 SFH LAW/C* TO KOBAR* P 1 2 / 7 9 
0 ( 3 . 3 TD 6 . 7 I E - 3 0 0R IJARO2 7 9 SFM LAW/C* 7 0 Pt- D E L * * 12 . *79 

( 0 . 7 TC 1 . 8 1 E - 3 0 GIRONI 7 9 SPEC L A " / C » ~ > K - P l » P 1 2 / 7 9 
f j . 7 7 0 1 . 3 I E - 3 0 S I B O N I 7 9 SPEC L A M / C " — > L A M ( 3 P 1 I * 1 2 / 7 9 

s ( 2 . 3 * - 0 . 3 l t - 3 Q I O C . * " AN 7 9 SPEC L A H / C * — > K - P I * P 1 2 / 7 9 
5 l 2 . 8 * - 1 . 3 > E - 3 0 

( 2 . 2 * - 0 . 9 I E - 2 9 
LOCKMAN 
R I T C H I E 

79 SPEC L A M / C * — > L A M I 3 P I 1 . 
8 0 CN7R 

1 2 / 7 9 

u 8 ( 2 . 0 TO 5 . 0 ) £ - 2 9 SANOWEISS 8 0 STRC 9 / 6 1 * 
l ] . 8 * - . T I E - 2 6 BASILE 8 1 SFH ASSOC.OBAR L A M / C * 1 / 8 2 * 

* 7 r S . B * - 2 . < H E - 2 8 BASILS I B l SFH ASSOC. DD OBAR PRCD 2 / K » 
5 3 I O . B * * - . 3 2 l £ Z 7 I R I O N 81 SPEC E - T « T G G . L A H / C * D E C A r 1 / 8 2 * 

* 2 1 ( 0 - * 5 * - . 3 2 I E - Z 7 I R I O N 81 SPF-: f * T R I G 5 . L A M / C - D E C A Y 1 / 6 2 * 

AUBERT 75 I S A BN<. 3C SEV EXPT. LOOKS FOR P 
WHERE JPRIME DECAYED V I A THE CHANNEL SHOWN. A801 . VALUES • 
FOR M - 2 . ? 5 G E v AND ASSUME A WIDTH SMALL COMPARED TO THE RESOLUTION. 2 / 7 6 
UPPER L I M I T S aBE ALSO GIVEN FOR THE ABOVE CHANNELS AND P PBAR FOR 2 / 7 6 
M « 3 . l AND 3 . 7 C E V . THOSE L I M I T S RANGE FROM 7 E - 3 6 TO * E - 3 3 . 2 / 7 6 
MA 77 SAYS AUBER7 75 L I M I T S SHOULD 8E AN ORDER OF M ' i . LARGER. 2 / 7 7 

BINTTNSER 76 I S CROSS-SEC TIMES BR INTO K~ P I * . WE SHOW TWO VALUES 1 / 7 7 
FROM THEIR F I G . * WHICH CDVER5 MASS RANGE 1 - T - * G E V . S IMILAR U M T S 1 / 7 7 
ARE GIVEN FOR X + P I - AND P I * P I - CHANNELS. L I M I T S ARE PROPORTIONAL 1 / 7 7 
TO CS»BR FOR J / P 5 I INTO MU» H U - , TAKEN-IONB FOR ABCVE VALUES. 1 / 7 7 

AIDER 7 1 I S CERN-1SK EXPT AT ECM-53 GEV. 

ABOVE L l K d S ARE FOR 
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
CHARM SEARCHES 

. MEASURES CS»BR<I 

CLARK 7B IS CERN-ISR EXPT LOOKING FOR E * - M U - * EVENTS. ERROR I S 
S T A T I S T I C A L ONLY. ASSUMES THE SEMILEPTONIC BRANCHING FRACTIONS CF 
THE D INTO E l EC TROTS AND MUOHS AS 10 PERCENT EACH. 

F I R S T 6R.ANSON -UE I S AT E C K . I 9 . 4 r.EV, SECOND » 

CHIL1NGAR0V 7 1 ANALYZE CERN I S R EXPT AT S3 ANC 6 3 GEY ECU F I B 
MASS LEPTON P A I R PRODUCTION. VALUE ABOVE I S C . S . PER UNIT OF 
R A P I D I T Y NEAR Y * 0 . 

2 / 7 9 
2 / 7 9 
2 / 7 9 

1 2 / 7 9 
1 2 / 7 9 
1 2 / 7 9 

DISHAH T 9 I S A CALORIHETRIC EXPT AND LOOKS FOR LOW ENERGY T A I L OF 
ENERGY D I S T R I B U T I O N S ODE TO ENEKGY LOST TO WEAKLY INTERACTING 
P A R T I C L E S . ASSUMES SEHILEPTONIC 6 . R . - 0 . 1 1 . 

0 R I J A R D T 9 I S CERN- ISR EXPERIMENT AT ECM-53 GEV. FOUND A PEAK A l 
DHASS I N K- P I * P I * MASS D I S T R I B U T I O N WHEN PASS OF AT LEAST ONE Of 
TWO I K - P I * 1 PAIRS I S REQUIRED I N S I D E THE K * f f l 9 Z i REGION. CORRECTED 
FOR BRANCHING R A T I O . SEE TABLE 3 FOR C . S . E S T I M A T I O N . 

D R U A R D Z 7 9 I S CERN ! S R E X P ! A t S3 GEV E C M . SEES HASS ENHANCEMENT 1 
AT 2.2b GEV IN BOTH CHANNELS. RANGE I N VALUES DUE TO MODEL 1 
DEPENDENCE. VALUES ARE S IGMA*8R FOR NODES SHOWN. 1 

G18CNI 7 9 I S CERN ISR EXPT AT 6 3 GEV E C M . S b t S MASS ENHANCEMENT NE1R I 
2 . 3 5 5 GEV I N BOTH . H A ' i N E L S . VALUES ARE S IGKA*BR FOR NODES S H O H N . 1 
SIGM**BR FOR L A M I 3 P K * NODE CHANGED BY AUTHOR. SEE O IB ITONO 7 9 . 

LOCKMAN 7 9 I S A CERN ISR EXPT AT S3 AND 6 2 GEV E C H . SEE'. A MASS | 
ENHANCEMENT H 2.39 GEV I N BOW CHANNELS. VALUES 4f tE S I O W » B B FBR | 
NODES SHOWN AND FOR 0 . 7 5 < X < 0 . 9 0 I N ONE HEMISPHERE. I 

R I T C H I E BO I S AN FNAL 3 5 0 GEV PROTON FE E X P . MEASURED PROMPT MUONS 
I N LOW PT SMALL XF REGION. I C F BROWN 7 9 1 . CS VALUE I S FROM PROMPT 
I MUON RATE ASSUMING L I N E A R A OEP AND SEMILEPTONIC BR OF 0 . O 8 . 

SANOWEISS 8 0 I S AN F N i L EXP WITH 3 5 0 GEV PROTONS ON NE STRC. 
OBSERVED SHORT L I V E D P A R T I C L E S ASSOC. WITH MUONS. ABOVE CHARM C . S . 
VALUES ARE OBTAINED I N TWO MODELS ASSUMING THESE EVENTS AS CHGD 0 . 

9 A S I L E 8 1 I S CERN- ISR EXPT AT WCM-62 GEV. LOOKED FOR P P—>DBAR LAN 
/ C * WITH D f l A R — > E - X AND L A H / C * — > P K- P I * . ABOVE CS ASSUMES B R ' S 
.DBS AND . 0 2 2 FOR RESPECTIVE DECAYS ANO PROO.HOOEl WTTH L 1 M / C * FOR
WARD AND DBAR CENTRAL. WHICH GIVES MOST REASONABLE E - / P I - ^ A T | 0 . 

BAS1LE2 B l I S CERN ISR EXP. »T WCH-52 GEV. STUDIED P P—>00 DBAR X 
W I T H 0B5ERVE0 D O — > K - PT* AND TRIGGERED C B A R — > E - K* X . ABOVE CS 
ASSUMES B R I 0 1 — > K - P U I . . D 3 * - . 0 D 6 . B R C D B A R — > f - K* X I - . 0 4 3 « - . 0 1 2 AND 
| N A MDOEL G I V I N G LOWEST C S t l . E . CENTRAL PROD. OF BOTH DO AND OBAR. 

|R1DN 81 IS C = R N - I S R EXPT AT WCM«63 GEV. F I R S T VALUE I S FOR P P - - > 
DBAR LAM/C X FROM E- TRIGGERED L A M / C * — > K - P P I * EVENTS AV5UMING 
B R I D - - > 5 X I - . C B AND B f t l L A M / C * - - > X - P P I H - . 0 2 2 . SECOND I S F'JR P P 
— > L A M / C - L A M / C * FROM E* T R I G G . LAM/C > K * PBAR P I - EVENTS. 
ESTIMATES DEPENDS ON MODELS. SEE THEIR TABLE I FOR VALUES I N OTHER 
MODELS AND C . S . UPPER L I M I T S FOP DBAR 0 + . 0 O B A R * . L A M / C OBAR* PHOOS. 

1 2 / T 9 
1 2 / 7 9 
1 2 / 7 9 
1 2 / 7 9 

9 / B M 
9 / B I » 
9 / f l l * 

CHARMED HAORCN PRODUCTION CROSS SECTION I N NUCLEONI I C M « 2 I 
A 0 1 . 9 E - 3 1 CR LESS BLESER 75 SPEC K . P I - . M - I . B GEV 2 / 7 7 
A 0 l . O E - 3 1 CR LESS HLESER 75 SPEC K . P I - . - 2 . 5 GEV 2 / 7 7 
A 0 l . D E - 3 1 OR LESS BLESER 75 SPEC K- P . M . 2 . 5 GEV 
e o 2 . 5 E - 2 9 OR LESS C L - . 9 7 WARD 75 HBC KS P I * P ' -
C 0 6 . E - 3 2 OR LESS ABOLINS 76 SPEC P I * P T -

7 . £ - 3 2 OR LESS ABOLINS 76 s"ec PBAA P 
4 . E - 3 2 CR LESS A 8 0 L I N S SPEC K- P I * 
6. E-32 CD LESS A B D I I N S lb SPEC 

D 0 - 2 SEE COMMENT 0 BELOW BINKLEY 7 6 SPEC m 
E 0 1 . - I 0 . E - 3 1 Oft LESS ABOLINS 7B SPEC 6 / 7 B 
F 0 2 . E - 3 I OR LESS C l - 9 0 BBOMPST 78 C* TO LAM90A P I * 
F 0 2 . 5 6 - 3 1 OR LESS C L - 9 0 BBDMPST 7 8 SPEC 0 * - TO KO P I -
G 0 3 . 4 E - 3 1 OR LESS C L * L 1 P T 0 N 78 SPEC 
H 0 2 . 0 E - 3 I OR LESS C L - 9 5 SPELBRING 78 SPEC K*~ P I - * . M .1 .86GEV 
t a 3 . S E - 1 1 CR LESS C L - 9 0 BBDMPSST SPEC 0 0 — > K - P I * 
I D 3 . 2 E - 3 1 OR LESS C L - 9 0 BBOMPSST 7 9 SPEC DOBAP - - > K. P I -
I 0 1 . 3 E - 3 0 CR LES5 CL» 9 0 BB0MPSS7 79 SPEC 0 * - > K - P I * P I * 
I 0 1 . 1 E - 3 0 CR LESS C L - 9 0 B60MPSST 7 9 SPEC (J > K* P I - P I -
I 0 5 . 9 E - 3 1 OR LESS CL» 90 BBOMPSST 7 9 SPEC F * - > « • « - »l* 
I 0 4 . 8 E - 3 I OR LESS C L - 90 BBDMPSST 79 SPEC F > K* K- P l -
I 0 1 . 3 S - J 0 0" LESS C l » 90 BBDMPSST 7 9 5»£C LAH/C* —>P «- PI* 
I 0 2 . 3 E - 3 1 OR LESS C l - 9 0 BflOMPSST 79 5PEC L A M / C * — > P KOBAR 1 2 / 7 9 

A BLESER 7 5 USES NEUTRONS UP T 0 3 0 0 GEV/C B TARGET. EXAMINES MASS 2 / 7 7 
A RANGE UP TO 3 . 5 FOR K P I , UP TO 4 . 0 FOR K P . 2/rr 

WARD 75 I S N-P EXPT WITH MOM UP TO 2 * G E V / C . T H I S VALUE I S FDR MASS 
RANGE 1 . 5 - 2 . 5 G E V . SEE TABLE 1 PG 3 1 FDR UPPER L I M I T S ON C » * . C * . 
C O . 0 * . 0 0 . 0 - CECAYS INTO VARIOUS F INALSTATES I N MASS RANGE 1 . 5 - 5 G E V . 
UPPER L I M I T FOR SEEING DECAY OF CHGO CHARMED PARTICLE INTO VO F t R 
TAU GT 1 0 « - 1 1 SEC GIVEN AS l . S ' E X P I T I FDR VO -LAMBDA DP SIGMA, AND 
3 . 0 » E X P | T I FOR VO-KO. HERE, T . | 0 « - L 1 / T A U , CS GIVEN IN MICROBRRNS. 

ABOLINS 7 6 I S FNAL f X P T . USES NEUTRONS UP TO 300 GEV/C ON 6E TARG. 
TYPICAL VALUES ABOVE ARE FOR M « 3 . 0 GEV. SEE F I G 4 FOR MASS RANGE 
2 - 4 GEV. OBSERVES POSSIBLE K- P I * ENHANCEMENT AT 2 . 2 9 * - . 0 3 GEV. 

8 INKLEY 7 6 MEASURES BRIC TD MU * OTHERS!*R WHERE R IS THE RATIO OF 
THE CROSS-SEC FOR PRODUCING THE J / P S 1 TOGETHER WITH A C-CBAR PAIR 
TO THE TOTAL CROSS-SEC FDR PRODUCING THE J / P S I AT T H I S ENERGY. THE 
EXPT HAS A 3 0 0 GEV/C FNAL R U N , AND SAW 2 T R I - f U O N EVE ' lTS . T H I S GAVC 
A . 9 0 CL UPPER L I M I T OF . 0 0 3 FOR THE MEASURED QUANTITY OESCRIBED 
ABOVE. 

ABOLINS 7 6 I S A Z50 GEV/C N-BE EXPT LOOKING FOR NARROW ENHANCEMENTS 
I N RANGE 1 . 7 - 3 . 5 GEV. CHANNELS EXAMINED ARE P I * P I - , K * - P I - * i K P , 
PSAR P . POSSIBLE K - P I * PEAK AT 2 . 2 9 SEEN I N A B 0 L I N 5 7 6 NOT SEEN 
HERE. S T A T I S T I C S HERE ARE 5 T IMES ABOLINS 7 6 S T A T I S T I C S . 
I F SAME P S I PRODUCTION HODEL HESE ASSUMED HERE AS WAS USED I N 
ABOLINS 7 6 . THE 7 8 L I M I T S WOULD BE SMALLER BY A FACTOR OF 3 . 

B / 7 B 
6 / 7 8 
8 / T B 

CHARMED HADRO*. PRODUCTION CROSS SECTION IPBAR MJCLECNt I C M * * 2 | 
A 0 5 . E - 2 9 OR LESS C L - . 9 5 C i R l S S O N T5 HBC PPAR P ANYTHING 2 / 7 7 
^ 0 3 . E - 2 9 CR LESS C L - . 9 5 CBRLS50N 75 HBC PHAR P o l * P I - 2 / 7 7 
i 0 0 . 9 TG * . « E - 3 0 OR LESS CESfEf f 76 SPEC I ? . * 10 Z5 GE*/C 2/72 
; 0 0 . 1 S TO 1 , E - 2 9 OR LESS JACHOLKOW 78 EEEC 12GEV/C PBAR 9 T / 7 9 

BEAM DUMP E X P I S SEARCHING FOR NEUTRAL PENETRATING, PARTICLES AND 
PROMPT NEUTRINOS FROM UNKNOWN SDURCES 

A L I B R A N 7B HYBR * 0 0 GEV PROTONS 
• L I BOW 78 I S CEHN SP5 E X P T . SEE EXCESS PROD OF P R C P T ENEU ANO 
ENEU9A0 EVFNTS. COULD BE EXPLAINEO BY ICHAPMEC D PPODUCTInN C . S . I 
• f l R | 0 - - > E * NEU X 1 ^ 3 2 * 1 5 / - | 0 MICR03ARNS. 

ASPATYAN 7B CALO 
ASBATYAN 78 ESTIMATE I D DBAR PROD. C . S . I » B » I D — > t X I AS I I . • ) * - ! . 5 » 
OR I O . S * - 0 . * I MICROBARN r OR A « » 1 . 5 CR A « l PE SPEC! I VELY. 

B 0 S E T T I 2 7B HYBR * 0 0 GEV PROTONS 
B 0 S E T T I 2 78 I S CERN S"5 EJIPT. OBSERVES PR0MP1 NEUTRINOS. WITH ECUAL 
FLUXES OF NEU AND NEUBAR OF BOTH E AND MU TYPES. CC'JLD COME FROM 
DECAY OF SHORT-L IVED L IGHT PARTICLES OF NEW T Y P E . TAU LEPTONS AND 
AXICNS EXCLUOED. CHARM ( D OB» f l l PRODUCTION WOULD HAVE IT) HAVE 
1 0 0 - 4 0 0 MICPCBARN CROSS SECTION TO EXPLAIN F-f S U I T S . 

HANSL 7 8 H I R E 4 9 0 GEV PROTCNS 
HANSl 78 IS CERN SPS E X » T . SEES PROMPT NEUTPINO F I U < CONSISTENT 
WITH EQUAL * "CUNTS OF ENEU.ENEU9AR. MUNEU.MUHEUBAB. COULD BF 
EXPLAINEO AS CHARHIO O B B R I PRODUCTION WITH ABOUT 3D MICROBARN 
CROSS S E C T I O N . 

CD7EUS 79 C S P * 
CDTEUS T9 I S BNL E X P I . SEES NO EXCESS N . C . P A I = I N BEAM DUMP. SETS 
L I M I I FOR C S I P R 0 D 1 * C S I I N T 1 OF PENFTRATING PARTICLES < 5 E - 6 B C M » * 1 
I C L = . 9 0 I . 

F R I T I E 9 0 HYBB 
F H I T i E BO I S CEHN SPS E X P I . RAT IO OF PROMPT (E> • E - l TO I " ' J * * M U - ) 
RATE'.. I S 0 . 5 9 * O . B 5 - 0 . 2 9 / I T O N E*17 PPOTONSI AT C L . . 9 0 . IF PflO"PT 
NFUTHINOS ARE FROM 0 DECAYS CS(P NUC — > 0 OBAB x> IS «BOUT 
20 MICROBARN/NUCLEON FOR L INEAR A OEP. 

JACQUES BO IS BNL EXP. ! 
1 . 5 F - 2 8 C H « * 2 ASSUMING B 
NUE-INOOCEO EVFNTS. 

50UKAS BO CALO 28 G t V P»010NS 
SOUKAS BO I S 9ML EXP. OBSERVED EXCESS OF * B NU EVENTS ( N C * C C I . 
•.UE AND NUMU EVENTS ARE NOT SEPABATEOI IF CHARM.NUE APPHOX . F f l - N U M U I . 
V I S I B L E ENERGY D I S T R I B U T I O N I S S I M I L A R I D NON-BEAM DUMP RUN. NOT 
CONCLUDED TO BE CHARM. 

t / 7 B 
fc/7B 
6 / 7 B 

JACOUES 8 0 HL6C 28 GEV PROIONS 9 / 8 1 ' 
L I M I T C S I P N 0 C L E 0 N ~ > D DKAB X 1 < 9 / B P 

1—>«IUF K> - O . I F R O " N0N-08SFOVA r i r N o f 9 / 8 1 " 

9 / 8 1 » 
9 / 8 1 * 
9 / 8 1 * 

CHARMED HACRCh EVIDENCE 
SEE ALSO SECTION *NEU* 
SECTION ' T - I N 'OTHER *i 
l " .Mu»MU- QMU-NU- OMU* 

J t M U - 7 M U - " 

TR1N0 NUCLEON — > 2 LEPTCNS ANYIH ING 
AVY LEPTON S E A t C f E S - ANO 
T ICLE SEARCHES' AND v r AND WH- EELCw. 

75 SPEC PREDOM. NFU BEAN 

1 17 EVENTS M t l - E * 
[ I I w j - E * 
I 15 MU-E* 
; 2S7MU«HU-

BENVENU3 
BENVEHUS 
BAR1SH 

8ALLAGH 
BALTAY 
BARISH 
BARISH2 
BABISH2 
BLFT2ACXE 
BOSFTTI 
DEDEN 
HA IDT 

75 SPEC 
75 SPEC 
7 6 SPEC 

iPEC 

NEU BEAM 
9 / I O A N I I N F U BEAM 
NEU BEAM 
NEU BEA' 

M 2 H-J»MU* 4 9 M 
N IOHU-MU* 3MU- • I I 
N 2HLt*MU- I M U * :-P 94 ML»MU-

HOLDER 
H0LDER2 
H0L0ER2 77 SPEC 
BENVENUTI 7B SPEC f 
BENVEN'JTI 78 SPEC f 
BDSET1 

I HLBC . 5 5 1 F U B A B . . 4 5 NEU 1 
r HLEC PREOOM. NEU BEAM 
t DEC N f U REAW 
T SPEC FNAL 4 5 - 2 0 S G E V NEU 
I SPEC FNAL 4 5 - 2 0 5 ANTINEL/ 
I BVUE 
t HYBR 

1 t 'LBC 
' S P f C 
' SPEC 
' SPEC 

2 / T 6 
2 / T o 
7 / 7 6 
1 / T 8 

BOSEI 
E R P I O U E I 
ARMFNISE 
PAPANOW^ 

NEU R E E " 
NEUBAR BEAM 

1E00M. NFU BEAM 
1ED0M. NEUEAR 

NEU B E A " 
NIUBAR BEAM 
NEU REAM 
NEU 8EA-" 
N IK 8EAM 
NEUBAR BEAM 

B£A' 

21 MU*HU-
11 MUtMU-

1 4 n u * M U - 3 5 MU E 
54MU»MU- BML-MU-

3 « J t E * 
4 9 MU-E* 14 M U * E -

2 F-MU* 2 E - E * 
4 9 5 MU-MU* 

5 2 "U*MU« 
I I M-J-MU- 1 0 0 MU-MU 
B l Mi.l-MU- 5 2 5 MU-MU 
11 MU*MU* 1 0 4 MU*MU-

BALLAGH 
BALLAGH 
JONRER 
JONKER 
NISHIKAWI 
TR1NK0 
m i N K O 

fYER 

76 PEBC 
19 HYBB 

79 HLBC 
7 9 SPEC NEU BEAM 
T9 SPEC NEUBAR BEAM 
• 0 HLBC NEUBAR INDUCED 
8 0 HLBC NEU INDUCED 
8 0 HYPH NEU REAM 
6 0 MYBR NE'J AND NEUHAP 

NEUBAR INDUCED 
i l HYBR NUMUiNUMUBAO I N D . 
H HYBR NUE.NUERAR IND -.*» 
1 CALO NEU INDUCED 
t CALO NEUBAR INDUCED 
1 S P f C NEU SEA" PC*)UI>9GE» 
1 SPEC NEU P I M U I M D GEV 
1 SPEC NEUBAR P I M U I > 1 0 CEV 

91 

12/71 
12/71 

1/79 

1/80 
9/e i» 

1/80 

2/82* 
If 62* 
1/B2* 

BENVENUI I 75 ARE F N I L NEUTRINO NUCLEON EXPERIMENTS HHICH LOOKED TCR itlb 
TWO DR MORE "UONS IN THE F I N A L STATE. NO TRIMUON EVENTS WERE SEEN. 2 / 7 6 
AUTHORS STATE THAT THESE OIHUON EVENTS REQUIRE THE EXISTENCE OF ONE 2 / 7 6 
OR WRE NEW PARTICLES WITH M.J -4GEV AND T A U - 1 0 « - 10SEC. HR L E S S . 2 / 7 6 
BENVENUTI4 7 ' SHOW THAT THE OBSERVED PROPERTIES OF THESE EVENTS 2 / 7 0 
0 0 NOT AGREE WITH HYPOTHESES OF HFAVY LEPTON CR INTERMEDIATE VECICR 2 / 7 6 
90S I7J . THEY SUGGEST A HAOHfJN I V I WITH A NEW CUANTU* 1 NU^RFD. 2 / 7 6 



Stable Particles 
CHARM SEARCHES 

Data Card Listings 
For notation, see key at front of Listings. 

^^B^.;S^rss^»^P\ 
0 BA lTAV T7 I S FNAL EXPT I N NEON-HJ MIXTURE. 

MU* 6 * * . SEE CHARMED BARYON NOIE 

<D5 D1MUON TD SINGLE MUON RATE CGNS1STENT WITH CHARM. 

EXPLAINS TRIMUDN AMD L I K E S IGN DIMUOI. PROD AS ASSOC 

FNAL 1 5 - F T CHAMBER E X P T . 

H f i l D T 77 IS SAME EXPT AS VONKROGH 7 6 L I 5 T E 0 UNDER S 2 9 V 0 . MEASURES 
(NEUMU N - - > M U - E * X ) / I N E U M U N — > M U - X I " l . 6 3 * - . 2 l i E - 2 FOR T( E* 1 > . Q GEV. 
THESE EVENTS HAVE AN AVERAGE OF 2 . 0 * - 0 . 6 KO PER EVENT. 

HOLDER 77 I S CERN NARROW-BAND BEAK EXPT I N WHICH A I L MCMENTA I 
MEASURED. ENERGY SPECTRA,ANG.CORRELATIONS,PT O I S T R I B U T I O N S ALL 
AGREEMENT H U H PROD AND DECAY OF CHARMED P A R T I C L E . 

MOIOERZ 7 7 I S 20DGEV NARROW BAND E X P T . AFTER BACKGROUND SUBTRACTION 
THE SATE DF L I K E - S I G N D1HU0N EVENTS TO CHARGEC CURRENT EVENTS I S 
l 3 . - ? l » I O « - 4 . . NAY CONE FROM ASSOC PROO OF CHARM-ANTICHARK P A I R . 

HENVEt tU t l T8 I S FNAL E X P T . MEASURE PROMPT DIMUON RATIO 
I N U - H U I T / ( M U - M U * ) > . 0 6 » - . 0 5 FOR P I M U ) > 5 GEV/C ANO - . 1 2 * - . 0 5 FUR 
P I M U 1 > 1 0 C E V / C . ( M U - M U - I HAY CONE FROM ASSOCIATED CHARM PRODUCTION. 
• HOVE 8 0 GEV. THE RATIO OF DtMUCIN TO S INGIE-HUON EVENTS I S 
l 0 . 6 5 * - 0 . l 3 l » 1 0 * * - 2 FOR NEU AMD I O . T O * - 0 . 2 5 l * I O * * - 2 FOR NEU8AR. 
FOR PMU > 5 G E V / C . 

B O S E T T I I 78 I S A CERN NE-HBC EXPT USING 2 0 0 GEV NARROW BAND BEAN. 
RATE FDR ( M U - E * * M U - H U O / N U - I N NEU BEAM I S 0 . 0 l 3 * - 0 . 0 0 4 . 
RATE FOR ( M U * E - * H U * M U - 1 / M U * I N NEUBAR BEAM I S 0 . 0 1 2 + - O . Q 0 5 . 

E«RI0"1EZ 78 I S CERN SPS E X P T . F INOS (NUHU N ~ > M U - E * X I / I I L L NUHU 
C . C . I " l . 4 1 * - . 1 5 ) * l O « - 2 I T E * > . 3 G E V I . DIRECT E * PROD. V I A N . C . I S 
< 0 . 2 T IMES C . C . L I F E T I M E OF PDSSILE E« PARENT PARTICLE I S LESS 
THAN 3 * 1 Q * * - 1 2 SEC. 

E 

6 / 7 8 
6 / 7 B 
6 / 7 B 

1 / 7 9 
1 / 7 9 
1 / 7 9 

BAHANO'/Z 79 REPORTS 3 M U - E * EVENTS AT SKATtSERPU*HGV»- ONE " ! T H VO 
MAY SE L A M B D A / C * TO E* NEU LAMBDA. ANOTHER COULD BE D* OR LAMBDA/ 
C t l t H DECAY, BUT THIS AND THE THIRD CAN BE DUE TO HEAVY LEPTON. 

OEGRCfir 7 9 I S CE»N WIDE BAND E X P T . RATES ARE l " U - M U - l / ( I H U - I • 
l 3 . 4 * - 1 . 8 I E - 5 , I M U - M U - l / I M U - H U * I M . 0 4 l * - . 0 2 2 l , ( K U » M U * t / t 1 H U * ) -
1 4 . 3 * - 2 . 3 > E - S . l M U * M U * l / l N U - H U « - l " I . 0 4 2 * - . 0 2 3 > . 

ARHENISE BO I S CERN-SPS EXP WITH BEBC EKPOSEO TO H I D E - B I N D NEUBAR 
BEAM. 2 1 DIMUONS BY NEUSAR INCLUDE 6 8KGDS ANO CORRESPOND TO 1 . 0 * -
0 . 5 VOS PER DIMUON EVENT I N AGREEMENT WITH GIM MODEL. SEE ALSO 
SECTION V i'i BOTTOM SEARCHES. 

SALLAGH 6 0 EVENTS INCLUDE DIRECT OBSERVATION OF PROD. AND V I S I B L E 
SEMI -LEPTONIC DECAY OF SHORT-L IVED PARTICLES I I CHGO. 2 NEUTRAL, 
AND I UNDETEPMNDEO CHARGE) . 

BALLAGH2 60 AT FNAL GIVE t M U * M U - ) / < l N U I " l 0 . 3 9 * - 0 . 1 1 E - 2 FOR P I M U I > 4 
i E V / C . N U - N U - ARE CONSISTENT WITH BKGO. ESTIMATE 3 0 . 3 M U - M U M N E U -
INOUCEOI ANO 5 . 7 M U . H U - I N E U - I N O U C E D ) CORRESPONDING TO I M U - M U * ! / 
< l H U - l « 1 . 3 T * - . U E - 2 AND IMU+MU-1 / ( I M U * ) * I . 5 * - . 3 1 E - 2 FOR P I M U I > 4 G E V . 

AHM0SUV2 61 I T FNAL FOUND 4 N U * E * EVENTS W I T H ESTIMATED 1 BKGD. 
3 EVS HAVE ASSOC.VO. R A T E I N U * E * J / I M U » I « I 4 . 8 * 5 . 3 - 3 . 2 I E - * FOR EINUBAR 
t > 1 0 G E V . P I M U I > 4 G E V , P t E * l > . * G E V I S MUCH HIGHER THAN OCO E S T I M A T I O N . 

BALLAGH B l AT FNAL G IVE I M U - E * I / I L M U ) * I . 7 3 * - . 1 1 1 E - 2 . I N U * E - I / I L N U 1 * 
( 1 - 1 + - 0 . 3 1 E - 2 FOR P I E I > . J G E V . EVENTS ARE CONSISTENT H t T H CHARM FRO! 
MODEL EXCEPT FOR EXCESS AROUNC " C O I L HASS"6 CEV I N H U * E - ( A N D MU* 
M U - I EVENTS. NUE AND NUEBAR I N L - C E D 01LEPTON RATE I S APPROX. 0 . 0 1 . 

JONKER 9 1 I S CERN-SPS E X P . OPPOSITE SIGN OIMUONS ARE CONSISTENT 
WITH CHARM PROD ANO DECAY. SAME-SIGN Y I E L D I S "UCM HIGHER THAN OCO. 
R A T I W S A M E / O P P . 1 - 1 . 1 4 * - . 0 4 * - . 0 3 H I . 1 B * - . 0 6 * - . 0 3 ) 1 FOR NEUINEUBAR1. 

NISHIKAWA 8 1 I S FNAL EXPT. RAT IO I M U - M U - I / 1 H U - R I S E S TO I 2 . 5 * - 1 . 0 I 
E - 3 AT E I V I S W 5 0 GEV. L I K E - S I G N MUONS SEEM NET FROM HEAVY LEPTON 
OR QUARKS HEAVIER THAN CHARM. THEY MAY COME FROM ASSOC.PROO OF 
CHIRM ANTI -CHARM THOUGH 1ST ORDER OCD L I E S l O * * - 7 BELOW D A T A . 

TRINKO B l I S FNAL E X P t . (PROMPT M U - M U - 1 / 1 M U - > ( O . 3 4 * - O . 0 9 I E - 3 AND 
( P R . M U - M U * l / I M U - - I 0 . 2 7 * - O . 0 3 I E - 2 BOTH FOR P I M U I > 1 0 GEV. M U - M U - EVS 
APE TWO ORDERS OF MAG LARGER THAN LEADING OCD CHARM-ANT I CHARM PROD. 

COMMENT 
A SYSTEMATIC DESCRIPT ION OF O P P O S I T E - S I G N D ILEP7DNS AND ASSOCIATED 
VOS I S G I V E N BY A CHARM PRODUCTION MODEL. ON THE CTHER HAND, THE 
L I K E - S I G N D1LEP70N RATE I N NEUTRINO AND ANT1NEUTR1N0 REACTIONS HAS 
BEEN MEASURED TO BE MUCH HIGHER THAN THEORETICAL EXPECTATION. 
ISEE AMH0S0V2 B l , JONKER 6 1 , N I S H I K A H R B t , AND TRIfcKO i t A B O V E . ) 
FOR THEORY STATUS SEE E G . BANGER, KEUNG, P H I L L I P S . PR 0 2 * 2 4 4 ( 1 9 8 1 1 

1 2 / 8 1 * 
1 2 / 8 1 * 
1 2 / 8 1 * 

B 
2 / 8 2 * 
2 / 8 2 * 
2 / 8 2 * 

2 / 8 2 * 
2 / 8 2 * 
2 / 8 2 * 

A / 8 2 * 
A / 8 2 * 
4/82* 
4 / B 2 * 

OEOEN 
B L I E T S C H * 
VONKROGH 

TS HLBC 
7 6 HLBC 
7 6 HLeC 

2 / 7 6 
2 / 7 6 
2 / 7 6 

/ e i L T A v 7 7 HLBC 1 1 / 7 9 
63 0 . 5 3 BOSETTI 

OEDEN 
7 7 HYBR 
7 7 HLBC 

K 0 S / ( M 0 - E * I E Y £ 7 . T 1 1 / 7 9 
1 2 / 7 7 

1 B 0 S E T T I 1 7 8 HY8R K 0 S / I M U - L * 1 E V E N T 1 1 / 7 9 
0 S ERRIQUEZ T 8 6EBC 1 / 7 9 
0 ?•> 0 . 2 0 ARMENISE 7 9 HYBR K O / ( H U * M U - I E V E N T 1 / 8 0 

Ob 0 . 0 * ARKENISE 
HARANOV 

79 HYBR 
7 9 HLBC 

L I M D A / I M U * M U - I E V 1 / 8 0 
7 / 7 9 

< BALLAGH 81 HYBR K O / I N U - E O E V E N T 2 / 8 2 
Of 0 . 0 3 BALLAGH R l HYBA L A M D A / I M U - E * I £ V . 2 / 8 2 

THE DEDE 
GARGAMELI 
THE TitO 

75 AND BLIETSCHAU 7 6 EVEN I S ARE FROM CERN 
LE NEUTRINO EXPOSURES. THE MASSES OF THE £ * VO SYSTEM FOh 
EVENTS ARE 1 . 2 4 , 1 . 9 1 GEV FOR LAMBDA DP 0 . 6 5 , 1 . 5 7 F0« KO. 

OEOEN 77 

ARMENISE 

EVENTS INCLUDE THOSE OF DECIEN 75 ANO BLEITSCHAU 7 6 . 

79 I S A CERN SPS E Y P T . 

7 9 EVENT FROM S K A T I S E R P U K H O V ) . MAY BE L A M B D I / C * TO E»NEU 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 .C 

NUMBER OF VOS »ER EVENT I N ANTINEUTR1N0 NUCLEON—>MU»E-va ANYTHING 
MHERE VO I S A KOS,LAMBDA OR L A M 8 0 I B A R t S E E ALSO SECTION Y AND VDI 

A 0 SERGE 77 HLBC 
B B l . B 0 . 7 8ERGE 7 9 HL6C 
C 3 0 . 6 0 . 6 0 . 3 BALLAGH B l HYBR « K O H AMDDA J / I « U * E - I 

A BERGE TT USED FNAL I S FT CHAMBER F I L L E O WITH H - N E O S . SAW TWO 
A POSSIBLE PU E EVENTS. COMMENSURATE K I T H PREDICTED BACKGROUND. 
A NEITHER WITH ASSOCIATED V O . 

B 8ERGE79 QUOTES 2 1 * - 8 NEUTRAL STRANGE PARTICLES FOR 1 2 I M u » E - l . ME 

B I L L A G H 8 1 1 

1 0 . 9 5 

AHH0SQV2 81 I S FNIL 

1 2 / 7 9 
1 2 / 7 9 

3 / 7 7 
1 2 / 7 9 

2 / 8 2 * 

1 2 / 7 9 

2 / 8 2 " 

lES SCA1E FACTOR OF 1 . 4 ) 

[ - N E U T R I N O NUCLECN—>SAME-SIGN 2 / 8 2 * 
) I S A KOS OR A LAMBDAtSEE ALSO S E C Y ) 2 / 6 2 * 
AMM0S0V2 81 HYBR VO/<MU*E* IEVENT 2 / 8 2 * 

CHARMEO HADROh BRANCHING R I I 
I B A FEU PERCENT 
i 3 1 5 APPRO* 0 . 1 5 
•. 0 . 1 9 0 1 LESS 

3 INTO (MU NEU ANYTHING ( /TOTAL 
8ENVENU2 75 SPEC FNAL NEUTRINO H 
HOLDER 77 SPEC 
BAUM 

0 . 0 7 OEOEN 7 7 hLBC 

BENVENUT12 TS LOOKS AT ANTINEUTRINO NUCLEON — > MUCN HADRONS. SEES 
EXCESS EVENTS ABOVE INCIDENT ENERGY 3 0 GEV. COMPARES 8ENVENUTI1 75 
01 " J O N EVENTS WITH EXCESS EVENTS TO GET BRANCHING R A T I O . 

!OLDER 7 7 VALUE I S FROM NEU AND ANEU INDUCED CJHUOS EVENTS OF | 
OPPOSITE S I G N . SEE S E C . 1 L I S T I N G ABOVE. BR CALCULATED USING EFF 1 
BASED ON DECAY OF D + U B 5 0 J TO KO MU* NEU. I 

DEOEN 77 I S FOR CHARMED BARYON — > LAMBDA LEPTON* NEU A N Y T H I N G . 
SEES 3 NEU N — > MU- E * VO X EVENTS AND EXCESS OF A 2 » - 2 0 NEU N — > 
MU- LAMBOI X EVENTS OVER LXPECTED ASSDC. P R O D . . SUGGESTS C H R N . 8 A R . 

I T H I S B R . R A T I O AND HASS ARE R E 0 0 . BY OBSERVED RATE AND CHARM SCHEME. 

CHARMED HAORON BRANCHING R A T I O INTD I E NEU ANYTHINGI 1 
I 0 . 1 1 0 . 0 3 BRANDEL2 7T SPEC E * E - 4 - 5 . 2 GEVIECMI I 
I 0 . 1 6 O.Ob BRANDEL2 7T SPEC E + E - 4 - 5 - 2 GEVIECMI I 

0 . 0 8 2 0 . 0 1 9 FELLER 78 SMAG E * E - 3 . 9 - 7 . A G E V ECM 1 

2 / 7 6 
1 2 / 7 7 
1 2 / 7 7 

jjr«ssjsrs»njr;!i.!i;l 
. ON HEP. TOKYO, 

I EVENT N I U 71 EMUL 
N I U 71 DETECTS CHGD PARTICLE DECAYING INTO HACRON+PIO. M A S S - 1 . T 8 G E V 
AND 1 A U - 2 . 2 E - 1 4 IF SECONDARY I S P I O N . N A S S - 2 . 9 5 GEV ANO T A U - 3 . 6 
E - 1 4 IF I T I S PROTON. POSSIBLE EVIDENCE OF P A I R PRODUCTION. 

9 / 7 * 
9/76 
9 / » » 
9 / 7 4 

SAME TYPE AS N I U 

1 EVENT SUGIMOTO 7 5 EMUL 1 / T 7 
SAME TYPE AS N I U EVENT. TWO SUCH PARTICLES PRODUCED TOGETHER. 1 / 7 7 
T A U l - b . E - 1 3 . DECAYS TO CHARGED PRONG * E T A . T A U 2 - 4 . E - 1 2 , OECAYS TO 1 / 7 7 
C'lARGEO PRONG * P I O . MASSES OF BOTH PARTICLES ARE ABOUT 2 . 0 GEV IF l / T T 
DECAY PRCKG I S PROTON. 1 . 7 I F DECAY PRONG I S KAON, AND 1 . 5 5 I F 1 / 7 T 
DECAY PRCNG I S P I . C0MI1NE0 MASS OT THE TWO NEW PARTICLES • 4 . 1 GEV l / T T 
OR 3 . 8 GEV ASSUMING THE DECAY PRONGS TO BE KACNS OR PIONS 1 / 7 7 
RESPECTIVELY . CONSISTENT WITH L I M B D A / C * LAHBOABAR/C- .SEE GATSSER 7 6 1 / 7 7 

4 EVENTS SAWAYANAG 7 9 EMUL L / I D 
SAWAYANAG1 T 9 ANALYZE B R A Z I L - J A P A N C 0 L L A 1 DATA AT N T . CHACALTAYA. 1 / 1 0 
THE VERY HIGH RATE 4 / 2 4 OF X - P A R T I C L E EVENTS M Y I E DUE TO H IGH 1 / 1 0 
ENERGY OF THE INCIDENT HADRONS I APPROXIMATELY 1 0 * * 5 G E V I . 1 / 8 0 

http://mu.hu-


Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
CHARM SEARCHES 

HARMED HAORCN OBSERVATIONS I Y " I S C . EMU L . E T P T S , MKERE L I F E T I M E SEEN 3 / 7 7 
2 EVENTS HGStt lNO " E«UL TAU E - I 2 TH E - l * * / 8 2 
i EVENT J A I N 7 5 f * U L TAU APROX. 1 0 E - 1 3 2 / 7 7 
2 FVENTS KOMAR 75 EMUL TAU . L T . E - I 5 4 / 7 7 
1 EV EMT BURHOP EMUL TAU APPROX E - I 3 3 / 7 7 
O 1 . 5 E - 3 0 CR LESS C L - . 9 0 CCHEVANS EMUL 3 / 7 7 
3 EVENTS ( S E * I L E P T O N I C ) EMUL TAU £ - 1 3 TO F - I 5 1 2 / T 9 
1 EVENT SANNIK; EMUL 
0 T . E - 3 0 CR LFSS C L - 90 B 0 Z 2 0 L I 
0 0 . 0 0 I B 0 " LESS C L ' •JO MUNDPA " EMUt » - TAU E - I 2 TO E -14 
9 EVENTS KONAR 76 EHUL T A U . 1 . 2 E - K . 
1 EVENT PAIR OHOD USMIDA 76 EMUL <.00 CFV B-NUCLEUS 
3 EVENTS ALLASTA 79 HYBR TAU APPROX E - 1 3 
1 A N G F L I N I 79 UVBR TAU=? TD 5 E -13 
2 ANGEL.N? 7 9 HVBR NEU SEAM 1/BO 
i m m I S F P I L E P T D N I C I FUCHI 79 EMUL TAU APPRDX E-13 11/71 
1 EVENT PAIR PROD F U C 1 2 79 EMUL 4 0 0 GEV P-NUCLFU5 1 2 / 7 9 
9 EVENTS 79 EMUL 
1 EVENT 79 EHUL 
6 EVENTS ADAMOvtCM B l SPEC 
* EVENTS FUCHI S I EHUL 
s EVENTS TDLSTOV 8 1 EMUL 70GEV P. 50GEV P l - 2 / 8 2 

H0SH1N0 75 I S FNAL 2 0 5 G V P OTDN E X P T . s ES TWO EVENTS, 1><E * / 8 2 
NEUTRAL D K « AND ONE CM ARGE D DECAY WIT H S"1PT I F T I M E S . 4 / 8 2 * 

; - | ( . T5 I S A FNAL 3 0 0 GEV PROTON E K P T . EVENT SHOWS CFCAY OF NEUTRAL 
INTO H A D R O N - c - N E U , TAKING PLACE . 0 1 9 CM FREW Thf PR1D V E P t E K . MAY 
8E l E o T O N I C OECAV DF CHARMED P A " T I C L F . 

KOMAR 75 I S FNAL 200 GEV/C PROTON EXPT. SEE 2 EVENTS " I T " SINGLE 
ELECTRON EMITTED FROM NEAR I N T E R A C T I O N . 

BURHOP 7b EHPT DOME AT FERM.ILA8 H IGH ENERGY NEUTRINO S E A * . USED A 
COMBINATION OF EMULSION AND SPARK CHAMBERS. THE* SEE A PARTICLE 
« I T H . I U - A B O U T «, E - 1 3 SEC 9 6 C M 1 W I 1 0 1 0 t J CHt-D l O A t H S . D E t f c f 
MODE APPEARS DIFFERENT FROM PREVIOUSLY OBSERVED MODES OF CHARMED 
"ADRON DECAYS. SEE READ 7 9 FOP FURTHER ANALYSIS AND D l SCU5SION. 

CDREMANS 76 USED 300 GEV/C PROTONS. AND LOGGED FOR A8DVF L I F E T I M E 

8 A N M K IT USES 70 GEV PROTON BEAU AT SERPUKHGv. 

BANNIK2 

BO* tat i 

3 / 7 7 
3 / 7 7 
3 / 7 7 

W i t t I - 3 E - I 5 TD 3 E - 1 3 SECCNC 

A 7 / I S FNAL 400GEV P FXF 

[ 7S I S "iDO GEV/C PR01QN E 

FDR 

ERPUKHCV. 

ASSOC PPf-0 CHARGED 
i . 5 GEV. 

I L U I I S R A M O TO P | * -

. . t - S . APPRO' I E - 7 B 

H^l'j^iHSiZEHl^li^r 1.I8E-1? 
'ESflN OECA' 

I T - L I V E D P A R T I U F . 

: L I N I 7 9 I S NEU BEAM E" t 

AT CERI I . SEES DECAY OF NEUTRAL 

( - S P S . SEE ALSO PUflnriP 7 6 . 

— > P [ » K - P h | T H ESTIMATED DECAY 

ADAW1VIC 
EVENTS OF CHAPM 
O O B A R I . SEE L I S ' 

AGO GEV P NUCLEUS E « P t A l F N A L . 

VENT GIVES TAU 2 . 8 - 4 . A F - 1 3 . SEE ALSO U S K I f i A 

CNIS G IVE TAU APPRO" I . 5 E - 1 4 SEC. CS/NUCLEON 

VFNT MAY BE CHARMED BARYON I D E»E- HADRDNS V 

I I S CERN SPS EXP WITH 2 0 - 7 0 GEV TAGGED PHOTONS. SEEN 
ROD. I ' I EMULSION OF WHICH ONE I S I L A H B D A / C * 
OR L I F E T I M E S OF CHGD ANO NEUTRAL D ' S . 

1 2 / T 9 

l / 8 2 » 

FUCt*I 81 IS EMULSION EXPT EXPOSED TO CFRN SP5 3<.0 GEV/C P [ - 8 E » M . 
ALL NEUTRAL DECAYS ARE CONSISTENT U|TH DDtOOBARl LEADING TO TALHDOI 
= ( 3 . l * 2 . 0 - l . 6 ) E - L 3 SEC. C S t P l N - - > C CBAR x l ° < M . « - 2 7 1 E - 3 3 C M » » 2 . 

TOLSTDV 8 1 OBSERVED 2 SEMHEPTONIC ANO 3 HADRCNIC CfCAY EVENTS CF 
NEUTRAL PARTICLES K I T H L I F E T l H E S ( 0 . O 2 . 1 . a 5 . P . 0 5 , 0 . l , l . 5 1 « 1 0 » * - l 3 
SEC. PARTICLE I D E N T I F I C A T I O N I S POUR ANO NO OISCUSSION OF 
DETECTION E F F I C I E N C Y IS GIVEN SO NO MEAN L I F E I S D B T A I N A B L f . 

: v s s r ' : :SSIM" 
I N NEU NUCLEC) II FRACTION SIR' 

3 HLBC D O — > ' 
B HLBC 0 * - - > i 

i n TO c.c.i 

I SEEN | N 

' U - O I - - > 

T8 HBC DEI 
1 79 HBC 0 * 

81 HV81 CHi 
81 HBC LA ' 

M.C. EVENTS. 

<0 N I F I M X / ( 

AY TC KO PIDNS 
P R O D U C T I O N / C C . 

»MFD BARYONS 

i::rSu,iv'.,:K's,S"yis

l

p;0r:!s.s;s-„:(y.ss:,;,:n!n: 

B: 
1 2 / 7 9 

1 / 8 0 

IASSLER 81 I S CERIi SEEN 2 EVENTS INTERPREI 
-> P K - P I U . ABOVE V A U 
IMBOA P I * I X I / C . C . 

(ERROR INCLUDES SCALE F 

•D H A O R O K PRODUCTION I N NEU8AR MJC 
0 . 0 8 US LESS C L ' . I O FANOUHAK 
0 . 0 0 2 DR LESS C L ' . 9 0 AMMOSOV 
O . 0 0 1 CD LESS C L - . 9 0 AMMOSDV 

EON P£ ACT ION ( R A T I O TO C . C . I 1 / 8 2 * 
8 0 M8C LOW E N . NEUBAR SEA* 1 / 8 2 * 
8 1 HL8C 0 > KO P I - 1 / 8 2 * 
81 H I B C O D B A K — > * 0 P I * P I - I / 8 2 » 

0 I S 8NL E»PT FANOURAKIS 
G E V 1 . LOHKE 
TO CSINEUPAR 

I S FNAL E X P . 
OF VO 'S I S FROM CHARM V 
LEAOS TO ABOVE L I M I T S . 

BENVENU3 
3ENVENU4 
BFNVENJ5 
a iESEC 
CARLSSTN 
OEOEN 

HOSHINO 

8 L I E T S C H 1 

IF 

= ,: 
PICCOLO 

A8DL1NS 

BEBGE 
HOSEI f I I 
9 0 S E I T I ? 

•=§: 

5 PftL 35 1199 
5 PRL 1'. I ? Q 3 
5 PRL 35 1269 

. . ' S3 IF 59 
S RRL 1 * \ J 3 6 

JETPL 2\ 2 3 9 

7 PR 3 1 5 1 

7 PL 6 8 3 7 7 9 

7 BRl 3 9 766 
7 " P L 38 f ! 
7 PRL 3 8 12A1 
7 PRL 3B l?<iS 
7 LNC 19 3? 
7 PL 7 0 8 3 B ' 

7 PRL 3 3 172 
7 LNC 18 5 5 * 
7 PRL 19 1503 

B PL 7 * B 1A3 

I PPL * D 1 3 9 

i^iii-

! : s : ; at 

REFERENCES FDR CHARMED hAD«ON SEARCHES 

»MI KUMO.HAEDA I TOICVr YOKOHAMA I 
*YA»A»OTO IKONAt 

t B E C K E R . B I G G S . B U R G E R . C H E N * < M I T * 3 N L 1 

*CAUTIS.C0HEN,CSTJF1N«.KAIELKAP « ( C 0 L U * B I N G 1 
B E N V E N U T I . C L I N E . F O R D * ( K A R V . P E N N . W I S C . F N A L ) 
B E H V E N U T I . C L I N E . F O R D * ( H A R V . P E ^ t l t W I S C . F N A L l 
AUBERT.BENVENUTK- I f A R V . P E N N . M I SC . e w A L t 

B E N V E N U T I . C L 1 N E . F 0 R D * f H A R V . P E N M . W I S C . F N A L ) 
e E N V E N U T I , C L I N E . F O R D » IHARV.PE ' JN .M l S C > F N A l ) 
B E N V E N U T I , C L I N E . F O R O » ( H A P V . P E N N . H l S C . F N A L I 
• G D B 8 I . K E N A H . K E R E N * IFNAL»NMES*ROCH»SLACI 
tEKSPONG.HOLMGREN.NILSSOM* ( S T O H » L ! V P I 

( *ACH*SRUX*CERN*EPOL>MtLA*ORSA*LOUCI 

A I C H I tK 'JRAMATA.MAEDA* I NAG0»VGXO*TCKY>I 
O . L . J M N , 6 . G l f t M D 1BUFF1 
»0RL0VA,TRE1YAKOVA.CHERNYAYSKI I ( L E 8 D I 
KOMAR.ORLOVA.TRETYAKDVA.CHERNYAVSKI I I LEBD1 
» S A T 0 , S A I T O (TUAS*TGKY) 
tANSORGE.CARTER.MOUNT,HEALE* ( L A V E I 

*ALPGAR0.ANDERSEN.BERGVATN>IOSLO>STDH*HELSt 
• C A P O I ^ 0 N A , « B 1 1 H E H 5 , S I DWELL* IHSU»OSU*CARLI 
CE«N»DAPE*FOM*LANC»LIVP»MCHS«RHEL*UtR*LUND 
* e E R T C L U C C I . V I K T C W O V , V I N C E L L | t 1SERP*CEBNI 
• eA f iTLETT. f lOOEt .BROWN.8UCHH0L7. •- ( C I T * F N A L 1 
. G A I N E 5 . P E O P L E S . K N A P P * I F N A L < C O L U * H A U * * I L L I 

B I N T I N G E R . L U N D Y . A K E R L O F * ( F N A L * M I C H * P U R O I 
f AACH>BPUX*CERN»EPOL>< l !LA*0"SA»LOUC) 

*CHENG,DELPAPA,DORFAN,D0UNGVAN» l u C S C ' S L l C l 
( L O U C ' F N A L t B E L G i D U U C t C E R N i L C I C ^ B C M A t S T R B * ! 

t F I T f H . K A D E L . M E B B . W H I T r A K E R * ( P R | N » B N L I 

<-5ACT0N* i eELG*DUUC*LCTJC*RC^A*ST09*HABS| 
1MELI .KENY0IJ* (OMEGA GROUPSl 

t W I L K U 4 5 , M ! N D i H A G O P I A N . A L 3 R I G H T » ( F S U * B R A N ) 
t K O . L A N O E I . P E L L E T T t (UCO»CRACtuASH«MAHSI 
• I F F , L E U N G , S M I T H t ( C O L U t H A H A * I L L * F f j A L I 
D . J . O U I N N . B . H . n i L B U R N ( T U F T S ! 
• F R Y . C A M E R I N I . C L I H E * IMI SC«LBL*CERN*HAWAI 

• BLOCK. U A C M . U C R t C E R N i f - A B V U A U S ^ U N I ^ ' i M E S l 
* E P S T E I N , G f t l G a « l E V . f t A L G A N O V * I1TEP«-SERPI 
*B INGHAM.ROSE TT I , F R E T T E R * I L B L « H A > I A > W A S H ) 
* H T 3 8 S . H V L T C N , K A L E L K A R . D B A f l C E * I C O L J * B N L I 
• BDBODZHANOV.SALDMOV.SUNTS/ INYA^ I J I N f . 1 
* B O e O D r « A N O V . l £ 3 K I N . H U K W T A R 0 V . ( J I N f t l 
t-OEBBICK.DCMBECK.MUSGRAVE * ( A N l » P U R D I 
• B A B T L E T T . B O D E K . B R O « N * ( C I t * F N A L * R D C « l 
i BLDCK.BOHM* | A A C H » U C R « C E C N * > ' A P V * M J N I * * ( H E S I 

• G A L T I E R L L Y N L H * ILBL*CER 

P * " I C H 1 
( N F A S I 

V ' L V S B J 
» » M I S C I 
I « F 1 R Z ) 
«»T0KY1 

• SANDERS,S" ITH ,THALER,ANOERSCN* { P R I N ' E F I I 
» ( A A C H t B E L G * C E P N * E P O L * > ' I L A . L A L O t L O U C I 
* F I t L E Y , J O H N S O N , L O E F f L E R • ( P U R B « M | C H * F N A L I 
• G I L B E P T . K E Y . G O R D O N , L A I ( T N T O ' B N L I 

I B E R K E L E Y 4 C E R N » H A U A I I * M I S C 0 N S I N 1 

' K N D B L O C H . M A Y I I C E R N H X J R T * H E I 0 « 5 A C L * 6 G N A 1 
t K N G B l < K . 1 , «AV« | C E » N * 0 C « 1 * H E I 0 ^ » f : i . t B G 1 A ) 
JONCKHEERE.CDOK.CSORNA > I t iASH*LALO»UCOI 
COOK.CSORNA.HQLMGRFN* l U A S H t L A L 0 * U C D 1 
MA,OH I U S U I 
• P U r r . S T U T E l E V . Y O C I C I A U C K I 
* P E R U 2 I I , L U K E , L J T H * ISL A C « L B L * N * E S * H A t l A I 

.MATTHEWS.SIOMELL * (MSU*CARL*FNAL»OSUI 
( A A C H » B A R I t 6 E P G » B R U X « C E F N t £ P 0 L * M I L A * 0 R S A < l 

»BE7ZU8OV,HUDAN0V.SUSHNIN.GORIN> I 5 E B P I 
•REJZUBOV.BUOANOV.GDRIN.OENISENKO* 1SERP1 
t -EPSTEIN,FAKHRUTOINOV* ( I I E P * S E H P 1 
*aOUCHEZ,CARROLL.CHADWICK* I S l A C * O U K E * L O I C > 
t C A P D U M B A L I S . F R E N C H . H I B B S . H Y L T O N H C O L U * B N L I 
+ B .0CK.B0EHM*CAACH*UCR*CERN*t -ARV»MUNl4NUFSI 
' - R L t B U O A i D U B N A t M O S C O h t P R A O S O F I t l l l L I S I 

c N V E N U T I * (FNAL*HAKV*OSU*PENNt t<UTG*UISCI 
3 E N V E N U T I . <FNAL4HARV40SU*PENNtPUTGtU lSC I 
• BOGERT,CUNOV,DIB tANCA*(FNAL<L)CB*HA>IA*M|CHI 
•OEDEN • ( A A C H * B O N N * C E R N * L 0 t C « 0 X F » S A C L I 
•DEDEN • (AAC»<PONN*CERN*LOTC<OIF»SACL) 

* F I T C H . K A 0 E l . 4 E 8 B , W H I T TAKER * ( P R I N t B N L ) 
>DARRIULAT,EGGERT » ( C E R N + S A C L * I U « I > 

flAOI*BlRM*aHUX«EPOL*RHEL»SACL*lOUC 
• L I TKE .MADARAS.RONAN* I L B L * S L A C * N H E S * H A H A | 
tdUCHANAN.NODULMANiPDSTER *• 1UCLA*SLACI 
FERGUSON'BUCHANAN.NODlfLHAN » I U C L A * S L A C I 

•HOLDER,KNOBLOCH.<C£RN»DDRT*HEID»SACL»BGNA( 
J A : H O L K D W S X A * (ORSA*BELG»CERN>LOIC*<tONSt 
• G R L 0 V A , S I L M A N 1 V A , T R E T V A K 0 V + 1 L E B D ) 
H.J.LAUTERBACH IYALE> 
TG3BBI.KEREN.ROSEN.RUCMTI* (NWES*ROCH*FNALI 
SPFLBRING.GOBBI.KEREN * TNUES*ROCH*FNAL! 
• FLICHLHO^MINDF I A ICHI •NAGOYA*YOKDHAMAI 
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Stable Particles 
BOTTOM HADRON. TOP HADRON SEARCHES 
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Data Card Listings 
For notation, see key at front of Listings. 

ALL ASIA 79 PL 8 7 B 217 
ANGEL1NI 7 9 PL BOB 4 2 8 
ANGELIN2 79 PL BAB 1 5 0 
ANTIPOV 7 9 JETPL 3 0 3 4 3 
ARMENT5E 7 9 PL 8 6 8 U S 
ATJYA 7 9 PRL 4 3 4 1 * 

S U 1 M 0 V 7 9 PL 8 1 8 2 6 1 
BARAN0V2 7 9 SJNP 2 9 6 2 2 
BAUER T 9 PP.L * 3 1 5 5 1 
BBDHPSST 7 9 SJNP 2 9 46 
BERCE 7 9 PL B I S AS 

BLIETSCH 7 9 PL 8 6 6 18B 
BRANSON T9 PR 0 2 0 3 3 1 
BROWN 79 PRl 4 3 M O 
C H I L I W * T9 PL 8 3 6 L36 

ALSO 7 9 NP 6 1 5 1 29 
CCTEUS 7 9 PRL * « 1*38 

DEGROOT 7 9 PL S t 6 103 
OIAMANTS 79 PRL 4 3 1 7 7 * 
OISHAU 79 PL 8 5 8 142 
DRIJARD 79 PL 8 1 8 2 5 0 
DRIJARD2 79 PL 8 5 8 4 5 2 

FUCHI 79 NC 5 U 18 
F U C H I 2 79 PL 8 5 B 135 
G I B 0 N 1 19 PL 8SB 4 3 7 

ALSO 79 T H E S I S - H A o . w 
KOMAR 79 SJNP 29 4 0 
K0NAR2 19 SJ1P 29 SO 
LOCK KAN 79 PL BSE 4 4 3 
REAO 79 PR 0 1 9 1287 
SAWAVANA 79 PR D20 1C3T 

ADANOVIC BO PL H9B 4 2 7 
ALLISON BO "L 9 3 B 5 0 9 
ANDERSON 8 0 PR 0 2 1 3 0 1 5 
ARNENISE 8 0 PL 9 4 6 5 2 1 
ASTON SO PL 9 4 B 113 
AU6ERT1 8 0 PL 9 4 8 9 6 
AUBERT2 8 0 PL 9 4 S 101 

BALLACH 8 0 PL 8 9 8 4 2 3 
3ALLAGH2 6 0 PR 0 2 1 5 6 9 
9ARL0UTA 8 0 NP B 1 7 2 25 
BROHBERG BO PR 0 2 2 1513 

CLARK 8 0 PRL 4 5 6B2 
CLAHK2 SO PRL 4 5 1465 

ALSO Bt "P 0 24 5 5 9 
FANOURAK 8 0 *R 0 2 1 5 * 2 
F H I T 2 E 8 0 PL 9 6 B 4 2 7 

JACQUES 
R I T C H I E BO PPL 
SAND WE I S BO PRL 
SDUKAS BO PRL 

0 2 1 1206 

i 5 6 * 

ADAMOVIC 8 t PL 9 9 B 271 
AOEVA B l PL 102B 2 8 5 
AMMOSOV 81 NP 6 1 7 7 3 6 5 
AMMOSDVZ B l PL 106B 151 
ARNENISE B l PL I 0 4 B 4 0 9 
AUSERT 8 1 PL 106B 4 1 9 

BALLAGH 8 1 PHD 24 7 
BASILE 8 1 K 6 3 * 2 3 0 
BASILE2 B l NC 6 5 1 4 5 7 
FUCHI 8 1 LNC 3 1 1 9 9 
GRAS5LER B l PL 99B 5 9 

I R I O N 81 PL 9 9 B 4 ( 5 
JONKER 81 PL 1 0 7 8 2 4 ] 
NISH1KAW B l PRL 4 6 1 5 5 5 
TCLSTOV 61 JETPL 33 2 3 2 
TRINKD 81 PS 0 2 3 1S89 

GA1SSER 76 *R 0 1 ' 

IANKA*8RUX*CERN*DUUC*LCUC*KEYN*P ISA*R0MA* I 
)ANRA»8RU)C*CER*(»00UC»LOUC*KEyN»PISA*R0«»»l 
(ANKA»8RUX+CERNtOUUC+LtUC*KEVN'PISA*ROMA*l 

•BEZZU8OV.BUDANQV.GDA1N.DENIS0V* I S E R P I 
*ERRIQUEZ* ( B A P t * C E R N * E P O L * " t L A * C R S A I 
•HOLMES.KNAPP,LEE* I C O L U * I L L * F N i L I 

* IVAN1L0v,KONVUSHKO,KORABLEV« I S E R P I 
*VOLKOV.IVANUOV.KONVL1SHKO.RORABLEV* I SERPI 
* K I L E 1 , B A L L , C H A N G , C H E N , G H O D S * l " S U * F N » L I 
B E R L * 6 U D A + 0 U B N A * M 0 5 C « P R A G * S E R P * S 0 F I A * T 9 I L l 
•BOGERT.ENOORF.HANFT* t F N A L ' S E ' ^ H T E P ' H I C H I 

BL IETSCHAU* f AACH»60NN*CERN*NPIM*OXFI 
*MC0QNALD<SANDERS. SMITH,THALER* I P R I N * E F | | 
• B A R I S H . S A R T L E T T . B O D E K . S H A E V I T ? * I C | T * S T » N I 
CHIL INGAROV.CLARK* ICERN*SACL*ETM1 
CHI LINGAROV,CLARK* !CERN*SACL*ETH> 
• O I E S B U R G , F I N E . L E E . S O K O L S K V * ! C 0 L U * I L L * 3 N L ) 

• HANSL, HOLDER ICERN»COP T * f E I O * S A C L * B G N » l 
DIRMfcNT-BERGER.DlSHAU.FAESSLER* I S T » N * C 1 T 1 
» D I A M A N T - B E R G E H . F A E S S L E R , L I U * I S l « C * C I T ) 
* F I S C H E R , G E I S T * <CERN*CDEF*HEID*KARLI 
• F I S C H E R * ICERN*CDEF*CDRT*HEID*LAPP*MARSI 

• B3SHIND.KURAMATA* INACDYA*A 1CHI*YOKOHAMAI 
• H 0 S H 1 N 0 . K U R A M A T R . N I U * (NAGCYA*A I C H I * V 0 K O I 
AACH»CEftN*HARV*NUNI*NMES*UCR COLLABORATION 
D . D 1 B I T 0 N 0 IHARV1 
*ORIOVA,SALMANOVA,TRETYAKOVA • ILEBOI 
•0BLDVA.TRETVAK0VA,CHEP.NYAVSK1I I LEBOI 
• M E Y E R . K * N D E R , S C H L E I N , H E 6 B * I U C L A * 5 A C L I 

I F N A L * B E L G * 0 U U C * L O I C * L O U C * K E r N * K U L H n U S E * l 
X . SAWAYANRGI (WA5EDAI 

AOAHDVICIH-tPHOTON-EHUL .OMEGA-PHOTON COLLS. I 
BRUX»CERN*OXF*PADQ»RDHA»RHEL*TRST COL L A B . 
*COLEMAN ( KARHI,NEWMAN* I E F K 1 L L » P R I N I 
• I B A R I * * . | R M * L I B H * E P O L * R H E L * S A C L * L O U C I 
• I B D N N * C E R N * E P O l * G L » S * L A N C » N C f S M . A L O * L * T P « I 
•BASSOMP|ERRE*IEUR0PEAN MUON COLLABORATION) 
•BASSOHPIERRE+IEUKOPERN HUON COLLABORATION) 

•B INGHAM* fUCB.LBL.FNAL.HAWA.WASH.WISCJ 
*B INGHAM* IUCB*LBL*FNAL*HAWA*MA5Ht inSCJ 
8 A R L 0 U T A U D . B I R D * (BGNA*GLAS*RHEL*SACL*TORI I 
• D I C K E Y . F O X , G O M E Z * I C 1 7 * F N A L * I L L C * 1 ND> 

*JDHNSON|KERTH,LOKEN» I U C B * L B L * F N A L » P R I M 
• JOHN SON. KERTH.LOKEN* I U C B * L B L * F N A L * P R T N I 
GOLLIN,SHOEMAKER.SURKO* < B R I N * L B L * F N * L I 
FANOURAKIS .RESVANI^* I A T H U * A T E N * U I S C I 
AACH*60NN*CERN*L01C*OXF*SACL COLLABORATION 

• K A I E I K A R . M I L L E R . P I . A N D * IRUTG*STEV*COLUI 
• 600EK.CDLEMAN.MARSH* I R O C H t C I T * F N l L * S T A N > 
SANOHEISS.CARDELLO.COOPER* I Y A L E * F N » L 1 
• HAND£RER.WENG,eREGMM4|BNL*HARV*0RNL*PENM 

A0AM0VICH*IPHOTQN-EMULtCrtEG*-PHDTON CI! 
• A G U l L A R - B E N I T E Z * [LE8C-EHS COLLABORI 
•OENISOV.ERMOLDV* < SERP*FNAL* l tEPH 
•DENISOV.ERNOLOV* ( S E R P * F N A L * I TEP« 
• F 0 G L I - M U C 1 A C C I A * ( B A R ! * C E R N * E P 0 L > H I L A H 
*BASS0MPIERRE*(EUROPEAN MUON CDLLABORI 

•BINGHAM* (UCB*LBL*FNAL*HAWA*WASH< 
• R O M E O . C I F A P E L L I * CCEPN»BGNA+FRAS< 
• R O H E O . C I F A R E L L I * (CERN*EGNA*FRAS< 
» H D S H I N 0 . M 1 Y A N I S H I < (NAGO*AlCH*TOKVi 
• LANSKE.SCHULTE* IAACW*BONN*CERN*MPI" 

M ICH) 
LALOt 
T 1 0 N I 

WISC) 
F G r » l 
P G I A t 
VOKCI 
• O X F I 

*SEEBRUSNER* I AACH*CERN*hARW*HUNI*NMESI 
CHARM COLLAB. (ANlK*CERN* t -AMB* ITEP*RDMAI 
N!5H!K± i fA» I N W E S * C I T » F N A L * P O C H * R D C K I 
•SHARKATOVA.BOBODZHANOV.TSIN-VAN* I J I N R I 
* B E N V E N U T I * IH ISC*PENN*FNAL*HA«V*OHIO»RUTGP 

REVIEWS REFERRED TD IH OATA CARDS 

T . K . G A I S S E R . F . H A L Z E N ( B A R T ' M t S C I 

BOTTOM HADRON SEARCHES 

; Bissaa) AND THE 

.aH,?.™ — 
COLEMAN HO SPEC 2 2 5 GEV/C P I - MUCL 
OtJMANT-B 80 SPEC 4 0 0 GEV/C P FE 
6 A S I L E 8 1 SFM P P - - > LAM/BO E* X 
ORIJARO 82 SFP P P 6 3 GEV ECM 

DIAKANT-8ERGEH 80 LOOK FOR ' 
X, mo P FE — > ML» MO* X . 
FOR 5EVERRL F INAL STATES. 

8AL1LE B l I S P P AT 6 2 GEV ECM AT THE C E R N - I S R . A 6-STANDARD-
O E V I A T I R H PEAK I S SEEN I N THE P K- P I * P I - MASS SPECTRUM WHEN 
T R I G G r . . N G CU AN E* AND KEEPING ONLY THE K- P I * I N THE DO R E G I O N . 
SEE THE IAMBCA/BO L I S T I N G FOR THE MASS OF THE PEA K . THE ABOVE 
CROSS SECTION I S AFTER THE ABOVE AND OTHER CUTS ARE MAOE. 

O R I J I R D 6 2 , WITH SAKE ACCELERATOR, ENERGY, AND DETECTOR AS BASlLE 
8 1 . SEE NO LAPftOA/60 PEAK, A NO CLAIM THAT NEITHER EXPERIMENT HAS 
THE S E N S I T I V I T Y TO SEE SUCH A S I G N A L . 

E - l C O L L I S I O N S . SEE ALSO THE 

7 9 E C P - 9 . 4 - 1 7 GEV 
8 0 JAOE E C - 2 7 - 3 5 GEV 
SO PLUT E C M ' 1 2 - 3 1 . 6 GEV 

A I N THE E ERGY RANGE 9 . 4 < E C M . 

Tfy<.\i\izi fstinr^rji\^n4':iivX^?A ;:;r,r 

1 . 2 E - 3 5 CS LESS C L - . 9 0 81 5PEC 2S0GEV " J * ON F 

OBSERVE TWO NU*MU*MU* AND 

BOTTOM HAORON PRODUCTION I N NEUTRINO NUCLEON — > 2 LEPTONS ANYTHING 
ANO ANTINEUTRINO NUCLEON — > 2 LEPTONS ANYTHING. SEE ALSO SECTIONS 
Y , VO. AND VAP I N CH&RH SEARCHES. 

I 21 H U H U - ARMENISE BO HLBC NEUBAR BEAM 
AHNOSOV 81 HYCR NEUBAR INDUCED 
BALLAGH 8 1 HY6R NEUBAR INDUCEO 

ABHENISE BO I S AT THE CERN-SPS K I T H BE6C EXPOSED TO A WIDE-BAND 
ANTINEUTRINO SEAM. OBSERVED PEAK AT M AROUND 6 GEV I N D1MJ0N 
EVENTS "AY BE DUE TO BOTTOM 8ARYDN PRODUCTION. 

AMHCSDV 8 1 AT F N I l OBSERVED 2 M J * E * EVENTS WITH W>5.6GEV. PERHAPS 
DUE TO B-8ARY0N PRODUCTION AND DECAY. RATIO TO CHARGED CURRENT I S 
( 2 . » 3 . 3 - 1 . 6 1 E - 3 . 

4 / 8 2 " 
4 / 6 2 * 
* / 8 2 " 

2 / B 2 * 

2 / 8 2 * 

12/81* 
12/81" 
12/B1-
1 2 / 8 1 * 

2 / 8 2 * 
2 / 8 2 * 

2 / 8 2 * 
2 / 8 2 * 
2 / 8 2 * 

I F N » l OBSERVE EXCESS I N SA1E MASS REGIT 

ALI 79 PL 8 3 B 375 
kRMENISE 811 PL 9 * B 5 2 7 
SARTEL IPHY C6 295 
BERGER HI) PRL 45 1533 
COLEMAN m PRL * * L313 
OIAMANTB BU PRL '•4 5 0 7 

AMROSOV m PL 1D6B 151 
AUBERT PL 106B 4 1 9 

m PRO 2 * 7 
SASILE HI LNC 31 9 7 
DRIJARD Ui PL 108B 361 

REFERENCES FOR BOTTOM HADRON SEARCHES 

AL I iKOERNER.MILLROOT.KRAHE" (DESY*HAMBI 
» I B A R I * B I R M * L I B H + E P O L * R H E L * S « C L * L O U C 1 
JADE C . [ D £ S V * H A N B * H E I D * l A N C * f < C H S * R H E L 4 T a K V I 
PLUTO C. (AACH*BERG*OESY*HAMB*UMD*SIEG*WUPPI 
•ANDERS0N.KARH1.NEUMAN,* I E F I * I l l * P R I N I 
O I A M A N T - e E R G E R . D I S H A H , * ! S T A N * S L A C * C I T l 

•OENISOV.ERMOLOV, * ( S E R P * F N A L * I T E P * M I C K > 
• L'ASSONPIERREtlEUROPEAN MUON COLLABORATION* 
• B I N G H A M . * IUCB*LBL*FNAL*HAMA*WASH*UISCI 
* B O N V I C I N I , C A R R R0KE0»<CERN*6GNA*FRAS*i>GIAt 
• F I S C H E R . * I C E R N * C 0 E F * C O R T * h E I D * L A P P * H A R S I 

TOP HADRON SEARCHES 

TOP HkDRON RCDUCTION I N I E * E-
NONE E C M - 2 2 - 3 1 . * 
NONE E C M - 2 2 - 3 1 . 6 GEV 
NONE 
NONE E C M - 2 2 - 2 1 . 6 GEV 
NONE E C M > 3 0 - 3 6 GEV 
NONE E C M ' 1 2 - 3 1 . 6 GEV 
NONE E C M - 3 3 - 3 5 . 8 GEV 

COMMENTS 
ALL ABOVE MEASUREMENTS ARE ODNE AT DESY-PETC 
S P E C I F I E S HEA5URED Q U A N T I T I E S . 

-1 COLLI SONS 
BARTELI 79 JADE H 
BARTEL2 7 9 JADE 
BARBER 19 MRKJ 
BERGER PLUT R. 
BARBER BO MRKJ 
BERGER BO PLUT 
BARTEL Bl JADE MU 

. THE LAST COLUMN 

BARTEL2 7 9 OBSERVE NO S I G N I F I C A N T ACCUMULATION OF SPHERICAL EVENTS. 

BERGER 7 9 F I N D R - 3 . 0 8 * 0 . 2 2 WHICH ALONG WITH S P H E R I C I T Y AND THRUST 
BEHAVIORS I S AGAINST OPEN TOP A N T I - T O P CHANNEL 6EL0W 30GEV. F INAL 
MUONS ARE ALSO CONSISTENT WITH EXPECTATION WITHOUT TOP OURRK STATE. 

BARBER 8 0 F l h D NO EVIDENCE FOR AN OPEN TOP A N T I - T O P THRESHOLD I N R, 
THRUST D I S T . AND INCLUSIVE HUONS. ENERGY SCAN I N THE RANGE 2 9 . 9 < E C M 
0 1 . 6 G E V REVEALS NO HADRDN RESONANCE CORRESPONDING TO A ITOP-QUAJtK 
A N T I - T O P - C U A R K l BOUND STATE. 

8 / 6 1 * 
1 2 / 8 1 * 

8 / 8 1 * 
8 / 8 1 * 
B / S l * 
2 / 1 2 * 
8 / 8 1 * 

• 7 8 1 * 

BARTELL 79 PL H8B 171 
6ARTEL2 79 PL 8 9 6 
BARBER 79 PL 8 5 8 4 6 3 
BERGER PL B6B 4 1 3 
BARBER HP PRL 44 I T 2 2 
BERGER 8 0 PRL 45 1533 
BAR TEL 81 PL 9 9 B 

REFERENCES FOR TOP HADRCN SEARCHES 

JADE C . ( O E S Y » H A M B * H E I D * K H S * L A N C * R H E L * T O K Y I 
JADE C. (DESY»HANB*HEIO*r lCHS*LAMC*RHEL»TOKYl 
NARK-J COLLAB. I A A C H * D E S V * N I T * A I K O * B H E P I 
PLUTO C.(RACH»BERG*0ESV4tMrlB«UMD*S1EC»WUPPJ 
MARK-J COLLAB. I A A C H * D E S Y * N I T * A 1 K 0 * B H E P I 
PLUTO C . I A A C H * B E R G * D E S Y * H A m * U M O * S I E G * M U P P I 
*C0RDS*!0E5Y*HAMB*HE1D»LANC*MCKS»RHEL4T0KV) 

http://�
http://KAIEIKAR.MILLER.PI.AND*


Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
OTHER STABLE PARTICLE SEARCHES 

OTHER STABLE PARTICLE SEARCHES'] 

We co l lec t here those searches which do not 
f i t neatly into one of the above search catego
r i e s . These include axion searches (section AX) , 
supersymmetric partner searches (SIM)» trimuon and 
four-lepton production in neutrino and anti-neu
t r ino reactions (T, PL) , and heavy par t ic le 
searches in accelerator experiments (EE, CH, CS, 
D, ICH, RPI, BD) and in cosmic rays (F) . 

kXION (A' 
FOR THE 
PAL * 0 . 
PRL « 6 . 

I I PRODUCTION RATIO TD P I O PROD CROSS-SEC. 
JRY AND REVIEW SEE WEINBERG P R l + 0 . 2 2 3 I I 9 T 8 I : WtLCZEK 
2 7 9 ( 1 9 7 B I ! DONNELLY PR 0 1 8 . 1 6 0 7 ( 1 9 7 8 1 : BAPSHAV ET Al 
1 3 6 1 I 1 9 8 1 l i ANO BARROSO*MUKHOPADHYAY " t 1 0 6 . 9 1 ( 1 9 9 1 ) 
S I B L E - A X 1 0 N THEORY SEE E . G . W I S E . GEDRGI AND GLASHOW 
* 0 2 ( 1 9 8 1 1 . AND FOR VERY HEAVY AXIOM THEORY SEE E . G . TV 
1 0 3 5 ( 1 9 8 1 ) . FOR K —> P I A0 SEE ALSO E . G . , GOLDMAN 

'RL * 0 . 2 2 0 ( 1 9 7 8 1 ; FRERE ET I 
t . E-H 0 " LESS C L - . 9 1 
i . E - 9 CR LESS C L - . 9 5 
5 . 4 E - 1 * CR LESS C l « . 9 J 
* . I E - 9 00 LESS C L « . 9 0 
1 . 5 E - 8 OR LE55 C I * . 9 0 
L. E-H • » LESS C L - . 9 Q 

1 .5E-B OR LESS C L - . 9 Q 

. . PL 0 ) 8 . 1 2 9 1 1 1 8 1 
BEAM DUMP 
BEAM DUMP 1 2 / 7 9 
FOP M A S S - I , S 1 IV 1 / 7 9 
FOR MAS5-1 ME\ 
BEAM DUMP 
BEAM DUMP .5"? 

E*E-

ALIBRAN 
ASRATYAN 7B CALO 
8 E L L 0 T T 1 7B HLBC 
BELLOTTI 7B HLBC 
BELLOTTI 78 HLBC 
BOSETTI 7 8 HYBR 
DONNELLY 7B 
HANSL1 78 WIRE 
11CELMACM 78 
VV50TSSKI 7B 
8 E C H I S 79 CNTR 
CALAPRICE 79 

1 . E-B OR LESS C L - . 9 0 COTEUS 79 OSPf 
1 . E - 3 CH LESS C L - . 9 5 0I5HAW 7 9 C « t O 

Z H I T N I T S K 79 
0 f A I S S N E R 90 05PK B 

l . E - 8 CH LESS C L - . 9 0 JACQUES 80 HL6C 
l . E - I * CO. LESS C L - . 9 0 JACQUES 8 0 HLBC BEAK Dl 

SOUKAS BO CAtO 28GEV t 
0 ASANO 81 CNTR STOPPED K « — > P I 

12 FA1SSNE1 81 05PK CERN PS NU WIDEBAND 
15 F A I S S N E 2 B l OSPK BEAM DUMP.A0- ->2GAM 

8 K IM 6 1 CSP" 2b GEV P NUC—>A0 X 
0 2EHN0ER Bl CNTR 6 A * — > I A 0 — > 2 G A H I 8 A 

EDWARDS 8? C8AL J / P S 1 - - > G A M M A * AO 

BELLOTTI 7B F IRST VALUE COMES FRO" SEARCH FOP A — > E » E - . SECOND 
VALUE COKES FROM SEARCH FOR A- ->2GAMHA. ASSUMING M A S S < 2 * M A S S I E - | . 
FOR ANT MASS S A T I S F Y I N G T H I S , L I M I T I S ABOVE V A L U E * ( M A S S * * - * > . 
TH IRD VALUE USES DATA OF "L 6 0 B 4 0 1 AND QUOTES C 5 ( PRODI*CS( I N T E R 
ACT I O N K 1 0 * * - t j T - C M * * * . 

BOSETTI 7 8 QUOTES C 5 t P R O D I » C S ( I N T E R A C T 1 < 2 . E - 6 7 C M * * * 

HEAVY AX ION 
AH DUMP.AO—: 

28 GEV PROTONS 

DUMP 9 / B 1 * 
2 / B 2 * 
S / B 2 * 
2 / 8 2 " 
1 / B 2 * 

||§^ilr^£¥E:H"E;vsEf%i^^;?r 12/79 
12/79 
12/79 
12/79 

COIEUS 7 9 I S ( ' DUMP EXPERIMENT i 

OISHAW 7 9 I S A CALDRIHETRIC EXPERIMENT * " D LOOKS FOR LOW ENERGY 
TAIL OF ENERGY D I S T R I B U T I O N S QUE TO ENERGY LOST TO WEAKLY 
INTERACTING P ART ICL E S . 

FAISSNER BO I S 5 I N BEAM DUMP EXPT K I T H 5 9 0 HEV PROTONS LOOHING FOR 
A O — > E * E- DECAY. ASSUMING A O / P I 3 - 5 . 5 E - T , O B T A I N E O DECAY RATE L I M I T 
2 O / I A 0 MA5SI "EV/SEC ( C L > . 9 0 1 . W H I C H I S ABOUT 1 0 * * - T BELOW THEORY 
AND INTEPPRETED AS UPPER L I M I T TO MASSIAO) < 2* M A S S ( E - ) . 

JACCUES 8 0 I S A BNL BEAM DUMP E X P . F IRST L I H I T ABOVE COMES FROM 
NON-OBSERVATION OF EXCESS NC-TYPE EVENTS ( C S ( P R 0 0 l * C S ( I N T E R A C T I < 
T . E - b B C M * * * . C L = 0 . 9 D I . SECOND L I M I T IS FROM NON-OBSERVATION OF 
AXICN DECAYS INTO TWO GAMMAS OR E * E - , AND FOR AXION MASS * FEW MEV. 

SOUKAS 6 0 AT BNL OBSERVED NO EXCESS OF NC-TYPE EVENS I N BEAM OUMP. 

A5r.NO B l IS *EK E X P T . SET 8 R ( K * — > P I 4 AO) < 3 . B F - B AT C L - . 9 0 . 

FAIS5NER1 8 1 SEE EXCESS NU E FVENTS. SUGGEST AXIDN INTERACTIONS. 

F A I " ' i E R 2 8 1 IS S I N 59QMEV PROTON BEAM DUMP. OBSERVED ] * . 5 * - 5 . Q EVS 
OF 2 GAKMA DECAY OF LONG-L IVED VEUTRAL PENETRATING PARTICLE WITH 
M|2 GAMMAI < APPACX. 1 MEV. AXION INTERPR. WITH ETA-AD MIX ING GIVES 
M ( A 0 1 * I Z S O > - 2 5 ) K E V , TAUI2 G A M M A ) - ( 7 . 3 * - 3 . T I E - 3 SEC FROM ABOVE RATE. 

K IM 81 ANALYZED 8 CANDIDATES FOP AO—>2 GAMMA OBTAINED 8Y AACXEN-
PAOOVA EXPT AT CERN WITH 2b GEY PROTONS ON B E . ESTIMATED AXION MAS! 
I S ABOUT 3 0 0 KEV AND L I F E I S l O . B b TO * . 6 ) E - 3 S DEPENDING MODELS. 
F A I S S N E R . PR I V . COMM. SAYS AXION PROD. UNDERESTIMATED AND MASS 
OVERESTIMATED. CORRECT VALUE ARO'INO 200 KEV. 

9 / B l « 
9 / 8 1 » 
9 / 8 1 * 
9 / t l * 

is 
I 

ZEHNDER 8 1 LDOKEO FOR B A * - - > A 0 BA TRANSIT ION WITH A O - - > 2 GAMMA. 
OBTAINED 2GA»MA COINCIDENCE RATE < 2 . 2 E - 5 / S E C I C L ' . 9 S t EXCLUOIW 
M»SS<*D1>1">0 MEVIOR 2 0 0 KEV OEPENDING ON HIGGS M I X I N G ) . 
HOWEVER. SEE BARRDSO * MUKHOPAOHVAY. R E F . ABOVE. * / 8 2 ' 

EDWARDS 8 2 ICOKEO FOR J / P S I — > G A M M A » A X I O N DECAYS BY LOOKING FOR 4 / 8 2 ' 
EVENTS WITH A SINGLE GAMMA ( « ENERGY APPROX. 1 / 2 THE J / P S I MASS) . ' 
PLUS NOTHING ELSE I N THE DETECTOR. THEY F I N D fc/82< 
B R I J / P S I — > G » M M A » A X I O N t < l . « E - 5 AT C L * . 9 D . T H I S RESULT I S 4 / B 2 ' 
INCONSISTENT WITH THE AJCION INTERPRETATION OF THE FAIS5NER2 B l * / 6 2 < 

TRIHUON FRTQUCTION I N NEUTRINO NUCLEON INTERACTIONS 
SEE ALSO SECTION ' N E U ' I N 'HEAVY LEPTON SEARCHES* *N0 
SECITDN 'Y< I N 'CHARMED HADRON SEARCHES*. FOR EXTENSIVE DISCUSS1CK. 
SEE ALBRIGHT TB I PR 0 1 8 . I O B I , HANSL 7B tNP 6 1 * J 2 < 3BI I , AND KANE T 9 

' D I 9 , 1111 

2 EVENTS MU- «tU MU BARISH 7T SPEC NEU BEAM 
B A S I S * 7 7 EVENTS CDNTAIN FAST MU- AND 2 ADDITIONAL MUONS W I T " L 
ENGEPY I N OIHUON REST FRAKE. SLOW KUONS COULD COHE FROM EITHER 
VIRTUAL PHQ1CN OR VECTOR MESON OR FROM ASSOC PROD OF CHARMED 
PARTICLES WHICH DECAY LEPTONICALLY. 

A SEEN 
BENVENUT I ) 
LEPTON — > 

BENVEHUT! 7 7 NEUL 5 /6NEU.1 /6NEUBAR ! 
IS FNAL E X P T . CAN BF EXPLAINED 6 * PROD OF NEW HEAVY I 
- NEUBAS NEW LIGHTER LEPTDN — > MJ» MU- N E U . I 

( DIMUON PROD AS ASSOC 
12/TT 
1Z/TT 
12/77 

' TT SPEC 1 2 / 7 T 
L - P U * M U * W I T H N E U B E A M . A N D 1 2 / 7 7 
. A T I V E T D C H A R G E D C U R R E N T E V E N T S 1 2 / 7 7 

BENVENUT! 7B NEUL 
IS FNAL E X P T . 6 OF THE EVENTS ARE SEEN USING A 9 5 P C M 

ISING AN 8 3 PCNT NEUBAP BEAM. SEE MORI 76 FOR L I M I F i 
THE PROB THAT THE TRIMUONS ARE PRODUCED EY A NEW SHORT-L IVED 
RCE OF NEUTRINOS. 

:KB 
II- EVENTS MU- MU- MU* HANSL2 7B SPEC NEU BEAM 
HANSL2 7 8 I S CEPN SPS E X P T . RATE RELATIVE Tr SINGLE MUON EVENT5 I S 
I 3 . 0 * - . * ) » I O * * - S FOR E ( N E U ) > 3 0 GEV. CAN BE EXPLAINED AS C . C . 
INTERACTIONS » I I H ADDITIONAL LOW MASS MJ P A I R S . NO EVIDENCE ego WW 
HEAVY LEPTON. 

3 9 MU-MU-MU* SEEN HENVENUTI T 9 NEUL NEU B E » " 
BENVENUri T9 INCLUDES 9 EVENTS FROM BENVENUTI TT AND 7 8 . RATE 
RELAI IVE TQ SINGLE MUON EVENTS I S I 1 . l t - . S I ' l C * * - " . FDR E INEU1>10Q 
GEV. CONSISTENT WITH E . M . AND DIRECT PRODUCTION OF MU P A I R S . 
CHARM ASSOC PROD MAY ACCOUNT FOR 7D PERCENT OF PRODUCTION. NO 
EVIOE'ICE FOR NEW HEAVY LEPTONS DR HEAVY QUARKS. 

S "U»MU*MU- DEGROOT 7 9 SPEC NEUBAR BEAM 
OEGROOT 7 9 I S CERN SPS E X P T . RATE RELATIVE TO SINGLE MUON EVENTS 
I S l l . 8 » - 0 . 6 l £ - S FOR E I N E U I > = 10 GEf AND P I V U ) > = < . . 5 G E V / C . COULD BE 
EXPLAINED AS C . C . INTERACTION ACCOMPANIED BY A MUON PAIR OF FITHER 
HADRDNIC OR E . M . O R I G I N AS I N NEU CASE. NEGATIVE SIGNAL FOR HEAVY 
LET PON. 

FOUH-LEPTCN 
1 1 2MU* 2MU 
) 1 2 E - f » * 

1 NEUTRINU-NUCLEON INTERACTIONS 
HOLDER 78 SPEC 
LOVELESS 78 HBC 

7 / 7 9 
7 / 7 9 
7 / 7 9 
7 / 7 9 

1 2 / 7 9 
1 2 / 7 9 
1 2 / 7 9 
1 2 / 7 9 

2 / T 9 
2 / 7 9 
2 / 7 9 

I S FROM CEF.1 IVE TO MU»MU-

IS FROM FNAL F X P T . EVENT ALSO HAS 1 KOS AND 1 

D I - AND TRI -MUCN PRODUCTION I N 
SEE ALS1 SECTION ' " U * I N HEAVY 

i I t TRIMUON EVENTS 
1 3 2 DIHUON EVENTS 
I ".SO MU»MU- 2 2 3 MU-MU- EVENTS 
I I S 8 MU-MU-MU* EVENTS 

MU NUCLECN INTEPACTIONS 
LEPTON SEARCHES AND CHARM SEARCHES 1 0 / 6 1 * 
CHANG 77 SPEC 1 2 / 7 7 
CHANG 77 SPEC 1 2 / 7 7 
LEBRITTON BO SPEC MCMIVIRTUAL PHOTON- 1 2 / 8 1 * 
LEBRITTON 8 0 SPEC NUCLEON) < A . 5 GEU 1 2 / 8 1 * 

L E B R I T I O N 8 0 IS oNL EXP. LOOKED FDR HUOPRODUCTION OF SHORT- 1 2 / 8 1 -
L I V E D PARTICLES BEL9W CHARM THRESHDLO. 1RIMUONS ARE I .DNSISTENT WITH 1 2 / 8 1 * 
0 E 0 TRIDENT PLUS RHQ DECAY AND DIMUONS ALSO H ITr i KNOWN SOURCES. AT 1 2 / B L * 
C L - . 9 0 C S I M U - N — > M t X I * B R I H » ~ > M U * X I < l . f c * E - 3 * CM*»2 ANO C S I M U - 1 2 / 8 1 * 
N — > M - K I * B R ( M - — > M U - X K . D 1 E - 3 4 C H » * 2 J I T " M t - SViORT-LIVED MESUN. 1 2 / B 1 * 

HEAVY P4RT(CLE PRODUCTION CROSS-SECTIDN I N E+ E- REXCTIDN 
( R A T I O I D C S ( i * E > M U * M J - l t . SEE ALSO SECTION EE I N QUARK SF»»CH[S 
AND 5ECTION EE I N MAGNETIC MONOPOLE SEARCHES. 

» 0 5 . 0 E - 2 CR LESS C L - . 9 0 BARTEL 8 0 JACE 0 = ( 3 . * . S I / 3 2 - l ^ O E V 
i 0 1 .6 E - 2 OR LESS C L - . 9 5 K INOSHITA 8 2 PLAS 0 - 3 - 1 B 0 . M < I * . S G E V !i 

BARTEL BO I S OESY PETRA 
INCLUSIVE PAIR RRDD AND 
MASS ANO PROD MOMENTUM >%~^}~r™-™ HI: 

CH 

8 

HEAVY PARTICLE PRODUCTION 
0 1 . E - 3 1 OR LESS 

0 . 3 - 1 . 3 E - 3 1 OR LESS 

CROSS SECTION I C H * * 2 I 
LEIPUNER 7 3 CN1A » - M . 3 - U GFV 
CARROLL 7 8 SPEC M - 2 . - 2 . S GEV 

CH * LEIPUNER T3 I S AN NAL 30 
WITH L I F E T I M E GREATER TH 

GFV P E X P T . WOULD HAVE DETECTED PARTICLES 
N ZOO N S E C . 

CH 

B 
8 

CARROLL 7 8 LOCK FOR NEUT 
P P — > 2K» > . CS VARIES 
P L A R . 5 . 1 - 5 . 9 C E V / C . 

A L , 5 — 2 OIHYPERON RESONANCE I N 
W I T H I V ABOVE L I M I T S CVER MASS RANGE AND 
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Stable Particles 
OTHER STABLE PARTICLE SEARCHES 

GUSTAFSDN 7 6 IS A 3 0 0 GEV FNAL E X I T LOOTING FOR HEAVY I t GT 2 GEYI 1 / 7 7 
LONGLfVED NEUTRAL H1DR0NS I N THE " * NEUTHAL SEAM. T"E ABOVE TYPICAL 1/11 
VALUE I S FOR H>3 GEV AND ASSUMES AN INTERACTION CRCSS SECTION OF 1 / 7 7 
1 MB. VALUES AS A FUNCTION OF MASS AND INTERACTION CROSS SECTION 1 / T T 
ARE GIVEN I N F I G . 2 . L f 7 T 

HEAVY PARTICLE PRODUCTION D I F F E R E N T I A L CROSS SECTION ( C H * * Z / S R - G E V ) 
\ 0 1 . 5 6 - 3 6 m LESS D3RFAN 65 CNTR BE TARGET N .3 -7GEV 5 / 7 6 
I 0 3 . 0 E - 3 6 OR LE5S DORFAN 6 5 CNTR FE TARGET M-3-7GEV 5 / 7 6 

0 2 . * E - 3 S OR LESS C L - . 9 0 B1N0N 6 9 CNTA Q — 1 . 1 - 1 . 8 GEV 3 / 7 7 
I 0 2 . * £ - 3 5 Cfi LESS C L - - 9 0 A N T I P O V I 71 CNTR 0 — M - I . 2 - l . 7 i 2 . l - * 3 / 7 7 

0 1 . 2 E - 3 5 OR LESS C L - . 9 0 A N T I P 0 V 2 71 CNTR 0 — M - 2 . 2 - 2 . B 3 / 7 7 
I 0 5 . B E - 3 * OR LESS C L * - 9 0 «LPE« 7 3 SPEC « - M - l . 5 - 2 * GEV 5 / 7 6 

0 1 . E - 3 1 0 " LESS C L « . 9 0 APREL 7 * CNTR * - M . 3 - 2 - 7 . 2 GEV 2 / 7 6 
0 2 . 2 f - 3 3 OR LESS C L - . 9 0 ALB ROM 75 SPEC Q « - l H - * - 1 5 GEV 1 / T 7 
0 1 . 1 1 - 3 3 CR LESS C L - . 9 0 ALBROW 75 SPEC 0 - * - 2 M - 6 - 2 7 GEV 1 / T T 
0 8 . E - 3 5 OR LESS C L - . 9 Q JOVANOVIC 75 CNTR » - " • 1 5 - 2 6 GEV 2 / 7 6 
0 l . S E - 3 * OR LESS C L - . 9 0 JDVANOVIC 75 CNTR Q - + - 2 , N - 3 - 1 0 GEV 2 / 7 6 
0 6 . E - 3 5 0 « LE5S C L - . 9 0 JOVANOVIC 75 CNTR 0 - 4 - 2 , M . 1 0 - 2 6 GEV 2 / 7 6 

I 0 2 . 6 E - 3 6 OR LESS C L * . 9 0 BALOIN 7 6 CNTR 0 — I . H - 2 . 1 - 9 . * GEV 1 / 7 7 

. QQRFAH fc5 I S A 3 0 GEV/C P EXP1 AT 8 M L . U N I T S ARE PER GEV "OMENTUM 5 / 7 6 

PER NUCLEUS. 5 / 7 6 

ANT IPOVl 7 1 L I M I T INFERRED FROM F L U * R A T I O . 7C GEV P EXPERIMENT. 3 / T 7 

ANTIP0V2 71 I S FROM SAME TO GEV P E X P . AS A N T I P O V l 71 ANO B I N D * 6 9 . 3 / 7 7 

ALPER 73 IS CE"N I S " 2 6 * 2 6 GEV P * P E X P T . P > . 9 GEV. .!<• BETA < . 6 S . 5 / 7 6 

APPEL 7 * I S M L 30Q « V P « « E X P E R I M E N T . STUDIES FORWARD P R Q W K l ION 2 / 1 6 
OF HEAVY (UP TO 2 4 GEVI CHARGED PARTICLES WITH MOMENTA 2 W 0 0 G E V C - ! 2 / 7 6 
AND 4 0 - 1 S 0 G E V I 4 C H G I . ABOVE TYPICAL VALUE I S FOR 75 GEV ANO IS 5 / 7 6 
PER GEV MOMENTUM PER NUCLEON. 5 / 7 6 

. T H E T * . 4 0 MR. SEE 1 / 7 7 
1 / 7 7 

J O V A I O V I t f 75 I S A CERN ISR 2 6 * 2 6 ANO 1 5 * 1 5 GEV P*P EXPERIMENT. 2 / 7 6 
F I G . * COVERS RANGES 0 - 1 / 3 TO 2 AND M . 3 TO 2 6 GEV. J / 7 6 
VALUE I S PER GEV MOMENTUM. 5 / T 6 

BALOIN 76 I S A 70 GEV SERP E X P . VALUE I S PER »L NUCLEUS AT 1 / T 7 
THETA-O. FOP OTHER CHARGES I N RANGE - 0 . 5 TO - 3 . 0 . C L - . 9 0 L I M I T IS 1 / 7 7 
! 2 . 6 E - 3 6 ) / A B S ( C H A R G E t FO* MASS RANGE 1 2 . 1 TD 9 . * G E V I * A 8 S t C H A R G E I . 1 / 7 7 
ASSUMES STABLE PARTICLE INTERACTING WITH MATTER AS 0 0 ANT IPR0TCN5 . 1 / 7 7 

L0NGL1VED fEAVY PARTICLE INVARIANT C . S . ( C M * » 2 / G E V « 2 / N U C L E 0 N 1 1 / 7 9 
t 0 1 . 1 E - 3 7 OR LESS C I * . 9 0 CUTTS 7 8 CNTR H 1 S S - 4 - 1 0 GEV 1 / 7 ? 
S 0 3 . 0 E - 3 7 OR LESS C L » . 9 0 V I D A L 7 9 CNTR M A S S > * . 5 - 6 GEV 1 2 / 7 9 

0 6 . E ' 3 3 OR LESS C L - . 9 0 ARMITAGE T 9 SPEC M - 1 . 8 7 GEV 7/7<) 
0 I . 5 E - 3 3 OR LESS C L " . 9 0 ARMITAGE 7 9 SPEC M a | . 5 - 3 . 0 GEV 7 / 7 9 

> 0 B O Z I O L I 79 CNTR Q - * - l 2 / 3 . 1 i * / 3 , 2 l 1 / 8 0 

F>5E-8SEC 1 / 7 9 

C ARMITAGE 79 I S CERN- ISR t * P T AT E C M - 5 3 GEV. VALUE IS F T * X - 0 . I AND 
1 P T - 0 . 1 5 . OBSERYEO PARTICLES AT M M . B T GEV ARE FOUND ALL CONSISTENT 
C W I T H BEING ANT10EUTERON5* 

0 BGZ20LI T9 I S CERN-SPS 2 0 0 GEV P N EXPERIMENT. LDOKS FOR PARTICLE 
0 W I T H TALI LARGER TKAN l O » * - « S E C . SEE THEtR F I G . L l - l B FOR PRODUCTION 
0 CROSS SECTION UPPER L I M I I S VS MASS. 

ITONS ON BE AND A 

CPDSS-SEC FOR PROC ANO C iPT OF L O N G - L I V E D MASSIVE PARTICLES I C M » » 2 I 
0 O . l - v E - 3 6 OR LESS FRANKEL 7 * CNTR T A U - 1 TO 1 0 0 0 HHS 7 / 7 6 
0 l . * - 9 E - 3 6 OR LESS FRANKEL 75 CNTR T A l l - 5 0 MS TO 10 MPS 2 / 7 T 
0 2 - 2 0 E - 3 * OR LESS ALEKSEE1 76 ELEC T A U * 1 0 0 MS TO 1 DAY * / T T 
0 0 . 2 - 8 E - 3 * OR LESS ALEKSEE2 76 ELEC TAU-5 MS TD 1 DAY 3 / 7 7 

7 / T I 

FAAMEL 75 15 EXTENSION OF FRANKEL T * . 

A L E K S E E V I 1 . 2 I 76 ARE 6 1 - 7 0 GEV P SERP EX#T . CS I S PER PB NUCLEUS. 

Data Card Listings 
For notation, see key at front of Listings. 

HEAVY PARTICLE FLUX I N COS"TC RAYS I N U " B E * / C W * » 2 - S E C - S R I 
5 . 0 E - 1 1 OR LESS n . 9 0 JONES 6 7 ELEC 3 / 7 7 

fiJORNBOE 68 CNTR * / 7 T 
3 . 0 E - 8 OR LESS OAROD 72 CNTR * / 7 T 
I . 5 E - 9 OR LESS TONHAR 72 CNTR * / 7 7 
6 . E - 9 GR MORE YOCK 7 * C N l « - GT 6 GEV 1 / 7 6 
7 . E - I O OR LESS ( 1 . 9 0 YOCK 75 ELEC 9 / 7 6 

GR LESS SRIATOKE 7 b ELEC ••111 
I . 3 E - 9 CR LESS f t . 9 0 BHAT 78 CNTR » - M GT 1 GEV 1/BO 
* . 3 * - l . E - l l SOOOMAN 7 9 ELFC 7 / 7 9 
3 . 0 E - 9 8 0 SPR« M A P P « D X . . * . 5 ft 1 0 / 8 1 * 
3 . S E - I I CR LESS n . 9 0 ULLMAN 8 t CNTR 2 / 8 2 * 
7 . E - l l OR LESS n . 9 0 8 1 CNTR 2/62* 

YOCK 
YOCK 8 1 SPRK 1/82* 

T* EVENTS COULD BE T R I T O N S . L/76 

7B I S AT KOLAR F I E L D S . L I M I T I S FOR TAU > I 0 » * - 6 SEC- 1/90 

HO EVE TS ARE W TH CHARGE EXACTLY DR APPRO . EQUAL TO U N I T Y . 10/81* 

ir^HSliB:^ 
I OOTACAMUNDI2200M ABOVE S E A ) . NO SIGNAL I N 3 6 2 1 HOURS 1 0 / 8 1 -

L l G t t l I f l E l f c E E * Ml) ANO E MASSES! PARTICLE MA55 IUNITS-ELECTRON MASSES) 
0 NONE BETWEEN 6 ANO 25 BELOUSDV 6 0 CNTR 5P1N0R.TAU>1 E - 8 5 / 7 6 
0 NONE BETWEEN 2 ANO 25 GORBUNOV 6 0 CC SP1N0R.TAU>1 E - 9 5 / 7 6 
0 NONE BETWEEN 5 AND 175 CuUARO 6 3 CNTR SPtNDR.TAU>22 E-LO 5 / 7 6 
0 N I N b BETWEEN 5 ANO 1 7 5 COWARD 6 3 CNTR SCALAR.TAU>6B E - I O 5 / 7 6 

t 0 NONE BETWEEN 2 AND 13 BLAGOV T5 CNTR S P I 1 0 R , T A U > 2 E - I 0 S E C 2 / 7 6 
I 0 NONE BETWEEN 2 AND 1 0 . 6 BLAGDV 75 CNTR S C A L A R . T A U > 2 E - I 0 S E C 2 / 7 6 
3 0 NONE BETWEEN 110 AND ISO V lERTEL 78 CNTR T KU > 2 . E - 5 SEC 1 / 8 0 

i BLAGOV 75 60AJN0S ON L I F E l 1 ME DEPEND OM MASS AttO IMPROVE AS MASS % / 1 7 
h DECREASES. AT 2 GEV THE EXPERIMENT I S S E N S I T I V E TC T A U > 3 E - l l SEC * / 7 7 
t FOR S P I N O P . I 1 U > 5 E - 1 1 SEC FOR SCALAR. * / 7 T 

i"iHvr<<™ 

E T I P R I M ~ > E T A H1GGS 1 / B 2 * 

1/6Z* 
1/B2-

LOSECCO 81 CALO 2B GEV PROTONS 1 / H 2 * 

LOSECCO 8 1 I S BNL E X P T . SEES NO SLOW NEUTRALS AT TOF. L I M I T FOR CSt 1 / 8 2 " 
P R O D X C S I I N T I RAT IO OF HVV LEPTONS TO PROMT NEUS I S 2 . 2 E - 2 I C L - . 9 0 1 . 1 / 8 2 * 
HO EXCESS N . C . E V S LEADS TO C S P * C S I » A C C : P r A N C E < 2 . 2 6 E - ? l C M » * / K U C * * 2 1 / 8 2 * 
I C L - . 9 0 1 F C R L IGHT NEUTRALS. ACC. OEPENDS ON MODELS ( 0 . 1 TO * . E - * I . 1 / 8 2 * 
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
OTHER STABLE PARTICLE SEARCHES 

REFERENCES FOR OTHER NEK ' A R T I C L E SEARCHES 

BtLOUSOV 6 0 JETP 11 1 1 * 3 
GCR8UNQV 6 0 JETP 11 S t 
COWARD 63 PR 131 1 T B ! 
owe AH 65 PRL 1 * 9 9 S 
JONES 6 / PR 164 1 1 8 * 

BJDRNBOE 6 8 NC B 5 3 2 4 1 
B ISON 4 9 P I 30B 5 1 0 

A h M P C V t 71 PL 34B 164 
ANTIPOV2 T l NP B 3 1 2 3 5 
DARDO T2 NC 11 J l l 
TON MAR 12 JPA 5 S6S 
A l P E R 7 3 PL 4 6 B ZES 
LEIPUNER T3 PRL 3 1 1Z26 

APPEL 74 PRL 3 2 4 2 8 
74 PR 0 9 1032 

rcc« 74 NP 8 7 6 175 

ALBROM 75 NP 8 9 T 189 
9LAGOV 75 Y A Q . F I Z . 2 1 , 3 0 0 
FRANK EL 75 PR 0 1 2 2 5 6 1 
JCV4NOV! 75 PL 5 * B 105 
YOEK 75 NP B 8 6 2 1 6 

• LEKSEEI 74 SJNP 2Z 131 
ALEKSEE2 76 SJNP 23 6 3 3 
9 A L O I N 76 5JNP 22 2 6 * 
9RIATORE 76 NC 3 1 1 5 5 3 
GUSTAFSO 7 6 PRL 3 7 4 T 4 

BARISH 77 ORl 3 8 577 
9ENVENJT 77 PRL 2 8 1 1 1 0 
BLETZACK 77 PRl 3 8 1241 
CHANG 7 7 PRL 3 9 SI'S 
HOIOER 77 PL TOP 393 

ALBRIGHT 78 PR 0 1 B 10B 
AfJBRAN 7B PL 7 4 6 134 
ASRATYRN 7B PL T9B 4 9 7 
BELLDT7I 78 PL 7 6 6 2 2 3 
BENVFMDT 78 PRL 4 0 4BB 
BHAT 78 BRAK 10 115 
BOSETT1 78 P I 7 4 8 143 

CARROLL 7U PRL 4 1 7 7 7 
CUTTS 78 PRL 4 1 3 6 3 
DONNELLY 78 PR D I B H O T 

ALSD 7 6 PRL 3 7 3 1 5 
74 PBL 3 3 1 7 9 

HANSL1 78 PL 74 8 1?9 
HA1SL2 T6 PL 77B 114 

ALSO 78 NP 8 1 * 2 381 

ILEBOI 
I L E B D ) 
1STANI 

••USAKOW.TAHM.CERENKOV 
•SPlRtDONOViCERENKOV 
• G I T T E K U N . L Y N C H . R I T S O N 
•EAOES.LEOERKAN.LEE.TJNG 

f N t C H * U I S C * L B L * U C L A + M I N N * C a S U * C O L O * * U R A I 

CBOHK+BERNI 
Y I N * I S E R P 1 

•OENtSav .OONSKOV.GONlN.KACHANav* I S E R P I 
•OENISOV.OONSKOV.GORItt .KACHANOV* I S E R P t 
DA*DO,NAVARRA,PEN£KG0 ,$ ITTE ( T O R I J 
TONWAR.NARANAN.SREEKANTAN ( U F A ) 

I C E R N » l I v P * L U N D * B 0 H R « R H £ L * S T O H * S E A G * L Q U C I 
• L A R 5 E N . S E 3 S 0 N S , S M I T H , H I L L I l f S * I 8 N L * Y A L E I 

•BOUROUlN.GAlNES.LEQERHANiPAAR* ICOLU+FNALI 
• F R A T I . R E S V A N I S . Y A N G . N E Z R I C K ( P E N N * F N A L I 
P .C .H .YOCf t I U N 1 V OF AUCKLAND) 

• 6 J u t e E R . 6 E N r « C E R N » D A R E * F 0 M > L A N C * * C H 5 * U T R E ) 
• KOHAH.HUR«SHOVA,SVJtE ISKHt«DVA+ U E B O I 
• F R A T I . R E S V A N l S . Y A N G t H E Z R I C K 1 P E M * F N A L I 
JOVANOVICH* (MANI*AACH»CERN*GENO*HARV*TOR[) 
P . C . N . V K R I U N I V OF AUCKLANQtSLAC) 

ALEKSEEV,ZA IT5EViKAL( t t INA .KRUGLQV> I J J t M l 
ALEKSEEV.JE41TSEV.KAL1NINA.KRUGLDV* I J I N R I 
» v E R T 0 G R * D 0 V , V I S H N E V S K I I . G R I 5 H K E V l C H * t J I N R I 
• O A R D O i P I A Z Z O M . M I N N O C C H I * I L C G T * F R A S » F R E I I 
CUSTAf SON. AYR E .JONES. L O N G C ' W T H Y l * I C H | 

+ B A R T L E T r , B O D E K , M D * N * ( C I T t F N A L + R O C K I 
B E N V E N U T I . C L I N E * I F N A L * H A R V * P E N N » R U T G * V I S t l 
6 L E T Z A C K E R . N I E H . S 0 N I (STD N *U C S6) 
• C H E N . V A N GIXNEKEN I H S U t F N A L I 
*KNDBLOCH.HAY* I CE«N*DOfl T+HE10*SACL*BC-NAI 

•SMITH,VERMASEREN (FNAL+STONtPUROI 
«RCH»BARI+BERG*BRUK+CERN4EPOL*>1ILA*0RSA* 
•EPSTEIN ,FAKHAUTOIN01M I I T E P * S E R P I 
• F 1 0 R I N I . Z A N 0 T T I ( M I L * ) 
BENVENUTI * (FNAL*HARV*PENN*RUTG*WISC» 
•AAHANI HURTY ( T 1 F R I 
• O E D E N * tAACH+B0NN+CERN«L01C«aXF*SACl l 

• C H I A N G . J O H N S O N . K V C I A t K I * ( 6 N L * P R I N I 
• DJLUDE * ( B R O W * F N A L * I L L * B R R I * H | T » w * N S I 
• F R E E D K A N . L Y T E L . P E C C E I , SCHWARTZ I S T A N I 
REINES.GURR.SDBEL 
GURR.REINES.SOBEL 
•HOLDER.KNOBLOCH*ICERN*GORT*HEID*SACL»BGNAI 
•HOLDER.KN06LOCH*(CERN+DORT*HE10*SACL+aGNAI 
HANSL.HOLDER* <CERN»CORT*hETD*S*CL*BGNAI 

HCIOER 78 PL 7 3 8 1 0 5 
LOVELESS 76 PL 7 8 8 505 
HICELM1C Tfl LNC 2 1 4 4 1 
MORI 78 PRL 4 0 * 3 2 
V I D A L 78 PL 7 7 6 3 4 4 
VIEftTEL 78 INC 22 2 3 5 
KYSOTSSK 78 J E T P l 2 7 5 0 2 

ARMITAGE T9 NP B150 87 
BHAT 79 JPG 5 L 1 3 
BECHIS 79 PRL 4 2 1 5 1 1 
BENVENUT 7 9 PRL 4 2 1024 
BOZZOLI 7 9 NP B I S 9 363 
CALAPRIC 7 9 PR 0 2 0 270B 
CDTEUS 7 9 PRL 4 2 1 * 3 8 

DEGROOT T9 PL 8 5 8 131 
015 HAW 7 9 PL 8 5 6 142 
GOODMAN 7 9 PP. D 1 9 257Z 
SMITH 79 HP 8 1 * 9 5 2 5 
I H I T N I T S 7") SJNP 29 5 1 7 

BARBER SO PRL * 5 1 9 0 4 
6AR7EL 80 ZPHY C6 2 9 5 
BUS S I EKE 8 0 NP B 1 7 4 I 
FAISSNER 8 0 PL 9 6 B 2 0 1 

JACQUES 80 PR D 2 1 1206 
LEBRITTO 80 PL 8 9 B 2 7 1 
SOUKAS 80 PRL 4 4 5 6 4 
VOCK SO PR D 2 2 6 1 

•KNOBLOCH.MAY* (CERN*CCRT*HEID*SACL*BGNAI 
•BENADA* I W I S C * I E L * U C B * F N A L * H A M A * U A S H I 
HICELNACHEP.PCNTECORVD ( J I N R 1 
• B E N V E N U T I * fFNAL»*ARV*P£N>f»R<fTG*MISCl 
•HERB.LFOERMAN. 5NY0ER* <COLLUFNAL*STOX»UCBI 
•HAHN.SCKACHER ( 6 E R N I 
V Y S D T S S K I I * ( I N S T . A P P L . H A T H . . U S S R ACA. S C I . I 

* B E N Z . 6 0 e B I N K « (CERN»DARE*-F0M*NCHS>'JTRECH7I 
BHAr^GDPAlAKRlSHNANiGUPTA.TCKUAR ( T I F f c l 
•DONBECK* I U H D * C O L U * A . F . R . R . I . - B E T K E S O A I 
8 E N V E N U T I * (FNAL»HARV»OSU«PENN»PUTG*UISCI 
• B U 5 S I E R E . G I A C 0 M E L L I IBGN1*CERN*1 APP*SACLl 
C A L A P A I C E . D U W O R O . K O U Z E S . X I L L E R * ( P R I N I 
* D I E S B U P G , F I N £ , L E E , S O K 0 L S * Y < I C C L U * U L * B N L > 

+HAN5L,HOLDER* I CERN*DCRT«HEIDtSSCL«BGNAI 
• D 1 A M I N T - B E R G E R . F A E S S L E R . L I U * I S L A C « C 1 T I 
•ELLSWORTH,TTO.MACFALL.SIOHAK * ( U - C I 
•BENNETT ( R H E i l 
Z H I T N M S K t I . 5 K 0 V P E N (NOVOI 

• BECKER. BE 1 * f A A C H * D E S » - t N I T * A I K O » B f £ P l 
JADE C . ( O E S Y * H A X B * M £ I O * L A N C * P C H S « R H E L » T O n r l 
• GIACOKELLI .LESOUOY* (EGNA»SACL »LAPP1 
•FRENZFL.HEINRIGStPREUSSGER.SAHN.SANMIAACHl 

• K A L E L K R P . M I L L F R . P L A N O * I R 0 T C « S T E V * C 0 1 U I 
L E B R 1 T T 0 N . M C C A L . M E L I S S I W S * IROC"*BNL »NSF I 

ER.HENG.EREGNAN*IBNL» 4RW*0Rt(L»PENNI 
'RUCK) 

ASA NO 81 PL 107B 159 • K I N U T A N 1 . •IIJR0KAM1* i « E K « r a n Y t o s A i < i 
DZHELYAD 81 PL 1 0 5 8 2 3 9 • G O L O V K I N . ONSTANTINOV , K a " S T A « T I N O « + I S E H P I 
F A I S S N E I 81 ZPHY CIO 95 F A I S S N E R . F ENZEL.GRIMH , KAf(SL . MOFFIANt t AACH1 
F A I S 5 N E 2 81 PL 1 0 3 8 2 3 4 FA ISSNER.F ENZEL.HEINP IGS.I 'REUSSGER* (AACHI 
KlK 91 PL 1 0 5 8 55 8 . D . K I N . C H STAMM l A t C x l 

KINO SHIT S I PR D24 17CT K . K I N O S H I T • P . B . P B I L E IUCB) 
LOSECCO PL 1D2B 209 • S U L I K . G A L K.HORSTKOTT E* I N I C H t P E N N » S N L I 
ULLHAN PRL 4 7 2 8 9 J . D . U L L H A N I L E K N i B N L I 
IOC* PR 0 2 3 1207 P . C . M . Y O C " I A U C H 
7.EHNDER 81 PL 104B 4 9 * A . IEKNDER (ETM( 

E C M A R D S 8 2 PRL 4 8 9 0 3 •PARTRIDGE PECKt I C I T * M A O ^ * P 0 I N . s r A ' * « S L A C ) 
K INDSH1T 8 2 PRL 4 8 7 7 K I N Q 5 H I T A . P !CF,FRYf t f& GEF CJCB»^LACI 

** 



Mesons 
TT*. ir°, i). p(770) 

Data Card Listings 
For notation, see key at front of Listings. 

S=0, C=0 MESON STATES 

m 8 CHARGED PIDNI 1*0.JPG=0— 1 1-1 
SEE STABLE PARTICLE DATA CARD LISTINGS 

I 7T I 1 NEUTRAL PI0N(l3S,JPG-0—) I-l 
SEE STABLE PARTICLE DATA CARD L I S T I N G S 

J 7) I J* ETA!549.JPG«0-«) I«0 

SEE STABLE PARTICLE DATA CARD L I S T I N G S 

M770) RMOI7TD.JPG « ! - • 

Note on the p° Mass and Width 

Because of the broadness of the p meson, its 
shape is not very well described by a Bteit-Wigner 
formula, which is a narrow-resonance approxima
tion. Although most experimental distributions 
can be well described by a relativistic Breit-
Wigner formula with a P-wave width and an addi
tional shape parameter (PISUT 68)* the resulting 
resonance parameters will clearly depend on this 
model. A consistent set of such determinations 
{PISUT 68, ESTABROOKS 74, BARTALUCCI 78, WKXLVND 

78, HEYN 80) yields m 0 - (769 + 3) MeV, V 0 -
P — P 

(154 + 3) MeV. 
Attempts have been made to determine the p 

pole position in a more model-independent way 
(LANG 79, BOHACIK 80). It is comforting that 
these determinations agree perfectly with the 
above mass average (LANG 79, however, finds a 
somewhat smaller width). 

Independent support comes from an Stl (4) -gen
eralization of the Gell-Mann-Okubo mass formula, 
which in the limit of exactly ideal mixing can be 
written (HONTONEN 75) 

2(^K - 4>D ) + tu(D - K ) 
2<i|> - <f>) - (D* - K*) 

Since the masses of the vector mesons on the 
right-hand side have all been determined to a much 
better precision than that of the p, they can be 

used to determine that the mass of the p * (768 + 
2) MeV. The theoretical error due to non-ideal 
mixing is only of the order of +1.5 MeV. 

Ttius we conclude that the mass of the p is 
{769 +_ 3) MeV, somewhat lower than quoted in the 
1976-80 editions. 

WE NO LCNGE" L I S T S-UAVE BREIT-WIGNER F I T S . P6AR P DATA K I T H HI 
COMB I N * TO DIAL BACKGROUND. AND I N S I G N I F I C A N T DP DOUBTFUL DATA. 
SEE ALSO THE " I N I - R E W 1 E M ABOVE. 

URGED ONLY 
m o . 01 ti.o) 
( T 6 B . 0 I ( 5 . 0 1 
( 7 6 5 . 0 ) ( 5 . 0 1 
( 7 6 0 . 0 1 ( 5 . 0 ) 
( 7 6 5 . 0 1 ( 5 . 0 1 

3 . 5 P l * ( 

t 2775 I 1 . 5 1 
( 7 5 8 . 0 1 

"its 
( 2 . D ) 

CAPH0NV 64 HBC 
6L1EDEN 6 5 P«SP - 3 - 5 " I -
A L F F - S T E I 6 6 HBC 
HAG0PIAN1 6 6 HBC 
HAG0PIAN2 6 6 HBC 
JACOBS 6 6 HBC 
JAMES 6 6 HBC 
IEST 6 6 HBC 

6 7 HBC 

TCUT * 

2 - 3 P I * P 6 / 6 6 
3 . 0 P I - P A / ' j b 
2 . 1 * P t - . T C U T I Z W 6 T 
2 - 3 P I - . T CUT 2 0 6 / 6 8 
2 . 1 P M . T C U T 2 . 5 8 / 6 1 . 
2 . 1 P I - P 1 0 / 6 6 
2 . 7 P I - . T CUT20 1 / 6 6 
2 . B P I - . T C U T I 3 7 / 6 9 

1 0 0 T 6 7 . 
9 6 5 0 7 6 6 . S 
6 5 0 0 7 6 6 . 

EISNER 6 T HBC 
P ISUT 6B PVUE 
BVE«LY T 3 0SPK 

AVG 7 6 6 . 8 1 .4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 0 ) 

NEUTRAL ONLY 
R 3 0 0 ( 7 6 0 . 0 1 1 , 0 . 0 1 ASOLINS 6 3 HBC 0 3 . 5 P t * P 

( 7 7 0 . 0 1 1 [ 0 . 0 1 64 HBC 0 3 . 7 Pl*s> 
1 1 7 5 0 . 0 1 5 . 0 ) A L F F - S T E I 6 6 HBC B 2 - 3 P I * P 6 / 6 6 

5 . 0 1 HAG0PIAN1 6 6 HBC 0 3 . 0 P I - P 
P. ( 7 7 0 . 1 5 . 1 HAGOPlANi 6 6 HBC 0 2 . 1 P l - . T C U T 12 2 / 6 7 
« 4 Z 0 T ( 7 5 9 . 0 1 7 , 5 ) JACOBS 6 6 H G t 0 2 - 3 P I - . T CUT 2 0 

( 7 6 5 . 01 6 . 0 ) JAMES 6 6 HBC 0 2 . 1 P I * P 6 / 6 6 
( 7 6 0 . 0 1 3 . 0 ) MES7 6 6 HBC 0 2 . 1 P I - » 1 0 / 6 6 

P 4 0 0 0 ( 7 6 5 . 1 5 . 0 ) ASBURV 2 6 7 CNTR 0 GAMMA * PB 1 / 7 3 
2 . 0 ) BACON 6 7 HBC 0 1 . 7 P I - P 9 / 6 7 

R 1 7 6 1 . ) 3 . 1 HUME 6 7 HBC 0 Z . 4 P I - P 7 / 6 7 
( 7 7 0 . 0 1 4 . 0 ) MILLER 6 7 HBC 0 Z . T P I - . T CUT20 9 / 6 6 
( 7 7 5 . 0 1 2 . 0 1 ARMENISE 6 8 C8C C 5 . 1 P I * 0 
( T 6 B . 41 2 . 4 ) MALANUD 6 9 RVCE 0 2 - * P I - P 1 / 7 3 
( 7 6 5 . 0 1 1 . 0 . 0 ) ALVENSLEC 7 0 CNTR C GAMMA A . T C U T . 0 1 1 / 7 3 
1 7 7 5 . 1 5 . 1 GLADDING 7 3 CNTR 0 2 . 9 - 4 . 7 GAMMA (• 2 / 7 4 
I T T 8 . ) 2 . ) 73 ASPK 0 l T . P I - » , P I * P I - > ( 1 / 7 4 
( 7 7 0 . ) 9 . 1 ESTABROO* 74 PVUE a 17 PI-P.PI*PI-N 1 2 / 7 5 
1 7 7 5 . ) 2 . 1 GRAYER 74 ASPK 0 l T . F | - o , F t * P I - N 2 / 7 4 

0 1 7 7 6 . 3 1 0 . 4 ) R0OS 75 PVUE 0 PHASE S H I F T S 
CM ( 7 6 9 . 5 ) O. 7t LANG 79 RVUE 0 J / 8 2 

2 2 5 D 7 7 5 . 0 3 . 0 HVAMS 6B DSPK 0 1 1 . 2 P i - P 9 / 6 8 
T 6 9 . 2 1 . 5 P ISUT 6B RVUE 

1 7 0 0 T T * . 0 3 . 0 REYNOLDS 6 9 HPT 0 2 . 2 6 P I - P 1 2 / 7 B 
I 4 0 K BIGGS 7 0 CNTR 0 PM0T0PR.0D. 1 / 7 3 
1 9 3 0 7 6 7 . 0 4 . 0 BALLAM 72 HBC 0 2 . B GAHNI P 1 / 7 3 

T 7 0 . 0 72 HBC 0 * . T GAMMA P 
1 1 2 0 0 7 T 3 . 5 JACOBS 72 HBC 0 2 . 8 P I - P 1 / 7 3 

6 8 0 0 7 6 4 . 0 3 . 0 RATCLIFF 72 ASPK 0 1 5 . P I - o . T C U T . 3 
3 2 0 0 0 7 7 5 . 0 4 . 0 PROT0FOPE 7 3 HBC 0 7 . 1 P I * P . T C U T . 4 

4 1 0 0 T 6 7 . ENGLER 7 * DBC 0 6 . P I * N , P ! * P I - P I Z / 7 5 
7 6 0 0 0 7 6 8 . 0 1 . 0 DEUTSCHMA 7 6 HBC 0 1 6 . P I * P 

7 6 7 . 6 2 . 7 BARTALUCC 7 8 CNTR 0 B R E M 5 . E * E - P 
7 6 9 . D 3 . 0 UICKLUND 7 8 ASPK 0 3 . 4 . 6 P I t - P N 4 / 7 8 
7 7 6 . 1 2 . 6 BECKER 7 9 ASPK 0 1 7 . P I - P P O L A M i 1 2 / T 9 
7 6 6 . 0 4 . 0 BDHACIK 8 0 HVUE 0 1 / 8 2 1 

B 7 7 0 . 2 . HEYN SO RVUE P I 0 N FORM FACTO* 9 / 8 1 * 

WEIGHTED AVERAGE - 769. 
ERROR SCALED BY 1 

755 765 775 
NEUTRAL RHO MASS (MEV) 

HEYN 00 RVUE ^ 
BOHACIK SO RVUE 
BECKER 79 ASPK 

WICKLUNO 7B ASPK 

BARTALUCC 7B CNTR 
DfUTSCHMA 76 HBC 
ENGLER 74 DBC 
PROTOPOPE 73 HflC 
RATCLIFF 72 A S P K 

JACOBS 72 HBC 
FJALLAM 72 HBC 
BALLAM 72 H8C 

BIGGS 70 CNTR 
REYNOLDS 69 HBC 
P ISUT 6B RVUE 0 1 
HYAMS 6B OSPK ^Li_ 
785 795 <CONLEV 
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
p(770) 

NOTES 

FROM F I T OF 3 - P A R M E T E R R E L R T I V I S T I C f -MAVE BRE1T hlGNER TO TOTAL 
MAS5 D I S T R I B U T I O N . 
WEYN 8 0 INCLUDES A H SPACELIKE ANO T I H E L t K E F I P I I 
VALUES U N T I L 1 9 7 8 . 
F R O * POLE EXTRAPOLATION 
ENERGY-DEPENDENT. ANALYSIS OF BATON J O . HYAMS 7 3 . 
PROTOPOPESCU 73 PHASE S H I F T S . 
PUKE P-URVE SYSTEM. 
FRDH F I T CF ^-PARAMETER R E L A T I V I S T I C 6 R E I T - K I G N E R TO 
H E L I C I T T K R C PART OF P-WAVE I N T E N S I T Y . BECKER 7 9 
INCLUDES B A T ! OF GRAVER 7 * . 
FROM P H A 5 E „ S M F T ANALYSIS OF CRAY Eft 74 OATA. 
FROM PHOTOPAODUCTION. HO DEL DEPENDENT. 
INCLUDED I N PISUT 6 9 RVUE 
PHASE SHIFT A N A L Y S I S . SYSTEMATIC ERRORS ADOED CORRESPONDING 
TO SPREAD OF DIFFERENT F I T S . 
MASS ERRORS ENLARGED BY US TO U 1 0 T H / S Q R T I N ) . S E E K» TYPED NOTE 

- I R H O * - ) MASS DIFFERENCE (MEVI 

FOSTER 6fl HBC * - 0 PBAR P AT REST 1 2 / T 8 
PISUT 6 8 RVUE P I N TO RHO N 6 / 6 B 
REYNOLDS 6 9 MBC - 0 2 . 2 6 P I - » 1 2 / 7 8 

. 0 . 3 2 . 2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3 

FROM QUOTED MASSES OF CHARGED AND NEUTRAL MODES 

ME NO LCNGER 
COMBINATORY 
SEE FURTHER 

CHARGED ONLY 
R I T 7 . D I 
R 1 1 0 0 . 0 1 
0 H 2 r . O ) 
R 1 1 5 0 . 0 1 
R 1 1 3 5 . 0 ) 
R 2 7 7 5 1 1 3 7 . 1 1 
H U * T . O ) 

9 0 0 1 4 6 . 
9 6 5 0 K B . 2 
6 5 0 0 1 4 6 . 

9 RKO WIDTH CMEVI 

L I S T S-UAVE BREIT-WIGNER F I T S . PflAR P DATA 1 
. BACKGROUND. AND I N S I G N I F I C A N T OR OOUBTFUL t 
U N I - R E V I E U ABOVE. 

( 5 . 0 1 
( 2 0 . 0 ) 
( 2 0 . 0 1 
( 2 0 . 0 1 
( 1 9 , 0 1 

( 1 3 . 0 1 
1 1 3 . 0 1 

( 5 . 0 1 

CARKONY 64 HBC • 3 . 5 P I * P t T C U T * 
A L F F - S T E I 6 6 HBC • 2 - 3 P I * P 6 / 6 6 
BL IEDEN - 3 - 5 P I - P 6 / 6 6 
HAGOPIANI 6 6 HBC - 3 . 0 P I - P 6 / 6 6 
HAGOPIANS 6 6 HBC - 2 . 1 ' . P I - . T C U T 1 2 9 / 6 7 
JACOBS 6 b HBC - 2 - 3 ' - ! - . T CUT 2 0 6 / & B 
JAMES 6 6 HBC 2 . 1 P ( * . T C « T Z . 5 S/66 
WEST 6 6 HBC - 2 . 1 P I - P 1 0 / 6 6 
MILLER 6 7 HBC 9 / 6 6 
BATON 6B HBC - 2 . 8 P I - P 7 / 6 9 

- 4 . 2 P I - . T CUT1Q 9 / 6 7 
P ISUT 6B RVUE - 1 . 7 - 3 . 2 P I - . C U 0 6 / 6 B 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1 . 0 1 

NEUTRAL ONLY 
R 3 0 0 ( 9 0 . 0 1 
R 5 0 0 1 ( 3 0 . 0 1 
R 1 1 0 0 . 0 1 
H 1 1 2 0 . 0 1 
R 1 1 3 5 . 0 1 
R 4 2 0 7 I 1 2 2 . Z 1 
R 1 1 0 3 . 0 1 
R ( 1 T 3 . 0 1 
P 4 0 0 0 I i 3 » . I 
R 1 1 4 3 . 0 1 
R U 5 2 . > 
R ( 1 6 0 . 0 1 
R ( 1 6 T . 0 I 
P ( 1 6 0 . 0 1 
R ( 1 3 2 . 0 1 

(15.01 
(13.01 
(13.01 
(S.J 
(8.01 

(1-5. 1 
(15.01 
16.01 

110.01 
(13.01 
(5.01 

111.) 
( 2 . ) 

( 1 3 . ) 

2 2 5 0 n 
3 3 0 0 161 
I TOO 141 
140K 
2 4 3 0 !<>•> 
1 9 3 0 14 - . 
6 8 0 0 !•>; 2 0 0 0 1 6 0 
• .100 146 
6 0 0 0 I W 

ISO 

A 6 0 L I N S 
GOLDHABER 
A L F F - S T E I 
HAGOPIANI 
HAG0PIAN2 
JACOBS 
JAMES 
NEST 
ASBUOy 2 
BACON 
HUUE 
MILLER 
ARMEN1SE 
LANZEROTT 
MALAMUD 
ALVENSLEB 
GLADDING 
HYAMS 
ESTABROOK 
GRAYER 
RODS 

HYAMS 
P ISUT 
REYNOLDS 
BIGGS 
BALLAM 
6ALLAH 
RATCLIFF 
FROTOPOPE 
ENGLER 
DEUTSCHMA 
BRRTALUCC 
WICKLUND 
BECKER 
LANG 
BOHACIK 

6 6 HBC 
6 6 HBC 
6 6 HBC 
6 6 HBC 
6 6 HBC 
6 7 CNIR 
6 7 HBC 
6 7 HBC 
6 7 HBC 
6B DBC 
6B CNTR 
6 9 PVUE 
70 CNTR 
7 3 CNTR 
7 3 ASPK 
74 RVUE 
T4 ASPK 
7= RVUE 

72 ASPK 
7 3 HBC 
74 OBC 
7 6 HBC 
7 8 CNTR 
TB ASPK 
7 9 ASPK 
7 9 RVUE 
8 0 RVUE 
SO RVUE 

0 3 . 0 P I - P 
6 / 6 6 
6 / 6 6 

P.LOK T 9 / 6 7 
T CUT 2 0 6 / 6 8 

o 6 / 6 6 
P 1 0 / 6 6 
PB 1 / 7 3 

S / 6 7 
P 7 / 4 7 
T CUT JO, 9 / 6 6 

6 / 6 8 
1/73 
1/73 
1/73 
2/74 
1/74 

0 2 . 1 P l -
0 GAMMA 4 
0 1 . 7 P l -
0 2 . 4 P I -
0 2 . 7 P I -
0 5 . 1 P l + D 
0 GAMMA P 
0 2 - 4 P l - P 
0 GAMMA A . T C U T . O I 
0 BREMS. 
0 l 7 . P I - P . P I * P l - t 
0 17 PI-P,PI*PI-N 12/75 
0 L 7 . P I - P . P I » P I - N 2 / 7 4 
0 PHASE S H I F T S 1 2 / 7 5 

0 1 1 . 2 P I - P 1 / 7 3 
0 1 . 7 - 3 . 2 P I - . C T 1 0 1 / 7 3 
0 2 . 2 6 P I - P 1 2 / 7 8 
0 PHOTOPROD. 1 / 7 3 
0 4 . 7 GAMMA P 1 / 7 3 
0 2 . H GAMMA P 1 / 7 3 
0 I S . P I - P . T C U T . i 2 / 7 4 
0 7 . 1 P I 4 P , r C 0 T . 4 2 / 7 4 
0 6 . P I * N , P r » P l - P 1 2 / 7 5 
0 1 6 . P I * P 4 / 7 8 
0 BREMS.E*E-P 1 2 / 7 T 
0 3 , 4 . 6 P I * - P N 4 / 7 8 
0 I T . P 1 - P P O L A R I I 1 2 / 7 9 
0 1 / 8 2 * 
0 1 / B 2 * 
0 PION FORM FACT. 9 / 6 1 * 

NCTES — 

•-HAVE BREIT DIGNEH TO TOTAL FRDM F I T OF 3-PARAMETER RELAT IV IST 
MASS D I S T R I B U T I O N . 
MEVN 8 0 INCLUDES ALL SPACELIKE A W T1MEL1KE F ( P U 
VALUES U N T I L 1 9 T 8 . 
FROM POLE EXTRAPOLATION 
ENERSY-OE PEN DEN 7 ANALYSIS OF- BATON 7 0 , HYANS 7 3 . 
PHOTOPOPESCU 7 3 PHASE S H I F T S . 
PURE P-WAVE SYSTEM. 
FROM F I T OF 3-PARAMETER R E L A T I V I S T I C BHEIT -U IGNER TO 
H E L I C H V 2ERC PART OF P-HAVE I N T E N S I T Y . BECKER 7 9 
INCLUDES DATA OF GRAYER 7 4 . 
FROM PHASE S H I F T ANALYSIS OF GRAYER 74 DATA. 
FROM PHOTOPRODUCT I O N . MODEL DEPENDENT. 
[NCLUOEO IN f> ' -UT 6 8 RVUE 
PHASE SHIFT ANALYSIS . SYSTEMATIC ERRORS ADDED CORRESPONDING 
TO SPREAD OF DIFFERENT F I T S . 
K I O T H ERRORS ENLARGED BY US TO 4 * W I O T H / 5 0 R T I N ) . S E E K» TYPED NOTE 

WEIGHTED AVERAGE • 
ERROR SCALED Br 

80 RVUE 
80 RVUE 
79 ASPK 
78 ASPK 

BARTALUCC 78 CNTR 
DEUTSCHMA 76 HBC 
ENCLER 74 DBC 
PROTOPOPE 73 HBC 
RATCLIFF 72 ASPK 

140 160 ISO 
NEUTRAL RHO WIDTH (MEV) 

7 2 H B C 

7 2 H 8 C 

7 0 C N T R e a 
6 9 H B C i a 
6 0 R V U E 

6 8 O S P K 

1 3 . 5 
C O N L E V 
= 0 0 9 4 ) 

RHO PARTIAL DECAY MOOES 

1 2 P I RHO INTO 
RHO INTO 4 P I 
RHO INTO P I GAMMA 
RHO INTO E * E-
RHO INTO P I ETA I V I O L I T E S G l 
RHO INTO MU* " U -
RHO INTO P I » P I - P I O ( V I O L A T E S 
RHO INTO ETA GAMMA 

1 3 9 * 1 3 9 * 139< 

R H D * - INTO ( P | » - P I » P I - P I O I / ( P I * - P I O I 
( 0 . 0 0 2 1 0 f t LESS FERBEL 6 6 HBC < 

0 . 0 0 3 5 0 . 0 0 4 JAMES 6 6 MRC ' 

RHOO l»TO ( P I * PI- PJ* P I - J / ( P I * P J - 1 
I O . O 0 8 I O R LESS JAMES 6 6 »BC 
( 0 . 0 0 2 I O R LESS CHUNG 6B f B C 
( 0 . 0 0 2 I O R LESS C L * . 9 0 HUSON 6B HL8C 
( 0 . O D l l t e LESS C L - . 9 0 E»BE 6 9 MBC 

Note on t h e e e and y U~ Decays 

PI*- P ABOVE 2.5 

I-IKE.. 

Extraction of a ratio for p -> e e is compli
cated by interference with u decay. In photopro-
duction, YA -*• e e~A, there is substantial interfer
ence between the allowed (p ,0)) -*• e e~ Jlecays. The 
interference in the coHiding-beam reaction e e -+• 
IT Tr is due to G-parity-violating mixing of the 
overlapping p° and <u resonances; it alters the 
results for the rate r(p° •*• e e~) only by a small 
amount. Therefore at present we average only the 
values from the e e" + f TT" experiments. 

The same comment applies to the decay p -> p Li . 

RKO I N T O ( E * E - 1 / ( P I » P I - I ( U N I T S 1 0 « - 4 I ( P 4 I / I P 1 I 

SEE M I N I - R E V I E M ABOVE. 

ASBURV 1 6 7 CNTR PHDTOPROOUCTIDN 
KERTZBACH 6 7 OSPK ASSUME S U ( ^ I * M I X I N G 1 0 . 
ASTVACATU 6B OSPX ASSUME S U ( 3 l * M I X I N G 
AUSLENDER 6 9 OSPK E * E - COLLIO.BEAM 

i ) BIGGS TO CNTR PHOTO PRODUCTION 
BENAKSAS 72 OSPK E * E - COLL.BEAMS 

1 0 . 6 ^1 
1 0 . 6 5 -
1 0 . 5 3 1 1 0 . 1 1 1 

0 . 5 0 
1 0 . 4 9 1 1 D. 121 

0 . 4 1 C . 0 5 

0 . 4 ? f l 0 . 0 4 5 AVERAGE (ERROR INCLUDES SCALE FACTOR t 

NOT SEPARATED FROM OMEGA OECAV. ERROR S T A T I S T I C A L ONLY. 
ASSUMING RHO MIDTH 1 4 0 MEV. ERROR S T A T I S T I C A L ONLY. 
NOT SEPARATED FROM OMEGA DECAY. 
POSSIBLY LARGE AHO-ONEGA INTERFERENCE 

t . O I 



Mesons 
p(770), u(783) 
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Data Card Listings 
For notation, see key at front of Listings. 

RHO INTO ( « U * " U - J / I » I * 

SEE M I N I - R E V I E W ABOVE. 

i ruriirs 10" 

tl ''•" 
HVAMS 6 7 OSPH 
BOTHWELL 6 9 CNTR 
HEHMANN 6 9 OSPK 

11 P I - I I H 
PHOTOPRCDUCT'ON 

12 P | - ON C F E 

0 . 6 7 0.12 >VERAGE (ERROR INCLUDES SCALE FACTOR OF . 0 1 

HYAMS MASS RE SOL. I S 2 0 MEV. THE OHECA REGION HAS EKCLUDEO 
POSSIBLY LARGE RHO-QKEGA INTERFERENCE LEADS US TO INCREASE 
THE MINUS ERROR 
RE S L I T CONTAINS 111 * - 111 PER CENT CORRECTION USING S U I 3 1 
FDR CENTRAL VALUE. THE ERROR ON THE CORRECTION TAKES ACCOUNT 
DF POSSIBLE RHO-OMEGA INTERFERENCE AND THE UPPER L I M I T AGREES 
WITH THE UPPER L I M I T OF IOMEGA INTO NU* MU-1 FROM T H I 5 EXPT. 

1 INTO I P T « P I - P I O I / I P I * P I - 1 ( P T l / f P l I 
1 0 . 0 1 1 CR LESS C L - . B 4 ARRAMS T l HBC D 3 . 7 P I * P 1 

MODEL DEPENDENT,ASSUMES 1 = 1 , 2 . O R 3 FOR THE 3 P I SYSTEM 1 

RHO INTO I ETA CAHMt l /TOTAL ( U N I T S 1 0 * 
1 3 . 6 1 ( 0 . 9 ) ANDREW 
( 5 . 4 1 ( 1 . 1 1 ANDREW 

SOLUTION CORRESPONDING TO COHSTRUCTI 
THE 8JARK MODEL PREDICTS A RELATIVE 

i TT CNTR 0 6 . 7 - 1 0 GAMMA CU 
; 7 7 CNTR 0 6 . T - 1 0 GAMMA CU 
'E OHECA-RHO INTERFERENCE 
IECAV PHASE OF ZERO. 

*T 8 SOLUTION CORRESPONDING TO DESTRUCTIVE OMEGA-RWO INTERFEPENCF 

REFERENCES FOR RHO 

KENNEV 6 2 PR 1 2 6 736 
SAMIOS (,2 PRL 9 1 1 1 
KUDNG 6 2 PR 1 2 9 1 6 * 9 

• B O I I N S 6 3 P&L I I 3 B I 
A L I 7 T I 63 NC 2 9 5 1 5 
CHA0W1CK 6 3 PRL 10 62 
GUItAGO5 6 3 PRL 11 BS 
5ACLAY 6 3 SIENA COf.* 1 2! 

BONOAR 64 NC 3 1 129 
CARNONY 64 OUBNA CQNF I 4 ' 
GOLOHABE 6 * PRL 12 3 1 6 

ALVEA 65 PL I S 8 2 
ARNENISE 65 NC 37 3 6 1 
BLIEDEN 65 PL 1 9 4 4 4 
CLARK 65 PR 1 3 9 B 15 5 6 
GUTAY 65 NC 3 9 3 8 1 
LANZEROT 65 PRL 15 2 1 0 
ZDANIS 65 PRL 14 T 2 I 

ACCENS1 66 PL 2 0 5 5 7 
A L F F - S T E 6b PR 1 4 5 1072 
BALTAY 6 6 PR 1 4 5 1103 
BLIEDEN 6 6 NC 4 3 T l 
CAM BR IDG 6 6 PR 1 4 6 994 
CAS ON 6 b PR 1 *8 1282 
OEUtSCHM 66 PL 2 0 8 2 
FERBEL 6 6 PL 2 1 1 1 1 
FIDECARO 6 6 PL 2 3 163 
HAGDP1AN166 PR 1 4 5 U 2 B 
HA5QPIAN266 PR 152 1183 
HUSON 6 6 PL 2 0 9 1 
JACDBS 66 U C R L - 1 6 B 7 7 
JAMES 06 PR 1 4 2 H9b 
WEST 149 lOB* 

ALLES-BO 6 7 NC 5 0 A 776 
ASSURY 1 67 PRL 1 9 8 6 9 
ASBURY 2 6 7 PRL 1 9 365 
BACON 6 7 157 1263 
BANNER 6 7 PL 2 5 B 3 0 0 
BAH LOW 6 7 NC 50A 7 0 1 
BATON 6 7 PL 2 5 B 4 1 1 

ALSO 67 NP B 3 349 
CLEAR 6 7 NC 4 9 A 3 9 9 
OANYSZ 6 7 NC 5 1 A 801 
EISNER 6 7 164 1699 
FRENCH 67 NC 5 2 A 4 4 2 
H E R I I B A C 6 7 PR 1 5 5 1 4 6 1 
HUME. 67 PL 2 4 9 2 5 2 
HYAMS 6 7 PL 2 4 B 6 3 4 
MILLER 6 7 PR 1 5 3 1423 
P0 IA1EA 67 PR 1 6 3 1462 

ABC COLL 6 6 NP B4 5 0 1 
ARMENISE 6B NC 54A 9 9 9 
ASrVACAT 6 8 PL 2 7 B 45 
BATON 6 8 PR 176 1574 
BLECHSCH 6 B NC 5 3 A 1 0 4 

ALSO 6 7 NC 52 A 1 3 * 
CHUNG 6 8 1 6 5 1 4 9 1 
DONALD 6 8 NP B 6 174 
FOSTER 6 6 NP 8 6 107 
HUSON PL 2 8 B 2 0 8 
HVAMS 6 8 NP B 7 I 
JONES 68 PR 1 6 6 1405 
JOHNSON PR 1 7 6 1 6 5 1 
KEY 6B PR 1 6 6 1430 
LAMS A 6B PR 1 6 6 1 3 * 5 
LANZEROT 6 8 1 6 6 1 3 6 5 
HARATECK PRL 2 1 1613 
P I S U T 6B NP 6 6 3 2 5 

A U C U S T U 6 9 PL 2 8 B 5 0 8 
AUGUST! 2 6 9 INC 2 2 1 4 
AUSLENOE 6 9 SJNP 9 6 9 
EABE 6 9 I B B 2 0 6 0 
MAI SS INS ARGQNNE CONF. 
JUHALA 6 9 PR 1 8 4 1 4 6 1 
MAIAHUO 6 9 ARGONNE CCNF. 
MILLER 6 9 PR 1 7 6 2 0 6 1 
« Q I T 6 9 PR 1 7 7 1966 
REVNOiOS 6 9 PR 1 8 4 1424 
ROOS 6 9 NP B 10 5 6 3 

V P KENNED.W D SHEPHARO.C D GALL (KENTUCKYI 
SAMIdS.SACHMAN.LEA* I BNL*CUNY*COLU*KNTYI 
NGUYEN HUU XUONG.GERALO R LYNCH ( L R L I 

ABOLINS.LANDERtMEHLNOP.t lGUYEN.YAGER IUCSD) 
A L I T r i . B A T O N . A R M E N I S E * < 5 A C L * 0 R S A * B A R l * B G N A ] 
C H A D N I C K . O A V I E S , D E R R I C K , C R E S T | 4 (OXF*PAOOI 
2AVEN CUIRAGOSSIAN I L R L I 
SACLAY*ORSRV*BAP.I * BCLCCNA- COLLABORATION 

BONDAR* ( A A C H E N * B I R H * e O N N » C E S Y * L 0 1 C * M P I M | 
CARMDNY.HOA.LANDER.NG.H.KUONG. YAGER IUCSDI 
GOLOHABER.BROWN,KADYK.SHEN* I L R L ' U C B I 

ALVEA,CRITTENDEN,MARTIN,RHODE • t I N O I A N A I 
SACLAV*ORSAV+eARI»BCLOGNA COLLABORATION 
CERN M I S S I N G MASS SPECTROMETER GROUP (CERNI 
A CLARK.CHRISTENSON.CRONIN.TURLAVIPRINCETOI 
G U T A V . L A N N U T T I . T U L I (FSU1 
LANZEROTTI iBLUHENTKALiEHN.FAISSLER * IHARV1 
ZUANIS.*ADANSKY,KRAEMER • I J H U * B N L I 

A C C E N S 1 , A L L E S - B O R E L L I , F R E N C H . F R I S K * (CERNI 
ALFF-STE1NBERGER.BERLEY.SRUGGER*ICDLU*RUTG1 
•FRANZ I N I , LUT JENS, 5 E V E R I N S . T Y C K 0 K COLUMBIA] 
CERN MISS ING MASS SPECTROMETER GROUP (CERNI 
CAMBRIDGE BUBBLE CHAMBER GROUP ( M I T 4 H A R V * ) 
N H CASON ( W I S C O N S I N I 
OEUTSCHMANN.STEINBERG • I A A C H 4 B E R L I N * CERNI 
FERBEL (ROCHESTER! 
G*M F I O E C A R O . J P O I R I E P . P SCHIAVON (CERN) 
H A G O P I A N . S E L O V E . A L I T T I , B A T O N * IPENN*SACLAVI 
HAGQPIAN.PAN IPENNSYLVANIA.LRL-BERKELEY) 
HUSQS.ALLARD.Of tUARD.HENNESSr* (ORSAY*EPOL) 
L .D .JACOBS I L R L I 
F E JAMES.KRAY8ILL (YAI£*BROOKHAVENJ 
WEST,flOYD.ERMIN.WALKER ( W I S C O N S I N ! 

A L L E S - B O R E L L t , F R E N C H , F R I S K . + ICEHN*BONN) 
*BECKER*BERTARH*J0OS*JDRDAN* IOESY*COLUI 
4 B E C K E H * B E R T R A M » J O 0 S * J O R O A N « (OESV+COLU! 
• F 1 C K I N C E R . H I L L . H O P K I N S , R O B 1 N S 0 N * I S N L I 
* F A Y 0 U X , H A K E L , Z S E M B E R V . C H E Z E * I S A C L A V t C A t N l 
* L I L L £ S T O L * M 0 N T A N E T * <CERN4CDEF* IRRD+LIVP> 
J . B « T O N , r , . t A U R E N S . J - R E t G N ! E R ISACLAV) 
J . BATON, i i . LAURENS, J . R E ! C M ER (SACLAY) 
4JOHMSTON*CO0PER*HANNER* ITNTO*ANL+WISCI 
DANV5Z*FRENCH.*SI*.AK (CERNI 
*JOMNSON*KLEIN*PETERS*SAHNI+YEN* (PUROUEI 
* K I N 5 0 N * H C O O N A L O * R I D D I F O * 0 * I C E R H * 8 I R M ) 
H E R T Z B I C H , K f t l E H E R , M A D A N S K ( , ; O A H I F ~ : j H U » B N L ) 
* W R a u l T * O P P E N H E I H E R * S C H U i r Z * W l L S G N (COCUI 
•KOCH»PELLETT*POTTER*VONLtNDERN»<CERN*MPtHI 
MILLER,CUTAV,JOHNSON.LDEFFLER 4 I PURDUE I 
* B 1 S U A S , C A S C N , 0 E R A D 0 . K E M E Y * <NDAH*PENNI 

AACHEN»SERLIH*CERN COLL At] OR AT I O N * 
* G H I o l N | , F O R t N D 4 t B A K I * B G N A * F t R Z * D R S A Y I 
A S T V t C R T U R O V , 4 Z l M O V , 8 * L 0 I N * <JtNR*MDSCOWt 
J . P . BATON, G . LAURENS ( S A C L A Y ' 
B L E C H S C H " 1 0 T , 0 0 W D , E L S N E R , * I D E V ' i M C H S k 

5 . U . C H U N G , O . I . D A H t , J . K I R Z , 0 . l - . H U L E N I L R L I 
*EOMARDStFRODESEN.BETT IN I * ( L ( V P * 0 5 L O * * A D O > 
*GAV1LLET*LABR0S5E*M0NTANET* ICERN4C3EFI 
• L U a A T T l . S I X . V E I l L E T , * IORSA+MILA*UCLR> 
•KOCH,POTTER,WILSON,VCN L I N D E R N H C E » N * M P I M I 
*BL£ULER.CALDWELL.EL5NER.HARTING+ (CERN) 
• P O I R I E R . e l S H A S . G U T A V * (NDAM4PURD+SLAC1 
4PRENTICE4C00PER4HANNER+ I T N T 0 * A N L * W I S C 1 
• C A S Q N * 6 1 S W i S * D E « A 0 D * C R 0 V t S * (NOTREOANEI 
L A N I E R O T T I . B L U N E N T H A L . E H H . f A I S S L E R * (HARV1 
4 H A G 0 P 1 A N . ' <PENN4LRL*CaLO*PURD4TNT04UISCI 
J . P I S U T , H . R 0 O S (CERN) 

* B I ZOT*BUON*HAI SS INSKI *LALANNE+ ( O R S i 1 - ! 
* L E F R A N C O ! S . L E H M A H N . M A R I N , * IORSAYI 
AUSLENOER.BIKIKER,PANTUSCVA,PESTOV» (NOVO! 

( O E S V I 
(ORSAVI 

I I 5 U * C 0 L 0 > 
( U C L A ) 

PUROUEI 

GERMAN 6"B8f .E CHAMiEA C C I L , 
373 J . H A I S S l r t S K I 

«LEACOCK,RHaOE,KOPELHAN.LI6BV 
. 9 3 E . M A L A W D i P . S C H L E I N 

R . N I L L E R . L I C H T N A N > H I L L H A N N 
• A M M I A . D A V I S . K R O P A C S L A T E . O A G A N t INWES+ANLl 
t A L B R I C H T , l R A D L E Y , t « U C K E R , HARMS* I F S U 1 
M . R O 0 S . J . P I 5 U T ICERN»BRATISLAVA) 

ALVENSLE TO PRL 2 4 7B6 
BATON TO PL 3 3 B 52B 
BIGGS TO PRL 24 1 1 * 7 
S I N G HAH TO PPL 24 9 5 5 
GALLOWAY TO PR D 1 3077 

4 / 7 0 
7 / 6 9 ABRAMS 7 1 PR 0 4 6 5 3 

SLOODWOR 71 NP 6 35 133 
OEERY 71 PR D 3 635 

BAILLON 72 PL 3 6 B 555 
BALLAH 72 OR 0 5 5 4 5 
B AS DE VAN 7 2 PL 4 1 B I T S 
BENAKSA5 72 PL 3 9 6 2B9 
DRIVER 7 2 NP B 38 1 
EISENBER 7 2 PRH ]D W 5 ^ 
GRAYER 
GRAYER 72 NP B*SO 29 
JACOBS T2 PR 0 6 1 2 9 1 
RATCLIFF T2 PL 3 8 6 345 

1 / T l TAKAHASH T2 PR 0 6 1266 

BYERLY 73 PR 0 7 6 3 7 
2 / 7 7 CHARLESM 7 3 NP B 65 253 
2 / 7 7 GLADDING 7 3 PR 0 8 3 7 2 1 

HYAMS 73 NP B 6 4 134 
PROTOPOP 7 3 PR D 7 12B0 

CARROLL 74 PR 0 10 1 4 3 0 
ENGLER 74 PR 0 10 2 0 7 0 
ESTABROO 74 NP B 79 301 
GOBBI 74 PRL 3 3 1 * 5 0 
GRAYER T4 HP B 75 189 
HABER 7 * PR 0 1 0 1387 
NORDBERG 74 PL 5 1 8 106 
SP ITAL 74 PR 0 9 126 

MONTONEN 7 * LNC ' 2 6 2 7 
ROOS 75 NP 9 9 7 165 

OEUTSCHM 76 NP B 103 4 2 6 

ANDREWS 7 7 PRL 3 8 1SE 

BALTAY 7 6 PR 0 17 62 
BARTALUC 7 6 NC 4 4 A 5B7 
QUENZER 7 8 PL 7 6 B 512 
WICKLUND 7 8 PRO 17 1197 

BECKER 7 9 NP B 151 4 6 
LANG 79 PR D 19 956 

BERG BO PRL 4 4 7 0 6 
B0HAC1K !? '*?. ?>'??? 

ROTHWELL 6 9 PRL 2 3 1 5 2 1 
S CHAR EN 6 9 ARGQNNE CONF. 
WEHMANN 6 9 PR 1 7 8 2 0 9 5 

*CHASE,EARLES.GETTNEP,GLASS, 
SCHARENGUIVEL 
4 E N G E L S , W I L S O N , * IHAAV*CASE4 I L A O C m t l t K c s i l 

ALVENSLEBEN.BECKER.BERTRAM.CHEN.COHEN! 0ESY1 
4LAURENS.REIGNIER ISACLRYI 
* B R A B E N , C L I F F T , G A B A T H U L E R . K I T C H I N G * I DARE! 
4 F R E T T E R . M 0 F F E I T . 8 A L L A M * I L R L * S L A C » T U F T I 
4 M O T T , A L V A , L E E . M A R T I N , P R I C K E T T I t N D l 

4BARNHAM,BUTLER.COYNE.GCLDHABER,HALL , * t lBL I 
BLOODWORTH,JACKSON.PRENTICE,YCON (TORCNTOI 
4BISUAS,CASON,GROVES.JOHNSON,4 (NOTRE t)AME! 

4 C A R N E G I E , K L U G E . L E I T H , L Y N C H . R A T C L I F F 4 l S L A C l 
4 C H A 0 W I C K . B I N G H A M , M I L B U F N , * ( 5 L A C 4 L e L » T U F T I 
BASDEVANT,FROGGATT,PETERSEN I CERNI 
+ C O S M E . J E A N - M * R I E l J U L L I A N . L A P L R N C H E , * i a M S A I 
*HE INL0TH,H0HNE,M0FMANN,RATHJE, * (DESY»MA>16 I 
E ISENBERG.BALLAM.DAGAN,* IREH0»5LAC*TELH] 

i 4 H Y A M S . J C M E S , S C H L F I N , B L U M . 0 I E T L 4 ( C E R N 4 M P I M l 
4HYAMS,JONES,WEILHAMHER,BLUM,* (CERNtMPIM) 
L .D .JACOBS ISACLAYI 
+ B U L 0 S , C A R N E G 1 E . K L U G E , L E I T H , L Y N C H , + I S L A C I 
T AH AHA S H I , BAR I S H . * ( T O H O » P E N N * N D i M n N L I 

•ANTHONY.COFFIN.MEANLEY.MEVER 
CHARLESWORTH.EMMS. B E L L . * IRHEL 'B IRMi 
• RUSSEL,TANNENBAUM.HE ISS.THOMSON 
* j a N E S , W E I L H A H M E R , B L U H , O I E T L , * (CERN< 
PROrDPOPESCU.GARNJOST.GALTlERI .FLATTE' 

I H I C H I 

IHARV! 

LBLI 

•MATTHEWS,WALKER* I S L A C * O U K E * W l S C * r N T D I 
• K R A E M E R . T 0 A F F . W E I 5 S E R > D I A Z * CCARN*CASEI 
P . E S T A e R D O K S . A . O . M A R T l N IDURHI 
* R O S E N , SCOTT.SHAPIRO* I NWE5*R0CH*C»ANI 
G . G R A Y E R . H Y A M S . B L U M . D I E T L ) * ( C E R t l * » B ! f I 
*HODOUS.HULSIZER,K IST IAKDWSKY,LEVV* ( M i l l 
*ABRANSONiANDREWS.HAPVEV.* (CORNtRQCHI 
R . S P I T A L , D . R . Y E N N I E IC0RN1 

: . M 0 N T O N E N . M . R O O S . N . T O R N 0 V I S T l « E l ! 
I H E I S I 

* K I R K , * < A A C H * e E R L * B 0 N N * C E H N 4 C R A C 4 H E I 0 » U A R S I 

•FUKUSH1MA.HARVEY<LOBMOWICZ,MAY,4 IR0CH1 

4 C A U T I S . C O H E N . C S O R N A , S M I T H , Y E H , * ( C O L U * B I N G I 
B A R r A L U C C I . e A S I N I . B E R T O t U C C I . I O E S Y * F R » S I 
* R I B E S , R U M P F , B E R T R A N D . B I Z C T . C H A S E . * ( L A L O I 
•AYRES,01ESOLD.GREENE.KRAMER,PAULICKI IANLJ 

* C H A N D L E E . B I E L . H E P P E L M A N N , * ( R X H * F N A L * M I N N I 
J . B O H A C I K , H.KUHNELT I BRATI5LAVA*WIEN> 
M.F . H E Y N , C . B . L A N G O R A Z I 

o(783) 1 DMEGAI7B3.JPG>1 

R 2 1 9 8 ( 7 8 3 . 4 1 
( 7 B 4 . 0 ) 1 0 . 7 1 

R 4 B 0 0 ( 7 B 2 . 0 I 

2 4 0 0 7 8 2 - 4 0 . 5 
7 5 0 7 B 4 . I 

T L . 6 
24B 7 8 3 . 4 
5 1 0 T B I . 0 

7 B 3 . 7 1 . 0 
4 1 B 7 B 2 . 5 

7 0 0 0 7 B 2 . 4 
2 1 0 0 7 8 3 . 5 

5 3 5 7 8 2 . 7 
1 4 3 0 7 8 1 . 8 
3 0 0 0 7 B 2 . 6 

7 8 3 . 3 
3 3 2 6 0 7 8 2 . 5 0 . 8 

7 B 2 - * 0 . 2 1 IVERAGE 

OBSERVED 8V THRESHOLD-CROSSING TECHNIQUE 
FROM BEST-RESOLUTION SAMPLE OF COYNE M 
FROM OHEGA-RHO INTERFERENCE I N THE P I * P I -
ASSUMING CHEGA WIDTH 1 2 . 6 MEV. 
INCLUOcD I N *COS 7 7 , T 9 RVUE 
ijKROR INCLUDED 3 . 5 MEV MASS SCALE ERROR 

_ 
BALTAY 6 7 HBC 0 . 0 PBAR ft 2 / 7 4 
ATHERTON m HBC 3 . 6 PBAR P , 7 P I 2 / 7 4 
OREN 14 HBC 2 . 3 PBAR B . 5 P I 1 2 / 7 5 

B1ZZARRI 6 9 HBC 0 PBAR P 9 / 6 9 
ABRAMOVIC in HBC 3 . 9 P I - R 
BIGGS in CNTR PMOTOPROOUCTION 2 / 7 4 
SIZZARRT r i HBC 0 . 0 P PBAR K * K - ll/TL 
9 I Z Z A R R I n HBC o.o p "pan mm 1 1 / T L 
COYNE n H8C 3 . T P I * o 1 1 / 7 1 
AGUILAR 7? HBC 1 2 / 7 2 
KEYNE 76 CNTR P I - P . OMEGA N 
GESSAROL! 7 7 HBC 11 P I - P . O M E G A P I 1 2 / 7 7 
APELDOOR^ TR HBC T . 2 PB P .RB P OM 4 / 7 8 
COOPER HBC . 7 - . 8 PS * . 5 P I 4 / 7 8 
BENKHEIRI OMfC 9 - 1 2 P I * - P 1 2 / 7 9 
COROIER H IRE E * E - . P l * P t - P I O 9 / 8 ! • 
ROOS 8 0 RVUE 0 - 3 . 6 PBAR p 1 2 / 7 9 

IERROR INCLUDES SCALE FACTOR QF ] . ] | 

TECHNIQUE. ASS E S C L . . 4 . 6 MEV FUHR 

KASS SPECTRUM 

I OMEGA FULL H I D i r i I M E V I 

7 5 0 8 . 8 3 . 0 ABRAMDV;: 7 0 HBC 3 . 9 P I - P 6 / 7 0 
1 1 . 2 2 . 7 ATHEMTON TO HBC 3 . 6 PBAR P , 7 M 5 / 7 0 

5 1 0 1 0 . 3 B l t Z A N N I 7 t HBC 0 . 0 P PBAR K1K1 
24 B 1 2 . 8 3 . 0 B I Z Z A R R I 71 HBC 0 . 0 P PBAR K*K-

4 2 7 0 9 . 5 i . a COYNE 7 1 HBC 3 . 7 P I * P 
4 1 8 1 3 . 3 2 . AGUI IAR 7 2 HBC 3 . 9 , 4 . 6 K- P 1 2 / 7 2 

9 . 1 0 . B BENAKSAS1 7 2 OSPK E * E - COLL.BEARS 
1 0 . 5 1 . 5 BDRENSTE' T 2 HBC 2 . 1 8 K - P T / 7 7 

6 9 4 0 7 . 7 0 1 . 6 5 BROWN 72 MMS 2 . 5 P I - P , N M S 1 2 / 7 2 
8 2 0 0 0 0 1 0 . 2 2 0 . 4 3 KEVNE 7 6 CNTR P I - P . OMEGA N 

i l O O 9 . 4 2 . 5 GESSAROL 1 TT HBC 11 P I -P .OMEGA P I 
1 4 3 0 1 2 . 0 2 . 0 COOPER 7 8 HBC . 7 - . B PB P , 5 P I 

9 . 0 O.B C O R N E R 8 0 WIRE E » E - , P I * P I - P I 0 9 / 8 1 

AVERAGE I ERROR INCLUDES SCALE FACTOR OF L .Ot 

\-B MEV FWHM 
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
o(783) 

0"EGA PARTIAL DECAY "ODES 

13*» I3*» 

13** 105* 105 

FITTEP PARTIAL DECAY MODE BRANCHING FRACTIONS 

i p \ ,bp bP.t , rfiilr Jbr a i l - d j 

i p j i P - z / l t F . IP I. For Ihc definition* , 
»r P j »ppp»rmg ir. the n u n c Are , 
lined in add IK t . 

1 I . 8 9 9 0 * - . 0 9 5 1 
> 2 - . 3 7 * * . O I * D * - . O O ? I 
' 3 - . 9 1 0 6 - . 0 * 0 0 - 0 8 7 0 * - . 0 0 * T 

I OMI-GA BRANCHING RATIOS 

it [*l '(J 1EU ftl/fl, 
. 1 1 0.0? 
. 0 6 0.03 

0 . , 1 0 
0 . ,13* 0-0J6 
0. 
0. 

,09T 0.016 
0.05 

0 . , 1 0 0.03 
0 . 1 5 0.04 

"o! ,1033 0.0091 
3 . 096 B 0.0057 

SfGtUGttO 6 6 t 
riATiE bb KBC 
J « " E 5 bb HBC 

» INTO l " I * P | - | / ( P I » P I - P I 0 1 . SEE ALSO BIS I 
( 0 . 0 1 1 I d PORE C L - . 9 5 ABRAHOVIC TO HHC 

a . o i % o . o o 5 o . o o * e r c c s T O C N T R 
( 0 . 0 3 5 1 O R LESS C L - . 9 5 B I * I A B R I TO OBC 
l o . o n i o n "OR? C L = . 9 5 C H A P M A N T O H B C 

0 . 0 2 2 a . 0 0 9 o . o i B O O S TO P V U E 
0 . 0 2 1 0 . 0 2 8 0 . 0 0 1 BATCLIFF 72 » S P * 

l O . O l l S J I R MORE BURNS T3 HBC 
( 0 . 0 * 1 1 0 . 0 2 1 LYONS 77 H6C 

I, HBC CORP.BY SCHULTMCOL) 

1 5 . P ( - P.'V 
. 6 - 1 . 1 PBAB 
3 - 4 K - P . L A ' 

BE-EVAIUA7ED WiDEB H2 BY BEHBEND 7 1 USING MORE ACCUBATF OMEGA 
TO RHQ PMOTnPBODUCTION CROSS-SECTION R A T I O . 
ASSUMING C C P L E T E RHO-OMEGA COHERENCE 
ROCS TO COMBINES ABRAMDVICH TO AND B l r Z A R R I TO 
S I O f f t F f C A A T tursvfEIEUCE EFFECT OBSERVED.NB OF OMEGA INTO JP1 
COMES F R O " AK EXTRAPOLATION. 

0 .O2O 
0 . 0 2 5 
0 . 0 1 3 

JACOUET 6 9 y 
I HI. PC 

' 7 2 OSPK 
Uftl 
2/T3 

12/75 

ONEGA INTO t t> I« P I - G * H M A » / f P t » P I - P ( 0 , 
( 0 . 0 5 1 0 " LESS C L ' , 9 0 FLATTE 

( . 0 6 6 1 0 = LE' jS C L - . 9 0 K A I B F L E I 

OMEGA INTO I M U * " U - l / I P t * P i 
l l . 2 1 0 " LESS 
1 1 . 7 1 CR LESS C L - . 7 * 
I 9 . 2 J I B LESS 

IOHUNITS ia*«-3i t^at/cii 
G A L H E B I 65 HBC 2 . 7 K-P 
FLATTE 6 6 HBC 1 . 8 K-P 
WILSON 69 OSPK 12 P I - ON C . F f 

INTC I 2 P I 0 G«MM1/ ( f 

sMisistls c. 
10 GAMMA! 

B A R * I N I 
BblDIH 1 
8ENAKSAS2 1 

i LESS C l » 0 . 9 5 KEVNE 

'irKissu'&rsai; 
ONEGA INTO INFUTRAL5I / ICHAPGED1 

0 . 1 2 * 0 . 0 2 1 FELOMAN 6 7 0 5 P ,.,....,,<, 
0 . 0 O S 3 D .0D56 F10M F i t (ERROR INCLUDES SCALE FACTOR 

C : G A INTO ( 2 P I 0 G A H M A 1 / I P t * P I - P I Q I 
1 0 . O B ) OR l E S S C L . , 9 5 JACCUET 69 f t -

I P M / I P 1 1 

OMEGA INTO I E I A G A M M A I / I P I O &AMHA1 
0 . 0 1 0 0 . 0 * 5 APEL 72 CSP " •^ j * ; : -

•MEGA I N I O H M O MU* H U - I / TOTAL WHITS I O » » - J ) 
0 . 0 % 0 . 0 2 3 DZHELYAD! 81 CNT 

I P I I ) 

Z 5 - 3 3 P I 

. N 3GAM 2 / 7 3 

>.OME t 

l /TOTAL ( U N I T 

0 . 0 6 9 

0 . 0 7 2 

5 1 0 * » - * l I P 7 1 
ASTVACATU 6B OSPR ASSUME S U ( 3 l » * T * ( f , G 6 / & f l 
G O L L l N I I 6 8 CNTR 1 . 7 P | - P 9 / i 8 
AUGUSTI1 6 9 OSPK E * E - . 2PI 2 / 7 2 
BENAKSAS1 72 OSPK E + E - , 3PI 2 / 7 3 
COROIEP SO WIPE E* E - . 1 P I 1 2 / 1 9 

iVERAGE IERR0O INCLUDES SCALE FACTO" OF L . 3 1 

NOT RESCLVED FROM PHO DECAY. ERROR S T A T I S T I C A L O K L " . 
BESCALEO BY US TO CORRESPOND TO OHEGA MlDTH 1 0 . 1 MEV. 
MASS B t S D L U r i O N OF BOLLTNt 1 15 * - 1 0 M E V . H I S ERROR I S * - . 1 5 
• d l H O U T BH0-O«EG» INTEBFEHEHCE. C O W t E T E I N T C f i F C B t N t f HQ'JLD 
r«ANGF VALUE B» * - 1 S PfB r t N T , T H F R E ' O R F WE I '^PFASED FRBDR. 

* 1VT0 IVCUTBALS f 
0 . 0 S 4 0 . 0 1 5 
0 . 0 T 9 0 . 0 1 9 
0 . 0 T 5 0 . 0 2 5 
0 . 0 7 3 0 . 0 1 8 

TOTAL 
3 0 L L I N 1 
DEI NET 
B I H A R * 
B t S I L E 

AVERAGE (ERPOR 
FROM F I T (EflROR 

T A L I . SEE ALSO «2 

I P 3 » . . . » 
6 8 CNTR 2 . 1 P I - P 
6 9 OSPK 1 . 5 P I - P 
7 1 HBC 0 . 0 P P8A« 
72 CN7R 1 . 6 7 P I - P 

INCLUDES SCALE FACTOR OF I . 
INCLUDES SCALE FACTOR OF I . 

( P 2 I 

6 / 6 8 
9 / 6 - > 

1 1 / 7 1 
2 / 7 3 

0 . 0 7 8 9 
O.OBTO 

A INTO I P I 

0 . 0 0 9 2 
0 . 0 0 * 1 

P I I / I T O 

TOTAL 
3 0 L L I N 1 
DEI NET 
B I H A R * 
B t S I L E 

AVERAGE (ERPOR 
FROM F I T (EflROR 

T A L I . SEE ALSO «2 

I P 3 » . . . » 
6 8 CNTR 2 . 1 P I - P 
6 9 OSPK 1 . 5 P I - P 
7 1 HBC 0 . 0 P P8A« 
72 CN7R 1 . 6 7 P I - P 

INCLUDES SCALE FACTOR OF I . 
INCLUDES SCALE FACTOR OF I . 

( P 2 I 

1) 

0 . 0 1 2 2 0 . 0 0 3 0 
0 . 0 1 3 0 . 9 1 2 
0 . 0 3 6 0 . 0 2 * 

1 0 . 0 3 5 1 ( 0 . 0 1 8 ) 
( 0 . 0 * 1 ( 0 . 0 3 1 

3 . 0 1 6 0 . 0 0 9 
( O . O I O I ( O . O O l t 

( P 2 I 
E * E - COLL.BEAMS 8 / 6 9 

3 . 7 - * . 0 P I » P 1 1 / 6 9 
1 . 3 - 1 . 7 PBAA P 6 no 
PHDTOPROOUCTIOK 1 2 / 7 8 
P H O T D P R O D U C T IOt* 1 1 / 7 1 
2 . 8 , * . 7 GAHXA P 1 1 / 7 1 

E * E - C0LL.3EAAS 1 2 / 7 2 
1 2 / 7 9 

* . 2 K - P , P | * P I - 1 2 / 7 9 
E » E - COLL.BFAtIS * / 7 B 
3 , * , 6 P H - P N 1 2 / 7 9 

0 . 0 3 2 0 . 0 2 8 0 . 0 1 9 AUGUST! 2 6 9 CSPK 
1 3 . 0 0 3 ) 0 0 * 0 « E C L - . 9 5 GOLOHABER 6 9 HBC 
! 0 . 0 1 * 1 G R "ORE C L - . 9 S ALLISON TO HBC 
( 0 . 0 0 8 0 1 I 0 . O O 2 B 1 I O . Q 0 2 2 1 I C G S 7 9 CNTR 

ALVENSLEB 71 CNTR 
0 . 0 0 9 M O F f E I T 7 1 HBC 
0 . 0 1 8 BENAKSAS 7 2 OSPK 

eRANDENBU 7b ASPK 
( 0 . Q 2 1 HOLMGREN 7 7 HBC 

O.QOT 0VEW2ER 7 8 CN1R 
HICKLUND TB ASPK 

E-EVALUATED UNDER t)2 BY BEHRENO 7 1 USING MORE ACCURATE OMEGA 
; PHD PHOTOORODUCTIOh CROSS-SECTION R A T I O . 
10M A MODEL OEPENDENT ANALYSIS ASSUMING COMPLETE COHERENCE. 

B I T O M E G A I N T O < ? P I O G A M M A ) / ( A L L N E U T K A L T L I P 5 L / ( P 3 » . . . 1 
B I T 1 0 . 1 9 1 O B L E S S C L - . 9 0 OE I N E 1 6 9 C S P A 
B I T D 1 0 . 2 2 1 ( 0 . 0 7 1 OAKIN 7 2 OSPK 1 .* P I - P , N MMO 
B I T D S E E B I B 

N E U T R A L S I ( P 3 I / I P 3 * . . . 1 
O E I N E T 6 9 O S P K 

I D . 7 B I 1 0 . 0 7 1 D A M N 7 2 O S P K 1 . * P I - P , N MMO 
ERROR S T A T I S T I C A L O N L Y . A U T H O R S O B T A I N G O O D F I T A L S O A S S U M I N G 
P I O C * " M A A S T H E O N L Y N E U T R A L D E C A Y . 

C M E G A I N T 3 ( E T A G A M M A I / T O T A L ( U N I T S 1 D " » - * I I P T ) 
( 3 . 0 1 1 2 . 5 1 ( 1 . 8 1 A N D R E W S T 7 C N T R 0 6 . 7 - 1 0 ^ A M M A C U 

( 2 9 . 0 1 ( R.OI A N D R E W S 7 7 C N T R 0 6 . 7 - 1 0 G A M M A C U 
S O L U T I O N C O R B E S P O N O I N G T O C O N S T R U C T I V E D M E G A - R H O I N T E R F E R E N C E 

MACLIC PEL T I TS 
M l PEVSNER 61 
1 / 7 1 *Ut)UG 

PRL 9 325 
i m AO-ENTEJi 6 2 
2 , , b SIEVENSO PB | 2 5 6HT 

ABMEN1EU 
>!ARMrv 6 1 SIEAI* COAF 
BUSCHBEC 
GELFAND 63 r1.1;*1* 

OMEGA INTO l » I 0 "U» * 
3 0 ( 1 . 2 1 1 0 . 6 ) 
SUPERSEDES BY D Z H E I ' 

PEFEBENCES FOB OMEGA 

9 MAGLIC .ALVAREI .BOSENFELD. STEVENSON ( L R U 
PEV'.NER.KBAEMER.NUSSBAIJM.PICKADtXtJMUtNMESI 
HGUYEN KWU r U D W . G E P A l O « l » W H I L H L 1 

ALFF.BERLEY.COLLEY.GELFANO * ICDLU'BUTf .ERSI 
R AftMENTEROS.fi BUODE * ( C E t N ' C O E F ' E P O L l 
STEVENSON. ALVAPE2.MAGLIC.R0SENFELO tL*tt 

(CEO*:*CDEFI 

KRAEHER 6 * on I J 6 9 * 9 6 

B t N N I E 65 PL I B 3 * 8 
5 A L T I E B I 6S PRL 1 * 2T9 
MILLER D 65 C U - 2 3 T I N E V I S 1311 
IDtNIS 6 5 PPL I * 721 

L 2 9 6 ARMENTER0S.EDUABDS.JACOB5EN* 
I 2DT BABMIN.OOLGOLENKO.KRESTNIKDV* I I T E P 1 
L 166 3USCMBECK.CIAPP* IV tENNA*CERN*A»S1ER0AMI 

GELFANO. Ml LLER.NUSSBAUM.PATAU* (COLU»PUTGI 
M j B R A Y . F E n i < 0 L U Z 2 I . H U < I E . S K A F E R . S 0 L , * l r l * ' ( L R L I 

> BARMIN.D-3LGCI 

DIGIUGNO 6 6 ^ 

s^sii-i 
JEHMANN 6B PBl 2 0 T * 8 

AUGUSTI I 6 9 PL 2 8 B ! I 3 
AUGUSTI2 69 L N ; 2 2 1 * 
B I I Z A R R I 6 9 NP B L* 169 
• ANBURG 6 9 U C R L - 1 9 2 T 5 
OEINET 6 9 PL 30 B « 2 6 
ERwIN 6 9 NP B 9 3 4 * 
GOLDHABE 6 9 PRL 2 3 . I 3 S 1 
JtlQtill 6 9 V t 6 3 A 7 *3 
MILLER 6 9 PR 1 7 8 2 0 6 1 
STHUGALS 6 9 PL 2 9 B S32 
WILSON 6 9 PRIVATE CCMM, 

B I N N I E . t W A N E . J A N E . W JONES* (LOfC*»CMS» 
A BABBARO G A l T l E R I . R D TRIPP I L R L 1 
DAVID C MILLER ( T H E S I S 1 (COLUMBIA! 
7-DANI5<HA0ANSKY,KRAEKEn.HERTtBACHMJHU*aN.LI 

ALFF-STE1NBERGE«.BERLEY.aBUGGER»ICDLU»RUTGl 
D l G I U G N O . P E R U K I . T B O I S E * (NABL*FRAS»TBST) 
» W « E . M U H S A r . B U T T 0 N - S H A F E R . S 0 L M I T 2 , t L M l 
F E JAMES,KRAYBILL (YALE»BB00XHAVEN1 

» F H A N I I N I . S E V E R I E N S . Y E H , 2 A N E L L 0 [COLUMBIA) 
BAHASH.KIBSCN. *lLLEt>t T*N ( C O ( I I M B ) A I 
•FRATI .GLEESON.KALPEPN.NUSSBAUMt ( P E N N I 
HERT IB lCH,KR*EMER.MADANSI t1<ZDANIS* IJMU*BNLI 

ASTVACATUROV.A I IMOV.BALOIN* t J f N R . f O S C O t f t 
• B U H L E R . D A L P I A I . M A S S A M * ICERN»8GNi *ST«B> 
• B U H L E B < 0 A L P I A I , M A S 5 A H * I CERN*BGNA«ST<tB» 
*PBENTICE*CO0PER»MANNER I T N T 0 » A N L * U I S C > 
J . P I S U T . H . R O O S (CE"«N1 
* E N G E L S * IHARVARD*CASE*SLAC«CC* l NELL*MCGILL) 

* I OBSAY) 
IOBSAY) 

CERNfCDEFI 
I L M L I 

{KARL*-CEHNI 

ABRAM0V1 70 NP B 20 209 
B I 2 I A R R ] ni PRL 25 138S 
ALLISON /( j PRL 2 * 6 1 8 
ATHEBTON 70 
BIGGS PBL 2 * 1 2 0 1 
CASON ' 1 ! PR D I 851 
CHAPMAN 711 NP B 2 * * * S 
OANBURG 70 PR 0 2 2 5 6 * 

GDLDHABE 70 PHIL A .CCNF. P . 
HAG0P1AN 7 0 PBL 2 £ 1050 
BOOS 7 0 DNPL/R7 P . I 7 3 

S69AHS 71 PB 0 * 6 5 3 
ACVENSIF 71 Pf i l 2 7 8P8 
ANGELOW 7 1 SJNP 12 * 2 7 
BALDIN Tl SJSP 13 7SB 
PABOAOIN T l PR 0 * 2 m 
BEHRENO 71 PRL 2 7 6 1 
B IZ tARRT T l NP B 27 1 *0 
BL00DM3R 71 NP 9 35 133 
CHAPMAN 71 PB T 3 3 " 

<9EiV««SA5 > BU0N,GB.«CCF'tHA!5S, 
+ L E F B A N C O I S . L E H H A N N . M A R I N . * 
• F O S T E B . G A V I L L E T . M O N T A N E T . t 
JEROME S . OANBUAG. THESIS 
• HEW laNE .MULLEK.BUNIATCV* 
•UALNER.GOSKAW.HEINBEKG l N t S C * P R I N » V A N O I 
' B U T L E R . C O Y N E . H A L L . MAC NAUGHTON.TNt l lNG(LR.L I 
•NGUYEN-KHACtHAATUFTtHALSTEISSLI (EPOL»BERGI 
R.NILLER.L1CHTKANiH1Lt .MANN I PURDUE) 
* C H U V I L O . F E N Y V E S . » (UARS+J I N R m U D A I 
RICHARD WILSON |SEE ALSO PR 178 2 0 9 5 M H A R V I 

ABBAM0VICH.ELUMENFELD.8RUYANT.* ( C E O M 
»CIAPETTl ,DDRE<GASPET>0<GUtOQNI .+ IBOMA*SYRAl 
• C O O P E R . F l E L D S i B H I N E S (ANLt 
• e t A I N i C E C V I K E R . O C M I N G O . F R E I I C H t ICEBN«- IPN) 
+CL1FFT.GABATHULER.HITCHING,BAND (OAREI 
tANDREWStBISHAS.GBOVESt^ARRI t iGTCN.* (NOAM) 
• -DAVIDSON.GREEN.LVS.RDE.VANOEB VELDE ( M I C H I 
» A B 0 L I N S > 0 A H L < 0 l v r E S . H O C H . K | R 7 . M ( t L £ B + I t f l l l 
STKNLEV M. FLATTE I L R L 1 
GEBSON GQLDHABER.REVIEM I L R L I 
S . AND V.HAGOPIAN.BOGART.SELaVE (FSU«PENN1 
P B 3 C . DARESBURY STUDY WEEKEND NO I . (CERNI 

»e*RNHAH.BUTLER.COYNE.GOLOHABER,HALL<»(LBL) 
ALVEVSLE6EW. 8ECXEB.BU5ZA.CHEN.COHEN. + I D E S V ) 
»GBAMENITSKY.KAN(StRSKY. ' :ER«TSCHEH ( + I J1NR1 
tYERGAKOV.TREBUKHOVSKY.SHISHOV 1 H E P I 

BANOADIN-DTUlNOuSKA.HOFMOKL.MICHEJOAt' IWARSI 
»LEE.NORDPE(rG.MEHMANi* ( * 0 C H * C O * N * F N A L ) 
• M Q N T A N E T . N I L S S o N . O - A N D L A U i * (CERNtCDEFI 
BL0O0HDRTH.JACKSONtPREN1ICE.YD0N (TORONTO! 
«FUBTNEV,FOWLER (OUREI 

http://AftMENTEROS.fi
http://BL0O0HDRTH.JACKSONtPREN1ICE.YD0N


Mesons 
«(783), »j'(958) 

Data Card Listings 
For notation, see key at front of Listings. 

COYNE ' l NP B 32 3 3 3 
F I E L D S '1 M l 2 7 1 7 * 9 
MATTHEWS ' 1 PRL 2 6 4 0 0 
NOFFEIT 'J *IP B 2 9 3 * 9 

•BU'LER.FANG-LANOAU.NAChAUGHTGN I L R L I 
• C O O P E R i R N I N E S . A L L I S C h ( R N L » O X F I 
+PRENTICE,VODN,CARROLL. HALKER.+ ( T N T D * H I S C I 
* B I N G H A M , F « E T T E « . f l A L L A H * l L R L » U C B » 5 L A C * T U F T | 

BASlLE >Z 
9ENA*SAS 7 2 
BENAKSAS172 
BENAKSA5272 
BROUN 7 2 
DAK I N 7 2 
MSENBEA 7 2 
« * . : L I F F 7 2 
BORENSTE 7 2 

PR 0 6 2 9 * G t m * * - 8 E * I T £ £ , C H l w a . E I J « r E « , 5 A » ! O S ( 9 M . J 
PL * I B 2 3 * • A U 5 L A N O E * , M U l L E R , B E R T O l t J C C l , * I K A * L * P I S A > 
P H I L . C 0 N F . P H 0 C 1 5 3 + B 0 l L I N t , B R O G L I N , O A L P I A Z . f : R A e E r T I , * ICERN) 
PL 3 9 B 2 8 9 + C 3 S N E • J E * N - M A R I E l J U L L [ A N , L A P L A N C H E . * I O R S A I 
PL 4 2 B S O I • C a 5 K E t J E A N - N A R l E . J U L L I « N , l A P L A N C H E * I O R S A V ) 
PL * 2 B 5 1 1 • C 0 S M E , J E A N - M A R I E . J U L L I W . L A F L A N C H E * ( O P S A V I 
PL 4 2 B 11T • D O W N I N G , H O U O W A Y . H O L D . f l £ d N S T E I N * I I L L * ! L L C t 
PR 0 6 2 3 2 1 •HAUSERiK.REISLEfc.HISCHK.E (PRINCETON) 
OH 0 5 15 E ISENBERG.BRLLAH.DAGAN, * IREHD*SLAC*TELA> 
PL 3 0 B 3 * 5 * B U L O S , C A R N E G I E , K L U G E , L E I T H , L Y N C H , * ( S L A C I 
»R D 5 1 5 5 9 lOf tENSTEIN .OANSURGtKALBFLEISCM,* I B N L * M I C H ) 

ENNS 
KALBFLEI 
• OOS 

BRRNDENB 
KEVNE 

A L S O 

ANDREWS 
6 AUTRE 
6E5SARDL 
HOLMGREN 
LYONS 
RODS 

APELDGOR 
COOPER 
3UENIER 
M1CKLUND 

« f t 8 8 1 7 0 
' ' * NC 2 0 A * 3 7 
' * PRL 3 3 5 0 5 

7 * NP B 7 1 IB") 

n NP B96 1 
75 PR 0 11 987 
15 NP 3 ST 165 

tb NP B 10* * 1 3 
Tfc PR • 1* 29 
n BINNIE 

T7 PRL 3 8 l^B 
I T M P ! 118 3 6 0 
77 I P 8 124 38 2 
fT PL 6 6 B 191 
17 NP B 125 2 0 7 
T7 LNC 19 4 I S 

IB NP B 133 2*5 
re NP B 146 1 
fB PL 76 B 512 
fB P«3 17 11ST 

E S r A S f i O O X S . W A N S , JOftESf BLUM, ICERN*MPJM) 
N.A.GREGORIO I I C I P - T R 1 E S T E I 
* A Y R E $ , O t E B D L D i GREENE. PBHLICK I » ( A N L l 
+ C 0 G P E R . F 1 E L D S , R H I N E S , A L L ! S O * * I A N l * O K F ] 

+ F U K U $ H l H A . H I R V E V , L O B K 0 M l C 2 , M > Y . » (ROCKI 
* I RACH*BEft l *BONN»CERN+CRAC+l<. lC*HIEN*UARS) 
C E S S A R D L l r * )BGNA*F I R / * G E N D * » I l A.OXF + PAK] t 
• JONGEJANS.ENGELEN. * ICERN*AN$T*N IJN»OXF> 
• COOPER.CLARK ( 0 * F 1 
M.RQOS ( H E L S I N K I ) 

VAN APELOOORNfGRUNDEMAN.KARTItG.* IZEEMI 
• G U R T U . H Q N I A N E T . * I T I F R * C E R N * C D E F * N » D R ) 
* « I B E S . R U N P F . B E R T R A N D . 6 I Z O T , C H * 5 E , + ( L « L O I 
•AYRES.DIEBOLD.GREENE.KRAMER,PAWLTCKI ( * U I 

D Z H E L V A D I N . G D I O V M ^ R O N S T A N T I N O V . 

h(958H 2 ETR P R I N t I 9 5 8 , J P G - 0 - * l I"C 

Mote on the J Assignment of n,' (958) 

From the Dalitz plot analyses of the r\ ->-Tnrn, 
and n' **" IT if Y decays and from the observation of 
an r\' ••*• YY decay mode, all assignments except 
PC -+ - + J =0 and 2 are excluded. The Dalitz plot 

analyses favor spin 0, but cannot rule out spin 2.. 
The indication of anisotropy in the decay of very 
forward-produced T)' (KALBFLEISCH 73) has not been 
confirmed by BALTAY 74, thus again favoring spin 0, 
but still not ruling out spin 2 (LEDNICKY 77). 

Two recent analyses, however, seem to have 
finally established the spin 0 assignment of the V . 

CERRADA 77 perform a partial-wave analysis of 
the TTTTT system produced in the reaction K p •* rj'A, 
takincj into account the n' and A joint decay angular 
correlations. They conclude that J is unambigi-
ously 0~ (see also DELAGUILA 77). 

ROUSSARIE 77 analyze a large sample of events 
from the reaction IT p -*• n'n at beam momenta just 
above threshold. They verify that the n' is 
produced in a relative S-wave state, and thus the 
Adair condition is satisfied by their total sample 
of some 1800 events. The decay angular distribution 
of the H1 is consistent with isotropy, and thus 
ROCJSSARIE 77 conclude that the spin cannot be 2. 

•RIME * t *S5 CMEV1 

H 

3 * 1 5 
5 3 5 

1 * 1 * 
4 0 0 

AVG 

1 0 0 0 

9 5 7 . 
9 5 6 . 1 
9 5 7 . * 
9 5 8 . Z 
9 5 S . 
9 5 7 . 4 6 

1 . 1 
1 . 4 
0 . 5 

0 . 3 3 

RITTENBER 6 9 MBC 
P A S I L E 1 71 CNTft 
B R S I L E 1 7 1 CUTS 
DANBURC 7 3 NBC 
JACOBS 73 HBC 
DOANE T * NHS 

ERAGE (ERROR INCLUDES " 

3 * 1 5 
5 3 5 

1 * 1 * 
4 0 0 

AVG 

1 0 0 0 

9 5 7 . 5 T 

0 . 2 8 

0 . 2 5 

RITTENBER 6 9 MBC 
P A S I L E 1 71 CNTft 
B R S I L E 1 7 1 CUTS 
DANBURC 7 3 NBC 
JACOBS 73 HBC 
DOANE T * NHS 

ERAGE (ERROR INCLUDES C A l £ F « T 0 R OF 1 . 0 

-

3 * 1 5 
5 3 5 

1 * 1 * 
4 0 0 

AVG 

1 0 0 0 

9 5 7 . 5 T 

0 . 2 8 

2 ETA 

0 . 1 0 

R I M E WIDTH ( H E V I 

B1NNIE 7 9 HNS 0 P I - P . N M" 

PARTIAL DECAY MODES 

ETA PR I HE IN< P I * P I - ETA 
0ECAT -ASSES 

ETAS DECAY INTO I L L NEUTRALS 
P H C ) ETAS OECAY CHARGED 

ETA PRIME INTO P I 0 P I 0 ETA 
P 2 I N I ETAS OECAY INTO ALL NEUTRALS 
P21C1 ETAS OECAY CHARGE0 

ETA paiME l*T0 P I * P I - GAMMA 
I I N C L U 0 1 N G RMQ GAMMA) 

ETA PRISE INTO GAMMA GAMMA 
ETA PRIME INTO OMEGA GAMMA 
ETA PRIME INTO R H O O GAMMA 
ETA PRIME INTO P | * P I - E* E-
ETA PRIHE I N K 2 P | 
ETA PR I HE INTC 3 P I 
ETA PRIME INTO * P I 
ETR PRIME INTO 5 P I 
ETA PRIME 1MTC 6 P I 
ETA PRIME I H I O P I O E* E- ( V I O L A T E S C I N 

BORN A P P R O * . ) 
ETA PRIME INTC ETA E* E- ( V I O L A T E S C I N 

BORN APPRO* .1 
ETA PRIME INTO PIO n»0 D I VIOLATES C> 
ETA PR1P£ INTO P I O OMEGA ( V I O L A T E S C I 
ETA PRIME | N ( 0 »U» MU- GAMMA 
ETA PRIME INTO ETA MU* MU-
ETA PR1-1E I N I O P I O MU* KU-

5 * 0 * 1 0 5 * 105 
1 3 * * 1 0 5 * 105 

FITTED PARTIAL DECAY MODE BRANCHING FRACTION'S 

c e n t . s * P W / /tbP • 4P } . For <hr • > of the individual P., 

• I . 4 2 6 7 * - . 0 1 7 * 
' 2 - . 6 * 7 1 . 2 2 ( 5 » - . O 2 0 6 
1 3 - . 2 8 0 7 - . 5 0 1 8 . 1 0 0 5 * - . 0 1 6 0 
1 * . 0 3 3 * - . 1 0 8 6 . 0 0 * 2 - 0 1 P T * - . O O I 6 

5 . 0 6 1 * - . 2 0 - J * - . 1 * 3 9 - . 0 0 7 B . 0 2 7 1 

Note on n' (958) Branching Fractions 

In our calculation of the branching fractions 
of the n'{958), we use the decay modes TITTTT 
(including nTr°Tr°), p°Y, wy* and YY- It is assumed 
that the rate r\ -* neutrals is 71.0%. 

In the fit we do not use the constraint 

F(n' -+ nir+iM 
rtn' - n^ uTT D) 

from i-spin conservation. The result of the fit is 
in agreement with it: R = 1.8 ±0.2. 

2 ETA PRIME PARTIAL WIDTHS ( K E V I 

"RIME INTO IGAMMA r,«MMAI t 
( 5 . 8 1 1 2 . 3 1 ABRAMS 7 9 SHAG 

SYSTEMATIC ERROR HAS BEEN ADOEO L I N E A R L Y . 

2 ETA PRIME BRANCHING PATIOS 

SEE H I N I - R E V I E U ABOVE. 

E * E - , E * E - RHO GA 1 2 / 7 9 

ETA PRIME INTO 

=R0M F I T (ERROR INCLUDES SCALE FACTOR OF 1 . 0 1 
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
17(958) 

R2 ETA p« ( P I + p 
3 3 3.35 

AVG R2 AVG 0 . 0 5 . 
M T 

« 3 ETA M I W INTO 1 P I * p 

R 3 
7 

10 !:?' 8:£ 
" 1 

I O T 

- NEUTRALS! / TOTAL ( P I N * P Z C » P 5 1 
BAOIER 6 9 H8C 3 . 0 K-P 
LONDON 66 H6C 2 . 2 K-P 

• ETA ICHRGO.OECAVI l /TOTAL I P I C I 
8AD1ER 6 5 HBC 3 . 0 K-F 
LONDON 6fc HBC 2.2 K-P 
RITTENBER 6 9 HBC 1 . 7 - 2 . 7 

ETA « U " £ W T D ( P I * P I - NEUTRALS (EXCLUDING 
P I * » I - ETA I N E U T R . 0 E C . I 1 I / TOTAL 

4 2 0 . 0 * 5 0 . 0 2 9 RITTENBER 6 9 

ETA P R I T - INTO 

HBC l . T - Z . T K-P 

0 . 0 0 * 9 FROM F I T I ERROR INCLUDES SCALE FACTOR 0? 

(NEUTRALS) / TOTAL ( » 2 N * P 4 I 
0 . 0 2 6 RITTENBER 6 9 HBC L . T - Z . T K-P 
0 . 0 2 2 B A S I L E 1 T l CNTR 1 . 6 P I - P . N 

INTO ( ( • ! » P I - GAMMA ( INCLU01NG RHO CAHHAt l /TOTAL 

BAOIER 6 5 HBC 
LONDON 6 b HBC 
RITTENBER 6 9 HBC 

14 0 . 0 9 
.• O . t 
329 0 . 0 3 3 

1 1 9 0 . 0 3 0 
101 0 . 0 L 6 

INTO ( P I * 0 1 - GAMMA ( I N C L U D I N G RMO G A H M A I 1 / ( P I P I ETAI 
( P 3 I / ( P 1 * P Z 1 

H 0 . 1 5 CAVIS 6 8 HBC 5 . 5 K- * 

L O / 6 6 
1 0 / 6 6 

9 / 6 9 

0 . 0 3 5 FROM F I T 

ETA P R U : I H T C I G A H M OMEGA f / T O T « l 
( O . O S I OR LESS 

INCLUDED P I O OMEGA 
I . 0 5 1 OR LESS C L " - 9 0 

I INCLUDES SCALE FACTOR OF I . 0 1 

( P 1 6 > 

ITTENBER 6 5 HBC 2.1 K - P 1 0 / 6 6 

ITTENBER 6 5 HBC 
I P 1 8 I 

2 . 7 K-P 1 0 / 6 6 

L 
ITTENBER 6 5 HBC 

f P S I 
2 . T K-P 1 0 / 6 6 

ALBFLEI T5 HBC Z . Z (C- P.GAMMA * 1 2 / T 5 

COMPILATION 

I P 1 5 I 
COMPILATION 

( P S ) / ( P l l 

IT : 0 6 5 0 . 0 1 3 FROM F I T (ERROR INCLUDES SCALE FACTOR OF 1 . 0 1 

ETA PRIME J'J TO ( P I * P I - GAMIJNCL-RHO G A M ) I / ( P I P I ETA » OMEGA GAM) 
( P 3 l / I P l * P Z * P 5 l 

0 . 7 5 0 . 1 4 OAUBER 6 4 HSC 1 . 9 5 K-P 

0 . 0 3 * FROM F I T (ERROR INCLUDES SCALE FACTOR OF I 

ETA PRIME INTO ( Z GAMHAI/TOTAL 
3 1 0-OZO Q.DOB 0 . 0 0 6 HARVEY 
6S 0 . 0 1 7 1 0 . 0 0 3 3 0 A L P 1 A I 

- 0Z5 0 . 0 0 7 OUANE 
6 0 0 0 119 0.OOZ APEL 

(PI»PI-l/TOTAI 

( P 4 I 
7» OSPK 3 . 6 5 P I - P i N XO 
7? CNTR L .6 P I - P i N XO 1 Z / 7 Z 
74 HNS P I - P . N MM 1 2 / T 5 
79 CNIR 1 5 - 4 0 P I - P 1 2 ' 7 9 

!! " 2 1 OR LESS RITTENBER 6 9 HBC 
OBI OR LESS C L - . 9 5 DANBURG 7 3 HBC 2.2 K - P . L A H XO 

9/69 
2/1* 

ETA "is INTO ( P I * P I - P I 0 l / T O T A L 
051 OK LES5 RITTENBER 6 9 HBC 
0 9 1 OK LESS C L - . 9 5 DANBURG T3 HBC 2 . 2 K - P , L A M XO 

9 / 6 9 
2 / 7 4 

ETA 1 INTO < P I * P I * P I - P I - ) / T O T A L 
O i l OR LESS RITTENBER 6 9 HBC 
O i l OR LESS C L - . 9 5 DANBURG 7 3 HBC ""ir^i.r/x. 9 / 6 9 

2 / 7 * 

E » -!." INTO ( P I * P | * P 1 - P I - P I O I / T O T R L 
O i l OR LESS RITTENBER 6 9 HBC '"",.1-2.7 . - . 

ETA ";; INTO ( R 1 * P I » P I - P I - NEUTRAL S I / T O T A L 
H I OR LESS RITTENBER 6 9 N I C ""V.i-i,... 9 / 6 9 

ETA 

4 7 3 
4 7 3 
13T i 

INTO (RHOO G R H H A I / ( « L L P I * P I - GAMMA) 
V 0 . 2 0 AGUILAR TO HBC 

I j 0 . 1 0 DANBURG 7 3 HBC 
-51 OR MORE C L - . 9 5 DAHBURG T3 HBC 

01 0 . 1 5 JACOBS T3 HBC »E33 
1 / 7 1 
2 / 7 6 
2 / 7 * 
1 / 7 * 

R25 AVG 1 . 0 8 2 0 . 0 7 7 

R25 E EQUIVALENT STATEMENTS 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 0 1 

E T I M I N E INTO I P I 0 P IO E1 

4 0 . 1 1 O.OA 
ETA PRIME INTO I P I * P I - 01 

4 7 3 

INTO 3 P I O I / T U T I L I P 2 N I 3 P I O I I 
BEMSIN6ER 7 0 DBC 2 . 2 P I * 0 

A I / ( P I * P I - ETAINEUTKAL D E C . I I 
( P 3 I M P 1 N I 

1 0 . 5 4 1 ( 0 . 1 0 1 AGUILAR 7 2 *WC 3 . 9 . 4 . 6 K- * 
NOT AVERAGED CUE TO COMPLICATION WITH * I 9 : > 3 I . S E E KALBFLEI 7 4 . 

0 . 1 4 DANBURG 7 3 HBC 2 . 2 K - P . L A M XO 
0 . 1 B JACOBS 7 3 HBC 2 . 9 K - P , L A M XO 192 

0 . 9 9 
0 . 9 9 2 

'RIME INTO 1 2 G A H H t | / ( P t O P I D ETAINEUTRAI 

0 . 0 5 9 

O . 0 1 5 

APEL 72 OSP* 3 . » P I - P . * KO 

FROM F I T (ERROR INCLUDES SCALE FACTOR OF 1 . 0 1 

Z ETA PRIME C-NONCONSERVING 0ECA1 

RELATED TEXT SECTION V I C 

DECAY ASYMMETRT PARAMETER FOR 
1 5 2 . 0 7 . 0 8 
1 0 3 . 0 0 . 1 0 
2 9 3 - . 0 6 9 . 0 7 8 

AVG - 0 . 0 0 1 0 . 0 4 9 AVE 

' I * P I - GAMMA 
RITTENBE 65 HBX 2 . 1 - 2 . T « - » 
KALBFLEI 75 H ( C 2 . 2 K - P 
GRIGORIA 75 STRC 2 . 1 P l - P 

;AGE (ERROR INCLUDES SCALE FACTOR OF t . O 

1 2 / 7 5 
1 2 / 7 5 
1 2 / 7 5 

DAUBER 64 M L 1 3 4 4 9 
ALSO 64 WJBtiA CONF 1 * 

GOLOBERC 6 * PRL 12 5 4 6 
GOLDBERG 6 4 PRL 1 3 2 * 9 
KALBFLEI 6 4 PRL 1 2 5 2 1 
KALBFLE2 64 PRL 1 3 3 * 9 

BAOIER 6 5 PL 1 7 3 3 7 
H I E NILE 65 PL 1 9 4 3 8 
• ITTENSE 6 5 PRL 15 5 5 6 
T R I L L I N G 69 PL 19 4 2 T 

COHN 6 6 PL 2 1 3 4 T 
LONDON 6 6 PR 1 4 3 1 0 3 * 
MARTIN 6 6 PL 2 2 . 3 5 2 

5ARBAR0- 6 8 PRL ZO 3 * 9 
BARLOUTA 6 8 PL 2 6 B 6 7 4 
B O L L I N I 68 NC 5f l A 2 8 9 
DAVIS 6 8 PL 2 7 B 5 3 2 

OUFEV 6 9 PL 2 9 fl 405 
H o n 6 9 PR 1 7 7 1966 
RITTENBE 6 9 U C R L - 1 8 8 6 3 

BAftDAOIN T l PR 0 4 2 7 1 1 
B A S I L E 1 71 NC 3 A 3 7 1 
BASILE2 71 HP B 33 2 9 
HARVEY 71 PRL 2 7 8 8 5 
OGIEVETS 7 1 PL 3 5 8 6 9 

AGUILAR 72 PR D 6 2 9 
APEL TZ PL 4 0 B 6 S 0 
B I N N I E T2 PL 3 9 B 2 7 5 
BLOODWOR 72 NP B 3 9 5 2 5 
0 A L P I A 2 72 PL 4 2 B 3TT 
RAOER 72 PR 0 t 3 0 5 9 

0ANBURG 7 1 PR D I 3 7 * 4 
JACOBS 7 3 PR 0 8 I B 
KALBFLEI 7 3 PRL 3 1 3 3 3 

BALTAV 74 PR D 9 2 9 9 9 
OUANE T * PRL 3 2 4 2 5 
GAULT 74 NC 2 4 A 2 5 9 
KALBFLEI 74 PR 0 1 0 9 1 6 

CERRADA 7 7 NR B 126 1 1 9 
DELAGUIL 7 7 PR 0 1 6 2 8 3 3 
GESSAROL 7 7 NP B 126 3 1 2 
LEONICCV 77 E Z - 1 0 5 2 1 , 2 2 . 2 3 
ROUSSARI 7 7 PREPRINT 

*ISD 7 7 »UO*P£ST CONF. 
Z i N F I N G T 7 PRL 3 8 9 3 0 

ABRA' ! * 2 t 
ALSO 7 9 PRL 4 3 4 7 7 

APEL 7 9 PL 8 3 8 131 
B I N N I E T f PL 1 3 B 1 4 1 
OIKELYAO 7 9 PL 8 8 8 3 7 9 

VIKTOROV t O SJNP 32 * 2 0 

D2HELTAD 81 PL 105 6 2 3 4 

REFERENCES FOR ETA PRIME 

DAUBER.SLATEf t .SMITH.STORK,T ICHO ( U C L A I J P 
DAUBER.SLATER,L T S M I T H , S T O R K , T I C H O ( U C L A I 
• G U N D Z I K , L I C H I N A N , C O N N O L L Y . H A R T . * I S r R A * B N L I 
• G U N D Z I K . L E I T H E R . C O N N G L L Y . H A R T . * ( S Y R A * B N L I 
KALBFLE1SCH,ALVAREZ. I A R e A R O - C A L T I E R I . * ( L R L I J P 
G . R . K A L B F L E I S C h . O . O A H L . A . R I T T E N B E R G ( L R L I J P 

gADlE f t .DEM0UL I» .8Af lLC!U>4 lO* !EP<H*5ACL»AMST) 
K IENZLE.MAGLIC .LEVRAT.LEFESVRES • (CERNI 
RITTENBERG.KALBFLEISCH I L R L * B N L I 
•BROUN.GOLDHABERS.KAOTK.SCANIO ( L R L 1 

COHN,HC:uLLOCH.BUGGtCOhD0 I C R N L * T E N N » W C N O I 
LONDON,HAU.SAMIOS.GOLDBERG * ( B * L * S Y R A C U S E I I J » 
NARTIN.CRITTENDEN.SCHROEDER ( I N D I A N A U l I 

BAABARO-GALTIER) ,MATISQK.R ITTENBERG* ( L R L I I -
BRRLOUTAlfD* ( S A C L A r * A M S T * B C N A * R E H O » E P D L l I - 0 
tBUHLER.DALPIAZ .MASSAH* (CE*N*?GNA*5TRB1 
»AMMAR,MOTT.OAGAN.0ERRICK.F IEL0S ( W E S ' A N L I 

* G 0 B B l . P O U C H O N . C N 0 P S . + ( E T H * C E R N * 5 A C L 1 I J P 
»ANHAR,OAVIS.KROPRC. S L A T E . OAF AN* ( H U E S * AW.) 
ALAN RITTENBERG ( T H E S I S ) ( L R L I I - 0 

B A R D A 0 I N - a T H I N 0 H S K A . H a F H O K L . M l C H E J D A * ( U A R S I 
» B O L L I N I . D A L P I A Z . F R A B E T T I . » I C E R N * B G N A * S T H e i 
» B 0 L L t N t t D A L P I A Z . F R A B E 7 1 t , * ( C E R N * B G N A * 5 T R B l 
» M A R 0 U I T , P E T £ R S O N . R H 0 A 0 E S . * (M1NN*MICH1 
0GIEUET5KV.TYB0R,ZASLAVSKY (DUBNAI 

A G U I L A R - B E N I T E Z . C H U N G , E I S N E R . 5 R M I D S ( I N L I 
* A U S L A N O E R . M U L L E R . B E R T O L U C C I , * ( K A R L * P I S A I 
* C A M I L L E R I . D U A H E . G A R e U T t . B U R T 0 N * ( L O I C * S H N V J 
BL0ODHORTH,JACK5CW.PRENTICE.V00N (TORONTO] 
+ F R A B E T T I . V A S S A H . N A V A R R I A . Z I C H I C H I (CEHN1 
* A B 0 L I N S . 0 1 H L . 0 A M I U R G . t ) A V I E S . H 0 C H . * I L B L 1 

*KALBFLEISCH,S0RENSTE1N. ,CHRF-HAN,* IBNL+MICH1 
*CHANG,GAUTH1EK,» IBRAN»UMD*SVRA*TUFI t 
•CALBFLEISCH. CHAPMAN.* (BNL*M1CH»LBLI 

* C O H E N , C S O R N A i H A B I B I . K A L E L K A R . * CCOLUif l tNGI 
* S I N N I E . C A H I L L E R I . C A R R . 0 E B E N * I A M » ( 1 0 I C * S H M P I 
+JONES,SCADRON.THEWS ( O U R H * L O I C * A R I Z I 
G . R . K A L B F L E I S C H (BNL> 

• W A G N E R • 6 L 0 C K Z 1 J L , * ( C E R N * A M S T * N I J H * O X F I J P 
F .DEL AGUILA ANO M.G.OCMCEL (BARCELONA! JP 
G E S S A R O L I , * I B G I I A » F I R Z * G E N O * M I L A * 0 X F * P A v n 
R.LEDN1CKY ( J I N R I J P 
• E R N M E I N . F E L I E S S E . B O R G E A U O . R O U S S A R I E X S A C L l JP 
HEHIH6MY REVIEW TALK ICERft f 
• BROCKMAN.OANKOWYCH,* ( C A R L * M C G I « O H I O » T N T a i 

* A L A N . B L K K E R , B O Y A R S R I . * I S L A C * L B L I 
ABRAMS. ALAN, BLOCKER ••GVARSK I . * I S L A O L B L ) 
• R U G E N S I E I N ( I E R T 0 L U C C [ ( K M L * P 1 S I * S E R P * W 1 E N I 
K A R R . O E t E N H A M , J O N E S , K A M M I . K E T N E * I L O I C ) 
DZHELYADIN .GaL0V1CIN ,GRITZUR.KKHAi"TV* (SERP' I 

* G O L O V K I N . D Z H E L Y A O I N . Z A l I S E V . N U K H I N . * ( N a % O I 

O I H E L Y A 0 1 N , r . 0 L 0 V K t N , R O N S T A N T I N 0 V , » ISERP1 
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Data Card Listings 
For notation, see key at front of Listings. 

|S'(975)| 3 S * I 9 T 5 , J P G - C 

FOR EARLY WORK USING 6 R E I T - U I G N E R OR 5CRTTER1N-
LENGTH P A R A M E T R I I A M O N ( N F I T S TO THE ft K B * * 
SPECTRUM, SEE REFERENCE SECTION AND OUR 1972 EOIT1 

REM. PART OF THE S« POLE » 

1 9 9 7 . 1 
(997.1 

(ID12.1 
t LOOT.1 
1966. I 
I99B.0) 
I98B.I 
1966.I 

9 S T . 

( 9 B 6 . - I 
( 9 7 5 - I 

9 7 4 . 0 
( 9 B 5 . 1 

PROTOPQFE 7 3 HBC 
ESTABROOK 7 3 ASPK 
GRAYER 73 ASPK 

7 3 A S P * 
75 RVUE 
SO RVLE 
B l RVUE 
81 RVUE 

F U J I I 
BOHACIK 
I R V I N G 
I R V I N G 

BINN1E 
LEEPER 
AGU1LAR 

SJK" 

7 3 CNTR 
7 7 ASPK 
7B HBC 
7 9 RVUE 
SO RVUE 

GIDAL S I SKK2 
TORNQVlS 62 RVUE 

1 2 / 7 7 
-N 12/75 
-*. 12//7 
»I- 12/77 

I+PI-N 12/75 
9/81* 
3/B2* 
3/82* 

1 12/77 
1 12/77 
. KS US 12/77 

9 /81* 

WEIGHTED AVERAGE * 9T5. 
ERROR SCALED BY 1 

AL 01 SMK2 
ILAR 78 HBC 
PER 77 ASPK 
NIE 73 CNTR 

950 970 
REAL PART QF 

990 1010 
POLE POSITION <UEV) 

FROM SINGLE C H A w a F I T TO HYRHS 73 DATA. 
C0UPLE3 CHANNEL ANALYSIS K I T H F I N I T E WIDTH CORRECT IONS. SEE R I N 1 R E V . 
POLE P 0 S I T I O H 5 FROM ALMOST MODEL-INOEPEHOENT PARAHETRIZATION 
FROM COUPLED CHANNEL F I T TO HVAMS 73 AND PROTOPOPESCU T 3 OATA. 
U I T H A SIMULTANEOUS F I T TO THE P | P I P H A S E - S H I F T S . 
I N E L A S T I C I T Y AND TO THE KS KS INVARIANT MASS. 

=RC« COUPLED CHANNEL ANALYSIS OF P I N — > P I M N OR K K6AR N OAIA 
:RON GRAVER 7 3 ANT COHEN BO 
U N I L A R TO ( E l , BUT QMIT P I N - - > P I P I H MOMENTS, AND INCLUDE 
; - P — > P I * P I - V OATA 

INCLUDED IK AGUILAR 7B F I T 

™ 

SE NOTES UNDER REAL PART 
SEE NOTES UNDER REAL PART 
COUPLED CHANNEL ANALYSIS H I 
POLE POSIT I C I S FROM ALMOST 

PROTOPOPE T l H8C 
ESTABROO* Fi ASPK 
GRAYER Fl ASPK 17 P I - P . P I 

n ASPK 
F U J I I rs RVUE 17 P I - P . P I 

ir RVUE 
I R V I N G n RVUE 
I R V I N G 8 1 RVUE 

^^ CNTR P I - P , S « N 
ASPK 2 - 2 . * P I - P 

'« HBC . 7 PBAR P . 
MARTIN •<t RVUE 
ACHASDV m RVUE 
GIOAL 
TOPNOV'S 12 

SMK2 
RVUE 

J / P S . DECA 

(ERROR I N CLUDES SCALE FACTOR 0 

1 2 / T 7 
U / T S 
1 2 / 7 7 

- 1 2 / 7 7 
1 2 / 7 5 

9 / 8 1 * 

9 / B 1 * 
1 / S 2 * 
1 / B 2 * 

S * BRANC IXC RATIOS 

ti 
HTA«S 
WETZEL 

. 0 4 CASON 
LOVERRE 

75 ASPK 
7 6 05PK 
7 8 STRC 
BO HBC 

BINGHAM 62 I 

0 . 0 2 6 AVERAGE (FRflOR INCLUDES SCALE FACTOR OF 1 . 0 1 

REFERENCES FOR S» 

HANG T S U - T S E N G . V E K S L E P . V R A N A , * 

* 8 I G I . S BRANDT. R CARRARA * 
H H BINGHAM,M BLOCH * ( 
FRM I N . HOVER.M ARCH, MALXER.UAtlGLER 

Y E R O F E E V . K R E S T N I * 

. . K A L B F L E t S C H . L A l . S C A P R . S C H U * 

ALSO < 

r PL 26 9 35T 

I ORL 2 1 1705 
) a H l L a O . C C N F . P . 3 0 3 
t T H E S I S 
I OHL 21 316 

t 1 8 * 1 3 6 3 

a-HiiSIsEu""'"'^^ 
*8ARNES,CREW 
KWAN MU L A I 
JAMES J . PHEl 
MOANG.EARTLY. HELAN.ROBERTS' 

M G . G 0 L D 9 E P G - * 

, * S T . L 

i§~ 
BNLI 
M V I 

ANL»CH|C*NDAF"I 

(CERN*CDEFI 
( C E R N * ; O E * l 

l A N L t 
( A N L M L L C I 

OH 7 0 OR 0 J 21,9* 

ALSTD*»-G 71 PL 3 6 B 152 

* B O N N E T , O R E V I L L O N , B A U B I L L I E R , * < E ° 0 1 * I P N P 1 
• L A U R E N S . P F I G N I F R (SACL AVI 
W.BEUSCH (ETH»CERhl 
• KOCM.BEUSCn.* ( C E R N » H P J H « E r H * l O I C * ' ; A H A l 
HYA«5,KOCH,POTTER, VON U N D E R * , * (CERN*MPIK( 
'GARF INKEL .NORSE,WALKER.PRENTICE(MISC*TNTD1 

I! STON-GARNJOST SARBARO-GALTIE* 

'fcTERSEN 

L B L I 

OUBOC 
fLATTE 
GRAYER 

MORGAN 75 

I . C O N F . P J O C . 

•• -IP E 75 189 
i NO 9 76 375 

• n 5i9 7i 
; -IP 8B5 . 7 9 
j NP 9 100 20 5 

ARGONNE CONF. 

BAS0EVAN7.FR0GG-TT , PETERSEN ( C E » M 
* 9 0 R Z A T T A , G O U 5 S U . * t G E N O ' M I L A ' S A C D 
»G0L0BERG.MAK0W5KI ,CONALO.+ ( t P N P * L I V P f 
* « L S 1 0 N - G A K N J O S T , B » R e A R O - G A L T l E R I . * ti.it.* 

• » H Y A t t S . J C N E S , 5 C H L E I N , f l L U M . 0 I E T L » I C E R N * M i > | M | 
P . K . W I L L I A M S IFSU1 

»CARR,DEBENHAM.OUANE.CARBUir . t I L 0 I C * S H - " P I 
* B I N K L E V , » I W I S C » O ' J K E < t O L 0 * T N T n * 0 n l O I 
E St ABfOOKS, MART I N , GRAVER, HVAHS« I C i R N * " P | H l 

» H V A N S , J C K E S , e L U N , 0 I E T L , K 0 C H 4 I C E R N * " P 1 M I 
* J C N E S . W E I L H A M R E P . B L U M . D I E T L . * ( C f R N * N P l * l 
W.OCHS ( " O l M l 
P P 0 T 0 P O P E S C U , G A R I U 0 S T , G l L T ; t k t , F L * T r E > < L 3 L I 

t H Y A K S , J O N E S , B L U « , D I E T L , K D C H « I C E P ^ - P I " ) 
* H T A H S . J 0 N E S > 8 ' 'JM.DIETL ( C f R N * " P ; » ' l 
O.MURGAN I R « £ L 1 

V . F U J I 1 . H.FUKi>G I TA ITCH V I 
• J D N F S , W E 1 L " » " H F R , B L J H , D 1 E T L * ( C E R N * « R I " 1 
0 . MORGAN I R H E L I 
• t V R E S . OIEBOLD.GREENE,KRAMER." ICKLUNO I R 1 L 1 

BRANOEB 
euTTRAH 
C ERR ADA 

ISDN 

ACHASDV 1 
APEL J 
BECKER I 
COROEN 7 
ESTABROD T 
GREENHJT 1 

b NP B 10« 4 1 3 
b « D I I 1 1 5 1 
b PL 6 2 B 3S3 
i PL 6 3 B 2 2 i 
i NO B I I S 20B 
1 PR D 13 1 8 3 1 

7 NP B 129 99 

* 8 9 • 

TERSTI I I S U ) 
AIN |CE«N*"ADR1 

B 110 42 
• I P a 151 4 6 
NP B 157 2 5 0 
OR D 19 267R 
OR 0 20 2 3 2 6 
NO a I 5B 5 2 0 

POLYCHRO 79 OR D 19 1 1 1 7 
IS T I N 

ACHASOV E 
BOHACIR i 
COHEN ( 
LOVERRE t 
M1CKLUND ( 

' 32 566 
> a is*? 
I 22 2 5 9 ' j 
' C 6 1ST 
4 5 1 * 6 9 

ACHASDV Bl PL 1 0 2 8 1 9 6 
AGJILAR 81 IPHY C 10 2 9 9 
G1DAL 81 PL 1 0 7 B 1 5 3 
I R V I N G SI 7PHY C 10 4 5 
ROUSSARI 91 " l 105 1 3 3 4 

•CRRNEGIE.CASHMORE.ORVIER 
»CRAMLEY.DUKE.LA"B,LEEPER. 
• GONIALE I -ARROYO.RUBIU .YN I 
S .M.FLATTE (LERf;: 
*FBEUOENREICH,BEUSCH,» ( E T H K * R N * L 0 1 C 
• A L B R I G H T . S * V HAGCPIA6.LANNU7T1 ( F $ u 

'PETERSEN IGLnSGCW.cnPENHAGeNl 
tBUTTRAM.CRAULEY.DUKE.LAMB.PETERSO-. ( 1 S U I 
»OZKUTLU.SQUIRES I DURHAM. 
tAVRr COHEN. 01 EBOLO.KRAHER.talCKLUNCI ( A N L l l 

» C E R R * 0 « , * ( M A W I O * B U M B A Y < C E R N * P A R | S I 
»GRARO.JOHNSO'*.» (HONS*BFLG»CEPN»LOIC»LALOI 
t a A U M e A U G H . B I S H C P . B I S W l S . K E N K E Y . ' I V O A H ' A N L I 

tOEVVANIN.SHESTAKOV INOVOI 
• A U S L ' .3ER.MULLER.REHAK* I K « R L * P I S « 1 
*BLANAfl ,3LUM.CEKR»DA» I MPT M*CERN»7EE"tCRIC I 
* D C U E L L . G A R V E Y , J 0 8 E S . * i 8 ] R M * R H E L » T E L A * ' . 0 U C I JP 
P.ESTRBRDCKS ( C A R D 
*1NTEHANN (SETOJ 
' U I M U T L U ( D U P H M . J P 
PDLYCHR0NAKO5.CAS0N, B I S H O P * I l O A M t t N L I 

•DEVYANIN.SHESTAROV ( N D / O I 
J .BOHACIK.H .KUHNFLT (BRATISLAVA*WIEN1 
• AYRES.0 IE60LD.KRAMER.PAUL I C K I * ( A V L 1 I , J P 
• ARHENTEROS.D10N1SI * ( C E R N * C D E F * « A D R * S T 0 H 1 I , JP 
• A V R E S . C D H E N . O I E A O L O . P R b L I C K t I R N L I 

• D iVYANIN.SHESTAROV I'.OWOl 
AGUILAR-BENITEZ .DONE.MARTIN (MaOR'DURHl 
*GDLOHRBER,GUY,MILL lKAN,AeRAMS, • (SLAC»LBLI 
•MARTIN.DDNE I L I V P * D U R H » 
ROUSSARIE.BURKE-ABRAMS.ALAN.* I S L A C 4 L 9 L ) 

>(OARE*LANC*SHFFI 

•Ei;: !i 
— uAY MASSES 

http://ti.it.*


Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
(5(980) 

<5(980) IBO.JPG-O*-) !-l 

The quantum numbers of the 6(980) resonance 
ate: I * l~ from its production in D° +• 6ft, from 
its r\n decay, and from the absence of a fnr decay; 
and J • 0 from the absence of a 3 ¥ or pu decay 
(LIPKIN 69, GRASSLER 77) and from the decay dis
tributions of the rjir decay. With these quantum 
numbers the 6(980) is expected to couple to the 
1=0. KK system, too, and to explain the nearby KK 
threshold enhancement (ASTIER 67). 

In the scalar SU(3) nonert, the 6(980) has 
been a cause of problems. The near degeneracy 
with the S (975) has been difficult to understand: 

* 
if the S is mainly an ss system and the 6 mainly 
a ud system, naive mass rules predict m(S ) - m(6) 
- 200 NeV. Similarly, naive mass rules predict 
m(K) - m(6) = 100 MeV, whereas the K tends to ap
pear near 1350 MeV. 

Another problem has been the ratio of the 
widths: r<K)/r(6) is experimentally about 6, 
whereas SU{3) symmetry predicts 1.4. A solution 
to this problem came from coupled-channel analy
ses of the H7T and the KK channels (MORGAN 75, 
PLATTE 76). Above the KK threshold strong absorp
tion makes the apparent width shrink, whereas be
low threshold strong analyticity effects reduce 
the apparent width. 

Recent multi-channel analyses (ACHASOV 79,80, 
BRAMON 80, TORNQVIST 82) confirm this picture, 
taking also the r\'rt channel into account. More
over the most complete analysis (TORNQVIST 82) 
solves all the above problems at the same time. 

Thus the picture of the 6{980) that emerges 
is a quark-antiquark state with large qqqq compo
nents in the form of virtual two-meson states. 
The physical masses of all the scalar mesons are 
strongly influenced by the number of nearby 2-mes-
on thresholds. Thus the 6(980) feels strongly the 
ryn, KK, and n 1 - n thresholds, whereas the tc(1350) 
is far away from the Kir and Kp' thresholds and 
couples very weakly to the Kn threshold. This is 
the reason for the observed largeK-6 mass differ
ence. The small S -6 mass difference, on the 
other hand, is due to the isoscalar meson feeling 
the KK threahold a factor of 2 times stronger than 
the isovector meson does. 

Thus the conventional qq model is sufficient, 
and no qqqq multiplet is necessary to explain the 
observed scalar mesons (TORNQVIST 82). See also 
the mini-reviews under e(1300) and K(1350) and 
Appendix IIC. 

3 6 DEL Aiiaai MASS IHEVI 

ETA P I F I N A L ST 
10 m i . i CHUNG S M MBC 5 / 7 0 
8 0 ( 1 7 5 . 0 1 DEF01X 6P, HBC • - 1 1 / 7 7 
I S ( 9 8 0 . O f N I L L E R h<J HBC 7 / 6 9 
21 inc . oi BARDAOIN HBC * - B P I * P , P 0 0 P I L l / 7 7 

B ( 9 B 2 . I HC HA SO V I HO RVUE 9 / B 1 

3 0 9 B 0 . 0 1 0 . 0 AHKIfl / i f l K6C * - 2 / 7 3 
2 0 1 7 0 . 0 GARNES 69 HBC 9 / 6 9 

9 B 0 . CAMPBELL DBC » - 1 / 7 3 
ISO 9 T 2 . 0 E F C I X 77 MBC • - 1 / 7 3 

C TO 9 1 9 . 0 HELLS /•> HBC 1 1 / 7 7 
9 9 1 . 0 76 MBC 1 1 / 7 7 
9 7 7 . 0 GRASSLER n HBC 1 1 / 7 7 

4 7 I S O . CQNFORTO 78 CSPK - 4 / 7 8 
5 0 9 7 8 . 0 CD«0EN TB OMEG «•- 4 / 7 8 

R 1 *5 9 1 0 . 0 7 . 0 GURTU 79 MBC • - 1 2 / 7 9 
R 5 0 0 9 B 6 . 3 . EVANGELIS 81 OMEG 

ERAGE (ERROR INCLUDES SCA LE FACTOR OF 1 .01 

1 / B 2 * 

AVG 1 8 3 . * '';.; 
EVANGELIS 81 OMEG 

ERAGE (ERROR INCLUDES SCA LE FACTOR OF 1 .01 

TEMATIC ERROR 6 •< EV DUE TO ENERGY C A L I B R A T I O N A DDEO 
B COUPLED CHANNEL ANALYSIS WITH F I N I T E WIDTH CORRECTrONS.SEE H I N I P E V . 

R F R D f O U 2 B 5 1 DECRY 

( KBAR ONLY. SEE THE TYPED NOTE ABOVE 
1 * 3 ( 1 1 0 3 . 3 ) 7 .0 *SVSTEMAT1C ROSENFELD 6 5 RVUE • 

L 1 0 0 ( 1 0 1 6 . 1 r 1 0 . 1 ASTIER 6 T HBC • 

" 3 1 6 9 7 6 . 6 . 0E B I L L Y 80 HBC 1 . 2 - 2 PB 0 . 0 0*G 6 / B 1 

H A ASTIER 6 7 NELUDES ATA OF BARLOW 6T,C0NFOPTO 6 7 .ARWENTFROS 6 5 -

36 DEL • 1 9 8 0 1 WIDTH (MEV 

M ETA P I FINAL STATE ONLY 
8 0 1 2 5 . 0 1 0 E F O I X 6H HBC 
2 0 ( 5 0 . 0 1 OR LESS BARNES 69 MBC 1 1 / 7 7 

1 5 0 1 5 . 1 D E F O U 1/ HBC 2 / 7 * 

** fO 1 1 6 . 0 1 ( 1 6 . 0 1 WELLS f 5 «BC " 
M 

3 0 8 0 . 0 AMMAft &B HBC 
4 0 . 1 5 . CAHPBELL M OBC 2 . T P i t 0 1 / 7 3 

1*1 6 % 0 3 0 . 0 MILLER 6SI 
Z l 3 i . a BAROAOIN r i HBC 

8 0 TO F L A I T E 16 PVUE 
tf N 5 5 . 0 GRY T6 HBC 

4 4 . 0 2 2 . 0 GRASSLE* 7 7 HBC 
6 0 . 3 0 . C0NFORTO 18 0 5 PK * / 7 B 
8 6 . 0 5 0 . 0 CORDEN TB 

<t N 1 4 * 6 0 . 0 GURTU 7 9 HBC 
4 B 103 TO ACHAS0V1 R() PVUE 

4 0 0 6 2 . EVANGEL!S .11 CHEG 12 P I - P . E T A 3 P I P 
T 0 R N 0 V I S 82 RVUE 1 / B 2 * 

i 5 3 . 7 6 . 7 AVERAGE I ERROR INCLUDES SCALE FACTOR DP 1 . 0 1 

COUPLED CHANNEL ANALYSIS WITH F I N I T E WIDTH CORRECT IONS,SEE M 1 N I R E V . 
USING A TWO CHANNEL RESONANCE P A R A H E T R I I A T I 0 N OF GAY 7 6 DATA. 
THE ERROR I N THE PAPER I S WRONGLY QUOTE0 AT ONE POINT 
FR0N 0 1 1 2 8 5 ) DECAY 

JNLY, SEE THE TYPED NOTE ABOVE 
( 5 7 . 0 ) L 3 . 0 * S Y S T E M A T ! C ROSENFELO 6 5 RVUE < 
( 2 5 . 1 APPR0X. ASTIER 6 7 HBC • 

1 1 2 0 . ) APPR0X. MORGAN 7 5 RVUE 

8 / 6 6 
I ABOVE 9 / 6 7 
» 1 2 / 7 5 

DELTA! 9 8 0 1 
D E L T A I 9 B 0 I 
D E L T A I I S O ) 
D E L T A I 9 B 0 1 

36 O E L T A ( 9 B 0 l PARTI Al 

INTO P I ETA PRIME 

DECAY MODES 

OEI 

D E L T A I 9 B 0 I BRANCHING RATIOS 

I P ] | 
ANHAR TO HBC 

t P I 1 
OEF01X 

* - 4 . t . 5 , 5 * - , E T A P | 5 / 7 0 

K KBAfil/l At 9 8 0 ) INTO 
( 0 . 2 5 ) 1 0 . 0 B 

SEEN 
1 0 - T I ( 0 . 3 ) 
( 0 . T 5 1 T D 4 . 2 

COUPLED CHANNEL ANALYSIS W I T H F I N I T E WI0T 
FR0H THE OECAY OF 0 ( 1 2 8 5 ) . 

I P 3 1 / I P 1 ) 
T2 HBC * - 0 . 7 PBAR P 
7 6 HBC - * . 2 K -P ET» I 
78 OHEG 1 2 - L 5 P I - P 
1 0 RVUE 

CORRECTIONS,SEE H I N I R I 

REFERENCES FOR DELTAI9B< 

TLMKOT 63 SIENNA CONF I 6 6 1 ' C G L U N S r F U J I I . K E K P * 

ARNENTER * S PL 17 3 * 4 
S M A S H 6 5 PR 13» 8 1 6 5 9 
K I E N Z L E 65 PL 14 4 3 8 
RQSENFEL 6 5 OXFORD CCNF 5 8 

IBNL*P ITTSBURGH1 

ARMENTEKOS.EDWARDS, JACOBSEN • I C E R N t C O E F I 
+ F R A N Z 1 N I . K I R S C H , M I L L E R , 5 T E I N B E R G E R * (COLUt 
«• NAGLlC.LEVRAr .LEFEBVR. fcS • (CERN) 
A H ROSENFELD I L R L - - R V U E 1 

http://NAGLlC.LEVRAr.LEFEBVR.fcS


Mesons 
<5(980), 0(1020) 

130 

Data Card Listings 
For notation, see key at front of Listings. 

• L I E N 0 6 6 PL 2 2 5 * 3 
6ALTAY 6 6 PR 1 * 2 B 9 3 2 
FOCACCl 6 6 PRL 17 8 9 0 
00STENS 6 6 PL 2 2 1 0 8 

*GR F I S H E R . G GO00EN.L MARSHALL,SEARS ( C 0 L O I G " * 
• H C M , S A N D M E I S S , T A F T , Y E H , S T O N E H I L L » ( Y A L E ) 
*- * IENZLE<1-EVRAT.M»G11C,MARTIN (CERNI 
*CHAVANONtCROZON.rOC0USVtLLE ( S A C L R Y , C 0 E F I I > 1 

ALLISON 6 7 PL 2SB 6 1 9 * C R U Z * ( 0 X F * N P 1 H * B I R M * R K E L * G L A S « L 0 I C I 
AST IER 6 T PL 2 5 8 2 9 * * W j N T A N E T , B I W B H . L I E R . D U B O C * ( C O E F * C E A N * t R A 0 l 

ASTIER 6 7 INCLUDES DATA Of BARLOW 67,CONFORT0 67,ARHENTER0S 6 5 . 
BAILLON 6 7 NC 5 0 * 3 9 3 *EQwARDS*D-ANDLAU+ASTIER+ (CERN*C0EF* IRAOI 
BANNER I 6 7 PL 2 5 6 3 0 0 * F A V 0 U X , r l * M E L , Z S E M 8 E P V , C H E Z E * (SACLAV*CAEM 
BANNER 2 6 7 PL 2 5 B 5 6 9 * C H E Z E , H A H E L . K A R E L , T E I G E f t * ICOEFtSACLI 
BARLOW 6 7 NC 5 0 A TOl *HQNrANET,O-ANDLAU* I C E R N » C D E F * m o * L I V P I 
CONFORTO 6 T HP 6 3 *6<5 CDNFORTD.HAAECHAL+ ( C E R t l * C D E F » I P N P * L [ V P ) 

AMHAR 6B PRL 2 1 1832 
CMJNG S 6B PR 1 6 5 1 4 9 1 
DEFOIX 6B PL 2 8 B 2 5 3 
C A L T I E R I 6B PPL 2 0 3 * 9 
JUHALA 6B O L 2 T B 2 5 7 
SABRE CO 6 8 PL 2 6 B 6 7 * 

BARNES 
CAMPBELL 
CRENNELL 
JUHALA 
KKJ5S 
L I P K I N 
MILLER 

) PRL 2 3 6 1 0 
) PRL 2 2 1 2 0 * 
I PRL 2 2 139B 

6 9 PRL 2 2 2 1 i 

ALSO 6 9 < 
SCHROEOE 6 9 ' 

ABDLINS 
AMMAR 
CCtiPER 

. 2 9 B 2 5 5 

) PRL 25 4 6 9 
) PR 0 2 4 3 0 
) I P D 23 605 
] T H E S I S . A 6 ( 

9 1 N N I E 
CHESHIRE 
OEFOIM 
DUBOC 
HOLLflaAY ' 

° L 3 9 fl 27S 
PRL 2 8 5 2 0 
I P B * * 1 2 5 
NP B * 6 4 2 9 
P H I L . C 0 N F . P R 0 C . 1 

+ D A V I S . K R O P A C . D E R R I C K , F I E L D S , * INWES*ANL1 
• O . O A H L , J . K I R Z , O . H . M I L L E R ( L R U 

• R I V E T , S ! A U D . C 0 N F O R T O * ( C O E F * I P N P * C E * N > 
B A R B * R . 0 - G A L T I E R [ , H A T I S 0 N , R I T 1 E N B E R G * 1LRL) 
• L £ A C Q C K , R H a O E . K O P E L " A N , L l B B V + ( I O « A * C O L O ) 
BARLOUTADD* ISACL*AHST*BGNA*REHO*EPOLI 

*CHUNG.ElSNER*BASSANO.GOLDBERG* IBNL»SYRA1 
J . r t .CAMPBELL ,L ICHTHAfJ ,LOEFFLER,+ (PURDUE! 
•KARSHON.KHAN WU L A I , * tBNL+NYUt 
H E A C O C K T R H O O E . K O P E L M A N . L I B B Y , * ( I S U * C 0 L 0 1 
KtaSEttOOStGOlOMtSSEI UlllHOlS) 
•MESHKOV (REH0*NBS1 
O .H .NT l l E R . S . L . K R A M E R tO .O .CARMONY, * !PURDUE) 
YEN,«NM»NN,CARt<ONV,ELSNER.+ (PURDUEt 
S C H R O E D E A , K E R N A N , F I S H E R , L I B B V , * ( ! 5 U * C 0 L 0 I 

•GAAVEN.MCCARTHY.G.SMITH.L . SMITH* I LRL*UCD1 
*KRD»ACiOAV1S, DEAR I C K , * I K A N 5 * M ' E S * A N L » U I SCI 
•HANNER.MUSGRAVE.POLLARD,V0VVDD1C ( A N D 
TCH1U-PUNG Y I O U (ORSAYI 

* C A M I L L E R T * O U « N E . G A « B U T T , B U R T O N * t L O I C * S H H P I 
+HDFFKAN,GARFINKEL , * U 0 U A * A N L * P U R 0 l 
+ N A 5 C I M E N T 0 , B ( Z Z M R I , + (CDEF*CERNI 
•GOLDBERG.MAKOHSKt.DONALD,* ( L P N P * l t V P I 

3 3 * H J L D , K 0 E T Z , K R U S E . B E R N S T E I N , * ( I L L U L L C I 

ATHERTON 73 PL 43 B i 

BINN I E 
KALBFLEI 
MORGAN 

BUTTRAH 
MORGAN 
HELLS 

7 * PRL 3 2 39J 

5 PRL 35 1' 
i ARGONNE ( 
5 I P B 101 

+ F R H W E K . F R E N C H , G H I D I M , HILPER1 

• C A M I L L E R I . C A R R . D E 8 E N H A R . * 
KALBFLEISCH.VANOERBURG,* I 
D.HORGAN 

•CRAWLEY, DUKE. LAMB. 
0 . MORGAN 
+ R A 0 O J I C I C 

(CERNI 

!C*SHHPI 

EEPER, PETERSON 

>0SC0E, LYONS 

ACHASCV 1 
ESTA8RD0 1 
GURTU 1 

ACHRSOVI E 
ACHAS0V2 ( 
BRAMDN t 
DE B I L L Y E 

TCRNQVIS 82 

I I'ihll! 

* |AACH*8ERl»B0NN*CERN»CRAC»HEI0*WAHSI 
A . C . I R V I N G (L IVERPOOL) 
*OZMUTLU.SOUIRES (DURHAM) 
•ABRAMSON. ANDREWS, BUSNELLO,* I OOCH*CORN) 

B*G C£WFO«TO,KEV*IRHEl*7NTD*CHIC*FWAL*MI5C) 
• CORSETT,ALEXANDER,* ( B I R M * R H £ L * T E L A * L O « l 
A . 0 . M A R T I N . " . R . P E N N I N G T O N (CERNI 

*0EVV*NIN>St4ESTAK0V (NOVOI 
P.E5TABROOK5 ( C A R L I 
* G A V I L L E T . B L O K Z I J L , * 

*DEVVANIN,SHESTAKOV 
•OEVYANIN.5HESTAK0V 
•MASSO 
• B A I A N D . D U 8 0 C . L E V Y * 

J* rEEM»N[JM*aXF 

(NOVOI 
(NOVO! 
(BARO 

» I * L A U S * N E U C * G L A S 1 

EVANGELISTAKBI 

N.A.TORNOVIST 

! | + B0NN*CERN*DAAE*L IVP*1 

0(1020) 

D 100 n i 9 9 
1 3 t 1020 
100 3 

AR 5 0 0 
1019 
1019 51 

9 B * 
AR 1 7 0 ( 1 0 2 0 

4 5 4 
AR1300 
AR 9 0 5 1020 
A 383 
A R 2 5 0 4 I 1020 n» 
AR T ? l ( I I 

aoo 
5? 

3 3 7 
5 * 

R 6 7 3 0 
7 6 6 1019 B 

25OB0 1019.67 

SYSTEMATIC ERRORS NOI EVALUATED. 
SYSTEMATIC ERROR AOOEO LINEARLY BY U S . 
NAS5 ERRORS ENLARGED BY US TO M ' D T H / S O A T I N l . 5 E E » 
INCLUOEO IN PELLINEN 82 RVUE 

STOTTLER Y 71 HBC 2 . 9 K - P , Y K KBAR 1 1 / 7 1 
I S U I L A R 7? HBC 1 2 / T 5 
AGUILAft I? MBC 3 . 9 . * . 6 K- P 1 2 / 7 5 
COLLEY I? HHC 1 0 . R * P , « * P PHI 1 2 / 7 2 
BALLAM 7? HBC 
B t N N I E M CNTR 
AVRES 7 * ASPK 1 2 / 7 7 
BESCH 7 * CNTR 1 2 / 7 5 
oe GROO' T * HBC 
KILBFLE: S It, HEC 7 / 7 7 
AKERLOF 7 7 SPEC 1 2 / 7 7 
B I L O I 7 7 CNTR 1 2 / 7 7 

71 CNTR 
BALUI 11 CNTR 1 2 / 7 7 
BALOI 1 2 / 7 7 
COHEN 7 7 ASPK 1 2 / 7 7 
BUKIN 1 7fl CLVA 9 / B l * 
COOPER 78 HBC 
BIRKOV 7 9 EMUL 3 / 8 2 * 
OIUM Kl P B E . R * K- X 
IVANOV 81 C I Y » 1 - 1 . * E * E - . K * K -
ARENTON 8? SPEC 1 1 . B POL.R P,KK 
PELLINEN 8 2 RVUE 1 / 8 2 * 

I ERROR INCLUDES SCI LE rACTOR OF 1 . 0 1 

* P « I wiorw f<*Bvi 

A D 1 3 0 0 
B D36B1 

D 3 3 7 

E* E - COLL.BEA»>S 1 2 / 7 2 
7 0 OSFK E * E - COLL.BEAMS 1 2 / 7 2 

BALAKIN 71 OSPK E * E- COLL.BEAM 1 2 / 7 5 
7? HBC 3 . 9 , * . 6 K- P 1 2 / 7 5 

AGUILAR 7? HBC 3 . 9 . * . 6 K- P 
1/ t*BC 1 0 . K * P . K * P PHI 
7? HBC 2 . 1 9 K - P . K KBAR 
7 3 HBC 2 . 1 - 9 . 3 G P 
1* C N 7 * » ( - P , P M ( * * V 7 6 
7 * ASPK 3 - 6 P I / K - P . K * K- 1 2 / 7 5 
7 * CNTR 2 GAMMA P , P K * K -

COSME 2 I * OSPK E * E - COLL.BEAMS 
7 * HBC * * 2 K - P . L K*K- 1 2 / 7 5 
7 7 SPEC * 0 0 P * A , K * K - 1 2 / 7 7 
in 0 1 * A E * E - COLL.BEAMS 
7H . T - . B PB P . K S KO * / 7 f l 

EMUL E * E - COLL.BEAMS 
COROIER 8fl H IRE E * E - . P I * P I - P 1 0 9 / 8 1 * 
IVANDV B l DLYA 1 - I - * E » E - . K * K -

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 0 1 

SYSTEMATIC ERRORS NOT EVALUATED. 
NUMBER OF EVENTS INCLUDES A SMALL BACKGROUND CONTI 
MTDTH ERRORS ENLARGED BY US TO * > W I D 7 H / S 0 R T ( N ) , Si 

>HI PARTIAL DECAY MOOES 

IIMCLUOING RHD P t ) 

I INTO K* K-
! INTO KL KS 
[ INTO P I * P I - P I ! 

INTO ETA GAMMA 
I INTO E* E-
• INTD MU« P U -
[ INTO P IO GAMMA 
[ INTO P I * P I - (V IOLATES G) 
I INTO P1*P I -GAMMA 
: INTO OMEGA GAMMA I V I D L A T E S C I 
! INTO E1A P iO (V IOLATES C I 
; INTO R f D GAMMA ( V I O L A T E S C I 
: INTO ETA NEUTRALS 
I INTO 5 P I 
; INTO P I * P I - P I * P I - ( V I O L A T E S G l 

f « r o RHO P I 

1 3 9 * 1 3 9 * 139< 

FITTED PARTIAL. DECAY MODE BRANCHING FRACTIONS 

The mitrix below n derived from the error matrix lor [he lilted p . m i l d 
branching f n c l i o m , P., >* folio*.: The diagonal elemenli ire P » 6P . »her 
'P, ; V-tPj'P.J , »hile the off-diagonal elementi are the normal.igd qorre 
ienu ;6P i 6P. ) / (6P. . 6P ). For ihe defininom of the individual P.. ice th. 

• I .*908*- .010 l 
• 2 - . T 1 S T . 3 * 6 1 * - . 0 O 9 9 
• 3 - . 3787 -.3AIT .1*76*- .0073 
• * - . 1 0 9 * - .1038 - .0122 .015**- .0022 

, N , s . i r • 
V.Vd 

PHI BRANCHING RATIOS 

/ I K KBAR • P I * ( P I / ( P 1 * P 2 » P 3 I 
0 . 0 * L INDSEY 6 6 HBC 2 . 7 K-P 1 0 / 6 6 
0 . 0 3 * 71 OS Pi E* E - COLL.BEAM 1 1 / 7 1 
0 . 0 4 4 CHATELUS 71 CSPi E* E- COLL.SEAMS 1 1 / 7 1 
0 . 0 6 OE GROOT 7 * HBC * . 2 K - P . L PHI 1 2 / 7 5 
0 . 0 5 

i 

KALBFLE1S 

VERAGE (ERROR 

7 6 HEC 

NCLUDES sr» 

2 . 1 6 K-P 

E FACTOR OF l . D > 

7 / 7 7 

D . 0 I 9 i 

KALBFLE1S 

VERAGE (ERROR 

7 6 HEC 

NCLUDES sr» 

2 . 1 6 K-P 

E FACTOR OF l . D > 
0 . 0 1 0 FROM F t T IERROR INCLUDES SCA E FACTOR OF I . 3 1 

| P 2 I / I P I * P 2 * F 

0 . 2 7 0 . 0 3 
( 0 . 3 7 ) I D . 0 5 I 

ERSEDED BY LOSTY TB UNDER 

LINOSEY t>h HBI-
BALAKIN i\ ( ISP 
KALBFLEIS if, HH( 
DE GROOT r* HBC 

S:!S S: 
P I -

. 0 4 2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 . 1 1 

. 0 1 0 FROM F I T (ERROR INCIUOES 5 C A I E FACTOR OF 1.31 

PIO I I N C L . R H O P I 1 l / T O T A L I P 3 I 
. 0 0 7 PARR0UR2 T6 DSPK E*E - COLL.BEAMS 
H 4 . 1 MEV. THE 3 P I MODE I S MERE THAN 60 PER CENT 

PER CENT C . L . 

• • , : • ; , ; 

F1H 
' 5. 

MSI / I 

. 0 0 7 3 FROM F ] T I ERROR 

IK KBAR1 
. 1 0 SCHLE1N 
. 0 7 BADIER 
. 0 7 LONDON 

INCLUDES SCALE FACTOR OP i . i l 

( P 2 t / I P I * P 2 l 
6 3 H8C 2 . 0 K-P 
65 HBC 3 . 0 K-P 
6 6 HBC 2 . 7 K-P 

1 0 / 6 6 
L t / 6 7 
L O / 6 6 

srirH'^^HTb'li'H.,,., 
0 . 2 * 1 
0 . 1 7 7 

INTO | P | * 
0 . 4 7 
0 . 5 6 

ts: 

0 . 4 8 6 
0 . 4 2 7 ta 



Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
0(1020), H(H90) 

( U N I T S 1 0 * « - * l 

2 . * l 

INTO [ 

0.*6 Srls 
P KOTO PR DO. 
6 . 0 BHEMSSTR 

PMOTOPROD. 

LVERAGE (ERROR INCLUDES SCALE FACTOR OF I.C 

ETA GAMNAI/TOTAL 
25 0.02b 0.001 BENAK5AS 
54 0 . 0 1 5 0 . 0 0 4 COS WE 

( 0 . 0 2 * > O R LESS C L - 0 . 9 S COSKL 
0 . 0 1 3 5 O . O 0 2 9 ANQREKS 

FROM 2 GAMMA DECAY MODE OF E l * 
FROM P I * P l - P I O OECAV MODE Of E1A 

IVfcRAGE ( 

H I INTO ( P I * P I - G A M M A I / T O T U 
1 0 . 0 * 1 CW L t 5 S L l N D S E * 
( 9 . 0 0 T I 0 R LESS C L - . 9 0 CDSNE I 

( . O b ) CR LESS C L - - 9 0 KALBFLEI 

( P * > 
72 DSP* E*E - COLL.BE««S 
76 OSPK E * E ' COLL.BEANS 
76 OSPK E*E- COLL. BEAM:, 
77 CNTR 6 . 7 - 1 0 GAKNA CU 

i S H6C 2,1 K-P 
T* OSPK E * E - COLL.BEAMS 
15 MBC 2 . 2 K- P . G A R M A * 

2 / 7 3 
1 2 / 7 5 

1/17 
12/7T 

. INDSET 66 M6C 

32 

( P 1 2 > ATRES 7 * PAL 3 ! 1 * 6 3 
11MOSEY bb HBC 2 . 7 K-P 1 0 / 6 6 BESCH 

B I Z 2 A R R I 
J * 
li. 

NP 8 7 0 2 5 7 
NC 20A 3 4 3 

I O * » - * l IP CQSME V 1 * PL * B B 1 « 
B A I A K I N 71 OSP* E* E- COLL.BEAMS COSME 2 f L l>9 B 159 
CHATELUS 71 CSPK E* E- COLL.BEAMS 1 1 / 7 1 DE CflOOl r* NP 8 7 * 77 
COSKE 1 74 GSPK E* E- COLL.BEAHS 2 / T * 
PAAROURI 76 DSP"! E* F- COLL.BEAMS 7 / 7 7 KAL6FLEI rs PR O i l t91 
BUKIN 1 76 OLV* E* E- COLL.BEAMS 

COS HE 7ft PL 6 3 B 3 5 2 
GE (ERROR INCLUDES S LAL E FACTOR OF l . D I J U L L I A N 76 T B L I S I VOL. 

T H E * DETECT J P I MOOE ANO OBSERVE PARR0UR1 PL 6 3 B 3 5 7 
ITM OMEGA T A I L . T H I J 1 ACCOUNTED FOR PARR0UR2 76 PL 6 3 B 362 

;isis'"l:E;-cati.!!j:i, 
'HI INTO IPI* P | - l / (TOTALI (UNIT5 IO*»-«l 

( 2 . 1 1 OB LESS T . f . 1 5 ALVEN5LE T 2 I S P * 
I * . 0 1 • « (.ESS C L - . 9 5 J U L L I A N 76 JSP" 
1 6 . 6 1 OR LESS C L - . 9 5 BUKIN 2 7B DLVI 

l . « * 1 . 0 3 0 . 8 L VASSERMAN BL GET* 
JSING P H I INTO I E * E - 1 / T O T A L • 3 . 1 

> E- COLL-BEAMS 
> E- COLL.BEAKS 
> £ - COLL.BEAMS 

125 11.151 ¥ : - l 
AGUILAP. 72 HBC 
CQLLEX 72 HBC 
LAVEN 77 HBC 
LYONS 77 MBC 
6 0 * 1H 1 7 8 0 1 Y 
LOSTr 7 8 HBC 

; ™ 

12/72 
12/72 
12/77 
12/77 
9/BI» 
*/T8 

OR LESS C I * . 9 0 

IT [ERROR INCLUDES SCALE FACTOR OF 

l - l ( P U l / t P l I 
AGUILAR 72 HBC 3 . 0 . A . 6 K- P 

l / T Q T R L ( U N I T S » Q " - * I I P 1 5 > 

ARWENTER 6 3 SIENA CONF 2 1 
GELfANO 63 PftL 11 * 3 8 
SCHLEIN 6 3 PRL 1 0 368 

HA01ER 65 PL 1 7 3 3 7 
BERLEV 65 PR 1 3 9 B 1097 
GALT1ERI 65 PRL I * 2 7 9 
LINOSET 65 PRL 15 2 2 1 

GRAY. L 6 6 PRL I T 5 0 1 
LINDSEV 6 6 PR 1*T 9 1 3 
L INDSEV1 6 6 PL 2 0 9 3 
LONOON 66 PR 1*? 1 0 3 * 

ABRAM5 6 7 HO TECH REP 7 
BARLOW 6 T NC 5 0 A 7Ct 
CHASE 6 7 PHL 19 7 1 0 
OAHL 6 7 PR 1 6 3 1377 
H E X I I B A C 67 PR 1 

! *B J * 9 

ABRAMS 6B PR I T S 16ST 
4STVACAT 68 PL 11 B * 5 

ALSO 6 7 PRL 1 9 9 6 9 
BECKER 6 8 PRL 2 1 1 5 0 * 
B INN1E 6 8 PL 2TB 106 
BOLL I N I 6 8 NC 5 6 A U T l 
NOSTEK 6B PRL 2 0 1 0 5 7 
MEHHANN 6B PRL 2 a 7 * 8 

CGROIEA 

C L - . 9 0 J U L L I A N 

REFERENCES FOR PHI 

BERTANIA.BRlSSONtGONNDLLV.HART * ( B N L * 5 V « A ( 

ARMENTEROS.EDHARPS.ASt lER* (CERN*C0EF1 
GELFAND'HILLERtNUSSBRUNiKIRSCH* (COLU*RUTG! 
S C H L E I N i S L A T E R , SMITH,STORK.T ICKO (UCLA1 

BADIE( t ,0EMaUL(N,8ARL0UTAUD+ ( S A C L » I H S T I 
0 BERLEV.N GELFAflD (BHL*C0LUHB1A) 
A BARBAftO GALTTERt .R 0 TRTPP I L R L I 
JAMES S LINDSEY.GERALO A SMITH I L R L I 

* H l G E R T V . B i Z Z * M R 1 . C t A F E T T l • ISVRAt-IIOHAlJPG 
JAMES 5 L I N D S E V . GERAIO A SMITH (LRL1 
J . S . L I N D S E Y . C . A . S M I T H I L R L ) 
tOHODK.RRU.SAHIOStGOLDBERG * IBNLt-S*BACU5E» 

GERALD ABRAMS • THESIS (HARVLAHDI 
+L1LLEST0L+MDNTAMET* ( C E R N * C D E F * 1 R A 0 » L I V P I 
R . C . C H A S E , P . R O T H V E L L . R . U E t N S T E t N (CEA»NERSJ 
•HAR0V*HESS+KIRZ«M1LLER ( L K l l 
H E R T m C H , K f i A E K E f t < H A D A N 5 K I , Z 0 A N I S » ( J H U « < 6 r a > 
KHACHATURV*NtA£IMOV*BALaiN»BELOUSaV*(DDBNA> 

*GLASSER,KEHOE.SECHt-ZDPN.HOLSKV (MARVLAKO) 
ASTVACATUROV.AZlMOVtBALCINI- (J INR4M0SCOH) 
AS6LULV,SECKER*BERT<tAH, T tHGt- f DESf <COLUHBI A1 
•BERTRAM,BINKLEV,JORDAN.KNASEL» ( D E S Y » M I T ) 
»DUANE*FARL>Ot»HORSEV* ( L O I C ' R H E L ) 
tBuHLCKtOAI .P l A t t M S S A H * tCERN>BGNA*STttB) 
»E ISENHANDLEH<MCaELLAN.N |STRV* I CORNELL 1 
«-ENCELS» IHARVAR0*CA5E«SLAC*C0RNELL*HCGILLl 

AUGUSTIN 6 9 PL 2 8 t 
HOT b*» H E S I ! 
5C0TTER 6 9 NC 6 2 1 

BIZDT TO PL 3 2 * I 6 
ALSO 6 9 PERE Z - V - J O B B I 

B I Z 0 T 2 TO LNC * 1 2 7 3 
EARLES TO ^RL 25 1312 
HVAMS 70 I P B 22 189 

ALVENSLE T l PRL 2 7 * M 
BALAKIN 71 PL 3 * 8 328 
CHATELUS 7L LAL 1 2 * 7 ( T K E S I S 1 

ALSO 7 0 B U O T 
DIBIANCA 71 MP B 35 13 
HAVES T l "R 0 * 69S 
STOTTLEM 71 ORO 2 5 0 * 170 

5 I T • B t i a r . B J O N . O E L C O U R T . H A l S S I X S M . i < C « ^ » t * 
KEN H |N "01 IN0RTHEAS7ERN U N I v F a S I T r l 

1C5 7 • E R S N ^ E . P A L E P . * ( B 1 B » I * G L A S « L 0 I C * , " , I • • 0 * f I 

'BOON,CHATELUS,JEANJEANiLALAKNE, * (ORSA) 
L I V E R P 0 1 L S V K P . 6 4 

• DELCQURTiJEAr(JEAH,l.ALAKHE . * IQPSAtr l 
• F A l S S L E R . G E T f N E R . L U T Z . M O V . r A U G . * (H^t',1 
• KOLH. POTTER. V . L I N D E R N . L C R E n Z . L U T J E X S l C E R M 

kLVENSLEBEN. BECKER, 6 U S Z A . C H E S . * 
'BUOKERiPAKHTU' a u A r 5 I D 0 P 0 V . S K R l 
f .CHATELUS 

>E INSCHLAG,ENDORF,ENGLEF ,F ISK , * 
' I M L A V , JOSEPH. KE 12 ER .STE I - i 
I . R . S T O T T L E M T E R . T H E S I S 

( " I T . O E S ' 

- S 
T2 V i 2 9 

ALI/ENSLE 72 PRL 2 8 6 6 
SALAKIN 12 PL 4 0 B * 3 1 
BASTLE T2 NP B * * 6 0 5 
BENAKSAS 12 PL * 2 B 511 
80HENSTE 72 PR 0 5 1 5 5 9 
CDLLEV 12 NP B 50 1 

A G U I L A F - B E M T E Z . C M U N G . E I S N F R « S A " I f i S ( 9 ' I L l 
ALVENSLE BEN,BECKER, B IGGS>BINi<LEV»[MIT*OES»> 
*BOKlN .PAKHTUSDVA.S IOQBOV, * (WWQS1B1RSK) 
• D A L P r A 2 , F R A B E T T 1 , Z I C « I C H I * ( C E R * ( » e G N A t S T R B » 
* C D S M E . J E A N - N | R ! E , J U L L l * N , L A P L l > N r H E » I O H S A V I 
aQREKSTEI ( ( .OAHBunG, ILALef l .E )SCX.> ( B ' a » " l C M I 
• J D B E S . R I O O I F Q R D . C R I F F I I H S . * t e i R H t G L A S I 

ISLAC*L< IL I 
U.OIC«SHMPj 

( A N L I 
IL.* ( B O N M 

l"0*Al 
(OPSAVI 
I0BSAV1 

i eLHS'*t : i J * » 

t B N L » " ! C H I 

•01EBOLO,GREENE.KRAMER,LEVINE.« 
* H A R T M A N N , K O S E , K R A U T S C H N E 1 D E R . F I 
* C U P E T T I , D 1 0 N I S I , D D R E . G A S P E R D » 
» J E A M - M A R I E . J U L L I A N . L A P L A n C H E . » 
» J E A N - M A R | E . J U L L ! A N . L A P L A N C H E , * 
• H D O G L A N D . J D U G E J A N S I M E T Z G E R * 

KALBF -E1 S C H . 5 T R A N D . C H A P M A N 

IKERLOF 
ANDREWS 
BALOt 
C ERR ADA 
COHEN 
C O W AM 
EVANGEL 
LAV EN 
L f O H S 

TT PPL 3 9 8 6 1 
77 PRL 3 8 198 
TT PL bB B 3 B I 
T7 NP B 126 2 4 1 
77 PRL 3B 2 6 9 
TT PR D 16 1 
T7 NP B 127 3 8 * 
TT NP 8 12T * 3 
TT NP B 125 2 0 7 

I 56T I 78 NC * « I 
7B J J N P 2 7 516 
78 SJNP 21 521 
T8 NP B 1 *6 I 
78 NP B 133 38 

CORD I Eft 

CQROtER 

I V * NOV 
ALSO 

VRSSERHA 

79 : 7 9 - 9 3 

IIB°B. 

* r O U R A U . O U D E i r A K . G R £ L A U D . J E A N * M A R I E » I O R S A r l 
S . J U L L I A N IORSAV) 
K A L 6 F L E l S C « . S l R * t t & , t H A P M i N 1BNL*MICH1 
*GRELAU0.COSME.COUftAU.DUDEL2AK,» (DPSAVf 
<GRELAU0,COSME,COURAU.DUPEL2AK.* (DPSAY) 

» A L L E » » B I N T I N G E R . D I T Z L E R . » IFr iAL*MICM»PU»Dl 
> F U K U S H I M A . H A R V E V . l D 6 K 0 M t C Z , M A T , < |O0CM( 
»BQHRlNGER.DORSAZ,HUNGERBtJHLER.» ( G f N J V A I 
» e L O C K I I J L , H E I N E N , » I A « S T * C E R r i * N I J H t O t F I 

* A V R E S > D I E B O L O > K f t A M E R , P A M . l C K l < H [ C K t U « a ( A N L l 
*MAKDIS I ,NARSHAK,PETERSON.RUDOICK, t ( " t l N N I 
EVANGEL 1ST* i * (BAR I t-BCNN*CEPN*DAPE»GLAS*» 
• O T T E R . K L E I N . t I * A C H » B E R L * C E R < » L 0 I C * U 1 E N 1 
(CDOPER.CLARK ( O l F I 

S A R T A L U L C U B A S l H I . B E H T O L U C C I t I O f S Y » F R A S ) 
•KURDADIE,SEREDNTAKOV.SlOORDVt ( N ^ V C ) 
* K U R O A D Z E , S I O O R O V , S K P I N S K | ( * (NOVO) 
* G U R 1 U , H 0 H T A S E T , * t l I F « » C E R N * C D E F * " » 0 f i » 
•MDLMGREN.BLOKZIJL . * ( C E R N * A K S T * N I J " » 0 * F 1 

»BARDSLEVt ( * M S T » B R 1 $ + C E R N > C R « C * K P | M » R H E I I 
t iC IJRDAOIE.LELCHUICSIDOROV.SKRtNSKV. ' I NOVO) 
S . I . E I O E L M A N ( t tDVD) 
VASSERMAN,KLIRDAD2E > S100R0V,SKR|NS>cr* ( N O V O 

H(H90)| 3 0 H ( I 1 9 0 , J P G > 1 * - I 1 - 0 

3 0 H U 1 9 0 1 MASS (MEV) 

C 1 1 9 0 . 6 0 . OANKOwrCH 81 SPEC 0 8 P I P , 3 " ( N b / 8 1 * 

t USES THE MODEL OF BOULER 75 

30 H I 1 I 9 0 1 WIDTH (MEVI 

C 3 2 0 . 5 0 . OANKOMVCH Bt SPEC OB P i P , 3 P t N 6 / 8 1 * 

C USES THE MODEL OF BOKLER T5 

30 H ( U 9 0 ) PARTIAL D E C * * MODES 

DECAY MASSES 
Mr 11901 INTO RHO P I 7 6 9 * 1 3 * 

BOWLER r 5 NP B9T 2 2 7 

DANKOHYC 81 PRL * 6 5 8 0 

REFERENCES FQK H I U T O I 

* G A M E , * T T C H I 5 0 N . 0 A I N T a N (0XF»DARE1 

»BROCKMAN. EDWARDS* ( T N T C * B N L * C » R L » " C G I * O H I D I 

http://tBuHLCKtOAI.Pl
http://KRAUTSCHNE1DER.fi


Mesons 
B(1235), p'(1250) 

132 

Data Card Listings 
For notation, see key at front of Listings. 

|B(1235)| t l 6 ( 1 2 3 3 . J P G » l * * l 

11 6 MASS (MEV) 

3 7 6 1 2 0 0 . 2 0 . 
1 2 2 0 . 2 0 . 

1 2 3 6 . 0 1 5 . 0 
1 2 0 0 . 0 1 5 . 0 

1 1 2 2 8 . ) ( 5 . 1 
1 6 3 1 2 4 3 . 6 . 

1 2 3 5 . 1 5 . 
1 2 6 8 . 

4 0 0 1 2 2 2 . 4 . 
6 0 0 1 2 2 0 . 7 . 
8 4 0 1 2 4 5 . 0 1 1 . 0 
4 5 0 1 2 5 1 . 0 

1 5 . 0 
3 6 0 1 1 2 0 9 . 0 1 ( 1 S . 0 ) 
1 0 5 1 2 3 4 . 0 1 5 . 0 

1 2 3 9 . 5 . 

BRLTIY 
CHUNG 
ANDERSON 
HOOCLAND 
N I Y A S H I T * 
FRENKIEL 
OTT 
AFtAL 
AF IAL 
CHAIOUPKA 
KAK5H0N 
F L A U E 
GESSRR0L1 
BALTAY 
C A V I L L E T 
BLOOD MOAT 
EVANGEL I S 

6 7 HBC 
6B HBC 
7 0 CNTR 
TO CBC 
7 0 HBC 
7 2 HBC 
7 2 HBC 
7 3 HBC 
73 HBC 
74 HBC 
T4 HBC 
7 6 HBC 
7 7 HBC 
7 1 HBC 
7 8 HBC 
• 0 HBC 
I I OHEG 

- 0 . 0 PBAR P 
- 3 . : , 4 . 2 P I - P 

0 5 - 1 8 GAMMA 1 
- 3 . 0 K- D 
- 6 .7 PI-P,4PI 
- 0. MIR P I . 5 PI 

7 . 1 P I * P .P B* 
• 1 1 . 7 PI* P 
• 1 1 . 2 P I - P 
- 3 . 9 P I - P . P B-
• 4 . 9 P I * P . » t * 
- 4 . 2 K - P . P I - O M E C A 
- II PI -P .PI - OME 12/77 

15 PI*P,P 4PI 4 /78 
4 . 2 K-P .6ACKKAR0 4 / 7 0 

- 8 . 2 K- P . » * » B- 1 2 / 7 * 
- 12 ? I - P , O M E P I P 1 / 1 2 * 

i / 4 7 
9 / 6 7 

1 1 / 7 0 
2 / 7 1 

1 L / 7 0 
1 2 / 7 2 

2 / 7 3 
2 / 7 3 
2 / 7 3 

1 2 / 7 5 
1 2 / 7 5 

7 / 7 T 

WEIGHTED AVERAGE - 1232.! 
ERffOR SCALED 8Y 1 .1 

1160 1200 
B MASS (MEV 

FROM F I T DF THE HASS SPECTRUM 
F I T REQUIRES AN ADDIT IONAL J P « 1 - f 
AT 1256 MEVt WIDTH 1 2 9 HEV. 

EVANGEL I S SI OMEG 1 . 7 
BLOODWORT 00 HBC 0 . 0 
BALTAY 78 H6C 0 . 3 
GE5SAR0LI 77 HBC 5 . 3 
FLATTE 76 HBC 1 . 3 
KARSHON 74 HBC 3 . 2 
CHALOUPKA 74 HBC 6 . 9 
AFZAL 73 HBC 4 . 9 
AFZAL 73 HBC 0 0 
OTT 72 HBC 3 . 1 
MIYASH1TA 70 HBC 4 , 7 
HOOGLANO 70 OBC 0 . 1 
ANDERSON 70 CNTR 0 . 1 
CHUNG 68 HBC 0 . 4 
BALTAY 67 HBC 2 . 6 

3 4 . 8 

3 6 0 
CONLEV 
= 0 . 0 0 2 ) 1320 1 3 6 0 
CONLEV 
= 0 . 0 0 2 ) 

3 6 0 1 1 6 3 . 0 1 

ABOLINS 
BALTAV 
CHUNS 
EROFEEV 
KOOGLAND 
RIYASH1TA 
FRENKIEL 
OTT 
AFZAL 
AF IAL 
CHALOUPKA 
KRP-5H0H 
FLATTE 
GESSAROLI 
M L T A Y 
GAVILLET 
(I L 0 0 0 WORT 
EVANGEL I S 

6 3 HBC 
6 7 HBC 
6 8 HBC 
70 HBC 
7 0 OBC 
7 0 HBC 
7 2 HBC 
7 2 HBC 
7 3 HBC 
73 HBC 
7 4 HBC 
T 4 HBC 
7 6 HBC 
7 7 HBC 
7 8 HBC 
TS HBC 
8 0 HBC 
8 1 ONEC 

• 3 . 5 P I * P 
• - 0 . 0 PBAR P 
- 3 . 2 . 4 . 2 P I - P 
- 3 . 2 5 P I - P 
- 3 . 0 X 

. 7 P I - P . 4 P I 
- 0 . PBAR P t t S P I 

- 7 . 1 PI* P ,P B» 
• 1 1 . 7 P I * P 
• 1 1 . 2 P I - P 
- 3 . 9 P I - P . P 8 -
• 4 . 9 P I » P . P 8 * 
- 4 . 2 K - P . P I - O M E G A 
- 11 P I - P . P I - OMt 

15 P 1 * P . P 4 P I 
4 . 2 K-P.BACKHAftO 4 / 7 * 

- B .2 K- P . V * * B - 1 2 / 7 9 
- 12 P I - P . O M E P I P ] / B 2 i 

2 / 6 7 
9 / 6 7 
1 / 7 1 
2 / 7 1 

1 1 / 7 0 
1 2 / 7 2 

2 / 7 3 
2/73 
2 / 7 3 

1 2 / 7 5 
1 2 / T 5 

7 / 7 7 
2 / 7 7 
4 / 7 8 

IVERAGE (ERROR INCLUDES SCALE FACTOR ( 

t l B PARTIAL OECAY MOOES 

8 INTO OMEGA*BI 
6 INTO 2 P I * 2 P I -
B INTO K KBAR 
B INTO PI PI 
8 INTO PI PHI 
6 INTO ETA P I [FORBIDDEN BY G l 
B INTO K KBAR P I 

DECAY MASSES 
7BZ* 1 3 9 
1 3 9 * 1 3 9 * 1 3 9 * 13 
4 9 3 * 4 9 3 
1 3 9 * 1 3 9 
1 3 4 * 1 0 1 9 
5 4 8 * 1 3 9 
4 9 3 * 4 9 3 * 1 3 9 

B BRANCHING RATIOS 

R I O D / S RATIO FO R 8 1 2 3 5 1 INTO OH GA P I 

R I O 
R I O 
RIO 
R I O 
R I O 
R I O 

0 . 3 
6 0 0 0 . 3 5 

0 . 2 1 
0 . 4 

0 . 1 
O .ZS 
0 . 0 8 
0 . 1 D . I 

CHALOUPKA 74 HBC - 3 . 9 - 7 . 5 P t - P 
KARSHON 7 4 HBC * 4 . 9 P l t P . P B* 
CHUNG 7 5 HBC * 7 . 1 P I * P 
GESSAROLI T7 HBC - 11 P I - P . P I - ONE 

1 / 7 4 
1 2 / 7 5 
1 2 / 7 5 
1 2 / 7 7 

R I O 
R I O 
RIO 
R I O 
R I O 
R I O AVC 0 . 2 9 1 0 . 0 5 2 AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1 . 0 1 

R l 
R l 

B INTO I 4 P I I / I C M E G A P t 
( 0 . 5 1 OR LESS ' I P 2 I / I P 1 ) 

ABOLINS B3 HBC • 3 . 5 P I * P 

B INTO I K RBARI / tONEGA P i t 
1 0 . 0 2 1 CR LESS 
( O . L O I OR LESS C L - . 9 0 
( O . 0 B 1 OR LESS C L - . 9 5 

OAHL 
BALTAV 
B I I I A R R I 

6 7 
6 7 
6 9 

KBC 
HBC 
HBC ;niv' 1 0 / 6 6 

2 / 6 7 

B INTO ( P I P I > / ( P I ONEGAI 
( 0 . 3 1 OR LESS 
( 0 . 1 5 1 OR LESS C L « . 9 0 

ADERH0L2 
OTT 

6 4 
7 2 

HBC 
HBC r̂ ;:-: 1 2 / 7 2 

B INTO ( P I P H I ) / ( P I OftEGAI 
( 0 . 0 1 5 I O R LESS 
( 0 . 0 4 1 OR LESS C L - . 9 5 

DAHL 
B I I Z A R R I 

6 7 
6 9 

HBC 
HBC n*"'- 1 0 / 6 6 

9 / 6 9 

B INTO ( E T A P I ) / | P | OHEGAI 
( 0 . 2 5 1 OR LESS C L - . 9 0 BALT.V 6 7 HBC i!-'i::';.«. 2 / 6 7 

8 * ' INTO ( I K K B A R I t - P I O ) / ( P I OHEGAI 
( 0 . 0 6 1 OR LESS C L - . 9 0 BALTAV 6 7 HBC * - 0 . 0 PBAR P 2 / 6 T 

8 * - INTO (KS KS P 1 + - I / ( P I ONEGA 1 
1 0 . 0 2 1 OR LESS C L - . 9 0 BALTAV 6 7 H6C * - U.O PBA- ' 2 / 6 7 

8 * - INTO (KS KL P I * - ( / ( P I OHEGAI 
1 0 . 0 6 1 OR LESS C L « . 9 0 BALTAY " HBC 2 / 6 7 

GOLDHABE 6 5 PRL I S 118 

BALTAY 6 7 PRL 1 8 9 3 
OAHL 6 7 PR 1 6 3 1377 
LEE 6 7 PR 1 5 9 1 1 5 k 
SLATTERV 6 7 NC 50A 3 7 7 

ASCOLI 
BOESEBEC 
CASO 
CHUNG 

BIZZARRI 

ANDERSON 
CAJO 
CAS ON 
EROFEEV 
HONES 
HOOCLAND 
MIYASHIT 
POLS 
HERHOUC 

6B PRL 2 0 1 4 H 
6 8 NP 8 4 5 0 t 
6 8 NC 5 4 A 9B3 
6B PR 1 6 5 1 4 9 1 

REFERENCES FOR B 

G GOLDHABEA,S GOLDHABER.KADYK.SHEN ( I R L I 

•SEVER)ENS*V£H*ZANELLO (COLU*BNLI 
* H A R D V * H E S 5 * K I R Z » N I L L E R ( L R L 1 
*H0EB5 iROE , S I N C L A I R . VANDERWELDE I "1CHJ 
•KRAVB!LL*FORHRN*FERBEL (YALE»ROCHI 

*CRAMLEY.HORTARA.SHAPIRO ( I L L I 
6DESEBECKiOEUTSCHH.ANN, + f - .aCHEN+BEALIN»CERhl 
* C O N T E * C 0 R 0 S « D I A Z » I G E K J V A * » I W e * K I L A » 5 R C L I 
S . U . C H U N G i O . D A H L , J . K I R I , D . H . M I L L E R I L A L I 

6 9 h I 14 1 6 9 * F 0 5 T E R . G A V I I C E T . N D N T » N E T . < (CERN*COEF) 

TO »R 0 1 27 
7 0 LNC 3 7 0 7 
7 0 PR 0 1 8 5 1 
7 0 SJNP 11 4 5 0 
7 0 PR 0 2 827 
7 0 PL 3 3 B 6 3 1 
TO PR 0 1 7 7 i 
7 0 NP 8 25 109 
7 0 LNC 4 1 2 6 1 

* G u s r R v s o N . J O H N S m . « I S L A C * C I T * U C S B * N E A S I 
• C O N r E . T O H A S I N I , C O R D S * < G E N D * * A H B * M I L A * S A C L I 
«ANDREHS.6tSHAS,Gft .0VES.HARRIf tGTCN,« I N D 1 H I 
• V E T L I T S K Y . W L A D I H I R S K V . G R I G O R E V . * ( I T E P I 
• C A S O N t B l S H A S . H E L L A N O . K E W E Y . M C G I H A N t l N D A H l 
SABRE COLLABOft. (AMST*SACL*BGNA*REH0*EP0L1 
H I V A S H I T A . V O N KROGHiKOPELMAN.LIBBV I COLO) 
* B 0 E C K H A N N . C I R B 4 , + I BONN*DURH*FPOL*TOR11 
MERBROUCK<RINAUOa>* ( T O R l * N l j M » B O N N * L B L I J P 

OEVOHS 71 PRL 2 7 1614 

FRENKIEL 
OTT 

ISTERSO 

* R O I L 0 M S H I . H O R K I T Z . t (C0LU*SVRA1 

AFZAL 
ARMENISE 
IRMENISE 
ARNDLO 
CASON 
CASON 1 
CHUNG 
COHEN 

BALLAM 
CHALOUPK 
KARSHON 

FLA1TE 

GE5SAR0L 

III: 
T6 PL 64 B 2 2 5 

77 HP 6 12b 3 8 2 

* G H E S 0 U I E R E i L l L L E S T O L . C H U N G , * (CDEF*CERN1JP 
R . L . O T T T H E S I S I L f l L U P 
S I STERSON.HRRRISON.HEVDA. JOHNSON, ' (HARVARD) 

4 B A S S L E R . * IOURH*CEND«OESV*MILA*SRCL1 J ' 
• F D R I N O . C A R T R C C I . + ( f l A R I * B G N A 4 F I R Z l 
• F O R I N O . C A R T A C C I t * ( B M I * B G N R * F I R 2 I 
» E N G E L . E S C 0 U 6 E S . K U R T Z . L L 0 R E T . « T Y , » (STRB> 
*BISUAS.KENNEV.MADDEN,SANOEft tSHEPHIRDINDAMI 
• 1 A O 0 E N . B I S H O P . B I S W A S . K E N N E V . + (N0AN1 
* P R 0 T O P 0 P E S C U , L Y N C H , F L A T T E , * IGNL»LBL*UCSC1 JP 
• F E R B E L S L A T T F R Y IR0CHFSTER1 

*CHADUtCK,BINGHAM,FRETTEf t * ( S L A C * L B L * M P I H I 
CHALOUPKA,FERRRNDO.LOSTY.HONTANET (CERN1 JP 
*HtKENBERG,E ISENBERG.P lTLUCK.RONAT* (REHOI JP 

» G A V , B L O K Z I J L . N E r Z G E R . * ( C E R N * A H . S T + N I j n * r i K F ! 

C E S S A R O L I . + I 8 G N A » F 1 R 2 * G E N D * M J L A * 0 X F * P A V I 1 

I 1 0 LNC 27 5 5 5 

I 81 NP B I T S 1 9 7 

tPH*CERN*GLAS*M5U*LPMPI 

>(1250)| « 9 RHO P R I N E I 1 2 S 0 . J P G > 1 - * I 1 - 1 

6 9 RHO P R I N E ( 1 2 5 0 1 MASS ( M E V I 

1 2 5 6 . 1 0 . FRENKIEL 7 2 HBC ' 
1 2 6 6 . 0 5 . 0 BARTALUCC 7 * HASP 

( 1 2 5 0 . 1 ASTDM BO CHEG 
( 1 2 9 0 . 1 1 4 0 . 1 BARBER 8 0 SPEC -filif;;;!!: 

i 1 2 6 4 . 0 4 . 5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .C 

NOT SEPARATED FROM B I 1 2 3 S I . N O T PURE J P - l - EFFECT 

6 9 RHO P R I M E ( L 2 5 0 1 H I D T H (MEV) 

•!£? * -
1320.1 ( 1 0 0 . ) 

FRENKIEL 7 2 HBC • 
BARTALUCC T * HASP 
ASTON BO OHEG 
BARBER SO SPEC 

- O.PBAAP.OMEGA P I 1 2 / 7 7 
0 7 t » H P , E * E - P 1 2 / 7 9 

2 0 - 7 0 G *«CHE P I O 9 / 8 1 * 
3 - 5 C P.OMEG P I O 9 / B l * > 

i 1 2 5 . 1 1 7 . 4 AVERAGE (ERROR INCLUDES SCALE M C T O R OF 1 . 0 1 

NOT SEPARATEE FROM 1 ( 1 2 3 5 1 , N O T PURE J P - t - EFFECT 



Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
p'(1250), f(1270) 

ANDERSCN TO * 

REFERENCES FflR R«0 P R I H E < 1 2 5 0 > 

?T «GUSTAVSON. JOHNSON, 4 ( S L A C ' C I T»UCSB*NE»SI 

?017B W . J . P O D O L S K V . P H . D . TMESIS I L B L I 

r 11 » G H £ 5 Q U I E R E . L I L L E S T O L , C H U N G , * (CDEF«CE«N( J l 
H.V. CONF. G . r f O L F . P . 2 1 3 I S H C I 

:sci 

CONVERSI 7 * PL 5 7 B 4 9 3 
ESTA8PDO T* NO 9 7 9 3 0 1 
K A R S H O N T * P R a i c 3*>ca 

CHJNG » o n ; 
> b i s 1 

1 B 9 1 ' 
3 ? ? 

5 NP fllOQ 705 

BASSOfP I T(, PL 6 5 B 31? 

BLONIV 77 " L 70 B 365 
C I S T A TT PL 6 7 B 2 1 3 
r.tSSAROL TT NP 6 l i b 382 

BUK lN TH PL TT 1 7 7 6 

* I B N L * L B L * I 
IFRASCATU 

• C H A a w l C K . B I N G H A I . F n E t T E R * I SI A C f L R L ' M P I c J 
CHALauPKA.FERRAI IDO. lOSTY.KUNTANEI ( C E R M 
* P A O L U 7 . l . C E R * 0 I N I . G R I L L I * l » O M * . F » I S I 
P . E S T A B R Q O K S . A . D . N A R M N <DU<*H> 
* » I K E N B E R G I E I S E N B E R G . P I T L U C K . R O N A T * ( « H 0 ) 

A L L E S - B 0 R E L L I . 3 E B N A R D 1 M * ICERN*f lGNA»FRASI 
• P P a i O P O P E S C U . L Y N C H . F L A T T E , . ( S N L * L B L * U C S U 
P . E S T A B R a O K S . A . O . M A R T I N (DURH| 
C . D . F R O G G A T T , J . L . P E T E R S E N IGLAS 'NORD) 
* J f l N F S , H E I L H A M M E R , B L U P . D I E T L * I C E » N « H P | M I 

BASSOHPIFRRE. B I N D E R . * 1 N U L H * S I R B * T ( ) R ! 1 

N . K . B U O N E V , V . H . B U D N E V . V . V . S t H E R P Y A « O I M N O V O I 
COST* DE BE*URE&»RD,PH»H,P |RE.TRUDNG f E P O L I 
G E S S A R O L I . * I B G N A * F I P 7 « G E N O * P U A * n K F * P A V I I 

* V A S S E R M A N . K O 0 P . K J B 0 A C 7 E . S I O C R 0 V . * (NOVO! 

»CCI 79 PL 6 
WTALUC 7 1 NC « 

. 73* 
I JOT 

f(1270) F I l i T O . J P C - i t i 

1160 1 2 6 1 . %. ARMENISE 6B OBC 5 . 1 P I * N , P P I * - U 7 3 
3 6 0 1 2 7 0 . 1 0 . ARMENISE 68 DBC 5 . 1 P U N . P P10 0 1 / 7 3 

1 7 6 5 . B. BDESEBECK 6B B P I . P 6 / b f l 
1 7 6 1 . 0 6 . 0 JOHNSON 6B HBC 3 . 7 - 4 . 7 P I - P 7 / 6 9 
1 2 T i . O 1 3 . 0 ARMENISE TO H8C 9 P I * N - - F P 
1 7 T 3 . 0 T . O ARMENISE HBC ^ P t . N — MM P 

6 0 0 1 2 T 5 . D 1 0 . 0 OH HBC 1 . 7 6 P I - P .P F 
( 1 7 T 3 . 0 I 1 6 . 0 1 STUNTE8EC HBC B . P I - P , - i . « P | * t l 

S300 1 2 7 7 . 0 * . 0 FLATTE HBC T . O P I * P 
>O0Q 1 2 6 1 . 0 1 0 . 0 JACOBS HBC 7 . 8 P I - P 
6 0 0 1 2 5 8 . 0 1 0 . 0 TAKAHASrt l HBC B. P I - P T N 2 P I 

i&OO 1 7 7 2 . *. ENGLER oec 
1 126V. 1 1 4 . 1 ESTABROOK T5 
t 1 2 T 5 . 1 <*.! 75 ASPK I T P ) - p , P | « . P l - i 

• 0 0 0 1 2 8 * . 0 1 0 . 0 OEUTSCHNA 7'. 16 P ] * P 
1 2 T 3 . B 2 . 8 7 . 7 BECKER 79 ASPK IT ^ ; ' P

P ° L « U 1 2 / 7 9 
1 2 8 2 . 0 5 . 0 COROEN 79 OMEG 1 7 / T 9 
1 2 8 1 . 0 T . O G I D A l 91 SKK2 J / P S I DECAY* I / B 2 « 

1 2 7 2 , ' 1 . 6 AVERAI INCLUDF5 SCALE FAC10R OF I 

INCLUDED IN BECKER T 1 ANALYSIS 
USES SANE DATA AS HYAKS 15 
ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT P H A S E - S h l F T S O L U M l 
JDHNSON 6B INCLUDES BONDAR 6 3 . LEE 6 4 . DERAOO 6 5 i EISNER 6 T . 
MASS ERRORS ENLARGED BY US 1 0 KIDTH/SORT ( N l , SEE K» TYPED N07F 

1 3 1 . 0 7 S . 0 
I T 3 . 0 
1 2 0 . 0 
1 1 6 . 0 
1 8 3 . 0 
1 3 0 . 0 
1 6 6 . 0 7 8 . 0 

It. 0 0 0 7 7 5 . 0 

i . J . ! . . J 
I U . 0 1 3 . 0 
IBb.O 3 7 . D 

RABIN 6 7 HBC 
APMENISE 6H oec 5 . 1 P I * N . P P 
BOESEBEL" 6H HBC 
JOHNSON HBC 3 - 7 - ^ . 2 P l -
ARMENISE HBC 
ARKENISE HBC 9 P I * N ~ 
OH HBC F 
STUNTE8TC 
F I A T T E ;? HBC 

HBC £K:::2k\: :i 
JACOBS HBC 7 . B P I - P 
TAKAHASHI T7 HBC 8 . P I - P . N 7 i 
ENGLER OBC 
ESTABPOOK 
HYAHS A SPK 
DEUTSCKMI HBC 
ANTIPOV TT c i as 
BECKER 79 ASPK IT P I - P POL RIZ 

OH EG 1 7 - I 5 P I - P , N 
GIOAL B l SHK? 

B 
1 2 / 7 9 
1 2 / 7 9 

1 / 8 2 * 

INCLUDED I N BECKER T9 ANALYSIS 
USES SAME DATA AS HYAHS 7 5 
ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT PHASfc-
JOHNSON 6 8 INCLUDES BONDAR 6 3 . LEE ft' • DERADO 6 5 . 
MIOTH ERRORS ENLARGED BY US TO * * W 1 D T H / S 0 R T ( N l , S E 

I H I F T SOLUTIONS 
EISNER 6 7 . 

! K« TVPEO NOTF 

WEIGHTED AVERAGE - 179.4 ± 6* 
ERROR SCALED BY 1.6 

C1DAL 81 SMK2 
CORDEN 79 OMEC 
BECKER 79 ASPK 
ANTIPOV 77 CIBS 
OEUTSCHUA 76 MBC 
ENGLER 7* 06C 
TflKAHASMI 72 HBC 
JACOBS 72 HBC 
FLA 71 HBC 
STUNIEBEC 7D HBC 
OH 7D HflC 
ARUENISE 70 HSC 
ARMENISE 7D HHC 
JOHNSON 68 HBC 
BOESEBECK 68 HBC 
ARMENISE 68 OBC 
RABIN 67 HBC 

3 5 0 
F W I D T H ( M E V ) 

n n 7 P i » 2 P I -

. DECAY MOOES 

HAL wlOTHS 

11.21 11.01 

O . i O AVEPI 

BERGER BO PLUT 
B* AN DEL IK 81 TASS 
ROUSSARIE B I S H U 
EDWARDS 82 CBAL 
EDWARDS 8 2 CBAL 

GAM G A M . 2 P I 
GA« G A H . 7 P I 
GAH G 1 H . 2 P I 0 
GA« G A H . 2 P I 0 II 

• I f PI I N C U D E S SCALE FACTO" OF 1 

i I N G 1 A S S . MIDTK ANO B R I F TO 7P1 1 FROX PQG 1978 
' S I E H A I I C ERROR AODED L INEARLY BY U S . 
: H E L I C M Y - 2 ASSUMPTION I S NOT HAOE 

J I 2 P I * 2 P I - I / I P I P I I 
0 . 0 * 7 0 . 0 1 3 
0 . 0 3 7 0 . OOT 

I 0 . 0 3 3 I D P LESS C 
0 . O 5 1 0 . 0 2 5 
D . 0 4 3 O.OOT 
0 . 0 2 4 0 . 0 0 6 

ANDERSON 7 3 DBC 
L . - . 9 0 BUGG 73 OBC 

EISENBERG T * HBC 
. O i l LOUIE T> H8C 

E*»S 75 D8C 

I - P . P F i / T 3 
UP FO 1 / 7 * 
J . P FO 1 / 7 * 
> P , D E L * * F O 1 1 / 7 5 
- P . N FO 1 1 / 7 5 
• N . P FO 1 1 / 7 5 

1 . 0 3 * 0 0 . 0 0 * 5 AVERAGE IERRDR INCLUDES S 

PI* PI- 2PI0I/IPI o i l 
T h I C E R l I F DECAY 15 RHO-RHO (SEE ASCOLI 

1 .15 0 . 0 6 EISENBERG T * MBC 
I . O T I EMUS 7 5 OBC 

CALE FACTDR OF 1 . 7 1 

WE ONLY AV ERAGE EXPERIMENTS HHICH EITHER TAKE INTO AMOUNT F - « 
INTERFERENCE E K P L I I ! > L V 01 
NEGLIG1BLI 

I 0 . 0 * T 1 1 0 . 0 1 2 - S Y S T . 8EUSCH 6T CSPK 
0 . 0 3 1 0 . 0 1 2 ADERHOLZ 6 9 HBC B P I * P . K . K - P I -
0 . 0 2 5 0 . 0 1 5 EXMS 75 OBC 

( 0 . 0 2 9 1 ( O . O 0 6 I WETZEL T6 OSPK 
0 . 0 * 7 0 . 0 0 5 PAWL1CKI T7 S P K 6 . P I N . K * K- H 1 7 / 7 T 
0 . 0 2 B 0 . 0 0 5 CASON 76 S fRC 

0 . 0 0 5 MARTIN 7 9 RVUE 
D . 0 7 T 0 . 0 0 9 POLVCHRO* 7 9 STPC 1. P I - P . K S KS h 
0 . 0 3 6 a . 003 CQSTA BO ONEG 
0 . 0 6 9 0 . 0 7 3 0 . 0 3 1 GORLICH BD ASPK 1 2 / 7 9 
0 . 0 3 9 0 . 0 0 8 LOVERRE BO HBC 1 2 / 7 9 

1 0 . 0 3 1 0 R LESS C L - . 9 5 AGUILAR B l H9C * . 2 K - P . L A M 2K 1 / 8 2 " 

T H I S DETERMINATION HAS QUANTITAT IVE ! 
AND A2 INTERFERENCE EFFECTS. 
TAKES INTO ACCOUNT THE F - F ' INTERFERENCE 
BY EXTRAPOLATION TO THE P I O N POLE 

ACTOR OF t - 2 1 

ACCOUNTED FOR BOTH F - P R I M E 



Mesons 
f(1270). A t(1270) 

134 

Data Card Listings 
For notation, see key at front of Listings. 

WE I CHIED AVERAGE - 0.0352 ± 0.0023 
ERROR SCALED Br 1.2 

•LOVERRE BO HBC 
•CORLICH 80 ASPK 
-COSTA 00 OMEG 
•POLVCHRON 79 STRC 

79 RVUE 
76 STRC 
77 SPEC 
75 OBC 
69 HBC 

CHISQ 
0 . 2 

0 . 0 * 0 . 0 B 

INTO (K K B A f » ) / ( P I P I ) 

4 . P I « N . P FD 

.ESS C L - . 9 5 ENMS 

f H i l l 1:5 
( P T I / I P U 

EISENBERG 74 HBC 4 . 9 P I » P . O E L » « F O 1 1 / 7 5 
EMMS 75 OBC 4 . P I » N . P FO 1 1 / 7 5 
EOWARDS 8 2 CBAL U H GAM.4GAMMA 2 / 1 2 * 

F INTO ( P I P I /TOTAL 
4 0 0 0 . 8 0 . 0 4 
2 5 0 0 . 8 5 0 . 0 5 

[ 0 . 8 2 1 1 0 . 0 1 1 
[ 0 . 8 0 3 1 1 0 . 0 0 3 1 

PttO 0 . 8 4 7 0 . 0 1 6 
R I O D . 7 S 

OH TO HBC 
BEAUPRE T l HBC 
ESTABNOOK 7 5 RVUE 
HVAH5 7 5 ASP* 
BECKER 7 9 *$PK 
CORDEN 7 9 OMEG 

0 1 . 2 6 P I - P . P F 1 / 7 1 
0 9 PI* P . 0 E L T A » * F 1 / 7 1 

17 P [ - P , P 1 * P I - N 1 2 / 7 5 
I T M - P . » ! » P I - N 1 2 / 7 5 

I T P t - P POLARIZ 1 2 / 7 9 
1 2 - 1 5 P I - P , N 2 P I 1 2 / 7 9 

E FACTOR OF 1 . 4 1 

INCLUDED I N BECKER 7 9 ANALYSIS 
USES SAME OAT* AS MVANS 75 
ERROR TAKES ACCOUNT OF SPREAD 01 DIFFERENT PHASE-SHIFT SOLUTIONS 

WEIGHTED AVERAGE - 0.631 ± 0.01 
ERROR SCALED BT 1.4 

COROEN 79 OMEG 
BECKER 79 ASPK 
BEAUPRE 71 HBC 
OH 70 HBC 

.65 0.75 0.65 
F INTO (PI PIJ/TOTAL 

5 3 3 

SELOVE 62 PPL 9 2 72 
SONDAft 63 PL 5 153 
CUr*AGOS 63 PRL I I «5 
MAC DP I * N 4 3 PRL H 
VEILLET 6 3 PRL 1 0 2 9 

AOERHOLZ 64 PL 1 0 2 4 0 
BRUVANT 64 PL 10 2 3 2 
LEE 64 PRL 12 3 4 2 
SOOICKSO 64 PAL 1? 4(15 

BAA Ml N 65 SJNP 1 2 3 0 
BAR MI N hh SJ*P 1 6 2 3 
CHUNG 4 1 . PRL 15 3 2 5 

4-j 
6 1 ! PRL L I 65 

WANGLER 65 PR 137 B 4 

<CCENS1 66 PL 2 0 5 5 7 
JACOBS UCRL-16BTT 
4 A H L I G 4 6 PR 1 4 7 9 * 

REFERENCES FOR F 

SELOVE,HAGOPIAN,6RO0V,BAUER,LE60Y t P E N N I 
BONDAR* I A A C H E N * » I P . * | 4 B 0 N N * D E S V 4 L a i C > N P l H l 
Z . G . T . GUIRAGOSSIAN ( L A L t 
V KAGOPIAN.H SELOVE I P E N N t 
V E I L L E T , H E N N E 5 S Y , B I N G H A M . B L 0 C H * ( E P 0 L * M I L A N I 

AACHEN*BERL1N*BEA11N*B0NN*HAM»UAG*10 IC*NPI t J 
BRUVANT,GDLOBEHG,HOLOER>FLEURV* (CERN»EPOLI I 
LEE.ROE.SINCLAIR.WANOERVELDE ( H I C H I 
5 0 D I C K S O N , W A H L I G . M * N N E L L 1 , F « S C H * ( N I T I I 

•DOLGOLENKOiELENSKV.EROFEEV* I I T E P MOSCOWI Jp 
»DDLGOLENKO«EROFEEV*KRESTNIK0V* ( I T E P N0SC1 
CHUNG.DAHL.HARDV.HESS.JACOBS.KIRZ (LRL1 
0E*ADOiK£NNEY,POIR IER,SHEPHARD I NOTRE 0RNE1 
I G T GUlRAGOSSIAN I L R L I 
T P WANGLEH.A It ERWtN.H WALKER (WI SC O N SI N ) 

» C C E N S I , » L L E S - 8 0 R E L L I . F R E N C H , F R I S K * I C E R N I 
L . D . J A C O B S . T H E S I S t L R L I 
» S H I B A T A ( G O R 0 O N r F R I S C H , M N N E L L I ( N 1 T 4 P I S A I J 

6 7 NC 5 0 * 701 
• EUSCM 4 7 PL 2 5 B 3 9 7 

6 7 PR 1 6 3 13TT 
EISNER 6 7 PR 1 6 4 1 6 4 9 

6 7 PR 1 4 3 1 4 6 2 
RABIN 6 7 T H E S I S 

4 8 NC 5 4 A 9 9 9 
ASCOLI 6 8 PRL 2 1 1 7 1 2 

4 8 NP I 4 5 0 1 
FOSTER 6 8 NP B 6 1 0 7 
JOHNSON 6 8 PR 1 7 4 1 6 5 1 
LAMSA 6 8 PR 1 6 6 1395 
UHITEHER 6 8 HC 53A E1T 

241 
AOERHOLZ 6 9 NP B 11 2 5 9 
RCUILAR 6 9 PL 2 9 B 
ARNENISE 6 9 LNC 2 5 0 1 
CASO 6 9 NC 6 2 A 755 
OONALO 6 9 NP B I t SSI 

ACUIL1A TO PAL 2 5 58 
ARNENISE TO LNC 4 1 9 9 
B A 0 1 » 7 0 NP B 2 2 512 
OH 7 0 PR 0 1 2 4 9 4 
STUNTEBE TO PL 3 2 B 3 9 1 

BARDAD1N 7 1 *R 0 4 2 T L t 
BEAUPRE 71 NP B 2 8 77 
F U B E R 7 1 NP B 2 9 23T 
F l I T T E 7 1 PL 3 4 B 5 5 1 

AGUILAR 
BISWAS 
F0GL1 
GRAVER 
JACOBS 
KEMP 

72 PR 0 6 2 9 
72 PR B 5 1564 
72 NC 8 A 6 7 0 
72 P H 1 L . C 0 N F . P R 0 C . 
72 PR 0 6 1 2 4 1 
72 NC 8 A 6 1 1 

SCARROTT 7 2 LNC 3 2 7 1 
TAKAHASH 72 PR 0 6 1 2 4 6 
WH1TEHEA 72 NP B 48 3 6 5 

ANDERSON 73 PRL 3 1 5 6 2 
BUCG 73 PR D 7 3 2 6 4 
CHARLE5N 73 NP B 65 2 3 3 
HYAMS T3 NP B 6 4 134 
TDET 7 3 NP B 6 3 2 4 8 

E1SENBER 7 * PL 52B 2 3 9 
ENGLER 7 6 PR 0 1 0 2 0 7 0 
GRArER 7 4 NP B 75 1B9 
HDLLOWAV T 4 PR 0 9 1 1 6 1 
LOUIE 74 PL 4 6 8 3 8 5 

EMMS 7 5 NP B 9 6 1S5 
ESTABROO 79 NP B9S 3 2 2 
H»AHS T$ NP B1C0 205 
PAMLICKI 7 9 PR 0 1 2 6 3 1 

ALEXANDE 77 NP 6 131 3 6 5 
RNTIPOV 77 NP 8 119 45 
P A M L I C K I 7 7 PR 0 15 3 1 9 6 

BECKER 79 NP B 1 5 1 4 6 
COROEN 7 9 NP 6 157 2 5 0 
MARTIN 74 HP B 1 5 6 S 2 0 
PCLYCHAO 7 9 PR D 19 13LT 

• ERGER 8 0 DESY B O / 3 4 
COST* SO NP B 175 4 0 2 
GORLICH 1 0 NP B 174 16 
LOVERRE BO ZPHV C 6 1 6 7 

A GUI LAX 
BRANDELI 
GIOAL 
R0U5SAJI1 mm 

• L I L L E S T 0 i . * H O N T A N E T » (CEAN*CDEF* [ R * 0 » L I V P 1 
• F I S C H E R , G O B B I . A S T B U R r * ( E T H * C E « * t 
+H»RDY+HE5S+KIRZ*M1LL£R ( L R L I 
*J0MNSON»KLE 1 N » P E i ERS*SAHNI * V E N * I PURDUE! 
• B I S W A S » C A S 0 N . 0 £ R A D O . K E N M Y * (NDAM+PENftl 
N . RABIN (RUTGERS! 

* F O R I N O » C A R T A C C I * | B A R H B G N A * F I A E N 2 E * 0 R S A Y I 
G . A 5 C O L I i H . B . C R I U L E V , 0 . M . M O R T A A A , * M L L I 
BOESEBECK.DEUTSCHNANNi* (A*CHEN*BERLtN*CERNt 
• G*V ILLET*L«BR0SSE»NONTANET* ICERN*CDEFI 
• P O I R I E A , B I S W A S , G U T A Y + INDAH*PURO*SLACI 
*CASON** I$WAS*OEAADO*CRCVES* tNOTREDAMEI 
• M C E M E N . O T T . A I T K E N * (»EHE*SHMP*LOUCI 

• 6 A R T S C H . + IAACH*BEAL*CERN»JAGL*WARSI 
N . A G U I L A R - B E N I T E Z . J . B A R L O W . + (CERN*CDEFI 
• G H I D I N l . f O A l N O . C A R T A C C I * (B*R I>BGNA>F1RZ1 
* C O N T E , B E N E . « (CENO*DESV*r -AMB*M|LA*SACLI 
• E D W A R D S , B U R A N . B E T T I N I . * ( L I V P * D S L 0 » P * D 0 1 

* G U I L * R - B E N I T E Z . B A R N E S . B A S S A N O t * <BNL*SYRAI 
• G H I O I N I . F O A I N C . C A A T M C I . * IBARI»BGNA*F1RZ1 
• E O N N E T . D R E V I L I O N . B R U B I L I T E R , * ( E P O L * t P N P I 
• GARFINKEL.NOASE.WALKER.PI (ENTICE(N1SC*TNTOJ1 
STUNTEBECIC.KENNEY,0EERY.8 ISHAS.CAS0N* INDANI 

BAROANIN-OrHINOMSKA.HOFPOKL.* (URKSI 
•OEUTSCHHANN.GRAESSIER. * IAACH*BERL*CE«N1 
* 0 E P I N T O . O I 5 W A 3 . C A 5 0 N , O E E R Y , K E N N E Y . * I N D R M J 
» A L S T Q « - G A * N J O S T . B * R B A R G - G A L T I E R I . * I I B L I 

A G U I L A A - B E N I T E Z . C H U N G . E I 5 N E R , 5 A N I O S I B N L I 
•CRSON.HARRINGTOH.KENNEYiSHEPHARD 1NDAMI 
F O G l l - P W C J » C C t A , H C C I A R E L L l I B A R I 1 

5 * H Y A M S . J O N E S . S C H L E I N . B L O M . 0 I E F L * ( C E R N » M P I P I l 
L .D .JACOBS (SACLAV1 
• N A J O R . C O N T R t , * 1 0 U R m G E N 0 * f < I L A * E P 0 L * L P N P I 
SCARROTT.KEMP ( D U R H A M 
T * K * H A S H I , B A R I S H , + | T a H O * P E N N * N D * M » * N L l 
WHITEHEAD.AULD.+ (A£RE«RHEL*SHNP»LOUCI 

• E N G L E R . K R A E N E R . T 0 A F . 0 1 A Z . * I C * R N * C * S E I 
• C O N O O t H A K T . C O K N . E N D a R F , * 4TENN*0RNL*C INC1 
CHARLES WORTH, EMMS. B E L L . * ( R K E L t B I R M t D U R H ! 
* J O N E S , W E I L H 4 M M E R . B L U M , 0 1 E T L . * ( C E R N t M P I M I 
» T H U A N , M A J 0 R t R I N A U O O i » ( N I J M * B O N N * D U R H > T 0 R I I 

EISENBERG.ENGLER.HABER.KARSHGN* IREHOI 
* K R A E H E R ( T O * F F . W E I S S E R , D ( A Z f (CARN»CASEI 
G . G R A Y E R . H Y A N S . B L U H . O I E U . * ( C E R N ' M P I M I 
»HULD.JORDAN,KOETZ ,BERNSTEIN* 1 1 L I * I L L C I 
* * L I T T I , G * N O O I S . C H A I D U P K « * (5ACL+CERNI 

*K INSON t STACEY,VOTRUBA+ (B IRH«DURH*RHELI 
P . E S T A B R 0 0 K S . A . 0 . N A R T 1 N (OURHt 
+JONES.WEILHAMKEA.BLUM,D IETL* (CERN*MPIM1 
*AYRES t OIEBOLO,GREENE,KRAMER, UICKLUND I A N D 

ALEXANDERiCORDEN.t I TELA+BIRN*RHEL»LOWCI 
* B U S N E L L D . O A N G A * R 0 , K I E N I L E . « ISERP*GEVAI 
•AYRES,COHEN.01EBOLO.KRAMER.WICKLUND ( A N L I 

*BLANAN.BLUM,CERRAO*» ( M P I N * C E R N * Z E E M » C R * C I 
» 0 0 M E L L . G A R V E V , J O f i E S i + ( B I R M * R H E L * T E L A * L 0 W C I 
•OZNUTLU (Ol iRHI 
PDLYCHR0N*KOS>CASON,BISHOP+ < N O * M * * N L I 

»GENZER*(AACH»BERC+0ESV4HAHB*UMD«SIEG»WtlPGt 
4 l e A R ] 4 B 0 N H * C E R N * G L A S * l I U P * N U A » U I E N l 
•NICZYPORUK.ROZANSKA* ICRAC*MPIM«CERN*ZEENI 
> A R H E N T E R 0 5 . 0 I 0 N I S I * ICERN*CO€F*MAOR*STDKI 

+ALBAJAR.ARHENTEROS.* ICERN*COEF»MADR*Sf0H1 
B R A N D E U K . I O E R N E R . * ITASSO C0LLRB0RATI0N1 
*GOLOHABER.GUY.MILL IKAN.ABRAMS. * ( S L A C * L B L I 
ROUSSARIE.BURKE. ABRAMS. ALAM. • ( S L A C H B L 1 

EDWARDS SZ ' • P A R T R I D G E . P E C K . * ( C I T * t - * * V 4 «»5TAN*SL*C1 

|A,(1270)| „ „„„„.,«.,.., ,., 
The long-standing question concerning the 

resonance interpretation of the A. has been con
siderably clarified since the last edition of this 
Review. The results of the partial-wave analyses 
obtained in two recent high-statistics experiiients 
dealing with the diftractive (DAUH 80,81) and 
charge-exchange (DANKOWYCH 81) production of the 
3TT system in Tip interactions, clearly show that 
the behavior of the 1 +S0 + intensity with the 3TT 
mass and the phase variation of the 1 50 (prr) 
amplitude with respect to other waves (already 
reported in a study of diffractive production 
from nuclei (PERNEGR 78)] require the presence of 
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
A,(1270) 

both Deck background and a resonance. 
The resonance parameters of the A. resonance 

are obtained by fitting the data (intensity and 
relative phases) to a phenomenological amplitude 
containing direct resonance production and a co
herent Deck background which is rescattered 
through the resonance (BOWLER 75, BASDEVANT 77). 
In the context of this model-dependent analysis, 
the Deck background is responsible for making the 
peak of the 1 +S0 + intensity occur some 110 MeV 
below the most likely resonance mass. 

We take the mass values for the A. from these 
reactions {1240 + 80 MeV, DANKOWVCH 81; 1280 + 30 
MeV, DMM 81). Note, however, the result reported 
in a study of a backwardly produced 3TI system in 
the reaction K~p •+ Z~TT+TI+7I" (1041 + 13 MeV, GAVIL-
LET 77). Based on a rather small statistical sam
ple, GAVILLET 77 fitted the 1 +S partial-wave in
tensity in terms of a single Breit-wigner function 
disregarding a possible background component in 
the 1 S wave. 

10 * 1 MASS m v i 

1 2 7 0 . 10 1 3 5 0 BOWLER 75 PVUE » - 7 - 4 0 
BASDEVANT 77 RVUE - 2 5 , 4 0 

1 1 3 GAVILLET 77 HBC * 4 . 2 K. 
( 3 0 . 1) *AR0N B l RVUE 

U DANKGUYCH B l SPEC 0 8 . 4 5 
izao.o 3 0 . ° DAUM Bl CNTR 61,91, 

1 2 7 5 . 1 2 B . I VERAGE (ERROR INCLUDES SCALE FAC 

USES DATA OF ANTIPOV 7 3 . A S C O L I 7 * . O T T E R T4.TA6AK 7*.THOMPSON 
USES ANTIPOV 73 D A T * - HE SELECT SOLUTION B OF BASDEVANT 7 7 . 
USES THE MODEL OF BOWLER 7 5 . 
USES MULTICHANNEL A1TCHIS0N-BOWLER MODEL. 
USES DATA FROM DAUH BO AND DANK0MYCH 8 1 . 
PRODUCED IN K- BACKWARD SCATTERING. 

A l U I 0 T H 1MEV( 

2 6 0 . BOWLER T5 PVUE 
BASOEVANT 7T RVUE 

( 5 0 . 0 1 G f t V l L L E I 1 1 HBC 
( 6 0 . 0 1 I I RON B l RVUE 

3 8 0 . 0 1 0 0 . 0 OANROMYCH 81 SPEC 
3 0 0 . O 5 0 . 0 OAUM 81 CNTR 

3 1 b . 4 4 . T IVERAGE IERR0R INCLUDES SCALE FACTOR OF 1 

USES DATA OF ANTIF0V 7 3 , A S C 0 L I 7 4 ( 0 T T E R 74.TABAK 74 t TH0MPSDN 1 
USES ANTIPOV 73 DATA. ME SELECT SOLUTION B OF SASDEVANT 7 7 . 
USES THE MODEL OF B0MIER 7 5 . 
USES MULTICHANNEL * ITCH I S C - B O W L Eft MODEL. 
USES DATA F«DH 0AUM BD AND DANKOMVCH B l . 
PRODUCED I N R- BACKWARD SCATTERING. 

PARTIAL OECAY MOOES 

A l INTO RMO PI 
A l INTO REAR t 
A l INTO P I ( P ! 1 3 9 * 1 3 9 * 13< 

10 A l BRANCHING RATIOS 

A l INTO ( P I ( P I P I I S WAVE1/ (RH0 P i t I 
( 0 . 0 4 2 1 AARON B l RVUE 

USES MULTICHINNEL AITCHISDN-BDWLER MODEL-
USES DATA F l t C i OAUM BD AND OAMKDHVCH 8 1 . 

B E L L I N I 63 NC 2 9 B96 

REFERENCES FDR A l 

BELL I N . i F I O N I N I , H E R Z . N E G R I , 

ADFRMtXZ 6 * PL 10 2 2 6 
GGL0HA6E 64 PPL 1 2 33b 
LAUDER 6 * PPL 13 3*6 

ABOLINS 65 i 

ALLARD 6b NC + 6 * 737 
OEUTSCHM 6b PL 2 0 8 2 
"ESS 6b U C R L - 1 6 8 3 2 

U L I S C N 67 PL 25B 6 1 " 
OAKL 6 7 BR 1 6 3 1377 
OANYS* 67 NC 5 1 A 901 

HEr»H™E::r:-is 

!°rE:^Iiri^F~":"~H 

LTTERV 6 7 NC 5 ( I 3 7 7 

• CMUZ* ( 0 » F « W P I « * B t 
. H A P D Y * H E 5 S * K I R Z * M I L L E R 
DINYSZ.FRENCH.S IMAK 
»LEACOCK*RHO0E>K0PELMAN* 
» * 4 A V 8 I L L * F 0 R M A N * F E P 8 E L 

• R H E L * G L A 5 * L 9 l t l 
( L R L I 

( C E R N I 
( I O X A . C O L L I 
| V A L E » o 0 C H I 

ARMEN1SE 6B PL 2 6 B 5 3 6 
ASCOLI 6B PRL 2 1 11 3 
8ALLAM 6B P«L 2 1 1 3 * 
BdESESEC bB NP B 4 501 
CASO 6 8 NC 54 A 9 * 3 
C H U N S 6B PP 165 1 4 9 1 
CHQPi 6 9 P«L 2 1 \ t , 0 S 
F R I D t A N 6 8 PR 1 6 7 1 2 6 8 

6 6 NP BB 4 7 1 
6 8 P 1 6 6 1430 

ALEKRNDE 6 9 PR 183 1166 
ALLABY 6 9 P I 2 9 8 198 
ANDERSON 6 9 PRL 2 2 139D 
BERLINGM 6 9 PRL 2 3 4 2 
QONILD 6 9 NP B I I SSI 
FAYOLLE 6 9 NP B 13 4 J 
JUHALA 6 9 PR 1 8 4 146 I 
KENYON 6 9 PRL 2 3 146 

ARMENISE 70 LNC 4 199 
1SCOLI 7 0 »RL 25 5 6 2 
BHANDENB 7 0 NO 8 1 6 3 * 9 
CASD 7 0 LNC 3 7C7 
CRENHELL 70 PRL 24 I 
GARELICK 7 0 f 

* r O R l N O * C A R T A t C I * I BAH I • B C N A * F l R I * 0 ' » S A Y I 
»C-A«LEY,<RUSE.MDRTARA.SCHAFER.» ( I L L I N O I S ! 
*BR00Y .CMADt ( ICK .F«1ES.Ct» IRAG0SSIAN» ISLAC1JC 
BOESEBECK.DEUTSCHMANN. » ( » I C H E N * B E R L I N * C E R M 
* C O N I E * C O T D S * D I * Z * ( G E W V A * f AMR*MILA*SACLI 
S . U . C H U N 5 , O . D A H L . J . K 1 P Z . D - H . K I L L E R I L R L I 
VHOUGH.COMH.tUGG* I t N L K S H L v U C B H E N N v P E V N l 
•MAURER.M1CHALON.OUDET* ( H £ I D * S T H A 5 8 0 U R G I 
•COCCONI * I IACH*8ERL»BONN*CERN*H»RSI 
•PRFNT1CE*CD0PER*MANN£R* I T N T 0 . A N L * K 1 S C 1 

G . A L E K A N D E R . A . F I R f 5TCNE.G.G0L0HABER ( L H L I 
* 9 I N 0 N * D I O D E N S * D U T E I L » K L O V N I N G * . . . (CERNI 
* t D L L I N S , * IBNL*CARNI 
R E R L I N G H I E R t . F A R S E R . * (ROCMI 
*EDMARDS.BURAN.BEIT I N I . • ( L I V R * 0 5 L 0 * » A 0 0 1 
*DE MONTAIGNAC.MORAND.STRACHMAN* ( P A R I S ) 
• LEACOCR.RHOOE.KOPELHAN.LIBBY.* I IS 'J*C01G> 
• K I N S O N . S C A R R . * ( BNL*UCNO*ORHL1 

• G H I D I N I . F Q R I N G . C A R T A C C I , * I BAR1*BGNA*FIR2J 
• BROCKMAV,CRAwLEY,E I5ENSTEIN,HANFT,» ( I L L I 
4BRENNER. IOFFUEOO.JCHNSCN.KI I>* IHARVAROl 
*CQRDS. COSTA* (GENO*OESY*» -A -B*^ !LA*SACLl 

I R 5 H 0 N , L A 1 , S C A R R , S | M S ( B 1 L I 

RABIN 7 0 PRL 24 . 2 5 
3 . C C N F . P . 2 0 5 D .A .GARELtCK.REVtEM 

;ALIIE 
(NORTHEASTER' 

M . D E R E N Z O . F L A T T E . F K I E D M A N * ( L R U 

ASCGLI 71 PRL 2b 9 2 9 
BE1P0RAD 71 NP B 33 3<S7 
BERCER 71 PHENOMENOLOGY 
P IN IUDO 71 NC 5 A 2 1 9 

BERENYI 72 
BLOGDWOP 1/ NP B 4 6 4 0 2 
DIESOLD 1/ 
LAMSA 1? 
MORSE n 

ANT1POV1 T l NP 8 6 3 153 
ANTIPOV2 NP 8 6 3 141 
ARNOLD n 
ASCOLI 1 n 
ASCOl l 2 n 
ATMERTON n PL 4 3 B 2 4 9 
READ n 

ASCOLI 74 
BOWLER 
KRUSE 
LICHTHAN 74 NP B 8 1 31 
DTTER NP B 8 0 1 
TAB AX 74 BOSTON CCNF. F 
THOMPS01 
TKJMPS02 74 NP B69 3E1 

ABASHIAN 
A t l C H l S Q T"v 
ASCOLI (S PR 0 12 4 3 
BEUSCH ' 5 PL 5 5 6 9 7 
B05ETT I IS NP B 101 304 
BCMLER IS NP B97 2 2 7 
D i l i 
EMMS 1 IS 
EMMS 2 lb PL 6 0 B 109 

I L L I N 0 I S * G E N 0 * H A M 8 * M I L * S A C L * F A R V * T N T 0 * « I S C 
* B E U S C » i H E L I S S l N O S , * ! C E R N * E T M U 0 1 C * M I I A ) 
PARTICLE P H Y S I C S . CALIECH 1 9 7 1 CLRLJ 
* B 0 E C K H A S N t M A j O R * l T O R I * e C N N 4 C U » H . N I J M i E P O L I JP 

ENTICE.STEENSERG.YOOM.WILKEP < T N T 0 * n t S C l 
I H . J A C K S C H . P R E N r i C E . Y C O N (T0»ONTO( 

BOLD RAPPORTEUR TALK ( A N L I 
LL .GAIOOS.MILLMANN (PURDUE) 
MILKER,J0"NSTON,YDON I H I S C * I N T O ) • OH, 

* A S C O L l . B U S N E L L O . F O C I C C l , * 
* A S C D L I . B L r S N E L L 0 . F O C A C C I . * 
*ENGEL.ESCOU9ES.GEM£SY.JASOSSY.< 
• J O N E S , M E I N S T E t N , K T I D 
*CHAPIN,CUTLER'H0LLOHAY.<C0ESIER. 
• F R A N E K . F R E N C H . G H t D l N I . K l l P E R T , " 
B . J . R E A D 

ICERI 'SERI 

i E » < I L l l 

I D E S Y I 

» C U T L E R . J D N E S , X R U S E , P O B E R T S . k < E I N S T E I N * I l L L I 
»OAINTON.KADDOURA.AITCHISON I OAF I 
• ROBERTS. E D E L S I E I N * ( H . L * C A 0 N * N K F S * o 0 C H l 
*BISMAS.CASON,>lENNEV,MCCAHAN,* INOAH1 
•RJOOLPH* ( IACH*BERL*eCNN*CERN*HEIO> 
' " O N A T . R O S E N F E L O . L A S I N S K I * ( L B l * S L I C I 
THOWSON,GAtDD&<MCILWAlh.WILL*(ANN I P U R D I 
THOMPSON, BAOEH1TZ.GAIDOS.MCILMA I N * C U R D ) 

* B E I H E R . B R O S S , E I S E N S T E I K , * I I L L * A N L * I S U 1 
I . J . R . A 1 T C H 1 S O H , R .J .GQLD1NG t D * F O * 0 ' 
G . A S C O L I . H . H . W Y t D ( I L L l N O t S I 
•POLGAR.FREUDENREICH* (CERN*ETH*LOIC*MILAI 
*0TTER*(AACH*BERL*BONN*CERN»F'ELD*LOIC*I ' IENI 
*GAHE.AITCHISON.DAINTON (OKF»DAREI 
•DIBIANCA,FICK|NGER,DAOO,ENGLER*( I :ASE*CARNI 
*JONES.K INSDN.BELL ,DALE* IBIRM*DURH*RHELI 
*JONES.K INSDN.BELL.DALE* IBIRM*DURH*RHELI 

I D l l 9 9 6 *S .HRG0P!AN,V .HRC-OPlAN.BENSi r<GtR* (FSU*BRANI 
IENTH RENCONTRE DE MORIOW) l » I C H I 
. 5SB 2 D I *T IBAM, - :HEH I L B L 1 

BAUBILL I 76 NP B 115 2 3 7 
BENZ T6 NP B 115 3 0 5 
BRAYS MAW 76 PRL 3 6 73 

BALIAY 77 PRL 3 9 5 9 1 +CAUTIS.KALELKAR 
BA50EVAN 77 PR 0 16 6 5 7 BASOEVANT,BERGER 
CAUTIS 77 T H E S I S N E V I S 221 C . V . C A U T I S 
C ERR ADA TT NP B 126 241 * B L O C K Z l J L , H E I N E N * 
FERRER 77 T H E S l S i L A L 1 2 9 5 I .FERRER SORIA 
G A V I L L E I 77 P t 6 9 B 119 * B L O C K Z I J L . E N G E I E N * 
HABER 77 NP B 1 2 9 4 2 9 H . E . H A B E R . G . L - K l N E 
LONG ACRE 77 PRL 3B 1 5 0 9 H A R O N 
SCHULT 77 PR D 16 6 2 * KY ID 

ALEXANDE 78 PL 7 3 B 9 9 
iALTAY 7B PR P 17 6 2 
BASOEVAN 78 PRL 4 0 9 5 4 
COROEN 7 8 NP B 136 77 
FERRER 1 78 PL 74 8 2 8 7 
FERRER 2 78 NPB 142 77 
JAR OS 78 PRL 4 0 1120 
PERNEGR 78 NP B 134 4 3 6 
ROBERTS 76 PR 0 18 59 

CORDIER 7 9 PL 6 81 389 
KASPER 7 9 NP B 156 2 0 7 
MA2ZUCAT 7 9 NP B 156 5 3 2 

Bl PR 0 2 * 1 2 0 7 
61 PRL 
81 PRL 4 6 5 9 0 

DRJM B l NP B 1B2 2 6 9 
c D5TEf i B l NP B 1B7 2 3 1 

B A J B 1 L L I E R , R I V 0 A L . A R M E N I S E * ( R A R I * L P N P ) 
*B3AUN * IAACHEN*B0NN*KAMBURG*HEID8ERG* '<PIKI 
D.BRAYSHAH ( 5 L I C 1 

I COLUMBIA! 
( F N A L * A N L t 
(COLUMBIA! 

( A H S T . C E R N * N [ J M * O X F ) 
I0RSAY1 

( A M S T * C E R N * H I J M * 0 X F I 
( U N I V . OF MICHIGAN) 

I NORTHEASTERN,BOSTONI 
I I L L I N O I S ! 

A L E » N O E R t K N I E S > * ( D E S Y * A R C H * H A M B * S I E G * H U P G l 
*CAUTIS ,C0HEN.CSORNA,KALELKAn» (COLU>MNG> 
BASOEVANT,BERGER I F N A L * A N L 1 
OOHELL.GARVEY. jOBES* I B IRN*RHEL*TELA*LCMC( 
+ T R E I L L E , R I V E T * I ORSAY*CERN*CDEF*LPNPI 
* T R E I L L E , R I V E T * I C R S A Y » C E R N K O E F * L P N P I 
•ABRAMS.ALAM* (SLAC«LBL*NWES»HAHA1 
»AEBISCHER* (ETH*CERN*L0 IC4-M11A) 
* K R U S E , E D E L S T E I N * I I L l * C A R N * N H E S * R O C H I 

•DELCOURT.ESCMSTRUTH.FULDA,* I L R L O l 
•CHAPMAN,0EROACH.GOLO,KLEtH,MARTIN* I M E L B I 
M « 2 U C A T Q , PENNINGTON* ( C t * t W E E K * U U « O Q * F > 

•LONGRCRE (NEA5*BNL1 
• D I C O R A T D . F R A B E T T I , * I M I L A * J I N R » B G H A I 
• BROCKMAN,EDMARPS*<TNTO*BNL*CARI.*MCG1*OHIOI 
»HERT2BENGER*IAM5T»CERN»CRAC*M*| i t *OXF*KHELI 
• 9 L 0 M 1 J L . A R M E N T E R O S , * ( a x F * Z E E M * C E R N * * ( I J N ) 

http://4BRENNER.IOFFUEOO.JCHNSCN.KII%3e*


Mesons 
»?(1275), D(1285) 

Data Card Listings 
For notation, see key at front of Listings. 

q(1275)| 3 7 E T * U Z 7 S . J P G « 0 - * I 1 » 0 

SEEM iH PHASE SHIFTS ANALYSIS OF THE ETA P I * P I -
SYSTEM K I T H M + P I - I N AN 5-WAVE (STANTON 7 9 1 . 
WAIT C O W I R K A T 1 0 N . OMITTED FROM T A B L E . 

37 E T A I 1 2 7 5 1 MASS (ME»J 

I 1 Z 7 5 . 7 A P P R O * . STANTDN 79 CNTR 0 8 . 4 P I - ! > . E T A JP1 1 2 / 7 9 

3 7 ETA( 1 2 7 5 1 WIDTH (MEVI 

I 7 Q . I APPROX. STANTON 79 CNTR i P I - P , E T A 2P1 1 Z / 7 9 

37 E T A I 1 2 7 5 I PARTIAL DECAY MODES 

DECAY MASSES 
9 8 3 * 139 
5 4 8 * 1 3 9 * 139 

37 E T A I 1 Z 7 S I BRANCHING RAT1US. 

( P I ) 
STANTDN 79 CNTR 0 8 . 4 P 1 - P . E T A 2 P I 1 2 / 7 9 

STANTON 7 9 PRL 4 ? 3 4 6 

REFERENCES FOR E T A I 1 2 7 5 ) 

*9R OCR MAN. DANK O V y C H , * IOSU*CARL+MCGI * T N T O l 

(D(1285)| 8 D I 1 2 8 5 . J P G 

B D MASS (ME 

s soouzao, > 1 3 . 1 
3 M 1 2 7 1 . 0 1 

P 4 6 ( I ? r 5 . 0 f APPRO* . 

1 2 B 3 . 0 5 . 0 
1 2 9 0 . 
1 2 7 0 , 0 
1 2 3 5 . 7 . 
1 3 0 3 . 0 8 . 0 
1 Z B 3 . 0 6 - 0 

1 5 0 1 2 9 2 . 1 0 . 
1 9 0 1 2 9 6 , 
2 1 0 1 2 7 9 . 0 5 . 0 

85 1 2 9 5 . 0 1 2 . 0 
3 Z 0 1 2 8 2 , 0 
2 0 0 1 * 8 8 , 0 9 . 0 

31 1 2 7 5 , 0 
1 0 3 1 2 8 3 , 0 

1 2 7 8 , 4 . 

:™:H 
4 . 2 P I - P 1 0 / 6 6 

»• 5 - 6 PFS 6 / 6 8 
» ! » D 8 / 6 9 
• 4 . 5 - B G D Y 9 / 6 9 

16.0 PI P ,5 PI 

OAHL 6T H6C 1 . 6 -
D-ANOLAU 6 8 HBC 1 . 2 PBAR 
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S-Wave TiTi and KK Interactions 

In this note we discuss information on the 
non-strange I J = 0 +Q + + partial wave (S wave) 
coupled to the TTTT and KK systems. 

Near the TTTT threshold the S wave shows no 
resonant behavior. For a discussion of the rele
vant scattering lengths and various resonance
like kinematic effects, see .our 1978 edition. 

Up to the p meson mass region, the phase 
shift 6 is (qualitatively) uniquely determined: 
it rises monotonically and reaches 60 to 70 
near 700 MeV <SONDEREGGER 69, BATON 70, BAILLON 
72, CARROL 72, FRENKIEL 72, GAIDOS 72, PROTO-
POPESCU 73, HYAMS 73, OCHS 73, ENGLER 74, ESTA-
BROOKS 74,75. GRAYER 74). 

In the early phase-shift analyses two 
solutions for 6*: were found (the "up-down ambi
guity") in the 700 to 900 MeV region. The "up" 
solution corresponds to an e resonance under the 
P meson with mass and width similar to the p mes
on, the e (800). The "down" solution is charac
terized by an approximately energy-independent 
phase shift of almost 90 , showing no resonant 
behavior. This ambiguity was considered resolved 
in favor of the "down" solution by the observa
tion of a very rapid decrease in the modulus of 
the S-wave amplitude between 900 MeV and the KK 
threshold, followed by a sharp drop in the elas
ticity. 6JJ is -90° at about 900 MeV and reaches 
-180° around 990 MeV (FLATTE 72, GAIDOS 72, HYAMS 

73, BINNIE 73, ENGLER 74). However, the region 
is complicated by the simultaneous presence of 
the S resonance and the opening of the KK chan
nel, permitting almost discontinuous jumps from 
one solution to another. 

Without polarization information, the reac
tion TTN ~" TTTTN cannot be analyzed unambiguously 
due to the fact that there are more helicity am
plitudes than observables (see, e.g., DONOHUE 75). 
Thus one is obliged to make some supplementary 
assumptions. 

An amplitude analysis (E9TABR00KS 74) of the 
largest IT p (unpolarised) -+ TT TMI experiment 
(HYAMS 73, GRAYER 74) still finds both the "up" 

and "down" solutions. This analysis assumes both 
spin coherence (the unnatural-parity-exchange, s-
channel helicity amplitudes are nucleon spin-flip, 
i.e., no A -like exchange) and phase coherence 
(the S-wave amplitude and the unnatural-parity-
exchange, meson helicity-zero P-wave an»plitude 
have the same phase). These assumptions may tend 
to bias the results (MORGAN 74, DONOHUE 75,79). 

The advent of Tt p (polarized) -* TT TT n data 
(BECKER 79) has made both the spin coherence and 
phase coherence assumptions unnecessary. Analyz
ing their data in a model-independent way, BECKER2 
79 also find both the "up" and the "down" solu
tions. 

The reaction TT +P •+ TT +TI~A + + has been analyzed 
in the region 660 to 860 MeV (OWENS 76, DONOHUE 
79) and in the region 600 to 920 MeV (GELFAND 78), 
using all the information carried by the A de
cay. The conclusion from both analyses is that 
the £(800) of the "up" solution cannot be ruled 
out. 

The only way to rule out a narrow e under the 
p meson (the "up" solution) is to study the TTDTT° 
system. With the exception of one experiment 
(BISWAS 81) , all the TTDTT° experiments agree that 
no such narrow resonance is present and that the 
"down" solution describes the data well (DEINET 
69, SONDEREGGER 69, SHIBATA 70, BENSINGER 71, 
APEL 72,79, BRAUN 73, SKUJA 73, RIESTER 75, GRIVAZ 
76, DAVID 77, BORREANI 79,81). The phase shifts 
of BISWAS 81 lie much lower than all others in the 
300-700 MeV region, thus requiring a sudden phase 
motion in the p region to match the "down" solu
tion above the p. 

The region of elastic TTTT scattering is known 
to extend to about 990 MeV, near the KK threshold 
(BATON 70, CARROLL 72, PROTOPOPESCU 73, HYAMS 73, 
OCHS 73). Beyond 1 GeV we therefore have to con
sider the two channels TTTT and KK, and beyond 1100 
MeV the nn channel also opens up. in addition, 
the solutions have inherent ambiguities related 
to the Barrelet zeros of the amplitudes. Thus 
HYAMS 75 find four solutions in the region 1.0 to 
1.8 GeV, ESTABROOKS 74 find eight solutions, and 
CORDEN 79, extending the TTTT analysis to 2.08 GeV, 
find another eight solutions. 
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In the past many of these solutions have been 
ruled out by imposing continuity in vario- s ways, 
as well as analyticity and unitarity (FROGGATT 
75,77, COMMON 76, MARTIN 78). 

Unfortunately, the polarization information 
(BECKER 79) has not yet been fully analyzed. One 
notes that a model-independent partial-wave anal
ysis (BECKER2 79) agrees qualitatively with solu
tions e and 3* (of MARTIN 78) . 

The 6 and 3' amplitudes describe the experi
mental moments in each bin without any explicit 
smoothing; they are analytic in s and approxi
mately analytic in cos9. They take into account 
all waves up to £ * 4. The 3 solution has a 
highly elastic S wave, whereas the S wave of 
solution B" is somewhat inelastic (MARTIN 73). 
The unique solution of FROGGATT 77, which has ex
plicit smoothness built in and which takes account 
only of K 3 waves, is rather similar to (3. How
ever, it has problems with unitarity, apparently 
because of the neglected G wave (MARTIN 78). 

The S wave is clearly resonant in the data of 
BECKER2 79. In the 1150 to 1400 MeV region both 
the S-P and S-D phase differences show the pres
ence of a broad resonance, and the intensity of 
the S wave confirms this by exhibiting a peak at 
about 1300 MeV with a width of about 300 MeV; see 
Fig. 1(a). 

The amplitude analysis of the Tt~p -> TT Ti~n 
experiment of CORDEN 79 has two preferred solu
tions which are close to Band 3*, giving some 
support for an c(1300). Also the S wave in the 
7T°TT° system tends to confirm the E(1300) by stay
ing near its unitarity limit around 1200 MeV 
(APEL 79). 

Independent evidence for the e(1300) comes 
from studies of the KK systems. In the reaction 
TT"P ̂  KgKgn, the S wave exhibits a large intensity 
in the 1300 MeV region (WETZEL 76, LOVERRE 80), 
with some evidence for a bump. Moreover, the 
YQ moment shows a large negative excursion indi
cating S-D interference (CASON 76, WETZEL 76, 
POLYCHRONAKOS 79, GOTTESMAN 80, LOVERRE 80). The 
main problem is the isospin of the bump: if OPE 
were the only mechanism, 1-0 would be assured. 
However, an 1-1 non-OPE contribution in the same 
region cannot be excluded. Moreover, the 1*1 

K~K° system does show some peaking (MARTIN 79), 
so one will possibly have to disentangle two res
onances in the Kgld bump. 

In agreement with this, the K + K " system pro
duced in TT"P, 7r+n, and ir~p (polarized) scattering 
clearly shows the S wave peaking at 130C MeV [see 
Fig. 1(b), (c)l; again, both 1=0 and 1=1 may be 
present (PAWLICKI 77, MARTIN 79, COHEN 80, COSTA 
80, GORLICH 80, WICKLUND 80). 

To get from phase shifts to" resonance parame
ters and qq-composition one has to make coupled-
channel analyses. It has become evident that it 
is not enough to consider the channels TTTT and KK 
only; nn must also be included. Two such fully 
unitarized analyses (ACHASOV 79,80,B1, TORNQVIST 
82) finally appear to bring order to the scalar 
SU(3) nonet. TOANQVIST 82 is more general in 
considering simultaneously all the pseudoscalar-
pseudoscalar meson pairs coupling to the full 
scalar multiplet, but confirms well the earlier 
results of ACHASOV 79,80. 

The picture emerging (TORNQVIST 82) is that 
of a dominantly qq-system with large qqqq compo
nents in the form of virtual two-meson bound 

2 '— r n —T™ 1 — r ~l—[T~ l— r ~<—T" 

15|V) * 

v.* • * * ' * 
*i*v 0.6 0.8 1.0 1 2 14, 1.6 1. 

nrVi>i(GeV) 

015 - I S / C) 

> 
^ 0 1 0 * « ' • 
"* • >0.05 - f J 
a. • • 

0.9 1.1 1.3 1.5 1.3 1.5 
m K- K-(GeV) 

Fig. 1. (a) The absolute intensity (in Ub) of the 
TT+TT~ S wave in 40 Mf-V bins (without dividing by the 
bin size), as given by the "down" solution of 
BECKER2 79. (b) Absolute intensity (in yb/GeV3) 
of the K+K~ S wave, as given by the favored solution 
of COHEN 80, for |t| < 0.08 GeV2. (c) The absolute 
intensity (in ub/40 MeV bin) of the K+K~ S wave, as 
given by the favored solution of GORLICH 80. 
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states. At the SO(3} level, two isoscalar reso
nances are needed, a narrow S superimposed on * a broad £. The position and width of the S are 
well determined by its interference with the E , 
visible as a dip in the TITT -*• THT cross section. 
The S appears particularly clearly as a ir TI~ peak 
in J/ty decay (GIDAL 81) and as a 2-prong peak in 
YY interactions (BRANDELIK 81). 

The mass and width of the e, however, are 
difficult to define in any simple way, its Breit-
wigner shape being completely distorted by hadroti
le mass renormalization effects (cusps) from the 
TJTT, KK", and nn channels (MORGAN 74, ACHASOV 
79,80,81, IRVING 81, TORNQVIST 62). 

The long-standing contradiction between the 
small coupling of the S to TTTT - evidence for a 
pure ss system - and the Gell-Mann-Okubo mass for
mula prediction of the S being an SU(3) singlet, 
is also now resolved. The mixing angle turns out 
to be a very strong function of energy, nearly 
ideal below the KK threshold, but rapidly ap
proaching the configuration S -octet/e-singlet at 
about 1400 MeV (TORNQVIST 82). This also lends 
support to the simpler analyses which find an av
erage KK branching ratio in the 1300-1400 MeV re
gion Of the order of 10% (MARTIN 78, ESTABROOKS 
79, GREENHUT 79, OOSTA 80, GORLICH B0, LOVERRE 
80) . 

For further discussion of the scalar nonet, 
see the mini-reviews under 6(980) and K{1350) and 
Appendix IIC. 

E P S U O N MASS I t t E V I 

FRDGGATT 7T RVUE 
MARTIN 7 8 RVUE 
POLYCHRON 7 9 STRC 
WICKLUND SO SPEC 
I R V I N G S I RVLE 
TORNQVIS 8 2 RVUE 

I - CHANNEL 
! - CHANNEL 
[ - P . K S KS N 

1 * EPSlLON WIDTH < 1EV1 

FROGGATT 7 7 RVUE 
POLYCHRON 7 9 STRC 
WICKLUND 8 0 SPEC 
I R V I N G 8 1 RVUE 
T0RNQVI5 B2 RVUE 

AND 1 3 5 DEGREES PHASE S H I F T . 

EPSILON PARTIAL DECAY HO0ES 

EPSILON INTO P I P I 
EPSILON INTO K K6AR 
EPSILON INTO ETA ETA 

DECAY « 
1 3 9 * 1 3 9 
+ 9 7 * 4 9 T 

* EPilLCI SBA'-CMI'IG RATjOS 

i: P I P U ' I O T A l 

O . 0 1 9 0 . 0 1 6 &0RLICH 
LOVERRE 

PPRGX. T0RN0V IS 

75 BSPK 
SO ASPK 
eo MEC 
s; evuf 

P l l 
IT 
IT 

N INTO ( K K S A R ) / ( P | P I 1 
0 . 0 1 COSTA 80 GMfG 

1-21/ 
0 10 

BLOKKINT 6 3 JETP I T 8 0 
B O O T M 6 3 PR 13J Z314 
« I R I 6 3 PR 1 3 0 2 4 8 1 

CRAWFORD t* P«L 13 * 
DEL FA8R 6 * P»L 1 2 t 
KALHJ5 6 * PRL 13 

REFfRtNCES FOP f S f i f l * 

«gACHMAN,LEA« (BNL'CUNY.CSL'J ' 

B L 0 ' ' » t N T S E V A , & R r i 9 I N N t » . I " U « C V * C 
• A CASH!AN 
• SCHWARTZ . T R I P ° 

BAR I SH.KUR 2 . P E R U - M E N D S Z ,S Car "ON 
*GROSS*AN,LLOY0 .PR ICE ,FC i f l .EP 
DEL FABRO.0E P R E T I S . J P N f S t ( F » A ' 
•KERNANiPU.POWELL.DOWD ILRL*WISCl 

, 'IC 4 2 B 6<i5 | P A D 0 * P I S A 1 

ICLUTOAD*]*! 
mat 

67 PRL 19 1056 
67 DIP 39 695 
67 PRL 18 630 

J.P.BATON, 

* C R E S T I , L 1 » E N 1 A N I , L D R I A , P E 
•SEIOVE 
•ALLEN.GODDEN,MARSHALL T 
LOVELACE.HEINZ.0ONNACHIE 

« F U K U I * * E S S L E R * ( C H I C * AM,c * IBC» ' "Cr . ILL * L 0 3 H ) 
* F I S C H £ R , G 0 B B 1 . A S T B U R Y * ( F T M t C E R N l 
A.B-CLEGG (LANCASTER) 
* D A « E R E L L t " I D D L E M A S . N E W i a N ( O X F . R M E L I 
* J 0 H N S 0 N * L 0 E F F l E R » M C I l W A I N » | P U R D U F * L » L I 
• G U T A Y , E I S N E R . K L E I N . PET £RS .SAMNI . * E * u < P U " 0 I 
E.MALAHUO * P . E . S C M L E I * I UCLA) 
W.D.WALKER <WTSCON5tNI 
+CARRDLL,GAHF1N»EL.0K < Ml SCONS I N I 

6B PRL 2 0 758 

JONES 6B PR 1 6 6 : 
JOHNSCN 6 8 OR 1 7 6 ! 
LOVELACE 6B PL Zo fi 
•tARATECK 6B PRL 2 1 I 

• SHAM.FULCC (UC IR \ 
*CASON,JOHNS0N,KENNEY,PCIR lE< 
BRAUN.CLINE.SCHERER 
B. O J T T A - R t l Y , I . P . H P I W i 
EISENHANOLEX.KISTRV.HOSTEK * 
*GAVILLETtLABBOSSE»MDNTAN£] 

I N E * ' 

H S C D N S I M 
( S T E V I 

(CORNELL) 
F"NtC3Ef J 

6 9 f 

• K O C H , P O M E f l , . . V 1 N L IhOERN.LOPENICLa f 
* e A L 0 H E L L » £ A C H A R 0 V * W A R l t U G . 9 L E U l F » . ICE«N> 
• P O | R I E R . B I S * A S , G U T A V » t h O A " * » U * D * S L A O 
C . LOVELACE I C E ° N J 
• H A G O P I A N . * ( P E N N . L R L * C 0 L 0 * P U R 0 * T N T O « W I S C ) 

' . 1 9 0 1 ' F D S T E R . G A V I L L E T . G H F S O J I E P E * I C E " N « C 0 E F ; 

> PL 30 E 
( U C ' U C B ) 

GUT AY 
HALL 
HOPKINSO 
•4ALANUO 
MORGAN 
ROBERTS 
SCHAREN1 
SCHAREN2 
5 H I T H 
5CNOEREG 
STRUGALS 

ALSO 
HAGNER 

BAR ISCH 
BATON 
8R0DY 
DIAZ 

MAUNG 
MOHGAN 1 
"ORGAN 2 

1319 
6 9 PRL 2 2 316 
6 9 NP B 12 31 
6 9 HP B 1 2 5 7 3 
6 9 NC 5 9 A IB I 
6 9 ARG0NNE C C N F . P . 9 ] 
6 9 MP B 10 261 
6 9 PL 2 9 6 36B 
6 9 ARGONNE C C N F . 3 3 6 

6 9 P 1 B 6 1 

6 9 SEE BAS0EVANT 72 
6 9 t-L 2 9 6 518 
TO HP B 2 * 35B 
6 9 NC 6 * A 189 

*HENI IDNE."ULLER,STAUDENMA1ER,« - I K A P L » C £ H N ( 
• G I D A L . H A G O P l A N . t I U C B H 0 ' J C * W I S C 1 
• F R A T I . G L E E S O N . H A L P E R N . H U S S B A U 1 * . * IPENN1 
• C A R K 0 N Y . C S 0 N H A . L 0 E F F I E P . 4 E I E R E (PURDUE 1 
• Wl /RRAY.mODfFORO ( 9 f eifHGHtKI 
J . K O P K I N S O N . R . G . ROBERTS ( C E R M 
E .MALIKUO. P .SCHLEIN t U C L A I 
D.MORGANfG.SHAU [»HEL> 
R . G . ROBERTS. F . HAGNtR ( C E B M 
SCHARENCU1VEL IPUROUEI 
SCHARENGUIVEl lPUUOtLRL.CERN'CGLOfPENNtTNTG) 
G . A . S N 1 T H . R . J . B A N N I N G IHSJtL<> l> 
S0N0EREGGER aBONA>n (SACLI 
4 C H U V I L D . F E N Y V E S - * ! KA0 S t J l NO+BUDA) 
S T R U G * L S K 1 , C H U V I L 0 . F E N Y V E S . G E " E S Y , * I 0 U 9 N A I 
F.WAGNER K E R N ) 

7 0 NP 8 i 
7 0 PR 0 1 2 * 9 4 

1 TO NP 9 22 16 
7 0 PR l 25 1227 

H E P P E L . G E N S C H , MORRISON, * (AKH*BERL*CEn>J» 
LAUREKS.REIGNIER (SACLAV) 
GROVE S . VANB E R G. <4AGL IC * IPE NN*«UTG» U=NJ» ANLI 
GAVI L IET .LABRDSSE.KONTANET. <CERN*C0FFJ 
SCHLE1N.BEUSCM.* ICERN«HP1>t4ETHtL0 IC.HAHA) 
NASEKt 1 I L I E R , ROOERHAN.VE" H O N . * I U C 5 D « L ° l ) 

" " - " MORGAN, P I S U T 1 P H E H C E R N ) 
I R H E L ) 

' L Y H G - P E T E P S E N . P I E T A R I H E N I N O R D I t l 
• G A R F I N K E L . H O R S E . W A L K E R . P R E N T I C E I H I S C ' T N T O ) 
SCHARENGUIVEL.GUTAY.H1LLER.* (PURQt t 

IL IG •<IT 

tLSTON-G 7 1 PL 2 

I 2 8 1 
> 1 3 4 

*LSTON-GAHNJOST,BARBARO-GALT IER! i * ( L 9 L 1 
'BERGER.OUFLO^GOLDIAHL.CDTTEREA. ISACLtCAENI 
*DEUISCHHANN.GR*ESSLEf t .« t«ACH*BERL»CERN) 
BENS INGER.ERWIN.THOKPSOH.W.0.WALKER t H I SCI 
L .DUBAL.D .J .BROWN (CNRC'CARLI 

CERN1 
PUR0I 

DUBAL 71 NF 8 3 2 535 
GUILL0U 71 NC 5 A 6 5 9 LE GUILLOJ.NORELiNAVELET 
GUTAY 71 NP 8 27 * B 6 •SCHARENEUIVEL.FUCHS.CA[DOS, 
HAMILTON 71 SPRINGER TRACTS H 0 0 . P H Y S - . VOL . 5 7 . P . 4 1 J .HAMILTON ( N 0 R 0 I T A I 
K IM 71 PR 0 4 2 6 5 »BANO£R I U C I I 
LYNG PET 71 PHYS.REPRTS 2 155 J .LYNG PETERSEN ( R E V I E W ! ICERNI 

A PEL 
8 * 1 1 1 . GW 
8ASDEVAN 
8R00Y 1 
BRODY 2 
CARROLL 
ELVEKJAE 
F I A T T E 
PRENKIEL 
GAIOOS 
PRASAD 
NIELSEN 
WNITEHEA 
WILLIAMS 
maecsz 

72 PL 4 1 B 5 * 2 
72 PL 3 8 B 5 5 5 
72 PL 4 1 B I T S 
72 PRL 28 1 2 1 5 
72 BRL 2B 1 2 1 7 
72 PRL 2G 3 1 8 
72 NP B 43 4 4 5 
72 PL 3 8 B 2 3 2 
72 NP B 4 7 6 1 
72 NP B 4 6 4 4 9 
72 PR D 6 3 2 1 6 
72 NP B 4 9 586 
72 NP B 4 9 365 
7 2 PR 0 6 3 1 7 8 
72 PL 3 6 8 4 5 7 

* A U S L A N D E R . H U L L E R . 8 E P T 0 L U C C I . * < K A R L * P I S A I 
» C » P W £ G I E , K L l H ; F , l . E I T M , i y M : M . R A 7 C I ! F F < I 5 L * £ ) 
9ASDEVANT.FROGGATT.PETERSEN ICERN1 
tGROVES.MAGLlCH.NOREM.* IP£NN*RUTGtUPNJ) 
H .9R0DY (PENNSYLVANIA! 
•D IAMOND,F1RE8AUGH.HATTFEMS.+ ( W ( S C * T N T D ) 
F.ELVEKJAER (AARHUS1 
tALSTON-GARNJOST.BARBARC-GALTIERI , I L 8 L 1 
' G H E S O U I E R E . L I L L E S T O L . C H J N G . t I C D E F . C E R M 
•HCILWAIN,THOMPSON,WILLNANN IPUROUE! 
+BREKH ( U N I V . O F HASSACHUSETTSI 
H . N I E L S E N . G . O A D E S INORDtRARHUS! 
W H I T E H E A D . A U L D . t (AERE+RHEl*SHMP*LOUC( 
P . K . I I I L L 1 A H S 1FSU) 
f n f l E K S Z T e j M . B A S t L C e O U R O t / I N . f IGEVA4SACLJ 

ANJOS 73 NP 9 6 7 37 
BANAIGS1 73 PL 4 3 8 535 
BANAIGS2 7 3 NP A 67 I 
8AS0EVAN 7 3 AIX C 0 N F . P . 2 2 I ] 
B El Eft 73 PRL 3 0 3 9 9 
B1NN1E 73 P«L 3 1 1534 
BRAUN 7 3 PR 0 8 3794 
HYAHS 7 3 NP 8 64 134 

* D . L E V Y . A . 5 A N T O R O 
•COTTEREAU.FABBRt , * -
*BERGER.GDLDZIHL.COTTEREAU. 
J .L .BASDEVANT RAPPORTEUR TALK 
*GUCHH0LZ.MANN,PARKER,ROBERTS 
*CARR,DEBENHAM,DUANE>G*RBUTT,< 
• D . C L I N E 
• J D N E S . M E I L H A N M E R . B L U H . O I E T L . 

FOR OTHER RESULTS ON SANE EXPERIMENT SEE GRAVER 74 

ISACLAYI 
SACL*CAEK»FR*SI 

( S A C L * C A E M 
I PARIS V I 1 

( P E N N I 
I L O I C * S H N P I 

(WISCI 
(CERN^MPIHI 



Mesons 
e(1300). JT(1300), A,(1320) 

140 

Data Card Listings 
For notation, see key at front of Listings. 

OCHS ra 
P1LKUMN 73 
PROT0P3P 73 
R1SSER 73 PL 4 3 B 6 8 
SKUJA 73 PRL 3 1 6 5 3 

2 8 0 

BASOEVAN 7 * I P 8 72 
BONNIER 7 * I P fl 83 
CARROLL 7 * PR 0 10 
ENGLER 74 PR • 10 
ESTASROI) 7 * NP B 79 
GRAYER 74 NP fl 76 
JONES 74 NP B 83 

74 PL " 

113 

T H f S I S I M P I H I 
• S C H M I D T . " A R T I N . ^ IK*RL+CEBN»LDUC+NIJM) 
e R O T D P O P E S C U . G A R N J O S T , G A L T I E R I , F L A T T E * ( L B L ] 
T . R I S S E R r « . D . S H U 5 T E R I S A C L I 
• M I H L I G , R I S S E R , P R ( P S T E I ' ' . N E L S O N . * I L B L 1 

BA5DEVANT.FR0GGATT.PETERSEN ILPTP*NDROI 
B.BONII IER.N.JOHANNESSON I C E R N I 
•MATTHEWS. MILKER* I SLAC+0UKE+W1SC+TNTO1 

II10 k PL 4 8 8 3 8 0 
PASCUAL 74 I P B 83 36? 

BAR-KIR 75 NP B HT 1 0 9 
BARRY 75 NP B 85 2 3 9 
BASDEVAN 75 NP B 9 8 2B5 
DDSOHUE 75 NC 2 5 A 4 0 9 
ESTABROO 75 HP B 15 3 2 2 
FROGGATT 75 HP B 9 1 4 5 4 
F U J I I 75 NP B B5 179 
MYAN5 n NP B 100 2 0 5 
MORGAN 75 ARGONNE C C N F . 
"JESTER 75 HP B % 4 0 7 
SHIMAOA 75 NP B 100 2 2 5 
sRtmttt 75 PB o n eei 

• K R A E K E R . T 0 A F F . M E I 5 S E R . D I R Z + 
P . E S » A B R O 0 K S t A . O . N A A T l « 
• H Y R H S , J O N E S , e L U M . D l E T L 
• A L L I S O N , S A X O N 
0 . 1 0 * C A N 
• F E A R E R . P A 0 L U Z I . 5 A N T O N I C O 
P . P A S C U A L . F . J . Y W X J R A I N 

BANAIGS 76 NP E 105 52 
CAS ON T6 PRL 3 6 1 4 8 5 
C ERR ADA 7 6 PL 6 2 B 353 
COMMON 7b NP B 103 100 
FLATTE 76 PL 6 3 8 228 
GRIVAZ 76 PL 6 1 B 4 0 0 
O W N S 76 NP B 112 5 1 4 
PANLICK1 76 PRL 37 1666 
WETZEL 76 NP B 115 20B 

FROGGATT 77 NP B 1 2 9 69 
OAVID II " ? " " ? ? 

AGUlLAR 78 NP B 1 4 0 7 3 
GELFANO TB HP B 138 365 
HOLMGREN 78 PL 77 B 304 
MARTIN 7B ANP 114 1 

ACHASOV 79 PL B 86 367 
APEL 7 9 'IP B 1 6 0 4 2 
BECKER 1 7 9 NP B 150 3 0 1 
BECKER 2 79 NP B 151 4 6 
BORREANl 7 9 NP B 147 28 
CORDEN 7 9 NP 3 157 2 5 0 
ODNDMUE 7 9 NP B 153 1 2 3 
ES7A8R0Q 7 9 PR D 19 ?b?8 

lEENHUl 7 9 PR 0 20 2 3 2 6 
MARTI* 7 9 r> 158 5 2 0 
PDL»C«PO T9 PR 0 19 131T 

ACHASOV BO SJNP 37 '.tb 
BON AC IK Pfl PA 0 21 1 3 4 2 
COHEN HI) PR D 22 259 5 
COSTA flfl NP B I T S 4 0 2 
3E 8 I L I Y MO NP B 176 1 
GDPLICH Hfl NP 8 174 16 
S 0 T ! £ S 1 « P« 3 2? 1 5 0 3 
LOVE PRE HO ZPHY C 6 I B 7 
4ICMLUND 8 0 PRL 4 5 1 * 6 9 

ACHASOV ni PL 1 0 2 fi 1 9 6 
AGUlLAR H I ZPMY C I D 29-
A G U U A R 2 HI 7.PHT C 8 3 1 3 
BOREANI 8 1 

HI 
NP B 1H7 4? 
PRL 4 7 13T8 

BRAN0EL1 HI 7.PH* C 10 1 1 
G I D A L HI PL 1 0 7 B 153 
I R V I N G Bl (PUT C 10 « 5 

TOR NO V I S 82 H U - T F T - B 2 - 1 

(CARN4CRSEI 
lOURHl 

(CERN^MPIMI 
( O X F I 

I R H E K 
(FRAS+AOMAI 
(BRRC»NADUI 

• R I S S E R . 5 H U S T E R ICERN*UCS6*TELAI 
G.tf .BARRV IPUROI 
BASDEVANT.CHAPELLE.L0PEZ.51GELLE I I P T P I 
J .T .DONOHUEiY .LEROYER 
P . E S T A B R O O K S . A . D . N A R T I N 
C O . F R O G G A T T , J . L . P E 1 E R S E N 
Y . F U J I I . H . F U K U G I T A 
•JONES.WEILHAMMEN.BLUM.DIETL 
0.MORGAN 
• ARNOLD.ENGEL.PRTY 
T.SHIMAOA 
iHl'iIVAS*H,HBLI.*MD,LtHHCX,HLl 

(BORDI 
rDURHI 

(GLAS^NOROI 
I T 0 K Y 1 

ICERN*NP1Ht 
I R K E L I 
( S T R B I 
ITORYI 

( W U M + A H L ) 

*BERG£R,G0LDZAHL,COTTEREAU«tSACL+CAEH»FRASI I . . 
•POLYCHRONAKOS.BISHOP.81SHAS** I N D * N * A N L 1 I . 
•GOHZALEZ-ARRavO.HUBIOtYNOURRIN (CERN'MAORt 
A.K.COMMON (KENT) . 
5 . M . F L A T T E tCERNI 
* D A V I S , H A L S 1 E I N 5 l I O , I R M l N . * ( L A L O * B E R G * E P 0 L l 
•EISNER.CHUNG.PADFOPOPESCU ( C A S E * 6 N L f 
»AYAES.COHEN,01EBOLO.KRANER.UICKLUND ( A N L l l . J 
• FREUOENREICH..BEUSCH.+ ( E T K K E R N H O I C I 

•PETERSEN IGLA5GOW*C0PENHAGEN) 
• V I L L E T . A Y E O . B A A E Y R E . B O R G E A U D . * <SACLI 
•OZPJUTLU.SQUIRES (DURHAM) 
•AT3ES.CDHEN,01EBOLO.KRAMER, I tJCKLUND ( A N L ) I . 
• E X T E R N A N N . F I S H E R . B E R G E R . B L O C H , * I G E V A * S A C L I 

•CERRAOA,* f N A C * I 0 * B 0 M 6 A Y * C E R N * P A R | S l 
»DAG4N,L ISSAUER,0REN.AeRAMS* ITELA+UCB) 
•PENNINGTON (STOH*CERN> 
A . D . M A R T I N . N . R . P E N N 1 H G T C N (C£RN) 

4DEVYANIN.SHESTAK0V ( T O Y O I 
•AUSLANOER,NULLER,REHRK* I K A R L * P I S A I 
»BLANA*,BLUM,CERRAOAt (HPlM*CERN»ZEEM*CRACl 
*BLANAfl .BLUN,CERRAD»» (NP IK*CERN*ZEEM*CRAC) 
• F I S H E f l , G U Y t E L Y , L E U T Z , * ( T O R l * R H E L * l B L * C E R N ] 
•DOMELLiGARVEY, J O S E S . * ( B IRN«RHEL*TELA*LCNCI J 
•LEROVEP !BORD*ANL^OXFI 
P.E5TABRO0K5 ( C I R L 1 
•1NTEHANN I S E T D I 
• O I N U T L U I Q U A H I I . J I 
. 'OLYCHRONAKOS.CASO'UBISHOP* ( HOAM>*NL I I . J i 

•OEVYANIN.SHESTAKOU I H 0 V 0 1 
J . 3 0 K A C 1 K . H . K U H N E L I ( B R A T I S L A V A * W I E N I 
• A Y R E S . D 1 E B 0 L D . K R A M E R , P A U L I C K I + I A K L 1 I , J 
* ( B A « I « e O W ( » C e R N * G L A S # L I V P » » » I l A * t f Z e N ) 
*BRIAND,DUBOC.LEVY^ I C U R I * L A U S * N E U C * G L A S I 
•NICZVPQRUK.RDZANSKA* (CRAC+HPIH*CERN^ZEEH1 
G0TTE5WAN, JACOBS, • (SVRA*BRAN*BtfL+CINC) 
• A R M E N T E f t O S . Q l a N t S ! * ICERN^C0EF*RADR^STOHlt i 
• AYREStCaHENtOIEBOLOiPAWLICKI I A N D 

•OEWYANIN,SHCSTAKOU INDW01 
A G U t L A R - B E N H E Z , DONE.HART! N (MAOR^OURHI 
•ALBAJAR,ARM6NTER0S.+ ICERN*CDEF*«ADR^ST0H1 
• G U V . H A R C H E T T O . H A U R I Z I O , ^ I TOR I * « M E L K E R N ( 
• CASDN.BAUNBAUGH.e iSHOP.CANNATA.XNOANtaNLI 
BRANDELIK4 | AACt«80Nt l^DeSY*HAJ4B*lCI1C*Cl IF+l 
• o a L O H A B E R . G U Y . H U L I K A N . A B R A H S , * CSLAC*LBLI 
•HART IN.DONE I L I V P * D U R H I 

k.TORNQVlST I H E L S I 

TT(1300) 

' I I 1 3 0 0 I NASS tMEVl 

101 P A R T I U DECAY NODES 

"ii'm! IKS t'Sll?.', 
OECAT MASSES 

7 6 9 ^ 1 3 9 
1 3 0 0 * 1 3 9 

1 3 9 ^ 139+ 139 

5 8 P I U 3 0 D 1 BRANCHING RATIOS 

R l P I ( 1 3 0 0 1 INTO ( P I ( P I P I 1 S HAVE/ IRHO P I I 
R l E ( 2 . 1 2 1 AARON 8 1 
R l E USES MULTICHANNEL A ITCHI5CN-B0WLER MODEL. 
R l E USES DATA FROM OAUN SO AND OANKOHVCH 8 1 . 

OAUH 8 0 P BO B 2B1 

AARON 8 1 PR 0 24 1 2 0 7 
B E L L I N I 1 0 1 L I 5 B C N CONF. 
BELL I N I 2 81 C E R H - E P C 6 1 - 9 9 
BONESINt 81 PL 1 0 3 B 75 
DANKOHYC B l PRL 4 6 5 8 0 
OAUH 8 1 NP B 182 2 6 9 
EVANGEL! B l NP S 1TB 1 9 7 

REFERENCES FOR P I ( 1 3 0 0 1 

*HERrZBERGER*!AHST^CERN^CRAC*MPIH^OXF»RHEl l 

•LONGACRE (NEAS^BNLI 
• I V A N S H I N . F R A B E T T I , * I H ! I A * J 1 N R ^ B G N A I 
• 1 V A N S H 1 N . F H A B E T T I . + tM ILA+J INR^BGNAI 
• D O N A L D . * (H ILA»LIVP»DARE^CERN^BARI*BONNI 
+ B R Q C K H A N , E O H A R 0 S H T N T 0 * » N L + C A R L t M C G I * O H i a i 
•HERTZBERGER* IANST*CERN^CRAC*NPIH^axF^RHELI 
E V A N G E L I S T A * l B A R I * B O N N * C E R H » D A R E « L I V P * M I L A I 

1273 . f i 
1 2 0 9 . 
1 3 4 2 . 

( 1 4 0 0 . 1 

B l 5PEC 
8 1 OMEG 
Bt SPEC 

AVfRAGE «EA' ISCALE FACTOR • 

:I«£-»:is«rs::«»'-;,s. 
Pit110QI KIDTH IMEV1 

Bl RVUE 
B l SPEC 
S I OMEG 
B l SPEC s.H?i 

1/82* 
1/82* 
1/82* 
1/124 

1/12* 
1/12* 
1/B2* 

JB^^^^E^FL 

\* .,(1320) | 

260 1311.0 
120 1320. 

1310.0 
941 1306.0 
280 1313.0 
360 1304.0 

10000 1307. 
5000 1309. 

29000 1299.0 
24000 1300. 
17000 1309.0 

160 1307. 
1315. 

1580 1306. 
M P 1600 13 IB. 
M P L200 129B. 

1097 1320.0 

" 49011343.01 
12B5.0 
1306.0 

Z5000 1317.0 
M P 1310. 

1 , 3 P I HOPE 

ARMENISE 
BOESEflECK 
EtSENBERG 
ALSTON 
BOCKMANN 
BARNHAM 
B I N N I E l 
B I N N 1 E I 
BO MEN 
SOMEN 
BOH EN 
SLOOOWORT 
AN I P O V I 
CHALOUPKA 
E«MS 
WAGNER 
HALTAY 1 

6B DBC 
6 8 HOC 
6 9 HBC 
TO HBC 
TO HBC 

BALTi 
CORDEN 2 
FERRER 
OAUN 
EVANGELIS 

7 1 MMS 
7 1 «MS 
T l MHS 
7 2 HBC 
7 3 CNTR 
7 3 HBC 
7 5 OBC 
T5 HBC 
TB HBC 
7 8 HBC 
TB OMEG 
7 8 OMEG 

8 0 SPEC 
8 1 ONEG 

0 5 . 1 P ! * D 9 / 6 7 
0 8 VI* * 6 / 6 8 

• 4 . 3 , 5 . 3 GAMMA P 12/69 
• T . o P I 4 P . 3 P 1 P 1 / 7 1 

0 5 . P1»P 5 / 7 0 
P . I 3 P I I * 1 1 / 7 1 

IR A2 r n « 1 1 / 7 1 
• P l - P NEAR A2 TNR 1 1 / 7 1 
• 5 . P I - P H / 7 1 

5 . P I * P 1 1 / 7 1 

3 . T P I * 

1 1 / 7 5 

*/ra 
4 / 7 8 
4 / 7 8 
4 / 7 B 

3 P I 1 2 / 7 9 

TO J P - 2 4 RHO P I PARTIAL HAVE 

WEIGHTED AVERAGE - 1310.4 ± 1.* 
E.-IROR SCALED BY 1 . * 

•EVANGELIS 
DAUM 
FERRER 
CORDEN 2 
BALTAY I 
WAGNER 
EMMS 
CHALOUPKA 
ANTIPOVI 
BtOODWORT 
BOWEN 
BOWEN 
BOWEN 
BINNIEl 
BINNIEl 
BARNKAM 
BOCKMANN 
ALSTON 
EISENBERC 
80ESEBECK 
ARUENISE 

81 OMEC 
80 SPEC 
78 OMEG 
78 OMEG 
78 HBC 
75 HBC 
75 DBC 
73 HBC 
73 CNTR 
72 HBC 
71 MMS 
71 MMS 
71 MMS 
71 MMS 
71 MMS 
71 HBC 

1270 1290 1J10 IJJO 
A2 MASS (UEV). JPI MODE 

T.3S0 

1 5 0 0 1 3 1 9 . 0 
7 3 0 1 3 1 3 . 0 

2 T 2 4 1 3 2 0 . O 
1 1 0 0 0 1 3 1 2 . 0 

4 T 3 0 1 3 1 6 . 0 
3 5 0 1 3 2 4 . 0 

S 1 3 1 8 . 
4 0 0 0 1 3 2 0 . 0 

1VG 1 3 1 8 . 0 9 

A2 MASS I H E V 1 . CHARGED *. KBAP NODE 

1.0 GRAYER 7 1 A S M - 1 7 . 2 P I - P . K -
i.O FOLEY T2 CNTR - 2 0 . 3 P I - P . I 
! . 0 MARGULI t f T6 SPEC - 2 3 . P | - P , K - K S 

2/72 
! 12/72 

12/T7 
CHABAUO 78 SPEC - 9 . 8 P I - P . K - KS P 4 / 1 8 
CHABAUD 7 8 SPEC - 1 B . B P I - P . K - KS P 4 / T 8 
KYAMS 7 8 ASPK • 1 2 . T P I * P . K * K S P A / T 8 
MARTIN 1 7 8 SPEC - 1 0 P I P .KS K- f> 4 / 7 8 
CHABAl/D 8 0 SPEC - ] 7 p | - N U C L E I , * i ! l - i i / 1 9 

AVERAGE (ERROR INCLUDES SCALE FACT! . OF I ,11 



Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
^(1320) 

Ifls'illi:; 
73 CSPK -
73 OSPK -
S i SPEC • 

•VESAC-E I f BROS | t l « . U C E S ^ C A L t F»C' 

sooo 
2&OO0 
24 0 0 0 
1 7 0 0 0 

ABMEUISE *.« oat C 5 
ALSTON HBC • T . 
BARNHAM {J HBC 

I M S - . 2 ; 
3 I N N I E I NMS 
3GUEN M«S - 5 . 
30WEN n 
BOKEN HMS - 7 . 
A N T I P D V I CNTR 
i H A i n u P m 
EMMS " • BC 
WAGNER 7S HfiC 0 7 . 
BALTAY 1 HBC 

UPC 
COHQEN 7 onto 

R(, SPEC - A3 
EVANGEL I S HI OKEC - n 

tSEE I 

.T EXPERIMENTS G I V I N G MASS ERROR I T . 15 *EW KEPT fOR I 
AGROUND SUBTRACTION MOOEl-DEPENOfNT-
' BE O l F F E R E N I OBJECT. ALTHOUGH J » C > 2 * * . CCKPtRF CRENf 
ILVStS COMPLICATED BY NEARBY PEAK I A 1 . 5 1 AND/OB A l 
1TH EHPCRS ENLARGED BY US TO 4 * H I 0 T H / S Q R T | r j ) , S E E K* T< 
)» a r n ro J P * 2 * RHO "1 PARTIAL HAVE 

WEIGHTED AVERAGE - 101.2 t 2.5 
ERROR SCALED Br i 2 

EVANCELIS 61 OMEG 
80 SPEC 
7fl OMEC 
78 HBC 
75 HBC 
75 I 

71 MM 5 0 1 
71 MM 5 0 2 
7 1 MMS 0 6 
7) MMS 3 3 
71 HBC 0 3 
70 HBC 3 « 
68 OBC 0 1 

I B . 9 
(CONLEV 
= 0 171 40 

0 1 
I B . 9 

(CONLEV 
= 0 171 

1 2 3 . 0 
1 1 3 . 0 \l:l 
1 0 5 . 0 8 . 0 
1 1 0 . 0 1 8 . 0 
Uit.fi 1 1 . 0 
1 0 1 . 0 B.O 
1 1 3 . 4 . 
1 0 6 . 0 *.o 

1 0 5 . 6 ' 2 . 4 ' 

.C« A F I T TO J P - 2 * 
ITH ERRCRS ENLARGE! 

A? WIDTH I N E V I , CHARGED X *BAR NODE 

GRATER T l ASPK - 1 7 . 2 P I - P . K - K S I 
FULEY T2 CNTR - 2 0 - 3 P I - P . K - OS 12. 
MARCULIES T6 CPEC - 2 3 . P I - P t K - K S 
HVANS TB ASPK • 1 J . 7 P I + P t K ' K S P 
CMABAUD T8 SPEC - 9 . 8 P I - P . K - KS P 
CHABAUO 7B SPEC - 1 8 . B P I - P . K - KS P 
MARTIN 1 TB SPEC - 1 0 P I P .RS • ( - P 
C«<BAUD BO SPEC - I T P I - N U C L E I . K S K - I 

AVERAGE IERRDR INCLUDES SCALE FACTOR OF 1 . 0 ) 

RT IAL H A V r . 
iRGED BY US TO •»•MIDTH/SOftT I N l .SEE » • TYPED NOTE 

<IOTH ( M E V ) . E TJ 

TsiTti 
KEY Ti OSPK -
CONFORTO 73 OSPK -
DELFOSSE B l SPEC t 
OELFOSSE a t SPEC - P1*-P,PI*-ETA f 

AVERAGE (ERROR INCLUDES SCALE FACTOR [ 

O HMD P I 
0 K KBAO 
0 ETA P I 

ONEGA P ] P t 
P I * P I - P t O EXCL.R.HO P 
P | t P I - p | - EXCL.RHO F 
P | GAMMA 
ETA PRIME PI 

ro 5AMNA GAMKA 

SMALL, NOT USED I N THE F l l 

INT 
A? INT 
A7 I N I 

I N I 
I N I 
INT 
IKT 

A? INT 
1 2 I N I 

OECAV MASSES 
7 6 9 * 1 3 9 
4 9 3 * 4 9 T 
5 4 B * 139 
1 3 9 * 1 3 9 * 7 8 2 
JOT* 1 3 9 * 1 3 * 
1 3 9 * 1 3 9 * 1 3 9 
1 3 9 . 0 
9 5 7 * 1 3 9 

I ED PAHTtAL. AV MOPE BRANCHING FRACTIONS 

» ,* P i P | , /<6p - tip J. For \he definition, of the individj*! P 
e. only thoic r Appearing in ihe matrix are i n u m c d in the fit 

. T - 1 3 * - . 0 2 1 9 
. 1 2 00 , 0 4 7 8 4 - . 0 0 5 0 

- . Q T 5 S - . 0 * 2 2 . 1 " > * 9 * - . 0 1 1 7 
- . 8 6 * 0 - . 2 8 * 1 - . 3 9 4 8 . 1 0 6 0 " 

IRTtAL WIDTHS 

A2 I N t O GAP.HA GAMMA ( K E U I 

\ F 

1 2 . 5 1 CR LESS C L - 0 . 9 5 
FROM BHO P I CECAV MQOE 

ABPAMS IV SHAG 

1 r> ( 1 7 . 0 1 OR LESS C L * 0 . 9 5 ABPAMS 79 S"AG 
FRDt* K* K - DECAY MODE 

1 E 2 2 0 . 7 7 0 - 4 5 EOWAPOS »? CBAL 
1 E SYSTEMATIC ERROR ADDED LINEARLY PY US 

1 2 / 7 9 

1 Z / T 9 

< BRANCHING RATIOS 

CHARGED C M V I INTO * K B A H I / ( R H O P l l ( P 2 1 / I P 1 ) 
0 . 0 5 * 0 . 0 2 2 CHUNG 6B HBC - 3 . 2 P l - P 
0 . 0 6 0 . 0 3 ABP.AM0V1C TO MBC - 3 . 9 3 P I - P 
0 . 0 7 0 . 0 3 NEF 7 0 N"S - 7 . 0 P I - 0 
0 . 0 9 7 0 . 0 1 8 ALSTON T I MBC • 7 . 0 P I * P 

0 , 0 1 * CHALOUPKA 73 HBC - 3 . 9 P I - O.P 
0 . 0 7 8 0 . 01T CHABAUO 78 SPEI - 1 0 , 1 9 P I - P , 

M ft F I T TO ALL AVAI LABLE CP.0S5 SECTIONS AT 0 

AVERAGE I E R R O K INCLUDES 

IFFERENT ENEPGI 

0 . 0 6 9 7 0 . D D 7 9 

LABLE CP.0S5 SECTIONS AT 0 

AVERAGE I E R R O K INCLUDES SCALE FftCTOR OF 
0 . 0 6 6 2 C O0T1 POM IT (ERRCR INCLUDES SCALE FACTOR D« 

IKTO ( E T A P H / I R M B 9 
• 0 . 1 5 0 . 0 4 

O. 1 3 0 . 0 4 

i *. KB AS • ETA 
BARNHAM 
ESPIGAT 

t » 3 1 M P l * P 2 * » 3 1 

A2 INTO I E T A P I ) / (RHO P I ) 

0. Z« 0.0« 
0.JI1 0.0«* 
0.12 0.05 
0. IB 0.05 

• • » : , ; , • ' o.™ 
0.207 0.018 

ASCOL! 4 8 H6C 
CHUNG 6 8 HBC 
BDCKMANN 70 HBC 
ALSTON 71 HBC 
CHALOUPKA 73 HBC 
ANTIPOV 7 3 CNtR 
FOBINO T6 HBC 

1 2 / 6 6 
9 / 6 9 

11 P I - P . E T A PI 1 2 / 7 7 

170 I E T A PRIME P I 1 / I R H O P I 
0 . 0 4 0 . 0 3 0 . 0 4 

( 0 . 0 4 ) GR LESS 
( 0 . 0 1 1 1 0 R LESS C L - . 9 0 

JARNHAM 7 1 HBC 

BDCKMANN TO HBC 0 5 . 0 > 
ALSTON T l HBC * 7 . 0 I 
E I S E N S T E I 7 3 MBC - S . P | -

A 2 IHTQ I K K B A f t l / l R H O P | * *. KBA* * ETA P I 
17 0 . 0 6 0 . 0 3 8ARNHAM 

1 0 . 0 2 0 ) ( 0 . 0 0 4 1 ESPIGAT 
8 0 . 0 3 O.OZ OAXERI 

0 . 0 5 0 . 0 2 TOET 
0 . 0 9 0 . 0 4 TOET 

NOT AVERAGEO BECAUSE OF DISCREPANCY BETWEEN 
FROM IK K6ARI AND IRHO P I ) MODES 

1P2»/IP1*P2*P3I 
7 1 HBC * 3 . 7 P I * P.KSH *P 1 1 / 7 1 
7 2 HBC • - O.PBAR P , 
72 HBC - 1 1 . P I - P 1 2 / 7 2 
73 HBC • 5 . P I * P . P K< KO 1 2 / 7 5 
7 3 HBC 0 S . P I * P , P I * P K KB 1 2 / 7 5 

A2 INTO ( P 

PI- P 1/71 

•MAI /TOTAL ( P T I 
0 . 0 0 5 0 . 0 0 5 0 . 0 0 3 EISENBERG 7 2 HBC PHOTO PRO OUCTIC" 1 1 / 7 1 
0 . 0 0 4 5 0 . 0 0 1 1 MAY 77 SPEC * - 9 . T GAM N . A 2 K 1 2 / T 7 

P10N EXCHANGE MODEL USED I N T H I S EST IMATION 
BAY TT G IVE PARTIAL WIDTH 4 6 0 * / - 1 1 0 KEV. 

0 . 0 0 4 5 0 . 0 0 ( 1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF ; . 0 1 

A2 INTO (OKEGA PI PII/IRHO P 
10.191 (O.OB) 

279 9 .10 0.05 
60 0 .28 0.09 

140 (0.Z9I (0 .081 
feO 10.10) 10.04) 

O.OB 

O E F 0 I X 73 H8C 
CHALOUPKA 73 MBC 
D I A Z 74 D e c 
KARSHO* T 4 HGC 
KARSHtm 7 4 HBC 

ARSHON 74 HBC 

( P 4 I I P I I 
0 . T PBAR P . 7 P I 1 2 / 7 7 
3 . 9 P t - P . P A2 2 / 7 3 

0 b . P I * N . P ( 5 P | I O 1 / T 4 
0 4 . 9 P 1 * P . D E L * * A 2 I 2 / T T 

4 . 9 P1*P>,P A 2 * 1 2 / 7 7 
G OF ABOVE TbO 1 2 / 7 7 

KARSHON 74 SUGGEST AN ADDITIONAL 1 - 0 5TATE, STRONGLY COUPLED 
TO OMEGA P I P | COULD EXPLAIN DISCREPANCIES I N BRANCHING RATIOS 
ANO MASSES. HE USE A CENTRAL VALUE AND A S Y S T . SPREAD. 

ADERH0L2 64 PL U 2 2 6 
CHUNG 64 PRL 12 6 2 1 
GOLDHABE * 4 DUBNA CONF 

ALSO 64 PRL 1 2 3 3 6 
LANDER 6 4 PRL 1 3 3 4 f 

REFERENCES FOR A2 

<AACHEN»BEHLIN*BIRN«BDNN*HAHBURG*L01C*MP(M) 
• O A H l , H A R D Y , H E S S , K A L B F L E 1 S C H . K 1 R I ( L R L I 

4 8 0 G GOLDHABE*.S GOLDHABER.DHALLORAN.SHENILRtl 
G * S . G O L D H A B E R > B R O m , K > D Y K , T R l U I N G ( » U B L I 
* A B a t N S . C 4 R n 0 N Y , H E N D A I R S . X U C N G * I L A J0LLA1 

http://Uit.fi
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Data Card Listings 
For notation, see key at front of Listings. 

AB0L1NS 65 ATHENS! C M 0 1 C O N F . 
ADERMOLZ 65 OR 1 3 9 9 B I T 
A L I T T I 65 PL I S 69. 
CUING 65 "III 15 3 2 5 
F O S 1 W 6 5 PL 1 9 6 * 
LEFEBVRE 65 PL 19 * 3 * 
S r l D L I T Z 65 PRL 15 2 1 7 

BARNES 6 6 « L 1 6 + 1 
BENSON 66 " ten c o o - i n ; - * 

ALSO 6 6 PRL 1 6 1 1 7 7 
EHRLICH 6 6 PR 1 5 2 1 1 1 ) * 
fEf tBEL 66 *>L 2 1 1 1 1 
LEVRAT 6 6 PL 22 71«, 

ARNENISE 6 7 PL 2 5 8 5 3 
BALTAY 6 7 PL 2 56 160 
BARLOW 6 7 NC 5 0A 7 0 1 
9ARTSCH 67 PL 2 5B * 8 
8EUSCH 6 7 PL 2 5 3 357 
CASON 6 7 PPL I B 6 8 0 
CHIKDVAf 6 7 PL 2 5 8 * * 
CHUNG 6 7 PPL I B 100 

ALSO 6 6 U C R L - 1 6 8 3 2 
COHN 6 7 HP B l 5 7 
CONFORTO 6 7 MP S3 4 6 
CONTE 6 7 NC 51 A 
DAHL 6 7 PR 163 137 
04NVSZ 67 NC 5 1 A ¥ 0 1 
SLAITERV 6 7 NC SOA 3 7 7 

ARMENISE 6 6 PL 26B 336 
Aseotr 68 F»L 2 0 132 
9ALLAH 6B POL 2 1 9 3 * 
3ENZ 6 6 PL 2 8 8 233 
80ESE8EC 6 6 NP S * 5 0 1 
CASG 6 8 NC 5 * A 9B3 
CHJNC 6B PP. 1 6 5 1 * 9 1 
CRENNELL 6 6 PRL 2 0 1316 
DONALD 6B PL 2 6 B 3? 
FOSTER 6B W B B 174 
fxtD**v 6 8 PR 1 6 7 1 2 ( 9 
JUNKKANN 6 6 NP 9 8 * T I 
<{r 6 8 PR l i t 1«30 
LANSA 66 PP 166 1 3 9 ! 
VON «R0G 6B PL 2 7 B 2 5 3 

ADERHOLZ 6 9 NP B 11 2 5 9 
* GUI LA* 169 PL 2 9 B 6 2 
AGUILAA 2 6 9 PL 2 9 6 2 * 
ANDERSON 6 9 PPL 2 2 1390 
ARNENISE 6 9 LNC 2 5 0 1 

6 9 P I 2B B S ! 6 
CRENNELL 6 9 P=L 2 2 1327 
DONALD 6 9 NP B 12 ' 2 5 
EISENBEft 6 9 PRL 2 1 1122 
V E I L I T S K 6 9 SJNP 9 5 9 6 

ABRAMOVI 7 0 NP 9 29 4 6 ( , 
ALSTON 70 PL 3 3 B 6 0 7 
ASCOLI 70 PPL 2 5 9 6 2 
9 A S I L E 7 0 L W * B30 
BAuDl 70 PL 31B 397 
6AUD2 7 0 P W I L A D . C C N F . 
BAU03 7 0 PL 3 1 B 4 3 1 
80CKMANN 70 '.P E 16 221 
SUTLER 7 0 OCR I 1 9 8 * 5 
C A R O U 7 0 PRL 25 1 3 9 3 
CASO 7 0 LMC 3 7C7 
out 7 0 W 6 16 2 3 9 
DZitse* 7 0 PP 0 2 2 5 * * 
GARF1NK6 7 0 PL 3 3 B 5 3 6 
JOHNSTON 7 0 NP B 2 * 2 5 3 
•CRU5E 7 0 P H I L A D . C C N F . 

7 0 T H E S I S » P R I V 
SUTHEPL1 70 P M 1 L A D . C C W , 

AGUILAR 71 PR D * 2 5 3 3 
ALSTON 71 PL 3 * B 156 
BARNHAM 71 PRL 2 6 1 * 9 * 
BEKETCV 71 SJNP * 7 6 5 
8 I N N I E 1 71 PL 36 B 257 
B INN1E2 7 1 PL 36 9 5 1 7 
BOw£*l 71 PRL 2 6 1 6 6 1 
CRENNEL T l PL 35 9 165 
I M B E P T ! NP S 29 2 3 7 
FOLEY 71 « R l 2 6 * 1 3 
GRAVER 71 PL 3 * 6 3 3 1 
LYNCH 71 UCRL 2 0 0 2 2 A 
RINAUDQ 71 NC 5 A 7 1 9 

ANKENBftA 72 PH I 2 9 16RB 
BERENVI 72 NP B 3 7 6 2 1 
SLCOOWQR 72 N O 6 37 701 
D M EN I 72 NC 9 A I 
OIF. SOLO 72 B A T A v . C C N F . 
E1SENSEH 72 P» 0 5 15 
£ 5 * (GAT 77 H" 9 36 11 
FOLEY 72 P» 0 6 7 * 7 
LASS! LA 72 PSL 2 8 1 *91 
1 ( * S E 72 N" B * 3 7 7 

A M A N N 7 1 PR D 7 1 3 * 5 
ANKEBRAN 73 PO 0 E 2 7 6 5 
A M 1 ROW 73 ' IP B 6 3 * T 5 

73 NP B 6 3 1 1 
MMJPDV2 73 NP B i 3 I * J 
CASON 73 NO B t * 1 * 
CM* LOU* K 73 *L * * 9 2 1 1 
CONFORTO 73 PL * 5 8 1 5 * 
DEFOIX 73 PL * 3 B 1*1 
EISEKSTE 73 PR 0 7 2 7 8 
KEY 73 M L 1 0 5C3 
i « r 73 NP B 63 2 * 6 

OIAZ 7 * POL 32 2 6 0 
«A«5HON 7 * PRL 3 2 t',2 
OTTER 7 * NP 8 8 0 1 
IABAK 7 * BOSTCN P . * 
TMOKPSOt 74 P» 0 9 5 6 0 
THONPS02 7 * NP 6 6 9 1 6 1 

•CARMONV,LANDER,XUGNG,YAGER ILA J 0 L L * 1 I « 1 
( » « L i E N » B E « L * 9 I I I K * 6 0 H N * f A N 9 * l 0 1 C * « P I H I 

AL I T U , B A T O N , D E L E * . C R U S S A R D * 1 S»CIAY«0GNA1 JP 
4 0 A H L r H A R 0 V > H E S S . J A C 0 B S . K I R 2 i H | L L E R H O - L I 
• CESSAHOl 1 * f B G M * + t t A R I * F l R Z » 0 » 5 A * S « C L > 
CEP.N M I S S ' N S MASS SfECIOOMEIES CROUP (CERNI 
L S E I 0 L 1 1 Z . 0 I D 1 M L . 0 H MILLER U 9 L 1 

BARNES.FOWLER,LAr .ORENStE IN * CBNL+CUNTI 
G.C .BENSON. » « E S ! S C I C M ) 
G B E N S m . L O V E L L . H A R Q U I T . R O E * ( H [ C M ) 
X . E H R L I C H . M . S E I O V E . H . Y U T A ( P E ' t N l 
FER8EL 1P0CHESTER) 
CERN M I S S I N G MASS SPECTROMETER COOUR ( C E R M 

A R M E N 1 S E . F O R I N O , * ( S A R I • B C N » * F [ R Z * 0 R S A Y I 
•mf iSCH»KUNG»YEM*RAB!N ICOLU*BNL*RUTCER51 
•L l t lESTOL+MONTANETt - (CEPN*CDEF>I f tAD*L I V P I 
*DEUTSCHHlNN»GROTE*COCCtN I * l *M:H»HERL*CERN] 
• F1SCNER.GCBB1>ASTBUR.V* ( E T » » C E R M 
• L A H S A , B I S W A 5 , D E P A 0 O . G R O V E S . * (NOTREDAMEI 
CEHN H I S S I N G MASS SPECTfiOKETER GROUP (CERNI 
• D A M L . H A R O Y . H E S S . K I R Z - M I L L E R t L R L t 
• I CHARD I H E S S — T H E S I S . BERK E l EY CLRLl 
*MCCULLOCH»BUGG*CDN00 IORt8 . *UNI V . T E N N . I 
•HARECKAL.ftONTRNET* ( C E R N » C O E F * I " N » L I V P I 
4 T O N A S I N I , C O R 0 S « 1 G E N 0 V A 4 H A N B « N I l & t ; a * S * C L A V I 
• H A P O Y * H E S S * K I R Z * N I L L E R ! L " l 1 
DANYSZ*FRENCH*S1MAK ( C E 1 N ) 
•KRAVBlLL*FORMANtFERBEL I Y A I E * R 0 C H | JP 

A R M E N l S E . F O R I N O i * ( B A R I » B G N A * F [ R Z * O R $ I V > 
*CX*4lEr.»mifiKA.SH*Pin0.8R1l;G£S+Ull1H015t JP 
* B P a 3 Y , C H A 0 H I C R i F R I E 5 . G U I R A G 0 S S I A N * ( S L A C ) 
CERN M1S5IUG MASS SPECTROMETER GROUP I C E R M 
B0ESE6ECK.DEUTSCHKANt l , * |AACHEt fBERLTN*CERM 
* ^ 0 N T E * C r ) R O S * 0 I A Z * CGEW0VA*HA«9*M|L«N*5ACL 1 
S . U . C H U N G . O . O A M L . J . K I R Z . D . M . M I L L E R ( L R L ) 
4KARSH0N«KUAri L A I . S C A R R . S K I L L I C O R N (BNLI 
• F R O 0 E S E N * 9 E T T I N I « 1L lVERPCOL*CSia»PAOUAl 
• G A V I L L £ T , L * 8 R C S S E . W a N T A N E T , » (CERN'CPEFJ 
•MAURER r MlCHALON.OUDET>|HEIO 4STRASBDURGJ 
• COCCONI .+ !AACH*RERL*BGNN*CERN*WA<!S> 
• Pt lENriCE*COaPER4MANNER* ITHTO*ANL*K I SCI 
•CASaN<8tSuAS>DERADC*GROVES* IMOTOEOAMtl 
*^ IvaS« IT* ,P .OPELMAN.MARSHALL LISBY I r 1 L 0 l 

• 9AP.TSCM,* <AACH4BEPL4CERN»JAGL*UARS» 
•BARLOH.JACOBS.OELLA NEGRA»CCERNt tOEF*L IVP) 
M . A G U t L A R - B E N I T t r . J . B A R L O M t * f C E R N ' C O E F ) 
4 C 0 L L 1 N S . « I B N L ' C A R M 
• G H I 0 1 N 1 . F O R I N O . C A R T A C C I + OAR HBRNA4F I R 2 ) 
CERN MISS ING MASS SPECTROMETER GROUP < C E « M JP 
4K4RSH0N,KUAN *\} L A I . * ( B N L I U P 
*EDWAR0S.FOSTER.MOORE I L I V E R P O O l ) 
E I S E N B E R G . M A S E R , 6 A L l A f . C H A 0 M I C > i * 1 u E H 0 * S L A C l 
V E T l I T S X Y . G P I G D R E Y E V . G R I S H I N . * < I T F P 1 

ABRAHOVICH.BLUMENFELO.et )UY*NT,* ICEON1 JP 
» B A R B A R a . B U H L . D E R E N Z 0 . E P P t R 5 0 N . F L A T T E * I L R L l 
• E R O C K H A Y . C K A H L E r . E t S E N S T C I N . H A N r r , * ( f t L * 
< 0 1 L P I A 2 , F R A S E T T I . M A 5 5 A N , * (CERNiBGNi.*$TRB> 
CERN BO SO"J SPECTROMETER GROUP I C E R I I I 

> . 3 1 I CERN BOSON SPECTI. jHETEo GROUP ( C E R N I 
CERN BOSON SPECTROMETER GROUP (CERNI 
•MAJOR, P O L S . * I B O N N * C U « M * M J M » E P O L * T O R 1 ) 
THESIS I L R L ) 
• F ! R E B A U G H , G A R F ! N f t E L . N 0 » S E t C f , 4 I H I S C ' l N T C l 
• C O N T E . T 0 M A S I N I . C O R O S * f C E N 0 * t - A M B * M I L * * S A C L I 
* G i V I L L E r , L A S R D S S F . N C " 7 4 M E T * I C E R N ' C D f / U P 
• SHEPHARO.B I S«AS. CASON. JOHNSON. t tENNEYINOAr) 
GA^FINKEL.AMMANN.CAPMONV.YEN ( P U R O ) J P : 
• K E V . P R E N 1 1 C £ . * O O N , G A R F | N K E L . » ( T N T O * M 1 5 C I 

P . 3 5 9 U .KRUSE, PARTIAL WAVE A M L Y 5 1 S U L L l JP 
.COMM.CERN BOSON SPECTRC*IEIER GROUP I C E R M 
0 . 3 6 9 G . S U T H E R L A N D . I N T E R F E M N G RESCNANC J G L A S G C H I 

A G U I L A R - e E N I T E Z . E I S N E P . K I N S O N I B N L I 
• BARB*RO,E-UHL*0ERENZO.EPP£RSGN.FLATTE* t lRL! 
4ABRAMS.BUTLER.COYNE.GCLOHABER.HALL. ' ( L B L I 
*SOMBKOMSKY.KONOUALOV.K«JISCH1NIN,» I I T E P 1 JP 
* C A M I L L E R I , 0 U A N E . F A K U 0 1 > 9 U R T C N . * [ L 0 [ : * S H H P ) 
• C A M I L L E K 1 . O U A N E . F A R U C l , e u P T C N . » I L O I C * S H H p | 
* F * P L E S . F A I S S L E R . B U E C £ N , * I N E I S ' S i O M 
*G0R30N,KHAN-MU L A I . S C A P R <%>i\.) 
* 0 E P I N T O . B I S W A S , C A S O N . C E E R Y . * E H N E * . * ( N 3 A M ) 
* L a V E . O Z A K I . P L A T f l E R t L I N 0 E N B A U M , » IBNL*CUNY> 
• H r A N S . J 0 N E c . S C m . E l < V . 3 L U M . D I t r L * i r E R N * « | i i p i 

10 71 AMSTFROAM C O N F . G . I Y N C H ( t f l t r 
» 9 0 E C > ^ H A N N , " « J O R * I ^ O P I • e O N N * O U « M * N I J • • • f P ^ L I JP 

ANKFNBRANOT.BRASSaNiCPITFENOEN.HEINZ. ' 
*PRE' (T ICE.STEEN6ERG.V0T)N.MAIKER I T N T C 
BLOOOKMTH. J A C K S O N . M E N T I c E . V O O N I 
* 9 0 R r A T i A . G r n j s s u , » ( G E I O ^ I L A -
P . O I E B O L O RAPPORTEUR TALK 
EISENEERG. BALLAM.OAGAh. • ( R E H H t S L A C 
• G f E S O t / I E P E . L f L C E S r C L . M O N r A N E r ICE'*!' 
• L Q V E . O i A n . r . O L A T N E R . L I N C E N B A U - , * I 6 N L -
LASSILA.YOUNG I 
<Ox.MALOER.J0HKSTON.V0ON I W 1 S C 

H I N D I 
M I S C I 
TNTOI 
SACLI 
I A N D 
TELA! 
toff) 
CUNVI 

I N T O ! 

» C A R M 0 N V , G I « F 1 N K E I . G U T « V . M I L L E R * | P U R D * I U * U ) 
ANCERRAhOT.BRABSON.CRITTENDEK.HEINZt* I I N D I 
» A S C 0 L l , B U S N E L L O , F 0 C A C C I , * (CFRN*SERPJ 
» * S C 0 L I . 6 U S N E I L 0 . F 0 C A C C I , » ICERN*SERP1 
* * S C 0 L ] , B U 5 N £ L L 0 , F D C A C C I , » I C E = N * S E » P I 
+ M A O 0 F N . S I S H O P . B I S M A S . K E N N E V . * ( N Q I P t 
C H A L D U P U . O O B R Z Y N S M . r E R R l N D O . L J S T V . X C E R N ) 
* " O B L t Y . « t v , P E « P a S T , » ( E F I * F N A L * T N T O « U I S C ) 
» O 0 B R i r N S < l . E S P I G A T , N A S C I M E N T O . * ( C O E F I 
E f S E N S T C I N . S r H U L T Z . i S C a i l t f l l F F R E O O . * I ( L L I 
»CO"FORTa,MOBLEY,» ( T N T D » E * I * F N A L * H I S C I 
* r « U A N . < l » J 0 R . « ! N A J D D , 4 | N I J M * B C * I N » 0 U " H * I Q m ) 

• D i e i A N C A . F l C K I N G E R . A h O E O S G I t . * (CASE*CARN) 
» M I K E N B t R G . P I T L U C < > E I S E N B E R G . R O N l T * IREH01 
• R J O O L P H * ( A A C H * B E R L * e m N * t E R N « H E I O ) 
• A0MAT.ROSENFELD.LASl f .S I I I * <LBL*SL4C1 
Tr fOM>SON.GAIDOS*MClLUAth t MlL lHANN IRlJROl 
TMOMPSON.BaOEHITZ.GAIOOSfMCILWAIN* l * U R O I 

a 

BASHtAN 75 P"L 3 * 6 9 1 + BE AMER.6RnSS.E I SENATE I N . * 1 I L L * A N L * 1 S U I 
EMMS T5 PL 5BB 117 4 J D N E S . K I N S 0 N . S T A C E V . 8 E I * 1 8 I « " * C U R H » B H F L I 
LOST* 75 PL 56B 1 6 •CHALOUPKA.MONTANET.GANDOi ' I C E » N * S A C L I 
JNOERKOO 75 PR D l l 2 1 * 5 UNDERWOOD.C0NF0RTO,KEY* IE f l . N»L*TMTi -WISC1 

ALSO 73 CDNFORTD. 7 3 I E * 
WAGNER 75 PL 5 8 B l i t «TAf l4R.CHf f r ( I B I > 

F0R1N0 76 NC A 35 * 6 5 • G E S S A R O L I - * B C N A » F I " Z * G E N 0 4 « I L A * 0 » F * D » V 
76 'IP B 110 173 • P L A N O . B R U C K N E R . K O L L E R . . * I R U T G . S T E v . S E T O I 

MARGULIE 76 PR D 1 - 6 6 7 • K R A M E R , F O L E Y . L t * E . L l K O E N B A U " . » IBNL>CUNYI 

C ERR ADA " NP B 126 2 * 1 • P L D C K Z I J L . H E I N E N , * | A M S T > C E R N * N I J M * O t F ) 
MAY T" PR 0 16 1 9 8 3 tASRA^SON. ANDREWS. 6 U S N E L L 0 . + | R O C x » C ] R M 
PAHLICKI 77 PR 3 15 3196 • AVRES. COHEN, D IEB0LD.KRJMEA.WICKLUN3 ( A N U T 

BALTAY 1 7B PR D 17 62 • CAUTIS .COHEN.CSORNA.SMITH, V E « . * K O L U * a I N G l 
BALTAY 2 7B •CAUTIS .KALELKAD ( C O L U I 
CHlflAUO 7B NP B 1 *5 3 * 5 •HVAMS.JCmESiWEILHAMMEb.eLUM, * | C E R N * M P I M ) 
CORDEN 1 7B NO 9 136 77 OOHELl tGARVEY.JOBES* t B I P M * R » - E t * T E L A » l O W C l 
CORDEN 2 78 I P B 139 2 3 5 ' C 3 R B E T T . A L E X A N D E R . * I B I ^ M t f l H E L ' T E L A ' L O r f C I 
FERRER 7B PL 7 * t 2 6 7 • I R E I L L E . P I V E T • ! 0 R i A r * C E O N . C 0 E F * L P « P t 
MYAMS 7B • JONES, W E I L H A M M E H . S L U " , * I C E S N * M P I » » A T E N > 
•4ART1N 1 78 PL 7 * 9 * 1 7 * 0 Z M U I I U * 3 A L O I . 6 O K R I N G E P . 0 0 R S A Z * I 3 U R " * G E V A I 
H 4 R T I N 2 78 •iP S J * 0 1 5 6 • " 7 M U T l ' J , B A L D t , ? 0 H R | N G E R . D 0 R S A 7 » « D U R - * G E V e l 

ABRAMS 79 SLAC-PU6 f * ? l •ALAM,BLOCKER.BOYARSKI . * 1SLAC*LBL I 

ChABAUU 8 0 NR B 175 1R9 • HVAMS.PAPAOUP^ULOU.* t t E R N ^ r l M . j m s t l 
DAJM 80 P'. B9 B 276 • " F R T Z B E R C E D * ! A>*M • C E P I : ' C R A C * " P I W n i T * » H E l 1 

OAJM Bl NP 8 162 ?69 * H E R r i 6 E R G E R * I A « S T * C E P t . * C 9 A C » , " P t M . 0 i ' F . R M E L I 
DELFOSSE 61 1" 9 1 6 3 3 * 9 • G J I S A N . M A R T I N . M U H L E M A N n . u F I L L . ( ' G E V A t L A U S I 
EVANGEL I ei NP 3 I TS 1 9 7 EVANGFLISTAKPARMBCNN- tCERNtOAOF^ ' . IVP^MILA] 

EDMARDS .. PL 1 1 0 o B2 • P 1 R T H I 0 G E . P E C K , . ICt ' • t - A R V * P H t N » S T A N * S L A L l 

E(l 4J 20) | . ,,„ O . J P G ' l * * ! 1=0 

The E(1420> has J P C = 1 + + (DIONISI 80) just 
like the isoscalar companion D(1285). Thus the D 
and E normally both appear in the same experi
ments. 

Recently a new resonance, the \ (1440), has 
been claimed in the decay J/ty •*y K + K - rr° (SCHARKE 
8 0 , 8 1 ) f on top of the E. It differs from the E 
in three respects: 

(a) No D(1285) is produced. 
(b) It has J ^ = 0" +. 
(c) Its decay is dominantly 6(980) TT, unlike the 

E(1420). 
We note fiat the early pp annihilation exper

iment at rest (BAILIDH SI) agrees with (a) and 
(b). 

We do not open a new entry for the \ (1440) 
for this edition, but we group BAILLON 67 and 
SCHARRE 60,81 separately under the E(14 20). 

^ f »A ss («fwi 

NC D ( I 2 B S I - I f S t.N SFEN I N F X P E H - E N T S B F L 0 « 1 SEE M I N I H E V l S m 
1 * 2 5 . 7 . G I R I O N 6 7 "BC -J. PBA« o 1 1 / 
1 * * 3 . 0 1 0 . 3 1 ^ . 0 SCHARRl 

AV1RAGE I t R f O R 

6 0 S"AG E - F - . J / P ^ l . F U 1 

INCLUDES SCALE FACTOR C* 1 . 0 1 AVG 1 *21 . f r 6 . * 

1 ^ . 0 SCHARRl 

AV1RAGE I t R f O R 

6 0 S"AG E - F - . J / P ^ l . F U 1 

INCLUDES SCALE FACTOR C* 1 . 0 1 

O I I 2 6 5 I "E*.CN SEEN I N EK F01-"[NTS i i l O w M E " I M R E V I E W I 
1 * 2 0 . 2 0 . 3 * H l 6 T F-BC ! . ( • - * . / P I - P 
I « 1 . Q 1 0 . 0 FRENCH bT HflC 1 - * »6AR P 

1 1 0 1 * 2 0 . 7 . LORSTAO 6 9 HFC .7t>9 P . A . 5 - 9 0 D V 
I TO 1 1 9 8 . 1 0 . OEFOIX 72 MfT a . 7 M I S P . 7 P I 1 / 
2HO 1 * 0 6 . 7 . D-JEOC 72 fbx. l . t PBAH P . 2 » * B I 1 2 / 

1 1 0 . 0 1 CTROEN 78 0M[G I ? - 1 5 P 1 - P , K » * - P 1 */ 1 * 1 7 . - NACA5C" 76 >••>( . 7 . . 7 6 PBAR P 
1 * * 0 . 0 1 0 . 0 B BO"! t«Rr PO SPEC 100 P I - P . 2 K P U 

N A SI FRRCR INCREASED " ! ACCOUNT FP« t>E H A MASS CUT « N C f e T A l N T | E S 
221 1 * 2 6 . 0 6 . 0 O I O M S I • 0 cBC * . P | - P . * *. Pt t Iff 

http://Ox.MALOER.J0HKSTON.V0ON
http://�
http://A0MAT.ROSENFELD.LASlf.SIII*
http://AMER.6RnSS.EI
http://4JDNES.KINS0N.STACEV.8EI
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
E(1420), f'(1515) 

WEIGHTED AVERAGE = 1 4 1 8 . 4 ± 3 . 5 
ERROR SCALED B Y I 4 

D I C N I S I 80 HBC 1 6 
BROMBERC 80 SPEC A 7 

NACASCH 78 HBC 0 0 

DUBOC 72 HBC 5 1 

OEFQ1X 72 HBC 4 2 
LORSIAD 69 HBC D 1 

FRENCH 67 HBC 0 ? 
DAHL 67 HBC _ 0 0 

9 
{ co t * Ev 

i S T E N i n E X P F : 

REHJMENTS BEL3K 
B A I L L O ' I 

2 3 . 0 SCHAROf •40 'MAC. 

AVERAGE I E R R O " 1 NCLUDtS 

IMENTS BEIDW 
(.T HBC 

FBFNC" 67 HBC 
LORSTAD 
OEFOIX 
DUB DC 
CORDEtJ 7B OMFG 
NACASCH 
BROMBERG RO SPEC 
O I O N I S I 80 HBC 

i-9DDY 
' . J P I 
> . 2 K 4 P I 1 

' INCLUDES SCALE F A t T r 

U A L DECAY MOD^S 

s * e « I 3 9 » 1 3 9 
139* 1 3 9 * 1 3 9 . 

b E BRANCHING PI 

E INTO IKBAR K » I 8 9 2 I t C . C . I / I " 
1 0 1 . 5 0 1 I . 1 0 ) 

0 . 7 6 0 . 0 6 
N 0 . B 6 0 . 1 2 

D ND D I I 2 B 5 I H fSON SEEM 
* F R O " J P - 0 - SOLUTION 

« r«a*jp-r* scutum 

AVERAGE MEANINGLESS (SCALE FACTOR 

E I H I O ( P I P | RH01 / IK *BAR P I 
1 2 . 0 1 OR LESS 
1 0 . 3 1 OR LESS C L - - 9 S 

1 0 . S I OR LESS C I * . 9 5 
r i . l t Oft LESS C L » . 9 0 

NO 0 ( 1 2 8 5 1 "ESON SEEN 

FOSTER 
DEFOIK 
COROEN 

E INTO IDELTA I 
0 . 4 
SOT SEEt 

E I N K I 4 P I W I 

;\::i°;?r;;,H:: 

r I / I E T A P I P I I 
o . ; O E F O I K 

IN EITHER MODE COROEN 

3AH I 

T2 HBC 
IB OMEG 
BO SMAG 

k INTO ETA P I I « O . 2 4 » - 0 . 

: GAM 2 / 8 1 * 

PI N 1 2 / 7 9 

B A I L L O N 
BARASH 
DAHL 67 PR 16 

ALSO 65 PRL 1< 
FRENCH 6 7 NC S2 i 

FOSTER t l N» 9 

CHAPMAN 
DEFOIX 
DUBOC 

1 5 6 1 199 

REFERENCES FOR E 

»EDWARDS*D-ANDLAiJ .As r iER« I C E B N - C 0 E F H R A 0 1 
1AP.A5H.K1RSCH,MILLER, TAN ( C O L U M B l A I 
«HARDV4HESS*K lR l4H IL t .ER I L R L I I 
M I L L E R . C H U N G . D A H L , H E S S t H A R D Y , K I R Z * I L P . L * U C F j I 
* M N 5 0 N t M C O 0 N A L D * R I D D l F D R D + i r . E R N ' f U R M I 

• G A V I L L E T . L A B R O S S E . M O N T A N E T , * FCERN*COEFJ 

H A - . 3 U " 76 •i» B 110 173 . P L A ' l U . f l k U C K E M . K O L L t ' ' . ( F . U I O * S r E V S E I C l l 
. / U I L L E 1 I T6 •K. 33A 133 • W K l E R I N . t ( L A U S . N E U C . L P N P . l l l / P ' G L A S I 

W,SLi* rr no H l ? l 1 1 9 .«««Ei.efrtr«.«nw»ceF*.c«coi«rtro*t««si 

COWOEN 78 ' IP a 144 25 3 • COPSEI I , ALEXANDER.* { e tRH*RF-EL*TELA*LOUCI 
I K I I N G NO 8 139 3 2 7 
• lACASCi 78 SP 1 135 2 3 3 

STA. . ICN 79 PRL 4 2 34b . W O « « N . O A - i r O W » C H . * < 0 S U * C « L . - C G I » i « T O I 

HF.JMBE&G 8 0 ° " 0 22 I S I S . H i r . C t B T Y . A B P A N S . O r i t t E A r C I U F N A l . I t t C ^ I ^ O l 

= ,o»J l

Sf 80 srE,","- iss......™.,,™™.-,.:;;:, 
SCHAROE eo PL 9 7 8 329 • I M L L I N t . A B R A K S . A L A M . e L O C u F R * I S L A C ' L B L I 

cuA-rohiT SI o » l 1 6 9 F 1 CHANDM1IZ U B l l 
LACAZF 81 1 » B 196 24 7 .NAVELFT I S A C L I 
L I P K I h 81 " L 1 0 6 a i t * L I P K I N ( F N A L l 
SCMARRF BONN CONF. 163 D.L .SCHAR«£ I S L A C I 

ALSO SA-iTA CPU* CONF. COYNE.EDWARDS.* | P R T N . C I I * - A R V * S T A N t S I * C I 
AISO 80 "QPICND I I S3 

f(l515) " I ' f 1 1 5 1 5 . J P G ' ? » < 

123 1522 .C 

9 / 6 7 
- , H K3 1 2 / 7 2 

1 2 / T2 
KBAK 1 2 / 7 2 

7 / T 7 
. N 2 P I 

KS KS 

1 2 / 7 9 

C O O L I C 80 A5PK . P 0 L A R I 2 1 2 / 1 9 

2 . 5 Ai / fKAGE IFPROR INCL 

.E S M F 1 ANALYSIS 
S ENLARGED BY US 8Y FAC*T> 1 . 5 . 

' L I I U D E ANALYSIS WHE3E THE F PHI 
ARE 1 " COMPLETE 01SAGPEEWEVT wl 

0 " F G B . 2 5 K - P . l 

I D t S * .CAIE FAC'OP t 

•;:• 

72 HBC 
' 2 * B C 
72 HBC 

BARREIP.O 77 hf iC 
EVANGELIC 77 QMEG 
P A U L I C K I 77 SPEC 
POLYCHRHN 79 STRC 
AGUILAR 81 HBC 
ALHARRAN B l C"EG 

' . P 0 L A R I 2 I 

' . K S KS 

8 . 2 S 1 - P . l 

IVERAGE (ERROR INCLUDES SCALE FACTOR C 

1SE SHIFT ANALYSIS 
:RS ENLAHGEa BY US B> 
F 10 THE 0 WAW£ M I T H PRIME INTERFERENCE. MASS f 

F I N A L S T A I E rjCT ACCOUNTED 

MIME INTO P I P I 
RIME INTO K RFJAR 
RIKE INTO X K * ( 8 9 2 l 
HSW I W ' O E I A ETA 
RIHE INTO P I P I ETA 
R|MF INTO P I K KBAR 
RIME INTO " 1 * P ! * P | - P I -
RIME INTO GAMMA GAMMA 

13 F PRISE PARTIAL WIDTHS 

R1MF INTO GAMMA GAMNA t K F V I 

I 3 9 t i J 9 « 5 * 6 

1 3 9 * 1 3 9 * 1 3 9 . 

I 2 / 7 B 

1 2 / 7 B 

JCHING RATIOS 

• K 0 2 L O H S K I . H D R H I T Z . ' 

» LNC 1 * 165 

• DONALO. • 

L»US»HEUC*1 

B:E 

F PR IME INTO I P I P l l / T Q T A L ( P 
1 C I 0 . 0 0 B 6 I OR LESS BFUSCH 75 OSPK 

I 0 . 0 6 3 1 0 R LESS C L ' O 9 0 FJRANOENBU 
( 0 . 0 4 5 1 0 R LESS C L - 0 9S BARREIRO 

0 . 0 1 2 0 . 0 0 4 P A H L I C K t 
( 0 . 1 9 1 1 0 . 0 3 1 CORDEN 79 ONEG 

1 C D 0 . 0 C 7 5 0 . 0 0 2 5 M&R1IN 79 RVUE 
0 . 0 0 ? 0 . 0 0 2 COSTA BO OMEG 

1 C ( 0 . 0 2 7 1 ( O . 0 7 1 I ( 0 0 1 3 I G 0 R L 1 C H BD ASPIC 1 7 , 1 8 P I - P POLAH 
( f 51 OR LESS CL = . 9 5 A G U R A R B l HBC 4 . 2 K - P . L A H 2K 

1 C ASSLHtN. , THAT THE F PRIME I S PRODUCED 8Y AN OPE 
PRODUCTION HECHANI5M. 

1 D HARTIN 7 9 USES THE PAWLIC 
VALUE OF THE F INTO K KBA 

I TT DATA WITH DIFFERENT 
BRANCHING R A T I O . 

INPUT 

1 " 
SEE NOTE H UNDER MASS. 

TOR • 1 . 0 1 1 AVEttAGE MEANINGLESS 1 SCALE FAC TOR • 1 . 0 1 

http://ri.lt


Mesons 
f'(1515), p'(1600) 
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Data Card Listings 
For notation, see key at front of Listings. 

F PRIME INTO I P t P I E T A I / I K K8AR) 
( 0 . 3 1 CP LESS C I * . 6 7 AMMAR i.7 KBC 
( 0 - 4 1 1 OR LESS C L - . 9 5 AGUILAR 72 HBC 

f PRIME INTO I P ! K KBAR * K K * ( B 9 2 I I / ( K KB API 
{ D . 4 t CR LESS C L - . 6 T AMMAR 6 7 HHC 
( 0 . 3 5 1 OR LESS C 1 . - . 9 5 AGU1LAP. 7 2 HfiC 

B»1NES 65 PEL 5 3 12 

C M HUH. 1 66 PPL 16 10 25 

B«"s 
6 7 
6 7 
6 7 

PRL 
19 

20 
1 0 / 1 
9 6 4 

• L M t l 6 8 " L 1 1 70S 

\ToV,f. 6 9 •IP B 14 
1 0 5 7 

isis 
72 

72 

PR 0 
50 

B 2 1 3 

BEUSCH 75 PL 6 B 101 

»««»oer.B 76 NP 6 1 0 * 4 1 3 

II:: *J 
NP B 

121 
127 
127 
15 

2 3 7 

43 
3 1 9 6 

11 7 9 
79 
79 
79 
7 9 

SI .AC-PL 
NP B I S 1 
I P 9 157 
NP B 158 
i>« D 19 

E 2 ' ? 1 

2 5 0 
52 0 
^ 1 7 

G W U C -
8 0 
80 

VP B 
•JO fi 

175 4 0 ? 
16 

AGUILAR_ 81 IPKY C 6 3 1 3 

REFERENCES FOB F PRIME 

• ( - U L W U K . r . U t D O H I . K H L B F l E I S C H . G O r H B N L * 5 V 0 » ) 

* KALBFLE1SCH.LA I ,SCAPR.SCHUMANN » I BNL 11 

• K E H O E . G L A S S E R i S E C M l - I O R N t H O L S K V (MARYLAND) 
4DAVIS.HWANG.DAGAN.DERRICK t ( N H E S ' A N L I J ' 
•DORNAN.GOLOBERG.LEITNEP * (BNL»SYf lACUSEI I C J I 

• BARNES.CRENNELL.FLAMI t t 1 0 , GOLDBERG. » I B N L I 

L t V P * M I L I < I E M 
^ C E R N t l E E M I 

KH.ft*J&tt,*RH£HTEflOS-' 

P(1600)| bHO P R I M E ! I 6 0 0 > J P G * 1 - < 1 l - I 

state, in photoproduction (BINGHAM 72, DAVIER 73, 
SCHACHT 74, ALEXANDER 75, LEE 75, ATIYA 79, RICH
ARD 79, BARBER 80, ASTON 81), in e +e" annihilation 
(BARBARINO 72, CONVERSI 74, CORDIER 79, COSME 79, 
BACCI 80, DELCOURT 81), in electroproduction. 
(KILLIAN 80), and in a /d experiment {DIBIANCA 
&1). If the 7T TT subsystem were in an S wave, 
as has often been assumed, one would also expect 
to see the p' decaying into P°TI0TI0. This has, 
however, not been seen (ATKINSON 82). Thus the 
most likely decay chain is p' -+ A.TJ -*• pirn -*• 4TT. 

For the determination of the p' (1600) parame
ters we turn to its relatively rare TI TT~ decays, 
which do not have the problems of the above decay 
chain. The TI TT~ final state has been produced in 
Tr~p interactions (HYAHS 73, BECKER 79), in photo-
production (ATIYA 79, ASTON 80), and with weaker 
evidence in e +e~ annihilation (reviewed by GENSINI 
76, HEYN 80). Die mass and width in these exper
iments are consistently 1600 MeV and 300 HeV, re
spectively. Note, however, that these parameters 

are not adequate for such a broad resonance. An 
attempt to determine the p' pole position in a 
more model-indepp- ient way (LANG 79) from the 
HYAMS 73 data yields a mass at 1660 HeV. 

The elusive p'(1250) has recently been re
claimed in the diffractively photoproduced LUTT0 

p 
system (ASTON 80, BARBER 80). However, the J de
terminations are complicated by the simultaneously 
present BJ1235) resonance. In addition, other 
dynamical effects obscure the interpretation of 
the p'(1250) as a resonance. 

t t P H D ' PRJMF HA ' iS (MFV> 

P i t P T - MilDt 
H 1 | 5 9 0 . 1 1 2 0 . 1 73 ASPK 0 17 < M - P . N P I * P 1 - 1 / 7 4 

P 1 6 1 0 . 3 0 . 77 RVUE 0 17 P ( - P , P I » P I - S 1 2 / 7 7 
P U 5 T S . 1 MAR7JM PVUE 0 17 P I - P , P | » P ( - N 1 2 / 7 7 

R 1 6 0 0 . 0 1 0 . 0 A T I Y ; SPEC 50 « H C . 2 P I 1 2 / 7 9 
i5sa.! 0 2 4 . 0 2 2 . ' 3 BECKER 7 9 ASPIC 0 17 P r - P POLARI2 11/79 

P 1 1 6 5 9 . 1 1 2 5 . 1 LANG T9 EVUE 0 1 / 6 2 -
H 1 5 9 0 . 2 0 . ASTON BO Oh EG 20-7f )GAM P . 2 P I 9 / 6 1 -

AVG 15< i8 . ' 9 8 . 0 AVERAGE 1 ERROR INCLUDES SCALE FACTOR - F l . O I 

' ( P I * P ( - | XODf 
4 5 0 1 4 5 0 . 5 0 . SINGHAN 72 HBc 0 9 . 3 GAM P . P 4 P t 1 2 / 7 2 

M 1 5 5 0 . 6 0 . CONVERSI CSPK 0 E . E - . 2 I P U 0 I - I 1 2 / 7 5 
1fcO 1 5 5 0 . 5 0 . SCHACHr STPC 0 5 . 5 - 9 G P . P 4P1 1 2 / 7 5 
3 4 0 1 4 5 0 . 1 0 0 . SCMACHT S tRC 0 9 - l f l G P . P 4 P | 1 2 / 7 5 

D 6 5 1 1 5 7 0 . 1 1 6 0 . 1 ALEXtNDEi o 75 MBC 0 7 . 5 GAM P . P 4 P | 1 2 / 7 5 
C 1 1 5 0 0 . ; 7 9 SPEC 50 GAM C . 4 P I * * 9 / 8 1 * 
AX 1 1 6 6 6 . 1 1 1 3 9 . 1 BACCl 80 FRAG E* E - , 2 ( P ! * P I - > 

3 4 1 1 7 8 0 . 1 K I L L I A N 8 0 SPEC 9 / 6 1 » 
B 1 1 5 0 0 . 1 PENSO PVUE F . E - r ? t P I « P I - l 9 / 9 1 » 

>" 1 5 2 0 . ASTON B l OMEG 2 0 - 7 0 G A H P .4 P I 9 / 6 1 * 
6 0 . DELC0UR2 a i 0 * 1 E* E - . 2 I P 1 * - * ! - ! 9 / 8 1 * 

0 1 6 5 4 . 2 5 . 

E FAC1 

D I B I A N C A 

' 2 . 0 1 

OBC 1 / 8 2 " 

AVERAGE'MEANi I W L E S S ' . S C A I E FAC1 

D I B I A N C A 

' 2 . 0 1 

OBC 

* SIMPLE R! F L A T I V . BREI1 [ - I & N E I t F 11 H U H HD0EI DEPENDENT HIDTM 
B ASSUMING R « 0 « E P S I L O N DECAY ERES W I T H A M P t BACKGROUND 

PARAMETERS ROUGHLY E S T I M a l E 0 . N M FRCiM A F j r 
5 * t t < <(A55 D I S r s i e U I l O W COXPENSAIE0 tit P 0 5 S - 5 7 0 D O L S t i V FACTOR 
INCLUQEO IN SECKER 79 . H f l l V S I S 
S I M P L E R E I A I I V . B R E I I H I G N F R F I I H U H C O N S T D M M L D I W 
( I N ; O E A K F I T R E S U L T . 
FROM PHASE S f l F T ANALYSIS OF HtAMS 73 OATA 
»N AODI I IONAL 4 0 HEV UNCERTAINTY I N BOTH THE M S S ANO M I l l H 
I S PRESFN1 DUE ID THE CHOICE OF THE BACKGROUND SHAPE. 
T H E VEPP2H-0LYA ANO D C I - 0 M 1 DATA HAVF A S Y S I E M A T . C A L I B R . D I F F F ' 

I t p f - PTJ0E 
1 1 9 0 . 1 1 5 0 . 1 HH-AKS 73 ASPK 1 2 / 7 5 

1 0 0 . FROGGATT 7 7 BVUE 0 17 P I - e . o i - P I - K 
0 17 P I - P , P | * P | - N 

1 2 / 7 7 
1 2 / 7 7 

2 B 3 . 0 79 SPEC 50 GA« C . 2 P 1 1 2 / 7 9 
1 7 5 . 0 9 8 . 0 BFCKE4 1 2 / 7 9 

1 2 3 2 . J 1 3 4 . 1 LANG 79 RVUE 0 1 / 8 2 

" AWE" 

ASTON 8 0 0MEG ? 0 - » 0 GA" P i 2 P I 

GE (ERRCH INCLUOES SCALE FACTOR OF I . 1 1 

9 / B l 

AVG 2 1 8 . 4 1 4 . 6 AWE" 

ASTON 8 0 0MEG ? 0 - » 0 GA" P i 2 P I 

GE (ERRCH INCLUOES SCALE FACTOR OF I . 1 1 

( P I * P - 1 HOOfc 
4 0 0 BINGHAM 72 HBC 0 9 . 3 GAM P . P 4 P I 1 2 / 7 2 

3 6 3 . CONVERSI 7 4 OSPK O F» E - , 2 ( P r « P I - J t i / 7 5 
1 6 0 SCHACMT 1 2 / 7 5 
3 4 0 5 5 3 . 2 0 0 . SCHACHT 74 s m 0 9 - 1 R G P . P * P ( 1 2 / 7 ! 

D 6 5 U h O . I ALEKANDEI 7 5 NBC 1 2 / 7 5 
C A T I Y A 7 9 SPEC 50 C A M C . 4 P I » - 9 / e i 1 

80 FRAG E* E - , 2 < P | * P ! - l 9/61 ' 
( J U L I A N SO SPEC 11 E - P , 2 ( P | * P I - ) 9 / f l l ' 

B PFNSO 8 0 RVUE 6 * E - , 2 ( P l * P I - t 9 / e i ' 
ASTON B l 0MEG 20-70GAM P , 4 P I 

5 L . DELC0UH2 81 ON] E« F - , 2 ( P I * R ( - 1 9 / B l < 
4 0 0 . 1 4 6 . D I B I A N C A 

FACTOR • 1 > 4 ) 

81 OBC 0 P I « D . P P 2 ( P I * P I - I I / B 2 * 

AVffcAGE MFANINGLESS ISCALF 

D I B I A N C A 

FACTOR • 1 > 4 ) 

81 OBC 0 P I « D . P P 2 ( P I * P I - I 

SIMPLE R E L A I I V . B R E I T H I G N I R F I T U I 
ASSL« !1G RMa»EPSIL0N DECAr MODE I N ' 
PARAMETERS ROUGHLY ESTIMATED.NOT FROM A F I T 
S K t H t * S S D I S T R I B U T I O N COMPENSATED BY RDSS-ST00OLSKV FACTOR 
WI0TH ERRORS ENLARGED BY US TO 4 « U I D F H / S 0 R F I N l . S E E «•• T Y P E O » 
I N C i y 3 E 0 I N BECKER 79 A 1 A I Y S I S 
SIMPLE R E L A T I V . 6RE1T UIGNER F I T WITH CONSTANT WIDTH 
ONE BEAK F I T RESULT. 
FROH PHASE S h I F T ANALYSIS OF HYAMS 73 DATA 
AN ADDITIONAL 4 0 MEV UNCERTAINTY I N BOTH THE MASS AND H ID1H 
I S PRFSENT DUE TO THE CHOICE OF THE BACKGROUND SHAPE. 

are the results of very simplified analyses which 
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
p'(!600), 0(1640) 

] PRIME P A R T U l 

P I RMO PRIME INTO RHD P I * P l -
P2 RHO PRIME INTO A LL * CHARGED 
P3 RMO PRIME I N t C RHO RHO 
P* RHO PRIME INTC P I P I 
PS RHD PRIME INTO KBAR K 
P6 RHO PRIME INTO P I OMEGA 

flHD PRIME INTC SHOO P I O P I O 
RHO PPIME 1 

7 6 9 * 1 3 9 * 1 1 9 
I N ' I 1 9 » 1 3 9 * 1 1 1 

7 6 9 * 13* , * U ' 

RHD PRIME 
MNE INTO RMO*-

1,51 OElCOUR? 91 DM 

, HOT INDEPENDENT Df DELCOUH2 

E* E - , 2 ( P I * P 1 

I I WIDTH TIMES E » E -

65 RHO PR1HE I 

Ifl,. iVSTEM I S I N S * 

BINGHAM 
SCHACHI 
0ELCOURZ 

ATI05 

CMARGEOI I P 1 1 / I P 2 ) 
72 H6C 9 . 1 GA» 
7 * STRC 5 . 5 - 1 B 
n i D f i 

HHO PRIME INTC ( P I * P I - l / l * P l < ALL CHAPGEO) ( P * ) l 
• 0 . 2 1 OR LESS 2 S I G N * BINGHAM 72 HBC 0 9, 
1 0 . 1 * 1 OP c e s s e s r i M f t Q A V I F P 73 s m c o A -

0 . 1 1 0 . 0 5 ASTON 8 0 CMEG 2C 

RHO PRIME INTC (YBAR K l / I * P I , A I L CHARGEO) ( P S I l 
1 0 . 0 * 1 0 " LESS C L ' 0 - 9 5 BINGHAM 72 HBC 0 9 . 

0 . 0 1 5 0 . 0 1 0 OELCQUS? S I O N I E< 
A S S U M I N G RHO P R I M E AND OMEGA P R I M E TO BE D E G E N E R A T E 1 

1 0 . 2 5 1 
0 . 2 0 

( 0 . 0 5 ) 
1 .05 

(VANS 
MONTANET 
COSTA 2 
FRDGGATT 

SJK" »:ivi 
( 0 . 2 0 1 OR 
( 0 . 1 0 1 ( 0 . 0 5 1 
I 0 . I 5 1 T O 0 . 1 0 " A H 7 I N 7 8 RVUE 

0 . 2 8 7 0 . 0 * 3 0 . 0 4 2 BECKER T9 ASPK 0 17 I 
ESTIMATE USING UN ITAR1 T V , T I M E REVERSAL 1 NVAP I ANCE , BRE 1 
ESTIMATED USING OPE MODEL. 
INCLUDED IN BECKER 7 9 ANALYSIS 
FROM PHASE SHIFT ANALYSIS OF HYAMS 73 DATA 

I 12/77 
12/77 
12/TT 

I 1 2 / T 9 

:RAGE IEANINGLESS (SCALE FACTOR 

I THE INTO IRHOO P 

1 0 . 1 5 1 OB LESS 

:1ME INTO I P I * PI-

(2.61 (0.*l 

:£:r::: J: !HL, 

™r™ 
P I , ALL CHARGED) I P 1 D / P 2 

ASTON BO CMEG 2 0 - 7 0 GAM 
DELC0UR2 S I D H I E * E - , P I » P l 

RHO PRIME INTO (KBAR K * t 8 9 2 l * C . C . 1 / ( * P I . ALL C H G I I P 1 0 1 / I P 2 I 
] 0 . 1 5 0 . 0 3 D U C 0 U R 2 S I DM1 E*E- ,KSAF 
) ASSOTIVf i sua PRIME kKD OMEGA PRIME TO BE DEGENERATE I N MASS. 

2 . 6 * 0 . IS IWERAGE IERROR INCLUDES 5CALE FACTOR I 

( 3 . 5 1 0 ) 

MGDEL DEPENt 

ALVENSLE 71 PRL 2 6 2 7 3 
SRAUN 71 NP B 3 0 213 
8UL0S 71 PRL 2 6 1*9 

>GiE*E- i /G(rarAi 

3 / 8 2 * 

3 / 8 2 * 

REFERENCES FOR RHO PRIME 

* c o i n M i H M f C D i E S E R r r u e I u ! i ' ' i n C M E N | e T D i t I n , ! l B ! r 

BACCI 72 PL 3 8 B 5 S | 
BARBAR1N 7 2 LNC 3 6 8 9 
9 A R T 0 L I 72 PR D 6 2 1 T * 
BINGHAM 72 PL * I B 6 1 5 
BRAMON 72 LNC 3 6 9 1 
OIEGOLO 72 B A T A V . C C N F . 
EISEiNBER 72 PR 0 5 15 
LATSSAC 72 NC 10A * C 7 

(AQjA 72 

* P E N S D , S A L V I N | , S l c L L A , E A l P l * M - ' . t ( ' ' G * i A * i S A S ( j i -C 

etizei? tw.ceftoiit ,* tre*it»Q'ttPAOti*'i-oil';jp 
• F E L I C E M I . O G R E N , * ( FRAS*e<lMA*l l»PL> I - J P 
• R A B I N . R D S E N F F L D . S M A D j A . Y O S T M L R L . U t P . S L A C M ^ J P 
• GRECO (THEORETICAL PAPER) f F e i ^ C A I I I 
P . D I E B O L D RAPPORTEUR TALK ( A N L I 
E H E N B E R G . B A L L A N . D A G A N . * <Pf HTUSLAC * T E L A I 
) . L A V S S A C , F . M . R E N A R O 

i l L . C O N F . P R O C l * 9 • M N G H A M . F R E T T E " , S A L l A K , C t * * D W I C " ' 

CERADIN1 71 PL * 3 6 1*1 
CHUNG 73 PL »T 9 5 2 6 
DAVIER 73 NP B 5B 3 1 
EISENBER 73 PL * 3 B 1*9 
HVAMS 73 NP B 6 * 1 3 * 
KREUiER 71 PR 0 B 1*11 
OCHS 73 TMESIS 
MONTANET 73 ERICE SCHOOL ' 
»ARK 73 NP B 58 * 5 

SALLAM 7 * NP 6 7 6 3 7 5 
8ERNA6EI 7". LNC I t 26L 
CHALOUPK 7 * PL 5 1 B * C 7 
CONVERSI 7 * PL 5 2 B * 9 1 
ESTABROO 7 * NP S 7 9 1Q1 
FERBEL 7 * PR D9 B 2 * 
SflAYER 7 * NP B 75 1S9 
H I R S H f E L 7 * NP 8 7 * 2 1 1 
SCHACHI 7 * NP 6 H 1 205 

• S L A O 

• C O N V E P S I t E K S T R A I D . G B I L L I . ' I R O - B T O A S ' P A D O I I : 
» P R O T O P 0 P E S C U , L T N C H . F i A T T F * I B N L * L % L * U S L I 
* 0 E « A D O . F R I E S . L I U , M O / L E Y , CD I AN, P A R r . . . ( S L A C I 
E I S E N B E R G , K A R S H O N > M | P E N R E R G , P I 7 l U C K , * l B E H Q t 
• J O N E S . H F I L H A M M E R . B L U M . D I F T L . * f r E O - J * » P ! M I 
H . J . K R E U Z E R . A . N . K A M A L ( U N I V . OF ALRERTAI 

TMESIS I M P I M ] 
L.MDNTANET (CERNI 
J . C . H . P A R K [ M » | M 1 

* C H A D M l C " , 8 I N G H A M , F R E T I E R * 
• O . A N G E L D . S P l L L A N T I N I . V A L f N ! 
C M A L O U P K A . F E R R A N M . L O S T Y . M Q I 
< P A O L U 2 I I C E R A O I N I . G R I L L I * 
P . F S T A B R O O K S . A . D . M A P T I N 
T . F E R S E L A N D P . S L A T T E P Y 
G . G R A Y E R . H Y A M S , P L U M , 0 1 E U . * 
A . C . H I R S H F E L D . G . K R A M E R 
* D E R A D O , F P | E S , P A R K , Y C U N T 

',LAC»t I P I " 

l£T ICERf .1 

(PCCM1 
( C F R N » " » I M | 

( M P I M J 

ALfHANDE 75 PL 5TB * B 7 
ALLES 75 »IC 1 0 A 13s 
CHUNS 75 PR 0 11 2*3< 
ESIABROO 75 NP 9 9 5 3 3 2 
FRDGGAIT 75 NP 8 9 1 * 5 * 
HYAMS 75 NP B 1 0 0 30S 
LANG 7 5 PL 5 6 6 * 5 0 
LAtGACKE 75 PR 0 I I 657 
LEE 75 STANFORD C 0 N F . 2 1 1 uONVONG 
POOS 75 NP 8 9 7 165 M.ROOS 

A L E Z A N D E R . « E N A P Y . G A N D S " A N , l l S S A U E O . ( T E L A ) 
A L L E S - B O R E L L I , B E R N A R D I N I * ( C E * N . p G M * F R A S 1 
tPROTOPOPESCU.LYNCrUFLATTF* I « l ' i l * L B L * ' J S t ) 
P . E 5 T A B R O O K S , A . O . M A R T I N ( D U " H ) 
C . S . F R O G G A T T , J . L . P E T E « S E N I G L A S * N 0 P O ) 
* J O N E S . N E I L H A M M f s . B L U f , D I £ 1 L * I C E D N ' O D I M I 
C . B . L A N G , 1 . S . S T E F I S E 5 C U I K A R l ) 

ANGACKER.G.SEGRE 
LEE 

BASSOMPI 76 PL 6 5 B 397 
COMMON 76 NP B 1 0 1 109 
JCHNSON 76 PL 6 1 B 95 

flUO'lEW 77 PL 7D B 365 
COSTA 1 77 PL 6 7 B i l l 
COSTA 2 77 PL 71 8 3 * 5 
FROGGA'T 77 NP B 129 8 9 
GESSAROL 77 NP B 126 3S2 

BASSOKPIERRE.91NDER, 
A.K.COMMON 
• M A R T t H . P E N N I H G I O N 

I C O L U I 
( " E L S J 

I P U L H * S T R 8 * I 0 H 1 ) 
IKE'.II 

( O J R H * C E " M 

N . M . B U D N E V . V . M . B U D N E V . V . W . S E R E e H Y A I t t l v l ' 
COSTA DE BEAUREGARD,PHAM,PIPE.TRJC4G ( I 
COST" OE O E A U R E G A R O . P I P E . t . M . T P U O ^ G ( I 
C . D . F R O G G A T T . J . L . P E T E R S E N ( C I A S " 
GESSAROL I * l e G N A * F I P i * G E N O * » I L » * 0 x F * i 

GENSINI 78 ' ' 17 1368 ] L 0 M G E N S t N l 
I . M A R T I N , M. 

79 PHI * 1 1 6 ' 
79 PL B B6 2 ! 
79 NP B 1 5 1 

s3.;,s»: 

BlCCl 
BECKER 
COR DEN 
CORDIER 
COS ME 
LANG 
RICHARD 

ASTON 
BARBER 
BACCI 
BI7.0T 
HEYN 
KILLIAN 
O-OONNEL 
PENSO 

DELCOUOT 81 PL 9 9 B 257 
DELC0UR2 81 BONN CONF. 2C 

ALSO 82 PL 1D9B 129 
o r e i 4 « c * e i P « O 23 595 

A I K I N 5 0 N 82 PL 1 0 8 B 55 

.PENNINGTCN 

* M 0 L M E S , K N A P P , L E E , 5 E T 0 , * 
*0E Z O R I I . P E N S O . S T E L L A , * I 
• BLANAP.SLUM.CERRADA* I f P I N * 
•DOWELL,GARVEY, J O B E S . i l B I R M t 
tOELCOURT,ESCHSTRUTH.FULDA* 
»DUDEL7AK<GRELAUD,JEAI i -MAP|E 

. . L L * F N A L , 

• CERN. i r E E t . C d A C I 
I P H f L * ! r f L A * L D w c ) 

..., i:l;lt,T,h'-"K- RAREDA 

80 PL 9 2 8 3 1 5 
SO 7-PHY C * 1 6 9 
BO PL 9 5 B 119 
BO MADISCN CONF. 
BO ZPMY C T 169 
BO PR D 21 3 0 0 5 
BO PR 0 22 M l 
8 0 PL 9 5 B 1*3 

IBONN*CERN*EPCL«GLAS«LANC*MCFS*ORSA.PARIS* l 
• DA INTON, B R 0 0 B E C K . B R O C K E 5 . * I C A H E * l A i c » S H E f 1 
*DE I O R Z I . P E « ( S O . B A L O I N I - C E l I O . » 1RD«»*FRASJ 

. * - B I S E L L O , B U 0 N , C 0 R D I E R , D E L C O U R T . . ( l A L a * U S T l l 
H . F . H E Y N . C . e . L A N G ( G " A { ) 
* T ^ E A D « E L L . A H 0 F t J S , 9 E P K E L M A M . C A S S E L . » ( C O R M 
P . J . O - O O N N E L L (TORONTO! 

.PENSO,TRAN N.TRUONG |P0-4A*EP0k> 
[TO BE P U S . I G.PENSO.TRAN N.TRUONG >EPC1U 

( B D N N * t E R N * E P O L * G L A S * L A h C * M C f S * O i ' S A * P a n i S * l 
• B I S E L L O . B I Z Q T . e U D N . C O P O I E R . M A N E IORSAY) 
B.DElCOURT (ORSAY) 
C O R O I F C * (HRSAY) 
* F I C K f N G E P , M A l K O , O A 0 0 , E M G E L E R , i ICASEtCARNJ 

• ( B a N N * C E B N * G L A S * L A N t * » C H 5 * C U R I * ' E L ' S H F F ) 

6(1640)1 6 8 THETAI 16*0,JPG-

^m^^^^^^^^^^^ SEEN T H i't>^i iFnn 

> is;: 
SEEN I N J / P S 1 I N T O GAMMA THETA. T H R E F O E C « « . 

DECAYS INTO 2 E T A , THEREFORE I G - 0 * . 
IS PREFERRED OVER 0 ' . HIGHER S P I N S NOI 

S T U D I E D . NEC05 COI4FI ""*T ",N. OW777EO FPOM T»3ll. 

68 T H E T A ( I 6 * 0 1 MASS (MFVI 

1 6 * D . 5 0 . EOHARDS 82 C B A l 0 J / P S t , G A - , T 1 

6 8 ( H E T a ( ! 6 * 0 ) M I D I " (MEV1 

1 0 0 . TO . EDMARDS B2 CBAL 0 J ' P S l , G A « 

T H E T A 1 1 6 * 0 ) PARTIAL DECAY MODES 

P I T H E T A I 1 6 * 0 ) INTO ETA ETA 

EDWARDS 8 2 PRL *B *58 

REFERENCES FOR T H E T A ( 1 6 * 0 I 

• P A R T R I D G E . P E C K . * I C I T i * 4 R V « P R l N * S T A N * S t AC) 

http://paolu2IiCERaoini.gr


Mesons 
u(1670), ^(1680) 
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Data Card Listings 
For notation, see key at front of Listings. 

u(1670)| 45 0«EGA 1 6 7 0 , P G - 3 — 1 I - C 

45 OMEGA 1 6 T 0 1 MASS I M E V I 

H 
1 6 3 6 . ARME.NISE IS* DBC 5 . 1 P I * N . P I 3 P 1 1 0 9 / 6 8 

x a wn. o 2 0 . 0 BARNES h1. H6C 0 4 . 6 K - P , G M E G 2 P | 2 / 7 4 
1 6 7 0 . 2 0 . KE N W M 6<i DBC fl. PHN,Pt3PttQ 

n 2 0 0 1 6 7 9 . 1 7 . HA TTHEMS U DBC 7 . 0 P I * N , P ( 3 P I ) 0 1 / 7 1 
M 5 0 0 167 H . I * . D M 2 14 DBC 6 . P I * N , P t 3 P I ) 0 1 / 7 * 
« 0 2 0 0 1 6 6 0 . 1 3 . 0 1 * 1 74 DBC 6 . P I * N , P ( 5 P I ) 0 1 / 7 4 

1 1 . WAGNER TS HBC 7 . P I * P , D E L « * 3 P I 1 I / T 5 
H E 110 1 7 0 0 . 0 ) CFRRADA HBC 4 . 2 K-P .LAM 3P1 1 2 / T 7 
N P E M O 1 2 . 0 BALTAr 7 f HBC 15 P I * P i O E L 3 P I 

1 6 5 0 . 0 CORDEN 7(1 OMEG 6 - 1 2 P I - P . N 3 P I 1 2 / 7 7 
M 6 0 1 6 B S . 0 B A U B I L L I E 7 9 HBC 

AVERAGE (ERROR INCLUDES SC 

B . 2 K - P.BACKWARD 

• I E FACTOR DP 1 . 0 1 

1 2 / 7 9 

•4 AWG 1 6 6 7 , 1 4 . 6 

B A U B I L L I E 7 9 HBC 

AVERAGE (ERROR INCLUDES SC 

B . 2 K - P.BACKWARD 

• I E FACTOR DP 1 . 0 1 

* E PHASE A O T A T l t N SEEN FOR JP 3 - (RHt) P I I 
4 P FBI H * F I T 3 - HHO P I PARTIAL HAVE 
M 0 FRC H 10MEG 

+ 5 W H I l t T O J WIDTH I H E V I 

H 
1 1 2 . ARHENISE AH DBC 5 , 1 P I * N < P ( 3 P t l O 9 / 6 6 

* 0 1 9 0 . 1 < 2 0 . ) BARNES 6 9 HBC 0 4 . 6 K - P . 0 H E G 2 P I 1 / 7 3 
1 0 9 . KE NVON hi Dec B. P I * N , P ( 3 P t l O 8 / 6 9 

* s zoo MATTHEWS OBC 7 . 0 P I » N , P ( 3 P 1 1 0 1 1 / 7 5 
* 5 0 0 DIAZ 74 DBC 6 . P I * N . P ( 3 P ) I 0 1 / 7 4 

DIAj> (4 DBC 6 . P I * N , P 1 5 P 1 I 0 1 / 7 * 
t P S t O O WAGNER HBC 7 . P I * P . 0 E L * * 3 P I 1 1 / 7 5 
i P E 4 3 0 1 7 3 . 0 BALTAY 7(1 HBC 15 P U P . O E L 3 P | 4 / T B 

2 5 3 . 0 3 0 . 0 CQRDEN in OH EG H - t 2 P I - P . N 3 P I \znr 
4 S 6 0 1 6 0 . 0 BAUBILL1E T 9 HBC 1.2*- P,BACKWARD 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 1 1 

J 2 / T 9 

rf AUG 1 6 6 . 1 1 Z . 0 

BAUBILL1E T 9 HBC 1.2*- P,BACKWARD 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 1 1 

>HASE ROTATION SEEN FOR JP 3 - (RHO P I 1 WAVE. 
: P-C" A F I T TO l > 0 < J P > 3 - AHO P I PARTIAL HAVE 
I 1 0 I H ERRORS ENLARGED BY US TO t * W T D T H / S Q R T ( N l 
:HUm IOMEGA P | P I I MODE 

15 DME0AI16TQI I 

OMEGA! 1 6 7 0 1 INTO 3 P I < INC 
0 M E G A I I 6 7 0 ) INTO 5 P ! ( I t K 
O M E 0 » r i d 7 0 l INTO RHO P I 
0 M E G U 1 6 7 0 ) INTO OMEGA Z * 
0 M E G A I 1 6 7 0 I INTO B I 1 2 3 5 I f 

I I L DECAY MODES 

BBZ 
— 45 OHEGAI 1 6 7 0 1 BRANCHING 1 AT10S 

R l S5° "s:s! INTO <5 P 
0 . 28 

1 1 / 1 3 P i t 
D IAZ 74 OBC "i':",u.»„„ 1 / 7 4 

A2 
R? 2 0 0 ",V°,l I M O (PHO 

OR "ORE 
P i t / 1 3 P I I 

MATTHEWS 71 DBC "lT.U.,,n» 1 1 / 7 1 

" 3 
0 3 ;s""s:;i INTO <0*EGA 2 P l I / t R H Q P I I 

0 . 2 7 D I A Z 74 DBC "i'"J!.»..IS...O 1 2 / 7 6 

it "•"•SMlll^lW" 2 3 5 1 P I l / t R H Q P I I 
D IAZ 74 DBC 'Til..-,-,,,,,. 1 / 7 4 

* 5 
" 5 „.«.,.«.. I 1 T 0 1BC1 

0 . 0 
• ' • 5 1 P 1 1 / 1 0 M E S A P ! P 

0 . Z 5 B A U B I L L I E 79 HBC "!":-'-...«.»„ 1 2 / 7 9 

REFERENCES FOP OMFGAI16701 

ARMEN S t 6 8 PL 2 6 E 3 3 6 • G H I D I N I . F 0 R 1 N O * (BARl»eGNA * M R Z »OPSAr) 

BARNE 
«ENV0N 

6 9 
4 9 

PRL 23 
BRL 2 3 

142 
146 

* C H l | N G , E ( S N E R , F L A M I W C , « 
• K 1 N S 0 N . S C A R P . * 

t8HU 
( B N L * U C N 0 * O R N l l 

ASMENISE TO INC 4 9 9 » C H I O I U l , F O e i N O . C A « T « C C I t * ( e i R | * B G N » * F I R 2 1 

MATTHEWS T l 
HATTHEW1 T l 

PR 0 I 
LNC 1 

2561 
61 

. P R E N T I C E . V O O N , C A R R O L L , * 
* P « S N T I C E i V O O N i C A R R O L L , * 

I T N T 0 * W ( 5 C 1 
I T N T 0 4 W I S C I 

T* PSL 3 2 260 

75 »L 58B 2 C I 

77 NP B 126 2 * 1 

* D i e i A N C A , F T C K I N G E R , ANDERSON,* <CASE*CARN) 

•TABAK.CHEW I L B L 1 

• B L O C K * I J L . H E I N E N , * I A K S T * C E R 1 » N I J M * D « F > 

ICOLUI 

BAUBILL I 79 ' BAUBILLIEH 

>TELA»l 

(B IRH*CERN4CLAS*HSU»LPNPI 

A,(1680) 1 1 1 6 8 0 , J P C 2 - - I 1 • 1 

previously confused due to its appearance near the 
fit threshold in the diffractive-like process TTN •+ 
TTTTTTN, much like the * 1 meson. While everybody 
agreed that there was a -300 MeV wide fn enhance
ment in the J P I M • 2-S0 partial wave at about 1650 

MeV/ some claimed non-resonant states (ANTIPOVl 
73, ASC0LI1 73, BALTAY 77), while others saw evi
dence for a resonance in the phase variation with 
respect to other partial waves (OTTER 74, THOMPSON 
74). 

In the non-diftractive charge-exchange reac
tion TT+p •+ TF+TT"TT0A++ (WAGNER 75, BALTAY 77, CAUTIS 
77) and in the hypercharge-exchanged reaction 
K"p •*• Tr+7r~TrDA at 4.2 GeV/c (CERRADA 77), there is 
no evidence for A^ production. 

Definitive proof for the resonant nature of 
the A 3 has been given by PERNEGR 78 [3ir system 
diffractively produced on nuclei) and DAUM 80,81 
and EVANGELISTA 81 (3TI diffraction on proton tar
get) . In all these experiments the 2~S0 (fTT) 
partial-wave amplitude exhibits resonance-like phase 
variation. 

In a simultaneous fit to the four 2~ waves 
(ETTI pn, twice fir), DAUM 81 needs a heavier compan
ion to the A_ in addition to the Deck background. 
This fit probably gives the roost reliable esti
mates of the A_ and its heavier companion, which 
we name TE(2100) . 

34 A3 "ASS (HEW) 

;.» 1 6 5 0 . 
1 6 6 0 . 

I una. •iTS 1640 

!• 1 6 6 2 . 
1 1 6 5 0 . 

1 6 5 7 . 
I "MO. 
1 6 7 6 . 

1 6 6 j ! 

CASD 
A N T I P O V l 
ASC0L1 1 
THOMPSON 
KALELKAN 
BALTA* 
PERNEGR 
OAUH 

6 9 HBC - 11 
7 2 HfiC • 1 1 . 5 
7 3 CNTR - 2 5 . . 
7 3 HBC - 5 . - ; 
74 HBC * 1 3 . 
75 HBC • 15 ( 
7 7 HBC 0 15 ( 
7B CH1R - 9 * 1 ] 
8 0 5PEC - 6 3 - ^ 

j SCALE FALTOR OP 1 . 2 ) 

WEIGHTED AVERAGE - 1663.5 ± 4.7 
ERROR SCALED BY t 2 

- F Yn 
P 
P A3 
A 3 * 
* F in 
P I 
N U L . tn 

3 P I i n 

1600 1640 1680 
A3 MASS (MEV) 

E V A N G E L I S 6 1 O M E G A 3 
D A U M 6 0 S P E C 0 2 
B A L T A Y 7 7 H B C 0 0 

• K A L E L K A R 7 5 H B C 5 - 5 

• A S C O L I 1 7 J H B C 0 1 
A N T I P O V l 7 3 C N T R 0 . 2 

- C A S O TZ H B C 0 0 

C A S O 6 9 H B C 0 0 

1 0 . 5 

C O N L E V 
= 0 1 6 J J l ? Z O 1 7 6 0 

0 0 

1 0 . 5 

C O N L E V 
= 0 1 6 J J 



Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
A3(1680). #'(1680) 

1400.0) 
?!•». 0 
112.0 

CASO >? HflC 
CASO " ANTIPOVI ' i 
ASCOLI I 
I M C M P S O N /* KAiELKAR 
BALTAV ;: !T 
PERNEGP 
OAUM «« OAU" SPEC 
F V A N G K I S y i 

2 4 8 . 3 I I 

• I 3 H 5 . P I - NUL. 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 0 ] 

SEE MOTE D UNDER M » 5 5 -
EVIDENCF FOR A ROTATION 3F IHE PHASE CLAIMED. 
FBCH A TWO RESONANCE F I T TO FOJR 7 - O t WAVES. 1 H I ' 
AVERAGED M I T h A I L THF SINGLE RESONANCE F I T S . SEE 
FRO" A F I T TO J P - 2 - F P I PARTIAL WAVE 
CLEAR PHASE RCTATION SEEN I N 1 2 - 5 1 AND 1 2 - P I HAVI 

( 0 31 OB LESS BAOTSCH 6 6 HBC * 
in 4 ) OR LESS FEPBEL 6 8 RVLE • 

0 ? 9 0 . 0 5 OAUH 

,,, 
WD RESONANCE F I T TO FOUR !-0< 

( P H * F > / ( A L L P I * - P I < P I - 1 
f W I T H F INTO P I * P I - 1 

WAVES. 

10 5 9 ) BARTSCH 6 8 HBC • 
0 35 0 . 2 0 BALTA* 6 8 NBC * 
0 T& 0 . 2 4 0 . 3 4 An HEN I S 6 9 DBC » 
0 6 1 0 . 0 4 DA1JX 

WO RESONANCE F I T TO FOUR 2 - 0 * WAVES. 

3 6 0 1 0 . 0 5 0 AVERAGE (FRROM INCLUDES SC 

INT ( P I * - E T A ) / ( A L L P I * - P I * P I -
I A L L ETA DECAYS! 

1 

091 DR LESS HALTAY 6 8 HBC * 
10 101 C» LESS CRENNELL TO HET 

NTO ( P I * - 2 P ( * 2 P I - 1 / I A L L P I * - P I * 
1 0 . 1 1 OR LESS BALTAY 
1 0 . 1 0 1 CR LESS CRENNELL 

TWO RESONANCE F l l 

I T I O FOR A3 INTO I 
0 . 2 ? 0 . 1 0 

A TWO RESONANCE F 

F c a i N o 65 PL 19 6B 

66 
LEVRAT PL 22 714 
L U B A I T I 6 6 
V E T L I I S * 6 6 

DANYSZ 6 7 s is :,!01 

ALSO 6H 

BALTAV hfl 
BARTSCH 6U NP B T 3 * 5 

hH NC 54 A 983 
FERBEL 6H 
IOFFREDC 
LAK.SA (.8 

ARHEMSE 69 
BARNES 6 9 PRL 2 3 142 
CASO 64 

BRANOENB TO 
CRENNELL Ml 
CHIEN '0 P H I L A O . C f V F . P 

REFERENCES FOB 

*GESSAROLl * I B G N A * P A R I * F ( R Z « 0 R S A * S A C L 1 

l»ACH*BERL*CERNI JP 

CERN H I S S I N G MASS 5PECT0OMETER GROUP ICERN) 
CERN H I S S I N G MASS SPECTROMETER GROUP (CERNI 

FIT H . J . L U B A T T 1 ( L R L 1 1 -
V E T L l T S K Y . G U S Z A V l N i K L I G E R . i O L G A N O V * ( I T E P ) 

DANYSZ»FRENCH*S1HAK (CERN) 
CERN MISS ING MASS SPECTROMETER GROUP ICERNI 
L.DUBAL I GENEVE I 

*KUNG*YEH*FERBEL* (CDLU-
• K E P P E l . K R A U S , * 
*CONTE*CORDS*DIAZ» 

> T.FERBEL (ROCHESTER! 
•BRANDENBURG,BRENNER,El S E N S ) E I N * (HARVARD! 
*CASON»BISWAS*OERA0D*GRCVES* IN0TRE0AME1 

* G H I D I N I , F O R I N a , C A H T * E C I * (BAR I * B G N A * F I R Z I 
• C H U N G . E I S N E R . F L A H I N I C * (8NLJ 
* C O N T E , T a H A S I N I , C A N T O R E * (GENO*MILA*SACLI 

*BRENNER. IOFFREOO.JDHNSGN.K IK* (HARVARD) 
+KAR5HON,LAI ,SCARR,51KS IBNL) 

.275 C . Y . C H I E N , REVIEW (JOHNS HOPKINS) 
M I Y A 5 H I T A . V 0 N KROGH.KOPELMAN.LlBBY (COLO) 

ALEXANDER,BAR-NIR,BENARY,DAGAN.* I T E L A I 
» F 0 R I N 0 , C A R 7 A C C I , * ( B A R I * B G N A * F I R 2 I 
*HAODOCK.BASSLEP*(DURN*GENO*DE$Y*HILA*SACLI 
• HE VOA, JOHNSON, K I M . L AW,MUELLER.* (HARVI 
»HARRI SON,HEYOA,JOHNSON,KIM.LAW.* IHARVI 

•srn 
•ASCOLI iBUSNELLO.FOCACCI .< 
* A S C D L 1 . B U 5 N E L L 0 . F 0 C A C C I . < 
I N T E R N A L COLLABORATION 
• J0NES.WEIN5TEIN,WY( .O 

ICERN*SERP) 
ICFRN*SEftP) 

< I L L » I 
( I L L ) 

M.ELKA! 
1C.NER 75 ( 

*CU1LER.JDNES,KBLiSE,<>CBERTS,k>EINSTFIN*< ILL I 
•BJSWAS.CASON.nENNEY.MCGAHAN.* (NOAH) 
m j D O L P H . (AACH»BERL*eONN*CER' i *HEID) 
• R O N A T . R O S E N F E L D . L A S I N S K I * I L B l * 5 L A C I 
*BADEUI TZ.GA ( D O S . H C I L H * I N . P A L E R . * IP'JRDI 
THOMPSON, B A O E M I T I . G A I D C S . M C I L WAIN* (PURO) 

•ZOHBKOVSKI I .KAIDALCN.KCNOVALCW* ( I T C P ) 
* J O N E S . K I N S O N , B E L L , D A L E * I B I R M t O U R H t P H E D 
* S . H A G O P I A N . V . H A G O P I A N . H E N S I N C F R ' ( F S U * B R A M 

I M.S.KALELXAR ( C O I U I 
*TASA«,CHtW < L 9 l ) 

CERRADA 77 

B » L I A V 7B 
COOOE'J 7(1 i 
DfPNLC-R f8 ' 
ROBERTS 78 

™£ 
*CAUTIS,KALELKAR 

M S 221 C . V . C A U T I S 
i l * 6 L 0 C K Z ! J L . H E I N f N . « 

• HERTZ H E P G E H * ( A M S I * C E F N * C R A C * H B l n . O l f F . R M E L ) 

I NP B IB? 2 6 9 
I NO ft 178 1 9 7 
I NP B 186 5 9 4 

0(1680) U M E I I 6 B 0 . J P G > 1 -

90 OMl 0 E* E - . 

. 3 P I 1 
GAM.OM 2 P I 

"ODES 

ESPOSITO 
ASTD'I 
0ELCOUR2 

1 6 8 3 . 7 

RESCNANCE 

9 . 6 AVERAGE I F R ! 

T D I S T I N G U I S H E D FROH T-
lAHBIGUOSLY 1 -
E C A N N E L DNLY.NEGlLCT I N I 

3R INCLUDES SCALE 

BFSHOLO ENHANCEHfl 

'RIME WIDTH l « F V 

COSME 79 OSPK 0 E* E - . 3 P I 
ASTON 1 BO CHEG 2 5 - 7 0 GAH.CH 2 P I 
BIZOT 8 0 OH] 0 E* E - , A I L MODES 
CORDIE" B I r-Mi E* f - .OMEGA ? P I 
"ANE Bl 0H1 £ * £ - , R . K - . < C L KS 

ESPOSTTO HO f(A E * E - . 3 P I 
ASTDN Bl OMEG 2 5 - 7 0 Hit P , n « f -
DELCOUH? 81 0 « 1 S * E - . A L L M03ES 

RESC'UNCE NOI D I S T I N G U I S H E D FRI 
JP NOT UNAHBIGUDSLY 1 -
F I T TO ONE CHANNEL ONLY.NEGtFC 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 

RESHOLD ENHANCEMENT 

ERFERENCE MITH CMEGA.RHfl P 0 | . 

I POIHE INTO OMEGA 2 P I isniifiir 

•RIME BRANCHING RATIOS 

K B A R ) / ( H * ( S 9 2 ) 
0ELC0UR2 B l OMI 

'RIME G i l • G I E * E - ) / G U C T A L I IKEVI 

I H I S COMBINATION OF A PARTIAL WIDTH MITH THE PARTIAL WIDTH INTO 
E * E - AND WITH THE TOTAL WIOTH I S OBTAINED FROM THE INTEGRATED 
CROSS SECTION INTO C M A N N E L I I I I N E * E - A N N I H I L A T I O N . 
WE ONLY L I S T DATA NOT HAVING BEEN USED TO OFTERHINE THE PARTIAL 
WIDTH G U I nc THE BRANCHING RATIO G U I / T O T A L . 

- I / G I T O T A L I 
) DM I 0 E* E-

MOOEL DEPENDENT 



Mesons 
0(1680), g(1690) 

Data Card Listings 
For notation, see key at front of Listings. 

79 HP B 152 2 1 5 

REFERENCES FOR PHI PRIME 

»OUDELIAK,GRELAUD,JEAN-MAf 

ASTON 1 BO NP e 174 2 6 9 I B 0 N N * C E K N * E P a L * C L A 5 * L A N C * M C H S * 0 R S A * P » R I S » l 
ASTON 2 BO Pt 9 2 9 2 1 9 I90NN*CER.N*EP0L»GL AS*L ANC*MCHS*ORSA*P»RIS* l 
B IZOT BO MADISCN CCNF. 5 4 6 *BI5ELLO.BUON<C0AD1E<><0ELCOUATi*<LAL0»USTLI 
E S P D S I T D BO INC 2B 1 9 5 t M A R I N I i P A T T E R I ,N1GROMFIIAS»HAPL*PAOO*ROMA) 

4 S I G N B l PL 1 0 4 B 2 3 1 
CORDIER B l PL 1 0 6 B I S S 
DELCOIHT B l PL 9 9 B 2 5 7 
DELCOUR2 BL BONN CQNF. 2 0 5 
MANE Bt PL 9 9 B 261 

I B 0 N N * C E R N * E P 0 L * G L A S * L A N C « M C H S * 0 * S A » P A * 1 S * I 
* B I S E L L 0 , 8 H O T . BOON,OEICOURT,MANE (ORSAY) 
»B lSELLO.B IZOT.6UDN.COROIEP. .MANE IQRSAVI 
B.DELCOURI (ORSAVI 
* B I S E L L 0 t B I Z O r . 6 U 0 N . C C R D I E B . D E L C 0 U R T I 0 R S A V ) 

g(1690) 15 G U 6 9 0 . J P G • 3 - * l I » l 

15 G MASS (MEVI 

i *GE OXtr TH£ Zfl MO KKtM MOOES UHICH HiYE I M G E S T A T I S T I C S 

16T0 -O 3 0 . 0 
1 16B3 . t 
U T 1 7 . 0 1 

22 1 6 5 0 . 0 
I b B T . 
1 6 7 8 . 

0 0 1 6 9 0 . 7-1 1 6 9 2 . 1 „;:, C 1 7 2 2 . ) U . I 
75 1 6 7 8 - 0 i;.o 

1 1 . 0 
< 1 7 3 4 . 0 1 1 1 0 . 0 

1 6 7 7 . 

GOLDBERG AS HBC 0 6 P | * D , 8 P I - P 
AHHENJSE 6 * OBC 0 5 . 1 P I * 0 6 / 6 B 
I B H E N I S E K1 oec 0 9 P | * N 1 / 7 1 
BARTSCH f(l HBC > B P I * P . 2 P I 5 / 7 0 
STUNTEBEC 70 HD6C 0 8 . P l - P . 5 . 4 P I * D 2 / 7 2 
MATTHEWS 71 DEC 0 7 . P I * N 2 / 7 2 
ENGLER OBC 0 6 . P I » N , P | * P I - P 1 2 / 7 5 
GRAYER 74 ASPK 0 I T P 1 - P . P | * P I - N 2 / T 4 
ESTABUDOU I S RVUE 17 P t - P , P 1 * P I - N 1 2 / 7 5 

75 ASPK 0 I T P 1 - P , P I » P 1 - N 1 2 / 7 5 
ANTIPOU 77 ci as 0 25 P I - F . P 3 P I 1 / 8 2 ' 
BALTAV 7» HBC 0 15 P I » P , P 1 * P I - 4 / T B 
COROEN Pi OHEG 1 2 - 1 5 P I - P . N 2 P I 1 2 / 7 9 
EVANGEL I S Bl OHEG - 12 P I - P . 2 P I P 1 /B2« 

MASS ERRORS ENLARGED BY US TO WIDTH/SORT I N ! , SEE * • TYPED NOTE 
USES SAME DATA AS HYAMS 75 
mow PHASE-SHIFT ANALYSIS 
ERROR TAKES ACCOUNT Of SPREAD W DIFFERENT P H A S E - S H I F T SOLUTIONS 
F f i O * A PHASE S H I F T SOLUTION CONTAIN ING A F PRIME UIOTH 
TMO i | " £ S LARGER THAN TH£ K KBAR RESULT. 

KBI » • > 11 o P ! "ODE 

I 6 9 Q . 0 1 6 . 0 ADERHOLJ 6 9 HBC * O f * 
1 6 9 ? . BLUM 75 ASPK ; - p 
I & 9 9 . 1 2 . MARTIN 1 78 SPEC LO PI ' . K 
1 6 9 9 . 0 5 . 0 ALPER 8 0 C N I R 0 62 P i -
1 6 9 4 . 9 1 COSTA 6 0 OHEG 

THEY CaNNDl E X T I N G U I S H BETWEEN G AND O H E G A ( l t 7 0 1 . 
F R O " A F I T 7 0 J P - 3 - PAPT1AL HAVE. 
S V S I F H M I C ERROR CN MASS SCALE SUBTRACTEO 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF J 

!l 1 6 8 9 . 0 1 
I 7 0 5 . D 
1 6 ) 0 . 
1697. 

I 1685. I 
IITJJ. I 

1670. 
1 6 6 5 . 0 

< 1 6 1 4 . 1 

BALTAV 6 8 HBC • 7 B . 5 P I * P 6 / b B 
BARTSCM 70 HBC ' B 1 * P . * P I 4 / 7 1 
BARTSCH TO HBC ' M I * P , 2 RKO 4 / 7 1 
CASO 7 0 HBC - I I 2 P I - P . S H 0 2 P I 5 / 7 0 
HOLMES 72 HBC < in - 1 2 . K* P 1 / 7 3 
CASON 73 HBC - B. I B . 5 P I - P 1 / 7 4 
CASQN T3 HBC - B. I B . 5 P I - P 1 / T 4 

1 2 / 7 5 
THOMPSON T4 HBC ' P I * P 1 2 / 7 5 
BALTAV Tfl HBC < 15 P | * P , P 4 P I 4 / 7 8 
EVANGEL 1 - 1? P I - P . I 4 P I 1 - P 
EVANGEL I B l OMEG - 1? P [ - P . ( 4 " I 1 - P 3 / 8 2 ' 
EVANGEL 1 B l OHEG - 12 P I - P . I A P I 1 - P 3 / 8 2 * 

<• RHD- BHCO "ODE. NOT INDEPENDENT Of ( B l , IC1 
» U 2 I - P IO MODE. HOI INDEPENDENT OF I A ) , I C ) 
" I A 2 I 0 0 1 - "ODE. NOT INDEPENDENT OF ( A l , ( B ) 
* I O H H * - RWDOI MQDF 

WEIGHTEO AVERAGE - 1675.2 
ERROR SCALED BY 1 .9 

BARNHAM TO HBC * 
THOMPSON 7 4 HBC * 
GESSAflOLI T 7 HBC 
EVANGEL I S 81 OHEG 

) K* P.OMEGA P I 6 / T O 
) P I * P 1 2 / 7 5 
I P l -P .OMEGA P I 1 2 / 7 7 
! P I - P . 0 M 6 P I P 1 / B 2 » 

IVERAGE (ERROR INCLUDES SCALE FACTOR OF ] 

I S G H IOTH ( M E V ) 

HE AVERAGE ONLY THE 2 P I ANO KKBAR MOOES WMICt LVE LARGE S T A T I S T I C S 

1 2 4 0 . 1 . 3 0 . 1 
1 2 6 7 . 1 

1 6 2 . 0 
1 1 6 . 0 3 0 . 0 

1 2 0 6 . 0 1 
1 3 2 2 . 0 1 1 3 5 . 0 1 

GOLDBERG 65 HBC 
ARKENISE 6 8 OSC 
ARMENISE TO DBC 
BARTSCH 70 HBC < 
STUNTEBEC 7 0 HOBC 
MATTHEWS 7 1 OBC 
ENGLER 74 OBC 
GRAVER T * ASP". 
ESTABROOK T5 RVUE 

75 ASPK 

O 5 . 1 
0 9 P 

';?: i"-' 

0 6. 

2 4 6 . 

ANTIPOV 
BALTAY 
BECKER 
CORDEN 
EVANGELIS B l 

7 T C I B S 
7B HBC 
79 A S K 
7 9 DM EC 

MEG \l'"":'i,V" "'11. 
FROM P H A S E - S H I F T ANALYSIS 
ERROR TAKES ACCOUNT OF 5PP.EA0 OF DIFFERENT PHASE-SHlF 
USES SAME UATA . « HYAMS 75 AND BECKER 79 
F A D * A PHASE S H I F T SOLUTION CONTAINING A F PRIME M I D I 
TWO TIMES LARGER THIN THE K KBAR RESULT. 
WIDTH ERRORS ENLARGED BV US TO 4 * W 1 D T H / S Q R T I M . S E E K* 

I KBAR t : KBAF I MODE 

B P I * P.KKBARPI 

P 6 0 0 0 1 9 0 . 

ADERHCLI 6 9 HBC * 
SLUM 75 ASPK 
MARTIN 1 7 8 SPEC 
ALPER 8 0 CNTR 
COSTA 8 0 OMEG 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 5 1 

WEIGHTEO AVERAGE - 21 
ERROR SCALED BY 

?s HBC 0 5 
1A HBC 0 3 
73 HBC 0 . 3 
72 HBC 9 1 
70 HBC 2 0 
70 HBC 0 . 0 
60 

0 

HBC 6 . 9 
21 . 1 

(CONLEV 
=0 0 0 ? ) 

100 200 
WIDTH (MEV). PI 

ALPER 80 CNTR 1 9 
MARTIN 1 78 SPEC 0 1 

BLUM 75 ASPK 0 2 
ADERHOLZ 69 HBC 
EVANCELIS 61 OMEC 0 e 
BALTAY 7B HBC IC e 
ANT IPOV 7 7 CIBS 
GRAYER 7 4 ASF« c 6 
ENGLER 7 4 DSC > A 

MATTHEWS 7 1 DBC : 6 
SruNTEBEC 7 0 HDBC 
BARTSCH 70 MBC i 2 
ARMENISE 70 DBC 
ARMENISE 6B DBC 
GOLDBERG 65 HSC _2_ 

19 

7 

9 

4 0 0 5 0 0 =0 o ia 
3AR MOOES 

1 0 3 . 3 5 . BALTAY 6 8 HBC * 
BARTSCH TO HBC 

l i n o . o i BARTSCH TO HBC * 
BAATSI-H TO HBC * B P I * P . 2 RHD 
HOLMES T2 HBC * 1 / T 3 
CASON 7 3 HBC -

1 3 5 . 1 CASON 7 3 HBC - B . . 1 B . 5 P I - P 
KLIGER T4 HBC 

1 0 6 . THOMPSON 74 HBC * 
1 0 5 . 0 3 0 . 0 BALTAY TB HBC * 

1 1 3 . 1 EVANGEL! B l OHEG 
1 2 8 . 1 EVANGEL I B l OHEG 

( 1 8 4 . 1 EVANGEL I B l OHEG ' 12 P I - P . U P l l - P 3 / 8 2 * 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF I 

R HMD- RHCO MODE, NOT INDEPENDENT OF { B i t IC1 
H I A 2 I - P IO MODE. NDT INDEPENDENT OF I A 1 . IC ) 
» ( A 2 1 0 P T - MODE. NOT INDEPENDENT OF ( A ) . IB1 
" ( R I O * - RHOOI MODE 

BARNHAM TO HBC • 
TMDWSOW 7 * MBC ' 
GESSAKOLI 7 7 HBC 
EVANGELIS B l OMEG 

10 K* P,OMEGA P I 6 / 7 0 
13 P I * P 1 2 / 7 5 
11 P I - P , O M E G A P I 1 2 / 7 7 
12 " I - P . O M E P I P 1 / B 2 » 

AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 



Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
g(1690), 0(1850) 

HAL DECAY MROES 

N I O 4 P I I I N C L . P l O ' S l 
NTO K KBAR 

G INTO •. KBAR 
c I N T O P I P I R « O ( E X C L U D I N G r » " o t 4 
C INTO A? PI 
G INTO OMEGA P I 
G INTO 2 RHO 
G INTO PHI P | 
G INTO ETA P I 
C » - INTO i P I CHARGED AND I PIO 

1 3 9 

i;T. 7 82 
7 6 9 

1 3 9 
l i l t U 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

. 2 3 9 0 * - . QUI 

15. G BRANCHING PATIOS 

& I N 1 D ( ? P 1 I / 1 0 T A L ( P i t 
1 0 - 2 2 0 . 0 * MATIHEW5 I I HOBC 0 ' . P I » N . P I - P 

ia.it,-,> ( O . O 0 6 ) ESTABRUOK 15 RVUE 17 P l - P . P I n> I--J | 
0 . 2 5 9 O . O I B 0 . 0 1 9 BECKER T9 ASPK 0 17 P I - P POL A M * I 
0 . 2 3 0 . 0 2 CORDEN 79 OMEG U - l ' - P I - P . N ?P I ] 

T ANALYSIS OF HYAMS 75 DA IA 
IN etc*! 

. USEO IN 

7 9 A 
i ESTIMATION 

, 1NTQI2 P | l / I 4 P| I CHARGED ( P J I / I P l t l 

'•:•!" = «!! sis? »£•&!; - ; • • 

I INCLUDES SCALE FACTOR I 

GD i N i n u P I I 
0 . 3 0 

<4 P I I AL 
O . I O 

0 . 3 36 

G « - I ' l I O (K K. 
0 . I l l 

0 . 0 2 6 

A C t l / ( Z P l l 
0 . 0 4 0 

0 . 0 6 } 0 . 0 1 4 FROM F I T t f > 

• l y 'O ( * K6AR PII/I2PII 

30 ASPK 0 1 7 , | 8 P I - B POLAH I 

INCLUDES S C A L f PAtTOR HF 1 . 3 ) 

1 5 9 0 . 0 5 1 FROM F I T (ERROR (NCLUOES S C A L t FACTOR t!F I . C I 

• P 8 I / C 1 1 I Iflf'Hlr II IT;: 
0 . 9 1 0 . 1 2 IWERAGE (ERROR INCLUDES SCALE FACTOR (IF 1 .01 

/ ( P i l l 
. 1 5 1 BARTSC" 7 0 HBC 

6 6 1 0 . 5 6 1 KL IGER 7* HBC - 4 . 5 P I 
C 0 . I 3 I ( 0 . 0 9 ) THOMPSON 7 * HBC * 13 P I ' 

0 . 1 2 0 . 1 1 BALTAY 78 HBC * 15 P I * ' 
RHO «HD AND «2 P I MODES ARE I N D I S T I N G U I S H A B L E 

p e i / i P 5 » P 6 « t > a i 
- u P I - p 

INTO ( P I A J I / 1 4 P I I CHARGED ( P 6 I / I P I 1 I 
1 0 . 6 1 BALTAY 6B HBC • T . B . 5 P U P 
( 0 . 6 ) ( 0 . 1 5 1 BARTSCH 7 0 HBC * B. P| * P 

NOT SEEN CASDN 73 HBC 8 . . 1 H - 5 P l -
( 0 . 3 b ) ( 0 . 1 1 1 THOMPSON 7 1 HBC * 15 P I » P 

0 . 6 6 O.OB BALTAY 78 HBC * 15 P | » P . P At 
\0 RHO AND A2 P I MODES ARE I N D I S T I N G U I S H A B L E 

G t - INTO ( P I 0 « E G A I / ( 4 P I I CHANGED ( P 7 I / ( P I I 1 
3 . 2 5 O . I O BALTAY 68 HBC * T - 8 . 5 P I * P 5 / 6 8 
3 . 2 5 0 . 1 0 JOHNSYDN 6B HBC - 7 . 0 P I - P 6 / 6 8 
3 . 1 2 0 . 0 7 BALLAH 71 HBC - 1 6 . P I - P znz ( • . 0 9 ) OR LESS KLIGER 7 * HBC - 1 .5 P I - P . P 1 P I 1 2 / 7 5 
0 . 3 3 0 . 0 7 THDMP5DN 7*. HBC * 13 P I ' P 1 J / 7 S 

I D . I l l OR LESS C ; L - 0 . 9 S 

AVERAI 

BALTAY 7B HBC 

3E (ERROR INCLUDES 

* 15 P I * P , P 1 P I 

SCALE FACTO" OF I . 21 

1 / T B 

0 . 2 3 3 0 . D 5 0 

; L - 0 . 9 S 

AVERAI 

BALTAY 7B HBC 

3E (ERROR INCLUDES 

* 15 P I * P , P 1 P I 

SCALE FACTO" OF I . 21 

P I 0 I / I 1 P I I C M . 

G * - INTO IK K B A R ) / T O T A L | P A | 
3 . 0 1 3 0 . 0 0 1 HAS T I N 2 7f l SPEC - 1 0 P I P i K S K- P 
0 . 0 1 3 0 . 0 0 3 COSTA 8 0 OHEG 0 10 P I - P . K * K- h 

FROM S Q « M P 1 * P * l - O . O 5 6 t - 0 . 0 3 1 ASSUMING ( 2 P I I / T O T A L - P 1 - 0 . 2 4 

P I OMEGA* I 0 

\n\ HOLMES 72 PR D 6 3 1 3 6 
1 / 7 1 

73 LNC 7 0 1 
CAS ON T3 PB 0 
CASCN 73 NP B 64 14 
HYAMS 73 NP B 6 4 131 
ROBERT (J 73 P=t D 7 2 5 5 1 

OUBOVI 0 71 SjNP 
2 / 7 9 ENGLER 71 Pit D 0 2 0 7 3 

DEJT5CHM 65 ' 
FCPINO 6 5 c 
''.OLDBERG 65 " 

FRENCH 6 7 •. 

6 6 PL 2? 

' PL 2 1 B 3C9 
r NP 3 3 I S 1 -
I THESIS H 5 < 

::5t;rus.sr,', ,o;r" ,;;:c'SEi"jf... ,;a.™ 
f U l C H . W . S U O V E . M . Y U T A (PENNSYLVANIA ! 
" I S S I N G MASS SPECTROMETER GR*UJP l t ! » M 
MISS ING MASS SPECTROMETER GROUP ( C E R M 
H I S S I N G MASS S P F C I B Q M E K " GROUP ( C E « N ) 

YFTL ITSK 6 9 1JNP 

AR1ENISE 70 LNC 

CASO 

MAUSER 

" f t 7 1 ICB3 
fl 22 109 

LNC 3 107 
2 5 3 9 6 

THESIS N C . 5 B 
PL 3 J B 3-M 

PR 0 1 2 6 0 6 
B 30 213 

PL 35 B 6 1 0 

CER1 

*KFH0E*GLAS^EPt$£CHI - JJORN*kn tS 'CY I M A B Y L A N D I 
t F R E N C H * R I N S O N t S I K A I t . (CERN»L I V E " PDOL1 
t F 0 C » C C I » ^ ( E N I L E » L E C H A H D I N E < L f V O A T . I C E R h l 
L . U U b A l (GE ' IFVE) 
•K INSDNtMCODNALDtR IODIFCRD» I C F t N * B I " " l 

* F 0 R I N 0 4 C A R T A C C | t l 9 A R I « e G ' i A < F I R E N r E » 0 D S » * M 
• KJNG«YEHtFERBEL* ( C C L U » R X H « R U T G » Y A L E ) I « l 
' C A S r N . D Z I E R B A . G P O V E S . K E M J E Y , * (SDAHt 
BOESEBECx .aE l iTSCHMANN. . |AACHEN*BE<> l IN»CERM 
• C 0 N T E * C D 4 D S > D I A t « ( G £ h O V A . H A M B * M I L A » S A C L I 
' A A B S H O I . L A I . S C A R R . S ' l L t l C O R N ( I N I ) 
• PRENTICE .STEENBEPG.YrON (10R0*1T0*MISC) I J P 

t B A R T S C H , ^ l 6 « t H « e E P L - t C E S N » J A ( H « - 1 9 S ) 
• COLL I N S . B L I EDEN* I B N L ' C A R N l 
' S E L D V E t B I S M A S . C A S O N . t IPENN*N0AM*R0CH1 
*CONTf , B f N I . « | G f J l » t ) E S » » f A M B . M l L A » S A C L ) 
»GUZHAVIN,KL1GEP,HDLGANCV,LEEEDEVt I I T E P I 

• G » I D I N I , F C P | N 0 , C A R T A C C I . 4 IBAO | . B G t j « . F | H Z > 
» C D U E Y . J O B E S , K t NYLIN,P ATHBH ,R IDOIFOROf B I R « 1 
• M n A U S . T S A N ' ' S . C B Q T E . K O T ; A N » ( « A C H « B f f l L » C F R N ) 
• c a N I E , I 0 " A S I N I , C D « 0 S » ( C E N O * F A M 9 * » I L A » S A C L 1 
* i ) i B T O H , S ( J T A Y . L i C M T M / . N . M I t L E R . * I PURDUE > 
G.MAURER (STRASB1U0GI 
ST J N 1 ( BECK, KEN' IEY, DEEP Y . B I SWAS.CASnNKNDAMI 

> M I C < , (SLAC 

H O R I I D . C A R T A C C I , * (EAR l * 9 G a t l * F 10 ; ( 

• MASON, MJ IOHEAO.R IGOPOULOS. * ( L I V P ' P A T S ) 

•Y .KERNfP IPDCHl 

B U M 75 PI 5 
ESTASROt; 75 NP 
HYAH5 l-i NP B 1 0 0 205 
ItALELKAR 75 T H E S I S I N f V I S M 

ANTIPOV 77 HP f, 119 45 
GESSAROL 7 f HI- a 126 3B2 

BALTAY 7R PR 
FORI NO in NP B 139 1 1 3 
MAR I IK 1 FH "1 7 B 1 1 7 
MARTIN 2 f « NP H 110 15B 
MARTIN 3 IU ANP 1 1 1 1 

BECKER 79 N& B 151 1 6 
CDRDEN NP 157 7 5 0 
EVANGEL 1 IW NP e 1 5 1 3 8 1 

ALPER BO PI 9 * 
COSTA Hit N l ' 
G0RL1CH BU NP B 174 l b 

EVANGEL 1 fll NP B 178 197 

• F N G E L . E S C O U B E S . K U f l T - . L L O R E I . P A T Y . * I STRB) 
• 8 i S t f A 5 , 4 E * l N E Y , MADDEN,SANDEP, SHEPHARD( VDAM) 
t M A O D E t . B I SHOP, BISWAS,H EN-IE Y . » ( NDAWI 
* J O N E S , M E l L H A H M E R . B L U H . O t E T L . * ( C E R N » M P ( H I 
R 0 9 E R I S O N , H A L « E O , O A V I S ( D U K E ' H ! S C I 

O J B O V I K O H . M A T S r u K . N I L D V . S O K C t C V I I T E P I 
K R A E M E H . T 0 A F F , W F I S S E P , D I A 2 » (CARN«CASEI 
G . G R A Y f o , H Y A M S , B L U H , 0 1 E T l , * 11 E->N*MPIKI 
* 9 E « E T 0 V . J P F C H « D , G U i H A V I , « , D I J P C V I K O W < I I T E P I 
• C O O P E P . r i E L O S . R H I N E S . W K n M O R E . * ( A N L * 0 > F I 
• GAIDOS.MC ILHl,IVrHlLtEf>,MUl ' » » , . (PLfSP) 

• C ' t A B A U D i D I E T L . G & R C L I C K , G R A V E R * I C E R N * H E > ! K I J P 
P.E STABRDOKS, A . D . M A R T I N ( D U t t i l 
» J 0 N 6 S . H E I L H » M M E R . B L U » ' . D I E T L < ICERN»MPIMI 

i M .S .KALELKAR I C O L U I l ' I 

l l l l l l l l l l 
• SL 

L l S t A * ( B A R l . B O N N * C E R N * D A R E < 

0(1850) ( 1 8 5 0 . J P G ' I W O 

v SEEN I N THE K KBAR AND R KBAR P I MASS 
- ^ C I S T P I B U T I O N S . 

r NEEDS C O N F I R H A r i O l r i O N . OMITTED FROf T A B L E . 

5 1 P H I I I B 5 0 ) MASS I M E V I 

123 1 8 5 0 . 0 10.0 ALHARRAN S I OMEG 8 . 2 5 K - P . L A M JK 1 / 8 2 * 

54 P H K 18401 WIDTH (MEVI 

8 0 . O 4 0 . 0 3 0 . 0 ALHARRAN 81 OMEG 8 . 2 5 K - P . L A M 2K 1 / B J » 

54 P H M 1 8 5 0 I PARTIAL DECAY MODES 

DECAY MASSES 
1 9 3 * 4 9 3 
B q i * 1 9 3 

http://ia.it,-


Mesons 
0(1850), X(1850). S(1935) 

ISO 

Data Card Listings 
For notation, see key at front of Listings. 

* « l>Hit 1 9 5 0 1 I 

PHIIIBSOI INTO I 

ASTON 80 PL 9 2 B 2 1 9 

|X(1850)| „ XUBSO.JPG^* i i 
X. '"OH 

REFERENCES FDR PHI(ie501 
<60NN*CERN»EP0l»GlAS*LAM>MC»-S»ORSA*PARIS*l 

fSTEN SEEN I N V I »KPL1TU0E ANALYSIS OF THE K t K - S 
P INFO K* K>- M AT 10 G E V / C . 

NEEDS CONFIRMATION. OMITTED FROM TABLE. 

3H X U B 5 0 1 NASS (MEVI 

1 B 5 T . 0 3 5 . 0 2 4 . 0 CDSTA 8 0 OMEG 0 ID P 1 - I 

ERROR INCREASED BY SPREAD OF TKD SOLUTIONS. 

38 X U 8 5 0 I WIDTH tMEVI 

1 8 5 . 0 1 0 2 . 0 1 3 3 . 0 COST* 8 0 OHEG 0 10 P I - I 

ERRGP INCREASED BV SPREAD OF TMO SOLUTIONS. 

79 1 ( 1 8 5 0 1 PARTIAL DECAY NODES 

1 * t 18501 I N I O IC* K- * 9 3 * 1.93 

1 

38 X 

M 1 8 S 0 I INTO 1 i t * 

1 8 5 0 1 BRANCHING RATIOS 

K- l / T O T A L I P I 1 
1 SEEN COSTA 80 OMEG 0 10 P '""' - u 

REFERENCES FOR X I 1 8 5 0 ) 

OSTA 8 0 NP B 1T5 A02 * ( B A R I * B O N N > C E R M C L A 5 * L I V P * H ILA • H I E M 

'•*" • • • • * • * • • * * * * • » * * » • * • • • • • • • • * * • • • • * . . . . . . a . . * * * * * * * ... .... 
|5(1935)| „ Stl935.JPG' 1 

> 
A narrow enhancement called the S(1935) has 

been observed in the antiproton-proton total cross 
section {CARROLL 74, CHALOrjPKA 76, BRUCKNER 77, 
SAKAMOTO 79) . 

This observation is not confirmed by more re
cent experiments {ALLEN 80, KAHAE 80, JASTRZEMBSKI 
81, LOWEN5TEIN 81), or the effect is found to be 
smaller in magnitude and larger in width (HAMILTON 
80) . 

No significant signal is observed for a nar
row S(1935) in backward antiproton-proton elastic 
scattering (GARNJOST 79), nor in the charge-ex
change cross section (GARNJOST 75, CHALOUFKA 76, 
HAMILTON 80) . 

The first positive observations of the S{1935) 
in hadro-production experiments (DAUM 80) are not 
confirmed by more recent ones (DAUM 81). In view 
of this situation, the only observation which re
mains unchallenged is the one of RICHARD 79 in a 
photoproduction experiment. One should wait for 
confirmation before taking the S(1935) as a well-
established narrow resonance. 

31 S f SS I H E V I 

„ Ml . 2 5 - . 7 * PBAR P 
BENVENUT1 r i HBC (1 . 1 - . 8 PBAft P zm 
CARROLL i * CNTR S CHAN.PBAR P.D 1 2 / T S 

( . 1 0 - A N 0 I A U 75 HBC 0 . 1 7 5 - . 7 5 0 PSAS P 1 2 / 7 5 
( . 6 1 4 1 KALOGtRO T> DBC PBAR N ANNIH 1 2 / T 5 

CHIL3UPKI It, MBC (1 PBAR P TOT.ELAS 1 2 / 7 5 
BRUCKNER TT SPEC 0 . * - . B 5 PBAR P 7 / 7 7 
SAKAMOTO 1*4 HBC 0 . 3 T - . T 3 PB P 1 2 / 7 9 

. 0 ONEG GAH P . P PBAR X 1 / 8 2 
11 . 1 DEFOlK R0 HBC (1 PBAR P , 5 » I 1 / 8 0 

H M 1 9 3 9 . 0 7 . 0 HAM1LT02 HO CNTR 0 S CHAN.P9AR P 1 2 / T 9 

H 
PRODUCTION I S 

* 361 1 9 4 3 . 0 ) 

• V 

OAUM 8 0 CNTR 

RAGE (ERROR INCLUDES S 

0 

CA 

93 P P , PB P * X 

E FACTO* DF l . T l 

1 2 / 7 9 

H 
1 9 3 5 . J • V 

OAUM 8 0 CNTR 

RAGE (ERROR INCLUDES S 

0 

CA 

93 P P , PB P * X 

E FACTO* DF l . T l 
IDEOG AH BELOW 1 

FROM ENERGY DEPENDENCE OF 5P1 CROSS-SECT I O N . I G - 1 - FROM OBSERVATICN 
OF O^EGA RHD DECAY. P - t AND J > 1 . A2 P I P I ALSO * E E N . 
SEEN AS A BUMP I N THE PBAR P - KS K l CROSS SECT1CN WITH J P C - 1 — . 
NOT SEEN BY CARSON T2 W I T H EQJAL S T A T I S T I C S . 
FROM ENERGY DEPENDENCE OF FAR BACKWARD ELAST IC SCATTERING. 
SCME INDICAT1CN OF ADDITIONAL STRUCTURE. 
1*0 FAVORED,J 'O OR l . S E E N I N TOTAL PBAR P TOTAL Cf tCSS-SECTION. 
PRIhARLV FROM A N N I H . R E A C T I O N S . NOT SEEN I N PBAR D TOTAL AND 
A N N I " . CROSS S E C T I O N S . 
SEEN I N 1 CHARGED HOD£. NDT SEEN 8Y B0WEN 73 WITH 6 1 S T A T I S T I C S . 
NARRDH BU1P SEEN I N I O I I L PBAR P.O CROSS-SECT I O N S . I S O S P I N UNCERTAIN 
NOT SEEN I N PBAR P CEX BY GARNJOST 75.CHALDUPKA 7 6 . INTEGRATED 
CROSS-SECTION 3X LARGER THAN 8PUCKNE" 7 T . 
NOT SEEN BY ALBERI 7 9 WITH COMPARABLE S T A T I S T I C S . 

HTED AVERAGE - 1955 3 ± 
ERROR SCALED BY 1 7 

H A M U T Q 2 8 0 CNTR 3 * 
A S T O N 8 0 OMEC " 0 
C A f - A M O T O 7 9 HQC 0 0 
B R U C K N E R 7 7 SPEC i 5 
C H A L O U P K A 7 6 H8C 0 4 
C A R R O L L 7 4 CNTR 

",t 
7 
1 

~ ^ c . _ (CON F 

9 . R 
C . O I 

2 2 . 0 

IODJCMUN 

CLINE 70 HBC 0 
BENVENUTI 71 HBC . 1 - . 8 PBAR P J / 7 2 
CARROLL 1 2 / 7 5 
0 - ANDL AU 75 HBC 0 12/TS. 
1ALOGER0 75 OPC 1 2 / 7 5 
CHALOUPM 76 HBC n 1 Z / 7 5 
BRUCKNER 7 7 SPEC . • - . P S PBAR P 7 / 7 T 
SAKAMOTO 79 HBC 0 . 3 7 - . 7 3 OB P 1 2 / 7 9 
ASTON 60 CMEG GAM P ,P PBAR X 1 / 8 2 
OEFOIX BO "BC 0 P3AR P . 5 P I 1 / 8 0 
H A M R T 0 2 80 CNTR 0 S CHAN.P6AR P I J / 7 9 

EXPERIMENTS 

iNINCLESS (SCALE FACTOR • 

ES U-JD£R S MASS ABO'E 

CLINE 68 PPL 2 1 12t>B 

t U S s . TO PREPOINI 
K IEV CCNF. 

:;xr 71 P*L 2 7 2B3 
PRL 2 7 I 5 * B 

miTV 72 
72 

PR 0 6 160 
POL 2S 8 9 0 

iE. 73 
73 

PRL 3 0 3 3 2 
PR 0 8 12B6 
PR 0 7 3 5 2 0 

ZSSSu T* NC 20A * 6 3 
PRl 32 2AT 

REFERENCES FOR S I 1 9 3 5 1 

• E N G L 1 S H . R E E 0 E S . T E R R E L L , T W I T ' 

• E A R L E S . F A I S S L E P . 6 L I E D E N . * 
*C0N0DN,DONAHUE.NANDELKERN, t 
H . K I E H I L E 

(KtSCONSINl 

IUISC1J 

I N E A S » S T O M 
: . * t U C I ) 

ICERNI 



Data Card Listings 
Fornotation, see key at front of Listings. 

Mesons 
S(1935), (S(2030), h(2040), w(2050) 

;!s;::;; "\r, sis 

i PRL 3 * 

• BEAHER.BROSS.ElSENSTEIt . ,< 
» C 3 H E N - G A N 0 L I N A , L A L 0 U , ' I 
R.FRENCH. RAPPORTEURS t i l l 
A .DONNACHlE.P. f t .THOHAS 
•<ENNEY,POLLARD,ROSS. I I 
KALOGEROPOULOS. T2ANAK05 
HEINGARTEN.OKUBO 

U T Z . I 
I t L L * A N L » I S U I 

UNCHESTEKI 
( t e L t - M M c o i 

( S V R A I 
IROCH) 

ABASHIAN 
OEFOIK 
ODVER 
CHALOU»K 

RENHMFIR 
9HJC.NER 
MONTANE T 

76 STDC«-SVMP.NBAR- ' 
76 PL 6 2 B 293 
76 PL 6 1 B 4 8 7 

77 P I B 6 8 4B3 
77 PL ST B 2 2 2 
77 BOSTCN CGNF. 2 6 0 
77 P I 7 0 fl 255 

78 NP 9 132 1 7 6 

' 78 ' B 13' 

*WATSON,GELFAND,nUTTRAH,H U L » A N L * C H I C H S U > 
* » H D » 0 1 OF GUEVARA,ANGEL1N1, * ICDEF+OJSA) 

•KAHANA I R N L I 
CHALOUPKA. * ICERN+LIVPtMONStPADOtBOMAiTRSTt 

B E ' I K H E I R I . B O U C R O T , * tC£SN*CDEf »EPQL*LALO) 
* G R A 1 2 , |NGH*>4 t ><l l l A N , L r N E N * ( N P I H * H E I D * C E R N l 
L.MONTAVEI ICERNI 
6 . f - R O S S I . G . V E N E M A N O (CERNI 

A.A.CARTER lLOQrfl 
* < . 0 0 3 , G R A N N I S , G n E E N , L E l , P I I T l 
« .s . PENNIN^TON 

U S E R I 79 PL S3 B 247 
ALSTON-G 79 P * l fcl 1901 
CARROLL 79 DP 3 11 I S 5 ' 
DELCDURT 79 PL 8 tt> 395 
GIB9ARD 79 PPL 4 2 1513 
1LUYVER 71 ZPHY C 2 35 
RICHARD 7 1 RATAVlA CCNF. 4 6 1 F , RICHAPI 
SAKAMOTO 7 1 NP 9 158 4 1 0 *HASHIXOTO 

(CERNt 

* £ L V E A R , C A S l E I L I . P O R O P A T * I T R S T T F R N * 1FRJJ 
ALSTaN-GAHNJOST.HAMILTON* I I >\H MT»0»SNl 1 
* C H I A N G , K Y C I A , L ( , L ! T T E M B E P G , * (BNL*f lOCHl 
• O E R A O O . B E R T R A N D . B l S E L l O . B l 2 C T . 3 U n N , * ( L A L O I 
*AKRENS. BERKELMAN.CASSEL. DAY, HARD! > I G * ( C 0 R M 

LUYVER ( A M S I I 
(LALOI 

KOTO* I TORY I 

80 BRESSANONE 1 7 5 5T« EUROPEAN SYMPOSIU' CN !• NBAS I N T S . 

PAJH 
•JP B 16 2 12 

I B O N N * C E R N * E P O L * G L A S * L A M > H C I - . . * O R S A H 
•CARRDLL.E DEL S T E I N . * (BNL*CARN*FNAl*SMASJ 
* E T K 1 N . B E ' < S T N G E R . M B N I * E I < A N K . U N Y * 5 H A S » M A 5 A > 
*HEftT7BERGEfl*<AMST*CEP.N*CPAC*NPlM*0XFt<tHEL> 
t D O B R Z Y N S K W A N G E L I N I . B I G I . * I C D E F t P I S A l 
E S P I G A 1 . D E F 0 I X . 0 0 S R I Y N S X I * I C O E F + P I 5 A ) 
HAMILTON. PUN, T h I P P . L A Z A R U S . * IL9L*BNL*MrMD> 
H A M I L T O N , P U N . T R I P P . L A Z A R U S . * I L B L * 9 N L t M I H D 1 
* A I H A R A . C H I B A , F U J I I , I V ( * 5 A K I , 4 1 1 0 K V * H [ P C i 

• HERTZeE(tGER*<A«ST*CERN*CRAC*MOIH*OXF*RMELt 
* C E R R A D A . D E F 0 1 X . * ( T I F R * C E M N * C 0 E F * M A 0 R * P I S A ) 
J A S T R Z E M S S M , M * N D E L K E R N . * (TFMP*UCI*UNMJ 
L D W F N S T F I N . P E A S L E F i * IBNLtDOE»HSJ*SYRA| 

6(2030) I T DELTA1203O,JPG>> 

I«K"ES!F ?;;«;«. <*,„„ 
ANALYSIS Of THE I 

D E L T A ( 2 O 3 0 ) » 

ISIS: 3 I?:S 

FAVCRED . 1 
T TG THE Yl 
AMPLITUDE I 

BALD] 78 SPEC - 10 P I - P . P KS 
COPDEN 78 OHEG 0 15 t>\- P. 3 P 
CLELAND BO SPEC * - 50 P| P ,KS *.< 

IVFRAGE (ERROR INCLUDES SCALE FACTOR OF I 

8ALD1 ' 8 SPEC - 1 0 P I - P . P «S K-
CORDEN 78 OMEG 0 15 P I - P . 3 P I N 
CLELAND BO SPEC • - 50 P I P,KS K * - P 

WERAGE (ERROR INCLUDES SCALE FACTOR OF l . D I 

=RCM AN AMPLITUDE A 

17 O E L T A I 2 0 3 0 I BRANCHING RATIOS 

0 E L T A I 2 0 3 O ) I M O I K KBARI/TOTAL 

h(2040) 

0 0 2 0 3 0 . 3 0 , APEL 75 CNTR 
2 0 5 0 . 2 5 . BLUM 75 ASPK 
1 9 2 ? . 0 I t . a ANTIPOV 7 7 C IBS 
1 9 3 5 . 0 1 3 . 0 CO»0EN 71 CNtG 
I I B f l . O 7 . 0 

n o . o ) 
EVANGEL IS 
RDZANSKA 

79 ^«EG 
80 SPRK 

1 1 7 8 . 0 5 . 0 

FAC OR 

ALPFR 

= 3 . 0 1 

eo I M P 

AGE MEVMNGL S I (SCALE FAC OR 

ALPFR 

= 3 . 0 1 

1 - 0 . J P - 4 * FR - AMPLITUDE ANAI Y S I S A5SUMING ONE P 
X I D 1 H ERRORS ENLARGED " ' 0 4 * H I 0 T M / Q R T I M . S 

0 25 P I - " . " 3 » I 

- li •ii;i' 
IVERAGE X I A N l N t l l . F S ^ (SCALE 

" : ;S; i ' : : ;^: r,«zzsr, 

APEL 75 
SLU-" ft ASPK 
ANTIPI .V f . lBS 
caROE^ 
EVANGEL' It 
O02ANSHI BU bPRK 

1 2 P I 1 2 / 7 9 
K- N 1 2 / 7 1 

i H 1 2 ' 7 9 

PFCAY MODES 

16 H BRANCHING RATIOS 

» OMEG I 2 - 1 S P 1 - P . 

UAGNEP 

BLUH 

LONDfr; CCNF. 

REf-FRENCES FOR h ( 2 0 * O I 

BO SPEC » - 50 PI I 

( P 2 I 
7B OHEG 0 15 P I -

R E F E R E N C E S FOR OELTAI2O30) 

CLELAND 8 0 UOVA-OPNC/ I 

DEL FOSSE 81 NP B 183 3+ ' 

7 - L 0 1 * G L O 0 R , t A R T l N . N E F 

•DOPSAItEXTERMANh 

I P I T T » G E V A ( i . » U S I 

I L L . * IGEVA»LAUSI 

* • j t lPO 77 NP fl U S 45 tBUSNELLO.OAHGAARD.KIENrLE* ICFRN*SERPJ 

CDROEf 
EVANCEl 

79 NP fi 157 2 5 0 • O D W f L L . G A R V E " . J O B E S . » ( B ! R M « P h E L M E L A * L a w C l 
IB 1 * t B A R I * 3 0 S N * C E P N * D A R E * U . ^ S * L I V P * H I L A * M ] E M 

JP 

ALPER 80 PL 9 * 8 427 *HECKER.< ( A M S T f C E R N t C R A O H P I ^ O i c F ^ R H C l l 

GCTTES" 
ROIANSK 

A 61 PR 0 22 
A BO NP B 162 

150 3 GDTTESMAN. J 1 C 3 B S . 
S05 »BLUH.OIETL.GRAVE .l»,,s:"-"'r;js:^S! 

• • 
4 3 P I ( 2 0 S 0 , J P G - 3 » - l ! • ! 

F»Ei / IOUSLY CALLEO A * . 
NEEDS CONFIRMATION. C " [ T 1 E 0 _ „ n( 2050)j 4 3 P I ( 2 0 S 0 , J P G - 3 » - l ! • ! 

F»Ei / IOUSLY CALLEO A * . 
NEEDS CONFIRMATION. C " [ T 1 E 0 _ „ > 
4 3 P I ( 2 0 S 0 , J P G - 3 » - l ! • ! 

F»Ei / IOUSLY CALLEO A * . 
NEEDS CONFIRMATION. C " [ T 1 E 0 _ „ 
43 P I I 2 0 5 0 I MASS IMEV1 

M B 401 I 9 6 0 . ) 
SOB 2 0 8 0 . 

( 2 1 0 0 . 1 
1 2 2 K . I 

1 3 0 . 1 BASTIEN 
4 0 . KALEIKAR 

AP?ROK ANTIPQV 
1 1 5 . 1 BALTAY 

2 / 7 4 
1 2 / 7 5 
1 2 / 7 7 
1 2 / 7 7 

M B MARGINAL STA T I S T I C A L S I G N I F I C A N C E . 

4 3 P H 2 0 5 0 I M IDTH ( " E V I 

U B 4 0 1 2 0 0 . 1 
20B 3 4 0 . 

( 5 3 0 . 1 
( 3 5 5 . 1 

BASTIEt* 
8 0 . KALELKAR 

APPRO* . ANTIPOV 
( 2 1 . 1 BALTAY 77 HBC 0 1 5 P I - P . O E L * * 3 P I 

2 / 7 4 
1 2 / 7 5 
1 2 / 7 7 
1 2 / 7 7 

U B MARGINAL STA T I S T I C A L S I G N I F I C A N C E . 

43 P I I 2 0 5 0 I PAdTIA' . DECAY MODES 

P I 
P2 

P I ( 2 0 5 0 1 INTO 
P K 2 0 5 0 I I H O 

3 P I 
G PI 

DECAY MASSES 
1 3 9 * 1 3 9 * 1 3 9 

1 6 9 1 * 1 3 9 

1 P 1 ( 2 0 5 0 ) BRAVCHING RATIO 

R l 
» I I 2 0 5 0 » INTC 

DOMINANT 
I G P I l C f A L L 3 P I I 

KALELKAR 
| P 2 I / ( P 1 I 

75 HBC « 15 P 1 * P . P 3P1 1 2 / T 5 



Mesons D a t a C a r d Listings 
TT(2050), rr(2100), T AND U REGIONS, p(2150) Fornotation, see key at front ofListings. 

DEFERENCES FOR P K 2 0 S Q I 

HUSON 66 "L 3 9 B JOB ' L U B A T T I , B E L L I N I , B INGHAM, * IOHSA+MILA*LBL> 

8EMPGRA0 71 NP B 33 5S7 • O U F E V . C D U L I N G . * I C E R N * E T M * L O I C « M I L » l 

CLAY70H 72 NP B 4 T 6 1 *MAS0N>NJlRHEAD,RIG0POLILOSt* I L I V P * P A T f l l 

8A5T1EN T3 JPOSALA ccsr. 73 t D J N N . H A R R l S t L U B A T T I . B l N G H I M , * ' ( S E * T * U C B I 

OREN T * NP 8 7 1 5'* • COOPER.Fl ELDS,RHINES.HHtTMORE, + (ANL»QXF1 

DEUTSCWM 75 
75 

NP 8 9 9 
THE S I SI E V I S 2 0 7 ) 

DEUT5C»muH.* IABSCCHW COLLABORATION! 
M . S . K A L ^ I K A R ICOLU) II 77 

T7 

NP 9 111 45 
PRL 3 1 5 9 1 

THESIS NEVIS 221 

+ BUSt iELLO.D»MG»»*D ,K IENZLE* (CERNt-SERPI 
•CAUTIS .KALELKAR (COLUMBIAI 
C . V . C A U T I S /COLUMBIA! 

:AUTIS>CGHEN,CSORN*,K ( C 0 ' U » B 1 N G I 

TT(2100)1 1 1 2 1 0 0 . J P G - 2 — 1 t " l 

SEEN I N THE IRHO P I ) , ( E P S I L O N P l l AND (F P i t 
J » • 2 - WAVES OF THE OIFFRACTIVELY PRODUCED 3 P I 
SYSTEM. NEEDS CONF1RMATION. OMITTED FRCM TAPLE. 

20 P K 2 1 Q 0 I * ' S S IHEV1 

210D. I S O . DAUK B l CNTR ( •3 .9 ' . P I - 0 . 3 P I 

FROM 6 I WO RESONANCE F | T TD FOJR 2-Qt- WAVES. 

20 P M 2 1 0 Q 1 t- IDTM I M E V I 

6 5 1 . 5 0 . DAUH 8 1 CNTR 6 3 . 9 * P I - P . 3 P I 

FROM A TKO RESONANCE F I T TO FOUR 2 - D * HAVES. 

20 Plt2100) PARTIAL DEtAr MODES 

d l 21001 INTO 3P| 
P I ( 2 1001 INTO R»0 PI 
PK21001 INTO t PI 
P 1(2100) IMO E"S1L0N P| 

DECAY MASStS 
13*1» 1 3 9 * 139 
7 6 * 1 . 1 3 9 

1 2 7 3 * 1 3 9 
1300* 13" 

20 « M I 2 l O a t BRANCHING RATIOS 

1 1 2 1 0 0 1 INTO 
0 . 1 9 

I R K ) P 1 I / ( » L L 3 P I ) 
• . 0 5 D*U* 

1 ( 2 1 0 0 1 INTO 
0 . 3 6 

IF P M / U l L ?P1 1 
0 . 0 9 DAUM 

M 2 I O 0 I INTO 
0 . " . 5 

(FPS1LQN P I I / H U 3 P I I 
0 . D7 DAUM 

/ S PATIO FOB 
0 . 3 9 

PI 1 2 1 0 0 ) INTO F PI 
0 . 2 3 DAUM 

L FRO* A TWO RES' : F I T TO FOUR 2-C 

REFERENCES FOR P I I 2 I 0 O ) 

' 6 1S2 2 6 9 *HERTZBERGERHAHS7*CERN*CRAC*MP|M»0KF*HHELI 

Mote on T and u Regions 

The observation of broad enhancements at 2190 
and 2350 MeV comes from p~p total cross-section 
measurements (ABRAMS 67) , "pp annihilation meas
urements (ALSPECTOR 73), pp elastic cross-section 
measurements (COUPLAND 77), and pp charge-exchange 
cross-section measurements tCUTTS 78). The mass 
regions centered around 2190 MeV and 2350 MeV have 
been called T and u regions, respectively. 

Searches for resonances in exclusive pp anni
hilation channels which could be coupled to the 
enhancements observed in the pp total cross sec
tion and in pp elastic scattering have been un
successful, except for the two-body annihilation 

channels n IT" andTTDTT°, where partial-wave anal
yses have shown that resonances are formed in the 
2100-2500 MeV mass region (CARTER 77, DULUDE 78, 
MARTIN A 80, MARTIN B 80). He have listed the 
results on these analyses under the headings 

p(2250) for the 1*1, JP=3- wave; E{2300)/UQ(2300) 
for the I«0, JP-4+ wave? and p(235D)/U(2400) for 
the 1=1, JP«5- wave. 

Various structures coupled to "pp and observed 
in production experiments are listed under the 
heading NN(1400-3600). 

p(2150)l 
32 R H 0 I 2 1 5 0 . J P G M - + I • I 

T H I S E N T R Y H A S P R E - ' I O B S L Y C A L L E D T 1 I 2 I 9 0 ) . 
C O N T A I N S OHLV FIESUHS F R O M F O R M A T I O N E X P E R I M E N T S , F O R 
P R O D U C T I O N E X P E R I M E N T S S E E T H E N B A R N T 1 * 0 0 - 3 6 0 0 1 E N T R Y . 
S E E A L S O S . T . U " I N I - A E V I E M S . 
O I T T E D P R O M T A B L E . 

32 R K D I 3 1 5 0 I "ASS C E V I 

PBAR P INTO P I P I 

t> 1 2 1 0 0 . 0 ) APPRO* . MARTIN A 
P I 2 I T 0 . O ) -PPROX. MARTJN B 

6 0 PVUE 
8 0 RVUE 

P l - I , J P = I - FRC« S I W L U N F O W S AYALYSI5 Of P PB — > P I - P I * 

S CHAWEL NUCLEPN ANTINUCLEON 

2 1 9 0 . 1 0 . SBRAMS 
I 2 1 9 3 . 2 . ALSPECTOft 
I 2 1 5 5 . 0 1 5 . 0 CDLIPLAND 
1 ( 2 1 9 0 . 0 ) APPRO*. CHITS 

7 0 CNTR 
73 CNTR 
77 CNTR 
7B CNTR 

•> CH 
S C-> 

0 :£ 
AVEAAGf M£ANI«GLfSS (SCALE FACTOR > 1 . 0 ) 

SEEN AS BUMP IN I - l STATE. SEE ALSO COOPER 6 8 . 
PEASLEE 7 5 CCNFIRM P6AR P RESULTS OF A8RANS TO,NO NARRO 
FROM A F I T TC THE TOTAL ELASTIC CROSS S E C T I O N . 

1 IS0SP1NS 0 «%D I NOT SEPARATED 

> I N T Q t > | P I 

) ( 2 1 5 0 > MIOTH IMEVI 

I T I N 

L . j p « | - FRC" SI"ULTANEOUS ANALYSIS 01 

:>-ANNEL NUCLEON A'.TINUCLEON 

1 8 5 . ) APPRO*. 
9 3 . B. 

1 3 5 . 0 7 5 . 0 

; *EANINr,L?SS I SCALE FACTOR -

• P I * AND P I O P I O 

ABRAMS 70 CNTR S C H A N E L P9AR H 7 / 6 7 
ALSPECTOR 73 CNTR 5 CHANNEL P"AR P l/T> 
COUPLANO 77 CNTR 0 . T - 2 . * , O B ~ ! \ " B - P 1 2 / 7 7 

SEE NOTE B ABOVE. 
FROM A F I T TD THE TOTAL E L A S l i r CROSS SECTION 
ISOSRTNS o »^o t NOT SEPARATEE 

ABRAMS 6 7 ORL I S 1219 

C03PER 68 PRL 20 1C59 

8RICMAN 6 9 » l ! ' B 4 S I 

ABRAMS 70 PR 0 I H I T 

BACON 
F I E L D S 

71 

;: 
'IP B 32 
VRL 2 7 
BRL 2 6 »r 

DONALD 
72 
72 

NP B A5 
PL 4 0 9 11 

ALSPECTO 
BACON 
B E T T t N I 
0ONAL0 
NICHDLSO 

73 

i 
PR D 7 
*C I S A 
NP B 61 
PR 0 7 

511 

1 
BEftTANIA 
ttYAHS 

74 
74 

NC 2 3 » 
NP B 73 

2 0 9 

OONNACHI 
EISENHAN 
HANDLEA 
HUESMAN 
PFASLEE 

75 

I 
NC 2 6 A 
NP B 96 
NP B I 0 1 
NC 25 A 
PL 5 7 B 1 

REFERENCES FOR H H 0 ( 2 I S Q ) 

• t O D l . G I A C O M E l . L l . K v C I A , L E D N T I C , L I , * (BNL I 

*HY MAN, MANNER, MUSGRAVE.VOYVODIC ( A N D 

• F E R R Q - L U I I I . B I l A R n . * (CFRN*CAEN»SACl l 

* C 0 O L . G l A C 0 M E L L I , K r C I * , L E 0 N T 1 C . L I , » ( B N L t 

» e O T r E R I r t » 7 « . N l l l E « i PHELAN, • I » H £ L H 1 ¥ P ) 
• COOPER.RMINES,ALL ISDN I A N l * 0 K F ) 
* 8 A R I S H , C A R 0 L 1 . , L 0 B K D V 1 C I * IC 1T*BNL*R0CHI 

ALSPECTOR, C P H t N , C V U A K O V I C H . * <>UTG>UP*U) 
*BUTTERMORTM, ( R H E l ' L I V P I 
< C A K N J O S T r » I G I , » I P A D D * L B L * P | S A » T O R n 
* E D H A * D S , G t B B l N S . B R I A N D . 0 U B O C , « ( L I V P * L P N P ) 
NICKOLSON.DbLORME,CARROLL,• IC1T*RDCH*BNL) 

A.QONNACHIE.P.R.THOMAS IMANCHESTER! 
E I S E N K A N D L E R . G I B S O N , * ( L O 0 N * L IVP*DARE*RHEL) 
•JACOUES,JONES.PANOOULAS * (RUlG+STEt f tALBAl 
»GARNJOST<R0SS,» ( L B L * P A 0 0 » P I S » « T O R I l 
• -OEMARIO.GUERRIERO.* (CANB*8AR|*BRDM»MI T) 
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
p(2150), e(2150), p(2250). c(2300) 

CARTER I 77 PL 6 7 B I 
CARTER 2 77 PL 6 7 8 1 
CARTER 3 77 NP B 127 
COUPLAND TT PL 71 S < 

MONTANET 

CARTER 

77 BD5TCN CONF, 

7ft NP H 132 171 
T8 NP B 1*1 461 
7 6 PR D 17 16 

7 9 P I 3 6 B 9 3 

MSU) 

+CDUPLAND.EI5ENHANOLEI I .ASTBURY,MLOQH*KKEL) 
A.A.CARTER (LOQHI 
* C 0 U P l A N D . A T M N S 0 N , A R N I 5 O N * ( L O 0 M * 0 A R 6 « * K E L > 
4E1 5ENHANOLER.GIBSON. A S T 6 U R Y . * ILOQM**HEL) 
H . D . J O N E S . I t . J . P L ANO ( R U T G I 
l .MONTANET (CERN) 

A.A.CARTER 
A.A.CARTER 
f G O O O . G R A N N I S . G R E E N . L E E . P I M * 

A . O . M A R T I N . M . R . PENNINGTON 

JHSTON*"™! 

€(2150) 42 E P 5 I L O N I 2 1 S D . J P G - 2 * * ! 1 - 0 

T H I S ENTRY WAS PREVIOUSLY CALLED T O I 2 1 5 0 ) . 
CONTAINS ONLY RESULTS FROM FORMATION EXPERIMENTS. FDR 
PRODUCTION EXPERIMENTS SEE THf NBA* N I I W 0 - 3 6 0 D 1 f N T R V . 
SEE ALSO S . T . U H I N ! - * E V ! E U S . 
OMITTEO TRDM TABLE. 

E P S I L O K I 2 I 5 0 ) MASS IMEV) 

»BAR P INTO PI PI 

( 2 1 5 0 . 0 ) APPROX. 
I 2 1 5 0 . 0 ) APPROX. 
1 2 1 7 0 . 0 ) APPROX. 

DULU0E2 7 8 05PK 
MARTIN A BO RVUE 
MARTIN B SO RVUE 

P I O P I O I 2 / 7 B 

. 0 1 APPROX. 

4INGLES5 ISCALE FACTOR 

ALSPECTOP 73 CNTI 
COUPLAND 7 7 CNTR 0 . 7 ' 
CUTTS T8 CN 

CHANNEL * 
2 . 4 P B - P , 
- 3 . PB t 

4 2 E P S I L O N 1 2 1 5 0 I WIDTH (MFV) 

1 2 5 0 . 0 1 APPROX. 
( ? s a . o ) A P P R O X . 
( 2 5 3 . 0 ) APPROX. E» TB 

80 

OSPt 1 
PVUE 
RVUE 

. - Z . P B P 

I G - 0 » , J t > - 2 » FROh PARTIAL HAVE 
I - O . J P - 2 * FRC" SIMULTANEOUS A £Z\YV, p N 

L Y S I S 
B — > P I -P . . .;,. 

S ChANNEL P B * n P OR NBAR H 

I S . B. 
1 3 5 . 0 T 5 . 0 

• 1 . 0 1 

7 T 
CNTR S 
CNTR 0 . ,£5K 

AGE MEANINGLESS ISCALE FACTOR • 1 . 0 1 

7 T 
CNTR S 
CNTR 0 . 

P I O P I O 1 2 / T B 

REFERENCES FOR E P S t L O N I 2 1 5 0 I 

+GALLETLY,E0WAR05,OE I 

ALSPECTO T3 »L 3 0 5 1 1 
BACON 73 PR 0 7 57T 
UDNALD 73 NP B 61 333 
N1CH0LS0 7 3 PR 0 7 2572 

CJTTS T8 PR 0 IT 16 
DUIU0E1 T8 PL 7 9 B 329 
0ULU0E2 78 PL 7 9 B 335 

BCtiCOC* 8 0 LNC 2 8 21 
MARTIN A 8 0 NP B 164 2 1 6 
MARTIN B 8 0 N ° B 176 3 5 5 

( L I V P ' L P N P ) 

A L S ' E C T J R . C O H E N , C V I J A N O V I C H , * tRUTG+UPNJ) 
•BUTTERMORTH. I R H E L ' L I V P ) 
*EDHAHDS.G1BB1NS.BRIAND>0UB0C. * ( L I V P * L P N P ) 
NICHOLSON,OELORHE,CARROLL.* (C |Tt-ROCH*BNL) 

• J £ ANNERET,BOGDANS*I . 

*E15ENHAN0LEA.GIBSON, 

• !NEUC*LAUS»I . !VP*LPNP1 

A S T 8 U R V . * (LOQM.RMEL) 

*GODO. G f l A N N I S , G R E E N , L E E . P M T e A N * ( S r O N * W I S C ) 
•LAN0U.MASS1M0.PEASLEE* I B R 0 H + N I T » B 4 R I ) 
*LANOO.HASSIMO,PEASLEE* (BROW*MIT*BARI ) 

J.E.BGWCOCK.O.C.HODGSON (B1RH1 
A . D . M A R T I N . M . R . PENNINGTON (DURH1 
6 . R . M I R T IN,0 .MORGAN ( L O U O R H E L ) 

|p(2260) 44 R M C I 2 2 S O . J » G - 3 - * l 1 -1 

CCNTAINS ONLY RESULTS FROM FORMATION EXPERIMENTS. FOR 
FROOUCTION EXPERIMENTS SEE THE NBAR HI 1 * 0 0 - 3 6 0 0 1 ENTRY. 
<EE ALSO S . T . U H I N I - R F . 1 >.WS. 
C" ITTEO FROM TABLE. 

44 R H 0 I 2 2 5 0 ) HASS I M E V I 

P P INTO P I P I OR « KB 

m o . 0 1 APPRO". 
2 1 + 0 . 0 1 APPROX, 
2 3 0 0 . 0 1 APPRO* . 
2 2 5 0 . 0 1 APPROX. 

CARTER 1 
CARTER 2 
MARTIN A 
MARTIN B 

T7 CNTR 
78 CNTR 
BO PVUE 
8 0 RVUE 

. 7 - 2 . 4PB 
. 7 - 2 . 4 P B 

1 2 / 7 7 
1 2 / 7 8 

1 / 8 2 * 
1 / 8 2 * 

I « 1 . J P * 3 - FRC" AMPLITUDE A N A L Y S I S . 
1 - 0 , 1 . J P - 3 - FROM BARRELEI l E R O ' S ANALYSIS . 
I » 1 . J P « 3 - FRCM SIMULTANEOUS ANALYSIS 0 « P PB •— > P | -

S CHANNEL NUCLEON ANTINUCLEON 

1 * ANO P I O P I T 

ABRA»S TO CNIR S CHANNEL P1AR * 
ALSPECTOR 73 CfcTfi 5 CMRWtf l "9»C * 
CDUPLANO T7 CNTR 0 . 7 - 2 . 4 P 3 - P . P B - P 
CWTTS 78 CNTR . 0 7 - 3 . PB P .N3 i 

AVERAGE MEANINGLESS I SI 

SEEN AS BUMP I N I - l STATE. SEE ALSO COOPER 61 
PEASLEE 7 5 CCNFIRH PBAH P RESULTS OF 
FROM A F I T TC THE TOTAL ELASTIC CROSS SECTION, 
ISOSPINS 0 ANO 1 NOT SEPARATED 

TO.NO NARHOM STRUCTURE 

R P NTO 

4+ R H 0 I 2 2 5 0 I 

P I P I OR K KB 

MID 1 IMEV) 

1200 
1150 
I2Q0 
1250 

0 , 

s: 
APPROX, 

t - l . J P - 3 - FRC" AMPLITUDE A N A L Y S I S . 
1 - 0 . 1 . J P - 3 - FROM BARRELET ZERO'S A N A L Y S I S , 
I - l . J P - 3 - FRC" SIMULTANEOUS ANALYSI5 OF P 0 

S CHANNEL NUCLEON ANHNUCLEON 

• AND P I O P IO 

= I 1 3 5 . 0 75 

AVERAGE MEANINGLESS SCALE FACTOR • 

?SMi , i£"r jrs.Bs:; c ' ••""" 

ABHAMS 6 7 PRL IB 1ZC9 

COOPER 6B PRL 2 0 U S ' ) 

A6RAMS 7 0 P» 0 I I S 17 

F IELDS ;i PRL 2 7 '.Ji.q 

ALSPECTO 
B E T T I N I 
OONNACHt 
NICHOLSO 

73 

H 
PRL 3 0 5 1 1 
NC 15 1 S&3 
LNC 7 2B5 
PP 0 T J5T2 

BERT MI A 7 * NC 23A 2 0 1 

IEMANY 7 6 NP S 103 S3 

REFERENCES FOR R « 0 I 2 2 5 0 1 

• C O O L . G I A C O M F L L I . ' l Y C U , L c O N T I C . l I . ' 

tHYMAN.HANNEH.MUSGRAVF.VnYVDDIC 

* C 0 0 L . G ! A C O M F L l l , ' C Y C ! A , L ( a ' l T I C , L l . < 

. 1 1 SO-. 
•LOBKt IIK2< 

CARTER 1 TT PL 6 7 B 117 
C * « T £ « 2 7 7 PL 6 7 B 122 
CAR7ER 3 TT NP B 127 2 0 2 
COJPLANO 77 PL T I B 4 6 0 
HDNTANET 77 BOSTON t C N F . 2 6 0 

CARTER I 78 NP B 132 176 
CARTER 2 78 NP 8 141 4 6 7 
C U T I S 78 PR 0 17 16 

ALSPECTOR,COHEN , C V t J » f , O V I C « . - < 
• C A R N J O S T . B I S I . ' (PADO*L 
A . D O N N A C H i e . P . O . I M r i M A ^ 
NICHOLSON,DEL ORMF, CARP CI I . * I 

t B I G I . C A S A L I . l A R I C C I A , . ( P I 

• MING Mr H O U N U , SMITH 

IHANOLEP, 

MSUl 

ASTBUBV,« IL03M»BHEL1 
i . A . C A R T t f I10Q1I 

»CDUPLANa ,«T l i lNSON,Af iN ISON* IL [ )a , ' *OARE*RHEL I 
tE ISENHANOLER^GIRSON.ASTUURY. t I L O 0 H » R H F L I 
L.MONTANET ICERN1 

A . A . C A R T E " 
A.A.CARTER 
••GOOD, GRANN I S . GR FE 

ILOOMt 

TT><AN>I^T0N.M1S( 

, R . PENNINGTON 

, P . P E V J l U f . t P N 
ILOUC*RHEL> 

t(2300) E P S : I L O N < 2 3 0 0 . J P G ° 4 

;̂liil:F^^^»-' 

PBAR NTO P I 

EPS1LONC2300I 

PI PR KB •, 

1 2 3 1 0 , 0 ) APPROX. 
1 2 3 4 0 . 0 ) APPROX. 
< 2 * 3 0 . 0 ) APPROX. 
( 2 3 0 0 . 0 1 1PF-R0X. 
( 2 3 0 0 . 0 ) APPRO* . L R T I N B 90 RVUE 

: RE: S S ! : ? ; ' , ; ^ ; ^ P 

S CHANNEL PB»[ 

2375. 
12351.) 
12345) I 
(2330.01 AC 

ALSPECTDR 
CDUPLANO 
CUTTS 

P I - P H A<VO p(a P IO 

i CHANNEL » 
5 CHANNEL 1 
. 7 - 2 . 4 P B - P , 

r TO THE TOTAL ELASTIC CROSS SECTIC 
ISOSPINS 0 ANO 1 NOT SEP! 



Mesons 
£(2300). p(2350), <5(2450), e V ( 1100-2200) 
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Data Card Listings 
For notation, see key at front of Listings. 

E P S I L O N ( 2 3 0 0 I 

' I OR KB K 

WIDTH I M E V I 

E?.iiiE ! ™ 
S C M W L PBAR P OR Wt.fi. H 

1 1 9 0 . 1 APPRDX. 
1 1 6 5 . 1 ( i e . l 
J I 3 S . 0 I 1 1 5 0 . 0 1 

ABRAMS TO CNTR S CHANNEL • 
ALSPEC70R T3 CNTR S CHANNEL 1 
COUPLAND 77 CNTH 0 . T - 2 . 4 P B - P , 

B R ! C « N 6 9 PL 2 9 9 4 5 1 

. B « . » S 70 « « D 1 1S1T 

JS"'' 71 
T l 

DHL 2 7 1749 
PRL 2 6 1 2 2 

E M T M . N 72 NP B 51 2 9 

~ 
73 
73 
T3 

PRL 3 0 5 1 1 
LNC 7 2 8 5 
PR O 7 2 5 7 2 

77 PL 6 7 B 117 
77 PL 6 7 B 122 
77 NP 6 1 2 7 2 0 2 

I 77 PL 7 1 B 4 6 0 
77 80STCN C O N f . ; 

n; 
MARTIN 

BCWCOCK 
MARTIN A 
MARTIN 6 

78 PL 7 9 B 329 
7B PL T9 B 335 

79 PL 6 6 B S3 

B0 INC 2 8 2 1 
SO NP 8 1 6 9 2 1 6 
BO HP B 1 7 6 355 

REFERENCES FOR E P S I L O N I 2 3 0 0 ) 

» F E R R 0 - L U 2 I 1 . B 1 Z A R D . * I CERN*C AEN'SACLI 

• C 0 D L , G l A C 0 M r I . K Y C 1 A . L E D N M C . L 1 , * t B U L I 

> E R . R H I N E S . A L L I S O N 
ISK.CAAOLL.LC3KOV1C2* ( C ] H 

• H I X S HA,OH,PARKER,SH1TH.SPRAFK* I M 5 U I 

ALSPECTOR.COHEN.CV1JAUOVICH, • (RUTG»UPNJ1 
A .DONNACHIE .P .R .THOMAS (MANCHESTER! 
NICHOLSON.OELORME,CARROLL.* I C I T * R O C H * B N L I 

*C3UPl .AND,E ISENHANDLER,A5TBURV, * (L0QM*RMELI 
A .A .CARTER ILQONI 
•CDUPL4ND.ATKINSON.ARNISON*(LCQW*OARE*RHELI 
* F I S E N H A H D L E R . G 1 B S 0 N . A S T B U R Y , * (LOQH*RHELI 
L.MONTANET ICERN) 

tf.A.CARTEP ttOQHi 
A.A.CARTER (LOOM) 
• GOOD,GRANNI5 ,GREEN,LEE ,P I r T M & N * I S T L ; * i m l S C I 
• LAN9JJ.MASSIHD.PEASLEE* I B R O H ' M m B A R I ) 
• L A N D U . M t S S I M Q . P E A S L E E * I B R Q W * H I T * 9 A i m 

U R 1 1 N , INlhGTON 

iisi^ESr™0™" 

p(2350)| 13 RH0(2350.JPG*5-O 1 = 1 

T H I S ENTRY HAS PREVIOUSLY CALLEO U t ( 2 4 D 0 t . 
CCN7AJN5 ONLY RESULTS FROM FORMATION EXPERIMENTS. 
PRODUCTION EXPERIMENTS SEE THE NBAR N I 1 4 0 0 - 3 6 0 0 I 
SEE ALSO S , T , U N I N I - R E V I E H 5 . 
C I T 1 E D FROM TABLE. 

— 
3 1 P H 0 I 2 3 5 O 1 MASS IMEW1 

R P INTO P I P I OR KB K 
2 * 8 0 . 0 1 APPROX. 
2 5 0 9 . 0 1 APPRO* . 
2 2 5 0 . 0 1 APPROX. 
2 3 0 0 . 0 ) APPROX. 

CARTER 1 
CARTER 2 
MARTIN A 
MARTIN e 

T7 CNTR 
7 8 C N I R 
BO RVUE 
BO RVUE 

0 
0 

. T - 2 . 4 P B P . P I P I 

. 7 - 2 . 4 P B P . X - K * 
1 2 / 7 7 
1 2 / 7 8 

1 / 8 2 
1 / 8 2 

l - l . J P - 5 - FROM_, "PL1TU0E A N A L Y S I S . 
BARRELET ZERO'S ANALYSIS . 

!«ULTANEDUS ANALYSIS OF P PB — > • I - P | * AND P | 0 P I D 

. tON ANTINUCLEON 

2 3 5 0 . 
1 2 3 6 0 . 0 1 
I 2 3 5 9 . I 
( 2 3 4 5 . 0 1 
( 2 3 H O . O I 'PROX. 

ABRAMS TO CNTR S CHANNEL NBAR N 1 / 7 3 
OH TO HOBC - 0 P B A X ( P , N ) , K * K 2 P I J / T 3 
ALSPtCTOR 7 3 CKTR S CHANNEL P'BAR P I / T 4 
COUPLAND 7 7 CNTR 0 . 7 - 2 . 4 P B - P . P 6 - P 1 2 / 7 7 
CUTTS 7 8 C N « . 9 7 - 3 . PB P,NB N 1 2 / T 8 

FOR 1 - 1 NBAR H 
FROM A F I T TC THE TOTAL ELASTIC CROSS S E C T I O N . 
ISOSP1NS 0 ANO 1 NOT SEPARATED 
NO EV10ENCE FOR THIS BUMP SEEN I N THE PBAR P DATA CF CHI 
NARROU STATE NOT CONFIRMED BY 01- 73 WITH MORE DATA. 

3 3 R H D ( 2 3 S 0 I W I D T 1 

IAR P INTO P I P I OR KB * 
( 2 1 3 . 0 1 APPROX. 
( I S O . 0 1 APPROX. 
( 3 0 0 . 0 1 APPROX. 
1 2 5 0 . 0 1 APPRQX. 

CARTER 1 TT CNTR 
CARTER 2 T8 CNTR 
MARTIN A 8 0 RVUE 
MARTIN B bO RVUE 

1 2 / T T 
1 2 / 7 8 

1 / J 2 * 

t'lrJP-S- FXCH **P117U0£ A N A L Y S I S . 
l - O . l . J P - 5 - FROM BARRELET ZERO'S A N A L Y S I S . 
I - 1 . J P - S - FRCP SIMULTANEOUS ANALYSIS OF P PB — > P I - P I . AND P IO P IO 

S CHANNEL NUCLEON ANTItlUCLEON 

( 1 4 0 . 1 APPROX. ABRAMS 6 7 CNTR 5 CHANNEL PBAR N 1 / 7 3 
1 6 0 . 0 1 CH LESS OH 70 HOBC - O P B A R I P . N 1 , K * K 2 P I 1 1 / 7 1 

( 1 6 5 . t ( 1 8 . 1 ( 8 . 1 ALSPECTQR 73 CNTR S CHANNEL PBAR P 1 / 7 4 
( 1 3 5 . 0 1 ( 1 5 0 . 0 1 ( 6 5 . 0 1 COUPLANO 7 7 CNTR 0 . T ~ 2 . 4 P B - P . P B - P 1 2 / 7 7 

FROM A F I T TO THE TOTAL ELASTIC CROSS S E C T I O N . 
[SOS" INS 0 AND 1 NOT SEPARATED 
NO EVIOENCE FOR T H I S BUHP SEEN I N THE PBAR P CATA OF 
NARROW STATE NDT CONFIRMED BY OH 73 K I T H MORE OATA. 

6 7 P»L I B 120"; 

70 PRL 24 1257 

71 PR 04 1275 
71 PRL 2 7 1749 
71 PPL 26 9 2 2 

REFERENCES FOR R H 0 I 2 3 5 0 1 

t C O O L . G I A C O M E L L I i K T X I A . L E G N T I C . I 

• G R E E N . L V S . M U R P H Y , R I N G . * 
* C O 0 P E R , R H I N E S . A L L I S D N 
• B A R I S M . C R R 0 L L . L 0 B K 0 V 1 C I * 

CARTER 2 
CARTER 3 
C I W » U « I 
MONTANE T 

CAHTER 1 1 
CARTER 2 1 
CUTTS 1 

77 PL 6 7 B 122 
77 NP B 127 2 0 2 
TT PL T I B 4 6 0 
77 BOSTCN CONF. 260 

< B 132 1T6 
• B 1*1 4 6 7 
I D 17 16 

MBKS» 

HisssSSa^ iii 

•CauPLAND.E ISENHANOLER.ASTBURV.+ ILOOMtRHELI 
A.A.CARTER ( L 0 3 » l 
+C3UPLAND.ATKINSON.ARNISON* ILOQH»DARE*RHELI 
• E I S E K W A W L E R . G I B S O N . AS T B t f R * . * i t CO"* « * £ ( . * 
L.MONTANET (CfcRNl 

A .A .CARTEP 
A . A . C A R T E ' 
* G D D D . G R A N N I 5 . ' 

A . D . M A R T I N . M . ' 

J . E . B O W C O t K . D . ' 

(LOOM) 

L E E . P I T Y M A N M 

ININGTON 

(5(2450) 24 D E L T A U 4 S , J P G > 6 ' I 1 * 1 

- > m%?.\ 
24 0 E L T A I 2 4 5 0 I " iSS ( « • ' 

C 2 * 5 0 . 2 0 . CIELAND 80 SPEC * - 50 PI P .KS * * - F 

C FRCM AN AMPLITUDE ANALYST 

24 DELTA(2fc--01 MIDTH IMEV1 

C 3 2 0 . 4 0 . CLELANO 80 SPEC * - SO P I » . « ' < * - P 

C FROM AN AMPLITUDE *•• . I S 

>4S0i PARTIAL DECAY MOOES 

> l 0 E L T A 1 2 4 S 0 I INTO K i p A P 
DECAY "ASSES 

REFERENCES FDR 0 E L T A ( < - 5 0 1 

CLE LAWO 8 0 U 5 V A - 0 P N C / O T - 1 O 1 * G L O 0 R . M A R T I N . N E F . * I P 1 T T » G E V A * L « U S I 

| eV( 1100-2200) | 7 E* E-U1O0-220C 

THIS 

J P G - l -

S ENTRY CONTAINS NON-STRANGE 
SECTOR MESONS COUPLED TO E* E - I P H O T D N I 
BETWEEN PHI AND J / P S 1 MASS REGION. 
SEE ALSO RHO P R I M E I 1 2 5 0 ) AND RHO 
P R t « < I 6 0 0 l " I N I - R f V I E H . 
SEE ALSO PHI P H I N E I 1 6 7 0 1 
OMITTED FROM TABLE. 

7 E * E - t l l O O - 2 2 0 0 ) MASSES AND WIDTHS (MEVI 

M 
1 I - J 7 . 0 1 

• 1 . 0 1 
1 1 6 . 0 1 
1 2 4 . 0 1 

1 1 9 . 0 1 BARTALUCC 
( 2 D . 0 1 BIRTALUCC 

7 9 CSPK 7 GAM P , E * E - p 
7 9 OSPK 7 GAM P . E * E- P 

1 2 / 1 9 
1 2 / 7 9 

£ 1 B 3 0 . 0 ) 
( 1 2 0 . 0 1 

APPROX. PETERSON 
PETERSON 

7 8 SPEC GAM P . K * X - p 
78 SPEC GAM P .K* K- P 

M C 
W C 

( 2 1 3 0 . 1 
( 3 0 . 1 

APPROX. 
APPROX. 

E S P 0 S I T 1 
E S P 0 S I T 1 

7 8 MEA E » E - . K * I S 9 2 1 * „ 
7 8 MEA E » E - , K * ( B 9 2 ) * . . 

1 2 / 7 8 
1 2 / 7 6 

M A I I B 2 0 . 1 
( 3 0 . 1 

APPROX. 
APPROX. 

S P I N E T T I 
S P I N E T T I 

79 PVUE E * E - . 4 P I * - 2GAM 
79 RVUE E * E - . 4 P I + - 2GAH 

1 / B 2 
1 / 1 2 . 

C 
INfESAATEO 
NOT SEEN BY 

C r 0 S S - 5 E C T i O M OF B A R B I E U I N I 
CELCOURT 7 9 . 

7 7 , B A C C I 7 7 , E S P 0 5 I T O 7 7 . 

REFERENCES FOR E* E - l 1 1 0 0 - 2 2 0 0 1 

c i t C I 75 PL 5 8 8 4B1 * B I D O L I , P E N S D , S T E L L A . B A L D 1 N 1 . * (RDMAtFRASI 

BACCI 76 PL 6 4 B 356 » B 1 0 0 L I , P E N S O < S T E I . L A , B A L D t N I , * •- HA»FR«S) 

BAR8IELL 77 PL B 68 3 9 7 
8ARTALUC 77 NC A 39 3 7 4 
ESP0S1T0 7T PL 8 6 8 3 8 9 

* 0 E Z D R I t , P E N S O i S T E L L A , B A L 0 I N I t * ( R D M A » F R A S I 
fiA«BtGLLlNt.BARL^TTA.*IFRAS*NAPt**ISA«-S>Nll 
8ARTALUCCI BEATOLUCCI .BKAOASCHIA(OESV*FI |AS) 
* F E L I C E 7 T l , M A N I N I i * (FRAS*NAPL*PADO*RrjMAl 

http://Wt.fi
http://T~2.4PB-P.PB-P


Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
e V ( 1100-2200), NN(1400-3600) 

AMBROSIO T6 »L BO a 1*1 
BALDtNl T8 PL 7 8 B 167 
E S P O S I T I 7 6 LNt 2 2 395 
E S P 0 S I T 2 7 8 LNC 2 3 6C4 
PETERSON 76 PS 0 18 1 9 5 5 

B M t * U C 7 9 NC 4 9 * 207 
DEtCOURT 7 * BtTiVU C 0 N f . 4 9 » 
E S P O S 1 I 0 7 9 LNC 2 5 5 
S P I N E T ! I T * B4TAV1A C O N F . 5 0 6 

*CF .Rf tUO > BEMP0f tA0 ,BJ0SCO,« ( M P L » P I 5 l * R O < U I 
* B A T T I S T O N [ . C A P n N f B A C C l i D E Z 0 8 K I * ( f f t R S * R O M A l 
E S P 0 5 I T O . F E L I C E T T I * I FRA5»NAPl»f 'A00*ROMAl 
E S P O S U O . F E L I C E T T I * tFRAS'NAPLtPRDOtROMAl 
* D I ( O N . E H R L I C M . G A L I K . LARSON* 1C0AN»HA«VI 

BARTALUCCI . B A S I N I . B E R T O L U C C M IOESv»FRASI 
*BtftrK»W.BtSfll.O,8t !OT ,euaH,CO*Otf*+(l*LQI 
• M A R I N l . P A l l O T T A * IFRAS«UMIHPA00*ROMAt 
H . S P I N E T T I I F R A S I 

• B A L O I N I . B A T T I S T O N I . C A P C N . O E 1 D R 1 1 * I F R A S I 

NN( 1400-3600)] 5 1 NBAR K :i40O-3t 

7 H I S ENTRY CONTAINS VARICUS HIGH 
> H IGH MASS. NDN-STRANGE STRUCTURES 

r COUPLED TO THE BURYON-ANT I B A » * 0 N 
SYSTEM AS WEIL AS QUASI-NUCLEAR 
BOUND STATES BELOW THRESWOL0. 

SEE AISO S . r . U DATA CARD L I S T I N G S AND < t l N I S E V 1 E U 5 . 
EVIDENCE FOR STRUCTURES COUPLED TC THE AMTI-HYPERON 
HUC LEON IDR C . C . I SVSTEH I S U 5 T E C UNDER « • ( 2 2 0 0 1 . 
EMITTED FROM TABLE. 

\ N I 1 4 D 0 - 3 6 0 0 1 KASSES A ID WIDTHS I M E V l 

( 1 3 9 5 . t 

( 1 6 4 6 . I 

( 1 6 9 * . I 

PAVLOPDUu 78 CNTR 

PAVlOPOUl TB C N I * 

PAVLOPOUL ' * CNTR 

STOPPED P8ARS 

STOPPED P8ARS 

STOPPED PB'-^S 

OBSERVES WIDTHS CONSISTENT WITH EXPERIMENTAL RESOLUTION. 
THE* LOCKED FOR RADIAT IVE TRANSIT IONS 1 0 BOUND P PRAR STI 
MOND-FNERGEMC GAMMA RAYS DETECTED. 

I E S . 

( 1 7 9 4 . 5 1 1 1 . 4 1 GRAY 
( 8 . 1 GR LESS C L - . 9 5 GRAY 

DECAYS TO FCUR OR MORE P I C N S . 1 - 1 . 
NOT SEEN BY AMSLER BO. 

w DB£ -
DBC - SXS S 

( 1 9 9 7 . 1 1 1 . 1 KALOOfRO 
1 2 5 . 1 1 6 . 1 KALOGERO 

NO! SEEN BY A L B E M 7 9 , A»SLER BD. 

75 
75 

cec -
OBE - nil » u 

1 1 8 9 7 . 0 1 ( 1 7 . 0 1 ABASHIAN 
( 1 1 0 . 0 1 ( 6 2 . 0 1 RBASHIAN 

PRODUCED BACKWARDS. 

7 6 
7 6 

STRC 

smc 
8 » l - ' f 

1 1 9 2 0 . 0 1 A P P R O ! . LVANGEL1S 
( 1 9 3 . 0 1 APPROX. EVANGEL1S 

t - I . J P - t - FRfM A MASS DEPENDENT PARTIAL ilnL<°:HJ 

FNKHEIPI 7 7 ENE6 O 9 , 1 2 P J - P , P O P f i P I - 1 2 / 7 7 
1 0 . HAMILTON BO. BANKS S I . CHUNG B l . 

(2320.01 APPRO*. EVANGELIS 7 9 DHEG 1 0 . 1 6 
ROM. EVANGELIS 7 9 OH EG 1 0 . 1 6 
A MASS DEPENDENT PARTIAL XAVE ANALYSIS TAt 

SOLUTION A. 

2 0 8 0 . 
1 1 3 . 

NEUIRQN SP^C 

1 0 . KREYMER 
2 0 . KREVNER 

• T O " . SEE ALSO N P P B P I - I P 1 

1 7 0 . 0 
PRDION SPECT 

2 0 . 0 KREY1ER 
5 0 . 0 KREVNER 

ATDR. SEE ALSO P(>BN(NI CM 

BO STRC 0 13 P I - O . P f f l ' J I N I 
80 STRC 0 13 P I - D . P P B N I N I 

CHANNEL FOLLOWING. 

BO STRC IS P I - O . N P P 8 P I - P 
BO STRC 13 P I - D . N P P B P I - P 

•NEL ABOVE. 

( 2 1 1 0 . 0 1 APPRO* . EVANGEL! S 79 OMEG 1 0 , lo P I - P . P 8 P 
( 3 3 0 . 0 1 APPRO*. EVANGELIS 7 9 OHEG 1 0 . 1 6 P t - P . P B P 

I - I . J P - 3 - FRC" A MASS DEPENDENT PARTIAL WAVE ANALYSIS TAKING 
SOL LT I ON A. 

2 1 1 0 . 0 1 O . 0 ROIANSKA SO SPRK I B . P 1 - P . P PB N 
1 9 0 . 0 1 0 . 0 ROtANSKA SO 5 P M I 8 . P 1 - P . P PB N 

I - l . J P - J - FRO" AMPLITUDE ANALYSIS ASSUMING CSc P I O N EXCHANGE 

SEEN I N f ! N M ATE IOMEGA P I * 

2 1 8 0 . 0 1 0 . 0 
2 7 0 . D 1 0 . 0 

l ' 0 . J P > 2 > I "D« AMPLITUDE ANAIV !H :i; 5 0 SPR' 
8 0 SPRK 

HNG ONE P /iiiBi; 

( 2 1 9 3 . 0 1 KALBFLEI ! 
Bl IWEEN 7 0 AND BO "EV K A L 8 R L E I ' 

SEEN I N PBAR P TO RHOO RMOO P | 0 . I G - 1 - . 
NOT SEEM BY BACON 7 3 . OONALO 7 3 . 
NOT SEEN BY IFMANV 7 6 I N RHOO RMDO » ! - . 

5 8 ( 7 2 0 4 . 0 1 1 5 . 0 1 
SB ( 1 * . 1 OR I E S S 

BENKHEIRI TT OMEG -
8 E N K H E I R I TT DMEG -

S A M R S A l t CHUNG P I . 

%L^L~ E~!B, 

1 2 2 6 0 . 0 1 APPROX. 
( • • ' • 0 . 0 1 R P R R O I . 

l - O t J P - 4 * FRCR A MASS Off 
SOLUTION A, 

EVANGELIS 7 9 OMEG 
EVANGELIS T9 OMEG 

ENOENT PARTIAL HAVE ANAl 

,.i:!?3J.sL ;%FLM 

ROIANSKA BQ S P W 
ROtANSKA SO SPRK 

: ANALYSIS A S S U M I W ONE P 

ROZANSKA 8 0 SPRK 
ROIANSKA 8 0 SPRK 

ANALYSIS ASSUMING ONE P 

CARTER 77 CNTR 
CARTER 7 7 CNTR 

ANALYSIS Or PASAR P INTC 

CARTER Tfi ChTR 
CARTER 7B CNTR 

IERO A N A L Y S I S . 

JV£2S 

( 2 S S 0 . C I 1 5 . 0 1 
1 3 9 . 1 OR LESS 

DECAYS TO NBAR H AND KBAR > 

( 3 0 8 0 . I ( 2 0 . 1 
( 2 2 0 . 1 ( 7 0 . 1 

DECAYS TO J » I * 3 P I -
HJ1 SEEN BY KALELKAR 75 M i l 

(3370. I 110 . ) 
1150.1 (40 .1 

DECAYS TO 4 P I * *P I -

«i£L.»6i-

i D . N ' .3P» 121 

TIMES MORE DAT 

0 6 . 9 4 c>3AR c 

I 1.5 TIMES "ORE OATA 

' NL 5 0 A TT6 

KALBFLE1 69 PL 2 9 

ALEXANOE 72 NP B 4S 2 9 
BOGOANOV 72 PRL 2 8 1418 
BUGG 72 PR D 6 3G47 
CLAYTON 72 NP 8 4 7 B l 

SOMEN 73 PRL 3 0 332 
DONALD 7 ) NP B 61 313 
GRAY 73 PRL 3 0 1091 
N1CH0LSO 7J ' B 0 7 2572 

HYAMS T» N*> B 7? 202 

DGNNACH! 7 "C 2 6 A 31» 
E1SENHAN 75 NP B 9b 109 
KALOGERO 75 PRL 3 * 1047 

BENKHEIR 77 PL B 6 8 * • ! 
CARTER 77 PL 6 7 B 11 ; 
EVANGEL I 77 PL B 72 139 

BALTAY 78 PR D 17 6 2 
BENKHETR 78 L A L - 7 B / 3 C 
CARTER 7g NP B 141 4 6 
PAVLOPOU 7B PL 7 2 8 4 1 5 

2 / T 9 PENNING7 71 NP B 137 TT 

ALSERI 79 PL 8 3 B 2 4 7 
ALSTON-G 79 P«L 4 3 I S O ! 
ARHSTRON 79 PL B 85 3 0 4 
BENKHEIR 79 PL B l 8 I f O 
CARROLL 79 « 0 19 1 9 5 0 
0 EL COURT 79 PL B B6 395 
EVANGEL I 79 NP B 153 2 5 3 
EVANGEL2 79 NP 8 194 T B I 
GIBBARO 79 PRL 4 ; ] 

7 9 > 

ALPER 
ANSLE* 
B IONIA 
BIONTA 2 
CARROLL 
LHJNG 
DEFOIX 

B 86 9 3 

k 9 0 - ; 
9 7 3 

8 0 OSL * 4 1572 
8 0 PRl 4 5 1 4 1 1 
8 0 NP 8 16? JJ 
8 0 PRL 4 * 1179 
8 0 PR 0 22 36 
8 0 NP B 162 5 0 5 

REFERENCES FOR NBAR N l 1 4 3 0 - 3 6 0 0 1 

A L t E S - B l i R E L L l . F R E N C H . F R I S K , * (CERN*£ 

G.KALBFLEISCH.R.STRAND.V.VANDERBl 'UG ( 

I A R - N I R . OAGAN.GIDAL.GP LA 
.KALBFLEISCH AND D . K I l l f 

*MAGE«T,KALOGER0POUL?S I S Y O A I 

ALEXANDER.BAR-N1R.BEvARY.DAGAN. • I 7 E L A 1 
BOGDANOVA.OALKARCr/,SHAPIRO ( 1 T E P 1 
*CON0O.HAfcT.COHN.ENDCRF.» (TE '4N»CHNL*CINt 1 
* M A 5 0 N . M U | R H E A O . P I G O P 0 U L O S . * I L 1 V P * P A T R 1 

* E A R L E S . F A I S S L E R . B L I E D E h . > I n F * S * i I O M 
• E D W A R D S . G I B B I N S . B R I A N O . a u B D C * I L t V P * L P N P I 
<PAPA00P0ULOU.*ARAGEPCPOUL0S.* l A T E N t S Y O A l 
nlCHOLSON.OELORME.CABROLL.* ( C | T * R D T H * R N L 1 

• J 0 N E S . M E I L H A K M E E . 8 L U " . * 

A .DONNACHIE . P .R .THO"AS 
F t S E M H A N D L E R . G I 6 S 0 N . . (LOSM. 
KAL OGE ROPOULOS.T7ANAK0S 

• WATSON. G E L F A N D . B U T T R A K * I U L * A N L * C H I C * 1 0 M £ I 
* B " ICK .FR I OMAN.CEhBER.JU lLLOT.MAURERXSTRBl 
• MING M A . M O U t . ; . . S M I T H (MSUI 

BENKHEIRI .SOIJCROT,* (CERN*CDFF*EPDL*LALG1 
»COUPLAND.€ lSENHANDLER.ASTBURY.> |LoaM**HELI 
EVANGEL 1ST A * (BAf i | *8D"r t *CE« 'J«DAF; *GLAS*1 

>CAUTIS.COHEN.CSt l>NA,KALELKAR* (CDLU*-HINGI 
BENKHEIR I t BOUCRDI* I CERNtC0EF>EPOL+LALOI 
A.A.CARTER 1 L 0 0 M I 
PAVLOPOULOS* <KARL*EASL*CERN«STCHtSTRBI 
M . R . PENNtNGION I C E R M 

tALVEAR.CASTELL I .PQROPAT* | T B S T » C E R N « I F R j l 
A lSTON-GARNJOST,HAMILTON* ( L B L » M T H 0 t 8 V L ) 
ARMSTRONG* (AACH»BARi .BCMN*CERN*Gl .AS«LtHP* l 
B E N K H E I R I . f l O U C R O T , * t f > N : . < L ~ L O > C O E F * C E R M 
• C H I A N G . K T C I A . L I . L I T T E N e E E . , . « I B M . * R 0 C H 1 
« [ ) E f t A 0 a . B E R T R A N 0 . B I S E L L O . B I 2 0 T , B U O N . * ( L A L C I 
• I B A R I < 9 0 N N * C E R M » 0 A l l E * C t . A S * L I V ? * M I l A t M I E M 
* i e A R | 4 B 0 N N * C E R N * 0 M f * G L A S * L ! V P * " I L A > M I E M 
tAHRENStBERKELMAN.CASSEL.DAY.HAPDI 'JGt lCaSM 
A . C . M A R T I N . M . R . PENNINGTON I D U » H I 

* B E C K E R t * (AMS7*CtRN+CPAC«MPlMtOnf * » h t i l 
•AJERBACH.MANDELKERN, . l U N M . T E - P t U C I I 
. C A R R O L L i E O E L S T E I N , * IBNL*CARN*FNAL*SMASI 
•CARROLL tEDFLSTE I N . » IBNL*CARN*FNAl >SMAS1 
• CHI ANG. JOHNSON.CESTtR.WEBB.* f e « A * P R 1 N I 
. E T K I N . B E N S I N G E R t t l B N L t B R A N t C U N Y t S M A S ' M A S A I 
• D D B A l y N S A J . A K G F L I N l . e l G I . * f C D E F » « I S A > 
. P U N , T R I P P , LAZARUS.NICHOLSON I L B L * S N L * M T H C I 
• B A G G E T T . F I E G U T H . A L A O , t ( I N O * P U * 0 * S L A C * V A N D I 
»BLUM.OIETL . GRAVER.LOREW* ( " P I M t C E R N l 

Bl • 



Mesons 
X(1900-3600), CHARMONIUM, ^,.(2980) 
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Data Card Listings 
For notation, see key at front of Listings. 

X(1900-3600)| 
> 

l l 1 9 0 0 - 3 6 0 0 1 

The high HBFS region is covered nearly contin
uously by evidence for peaks of various widths and 
decay modes. As a satisfactory grouping into 
particles is not yet possible, we list all the 
Y = 0 bumps coupled neither to NN nor to e e~, and 
having M >1900 MeV, together, ordered by increasing 
mass. Note that ANTIPOV 72 (w~p •+ p MM*" at 25 and 
40 C-*V/c) see no narrow bumps. 

4 6 K l 0 0 - 3 b 0 0 MASSES f WIDTHS . E . I 

r s : : u e . i 
(4 1 . 1 ( 2 7 . 1 

THOMPSON 
THOMPSON 

T. hfiC • 
7<. MBC • :i ;\: ::s 1 2 / 7 5 

1 2 / 7 5 

r t s : 1 1 0 5 . 1 
BOESEBEtft 
B0ESEBECR 

6 8 HBC * 
6 8 MBC * I",'::::!: : j ; 1 2 / 7 5 

1 2 / 7 5 

:u&: ( 1 0 - 1 
t l O . l 

C H L I A P N l r 8 0 HBC 
8 0 MBC '. ?:: ::X1 Si 1 2 / 1 9 

1 2 / T 9 

;r?s:s: ( 1 5 . 01 CASO 
CASQ 

TO HBC 
TO HBC 'i::Si::::SSi 1 2 / 7 5 

1 2 / 7 5 

i ™ 
1 1 2 . 0 1 

OR LESS C I * . 9 0 
«omfe HOI SEEN I N SAME E » " 

TO HBC * 
TO HBC • 
M i l M MORE £ ™ . , 1 1 / 7 0 

1 2 / T S 

tvrdi:1, TARAHASHI 
TAKAHASHI 

T2 HBC 
72 HBC :.- :••:::: v.i 1 2 / T 5 

1 2 / T 5 

c3-,£«s AJINEHKO 
• J I N f V K O 

HATED EXPERIMENTAL 

BC HBC * 
SO «BC + 

RESOLUTION 
s«".%':™: -.':: 3 / 8 2 " 

,3-1 1 1 0 . 0 1 KRAMER TO HBC * 
( 2 2 . 0 1 U I W K TO «BC * 

KRAMER 7 0 OtSAPPE*P.EO K11W M0»E STf tT I „ss,£iafL. 
1 1 ' T O 
1 1 / T D 

1 3 1 1 0 . 0 1 ( 1 0 . 0 1 CLAYTON 6T MBC * < W I U U « S 1 1 0 / 6 T 

>3° l 1 2 2 . 0 1 

P I * P | - (OMcuA 

CASO TO HBC 
CAS0 TO MBC 

AND ETA ANTISELECTED J ^ i s r 5 / 7 0 
5 / 7 0 

1 2 6 t 2 3 * 0 . ) I 2 0 . » BALTAY 75 HBC * 15 P I * P . P 5 P I 
1 2 6 ( 1 B 0 . I ( 6 0 . 1 BALTAV TS HBC * LS J H P . P 5 P I 

DOMINANT CECAV | * T 0 AMOO «HO0 PI*. B * l TAT 78 F INOS CONFIRMATION 
I N 2 P I * P I - 2 P I O EVENTS WHICH CONTAIN RHO* RMQO » | 0 AND 2 R H 0 * P 1 ~ . 

1 2 5 0 0 . 0 1 
( 9 7 . 0 ) 

1 3 2 . 0 1 ANDERSON 
ANDERSON 

6 9 "MS 
6 9 M»S - It ?!: ::K£S B / 6 9 

8 / 6 9 

5 5 0 1 2 6 2 0 . 1 
5 5 0 I S 5 . I !IS:i BAUD 

BAUD 
6 9 MMS 
6 9 MMS : S::.S: l\: I 9 / 6 9 

9 / 6 9 

( 2fcT6. 0 1 
1 1 5 0 . 0 1 

C SEEN I N OHO 

1 2 7 . 0 ) 

- P I * P I - (ONEGA 

CASO 
CASO 

ND ETA AN1 

TO HBC 
TO MBC 

• SELECTED 

• J i i ™ 1 ' 5 / 7 0 
5 / 7 0 

6 4 0 1 2 8 0 0 . 1 
t>«0 1 * 6 . 1 if. 0:! BAUD 

BAUD 
6 9 NMS 
6 9 MMS : S::.8: ?,: \ 9 / 6 9 

9 / 6 9 

C 1 5 ( 2 9 2 0 . > 
C 15 1 5 0 . 1 
C SEEN I N (R .Hi. >• MASS 

SASRU U HBC 
SA6AU T l HBC 

D I S T R I B U T I O N 
\\ D: ; 1 1 / 7 ] 

1 1 / 7 1 

2 1 0 ( 2 8 8 0 . 1 
2 3 0 ( 1 5 . 1 . : ^ U BAUD 

9AUD 
6 9 MMS 
6 9 CMS : S::!o°: Si: I 9 / 6 9 

9 / 6 9 

r O I 3 Q 1 3 . 1 ( 5 . 1 Y05T T l HBC 
Y « U S . ) CR LESS VOST T I HBC 
T * . ) 5 , 0 . EFFECT . DECAY TO T P ION5 
Y 1 0 ! SEEN BY KALELKAR 75 rflTH 5 T IMES MORE 0*YA 

SI::.: Pi-iSr L L / U 
5 / 7 1 

( 3 0 2 5 . 0 1 
( 2 5 . 0 1 

1 2 0 . 0 1 
APPRO* . 

BAUD 
BAUD 

TO W S 
TO HMS : 1S:H!^J:T 5 / T O 

5 / T O 

1 3 0 7 5 . 0 1 
1 2 5 . 0 1 

( I Q . O t 
APPRO". 

BAUD 
9 ' V D 

1 0 MMS 
TO MMS : S:3::? P!: 5 5 / T O 

5 / T O 

( 3 1 * 5 . 0 1 

uo.ot 
( 2 0 . 0 1 

C» LESS 
BAUD 
BAUD 

70 f M S 
TO MNS : \%\t\\ : i : P 5 /TO 

5 / 7 0 

( M T 5 . 0 I 
( 3 0 . 0 1 

1 2 0 . 0 1 
A P P R O * . 

BAUO TO MMS 
TO MMS : £15:5 : i : I 5 / T O 

5 / 1 0 

1 3 5 3 5 . 0 ) 
1 3 0 . 0 1 

1 2 0 . 0 1 
APPRO* . 

BAUD 
BAUD 

TO MMS 
7 0 MMS 

: \t\\:\ :,:; 5 / T O 
5 / 7 0 

CLAYTON 6 7 HE DBG.CCNf 

BOESEBEC 68 HP 8 « 501 

ANDERSON 
• ADO 6 9 P i 

22 1 3 9 0 
JOB 1 2 9 

8 ADO TO PL 3 1 B 5 * 9 
i « S D TO LNC 3 TOT 
KMMEf l TO PRL 2 5 19b 

REFERENCES FOR *< 1 9 0 0 - 3 6 0 0 J 

* « A S O f , M U | R H f A D , F H . I P P » S * ( L IVER POOL * A T H E N S I 

BOESEBECK.OEUTSCHKANN,*IAACH£>M-SERLtN*CE«Ml 

CERN BOSOM SPECTROMETER CROUP (CCRHI 
« C 0 N T E . I 0 * ! A S I N I , t 0 R 0 $ 4 ' I C E N 0 * l ' M > * M ! L A » S A C L J 
• B i R T O N . C O T A r . L I C H T M A N . P I L L E R . * (PUROUEl 

SABAU 
V05T 

T l 
71 

l"». 1 5 1 * 
PR 0 3 6 * 2 

TAKA.iASH 72 Of D 6 1 2 6 6 

THOMPSON 7 * NP B6 * 2 2 0 

6ALTAV 
" S A L E I M " 

T5 ">«L 35 B9.1 
T H E S I S I N E U I S ^ 0 7 l 
NC 2 7 A 155 

AALTAS 
BLANAR 
C L I N E 

TB » » B IT * ? 
P" a 20 * 1 5 
PRL « 3 I T T I 

* U » t ' S < » I E U C « * A ' ( I J 

t " 0 B K t S . » l 9 P [ C ^ T . 6 0 U C : ( R ,L A 'JMJI I ] t F S J I 

T A ' A H A S H I . e A B I S H . l ( tCMC*PtSN»«10»»» tH\ t 

t & A I ^ a S ^ M C I L W A I N . M H l t N . M J L f R A , * (PlJOIj l 
* C A U T I 5 . t O H E H , « » L E l « * P , P T S H l O , » ( C C H . - . e i * ) & ( 
M.S .KALtLRAR ( f O L U I 
r L O T T S . C O ' l T R I . T E O O O R O X C u e H i C E ' J O t X I l . A i L P N P l 

» C A D T I S . C C H E N . C S O R N A , r * l E * « B * ICCLU»^I*J&» 
• 6 C E R . E A B L E S . F A I S S L E P . C A R ' L I C S * C<E4S1 
4t>E B 0 N T E , a R I D 0 S , L E E D O H . i i L T , < l?LIV3>TNTOI 

The Charmonium System 

We group into this system those meson states 
commonly believed to consist of charmed-quark-
charmed-antiguark pairs. Since the discovery of 
the J/IM3100} (AUBERT 74, AUGUSTIN^J. 74) this 
family has increased to at lsast 14, of which we 
tabulate 10 as well-established particles, figure 1 
shows the stares of charmonium below the ifiOSBS), 
interpreted by the charmonium model, as of January 
1987. 

h'\\ 
hadrorift hodronsy*radia*iwB 

Fig. 1. The current state of knowledge of the 
charmonium system and transitions, as interpreted 
by the charmonium model. Uncertain states and 
transitions are indicated by dashed lines. J 
quantum number assignments are in some cases 
tentative, but all are at least consistent with 
experiment; see individual particle listings for 
discussion. The notation y* refers to decay 
processes involving intermediate virtual photons, 
including decays to e +e~ and V \i". 

I- — — J 26 E T I C ( 2 9 B 0 , J i 

fl„l**0l.-Jl I Q*.$IP.«Q IN m 
c i ' P S K 3 M S I OECAY. 

INCLUSIVE GAMMA SPECTRUM G F * £ B « U 0 I 
THEREFORE C " « . FRO" I H E OECAT " I I 

HEREFORE 1 - 0 . 

2 6 ETA C I 2 9 S 0 I MASS I M E V I 

1 2 9 8 1 . L 6 . 0 AVERft&E ( f « R O « 1NC1UDES S t l H FACTOR DF l . 0 > 

MASS ADJUSTED BV US TO CORRESPOND TO J / P S 1 ( M O D I MASS • 304T 3f62* 
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
r)c(2980), J/V(3100) 

1 U 2 1 B 0 I U l D T H IHEV 

BO $•*«? 

BO $MK? 

P 5 I 3 6 B 5 . E I AC CAM 9 / B 

M i l 
P ^ I 3 ! . S 5 , r t »C G»« 9 / B 

' 1 * 1 
P S 1 3 6 B ' : . F T » r . GAM •)/» 

• 1 S I 

P M 3 6 B 5 . F T A C GAH 9 / 8 

FSTI«ATEO U' . ING BO < P S I I 3 6 8 5 1 INTO ETA Ct 7">80l GAMHA I - . 0 0 * 3 
THE FH*3RS DC NOT CONTAIN THE UNCERT AIN'T* I'J THE P S I H t ^ l 0ECA1 
MOT ' , £ £ * 9<- PMHtHIOGE IN « • K- 0 1 0 . 
SYSTEMATIC EPR-CR ADDED U N F A R l , * BY U S . 

REFERENCES f 

y) r r a t t i A B S Y M P . 9 ; E . D . B I O O " 

' r r * c f ? 9 * > o r 

N *[l HD PO t 4 5 1 1 * 6 
PARTRTDG 80 P"L * 5 1150 PARTRIDGE,PECK* 

J/V(3100) mni iao . jPG. , . 1 1*0 

?c J / P S moo. <*ss «-EV 

HE U'-E 1-
" A S S . 1 1 , 
PtPFORH * 

» i i i o a . i AUBERT 7 * SPFC ? « . O P I R . E - I 
• l 1 1 1 0 5 . ) ( 3 . 1 7 * SNAG F * E -
- 3 1 0 1 . S E 1 K K 4 I 75 I-RA9 f * F -
* a loss. BOVMSH 75 SHAG F * E -
« S 3 0 B 9 . 5 3 1 . 75 P U T E * E -
' 3 0 9 s . T5 SPEC 1 3 . - ? 1 . G S " H A 0 

3 0 . 0 T*> SPEC * 0 0 P H E . t * F -
* F 3 0 9 T . 0 1 . '. 19 DASP E* l -
* 9 0 0 0 i 3 0 9 5 . * * ! 1 0 . 4 6 1 L E - O I C N I 7 9 GQLI 0 ISO P I - R E . Z N U 
1 5 0 ? 3 0 9 i , . 9 3 0 . 09 8 0 O l f A E»E- COLL.BEAMS 

; r 3BK 3 0 9 B . 4 i . t BARA1E 82 C O M 0 190 r l - I F . Z W U ; AVG 3 rJ9<>.93* 0 . 0 9 0 

BARA1E 

INCLUDE. 5 SCALE FACTOR OF 1 01 
H F I T 3094 . ' 13 0 . 0 9 FBOH F I T ( T K B O H INCLUDES SCALE F « T O » OF 1 .31 

1 E SYSTEMATIC C f t OB ADDE D L INE A " L * BY US 
MIEOUS F I T TO E* E - . « l f * * U - A«P WtfOfO'7C CMNHFt-'t 

i nfivtiumnu OF AUGU' 
r i D N o f T H E S P E A I 

•SCUT I PC« CENT F « 0 « ' r * ( M y Jf j c « I B " A 1 

J / P S H 3 1 0 0 J t VI 

1,9. 1 5 . BOVAPSm 75 SWAG E * F -
htt. ? 6 . H A L D I ' J I I 75 IBAG F . f -
1,0. 7 5 . ESPUSITO 75 FBBM F * F -
5 3 . 1 3 . flOONDFLI-; ' " DASP El E-
£ S I P g l l A N E O U S F I T TO E* E - . " U * MU- AND HIO«OKIC CHANNEIS 
ipJS G ( F * E - ) • G IMU* " U - ( 

fij.n H.a diwEniGF I E H P B * i v r i u o f s S C A L E F A C T O R O F I 

J / P S K 3 1 0 0 1 thTO E« E-
J / P S I O L O O I INTQ MU» *\J~ 
J / P S I T 3 1 0 0 I tSTO H«DStlMS 
J / 0 S I C 3 1 0 0 1 INTO VINTU&L GAHM1 I N 

HADPCNIC DECAYS 

J / P . : I 3 1 5 " < I M O P I * 0 1 -
J / P S I ( 3 I O 0 > INTO P I * 0 1 - o | o 
J / P S T O I O J I l *« ro 2 I P f * P I - I 
J / P S H 3 1 0 0 1 INTO 2IPI* P I - I P IO 
J / P & I I 3 I O 0 I ISTC 3 I P I * P I - 1 
J / P S I I 3 1 0 0 I INTO 3 C P 1 * P I - 1 P IO 
J ' P S I I 3 1 0 0 1 I M D « I P I » P I - 1 
J / P S I I 3 I 3 0 ) INTO * ( P I » P l - l P I O 
J / P S I I 3 1 Q 0 I I M O K «B*F 
J / P S I 1 3 1 D 0 1 INTO K KB*B P I 
J / P S K 3 J 0 0 I I M O P I * P I - < * X -
J / P S I I 3 1 0 0 J i M r j ? I P I * P I - > K * < -
J / P S K 3 1 0 0 1 thTQ P I * P I - P IO K* ' 
J ^ P 5 H 3 l O O I INTC BHO P I 
J / P S M 3 1 0 0 ) INTO BHO P I P I P I 

INTO OHEGfc P I P I 
J / P S K 3 I 0 O I CKTO 0KEC4 * P | 
J / P S H 3 1 0 0 I I M O OHEG* K KB*P 
J / P S I I 3 I 0 0 I I M O 0HEG1 F 
J / P S I I 3 I 0 0 1 INTO 0 « G » F PP.I«E 
J / P S I f 3 1 9 0 ) I f iTQ PHI P I P I 
J / P S M H O O l INTO PHI Z I P I * P I - 1 
J / P 5 M 3 1 0 0 1 INTO P H I K KBAH 
J / P S I I 3 I 0 O I INTO P f l ET» 
J / P S I I 3 I 3 0 1 INTO P H I ETa PPIME 
J/PHIilOOl J M O P H I * 
J/PSII3130I INTO PHI F PRIME 
J/PSII 31001 INTO ' Z P I 
J/PSM1190I INTO A ; HMO 
J/PS1I3100I I M O K n » I B 9 ? l 
J/PSII3130) I M D K K * f t « 3 0 1 
J/PMI3130I INTO K « I B 9 2 I K * I B 9 ? I 
J/PSIT31001 INTO * • < 1 * 3 0 1 f « l l * 3 0 
J/B5H31001 INTO K * ( 8 9 2 1 K * ! 1 * 3 0 1 
J/PSII31O0) INTO P PBAP 

j/e^inioo» INTO 0 OBAP P IO 
J/PSII3100I I M O 0 NBAS P l -
J/PSH3I0OI I N I O P PBAB P I . 0 | -
J/PSIC3100) I N I f l P P6A" P I * o ] _ P 
JteittllOQt imn p pais HA 
J/P5H310O) I N 1 0 P PBAP OMEGA 
JCPSII31O01 INTO LAXBOA ANTILAMBD 

j^psimoo) I M O LAM3D* A N I I U G M A 

j^psmiooi INTO 1 I A f J T I H 
J / P i l ( 3 1 0 0 l 
J / P S I 1 3 1 0 0 I INTO P PBAlt E1A OHIMF 
J / P S I 1 7 1 0 0 I INTO SIGMAO SIG«ABAPO 
J / P S M 3 1 0 0 I I M O Z I K » K-l 
J / P S I I J J O O J I M O N NBAft 
J / P S H 3 1 0 0 I INTO N NSBh P i t P I -
J / P S I I 3 1 0 0 ) I ' tTn S I G H A - S I G « » B A R -

OHOISTIVE OF CA*S 

j / p s i i 3 i o n i 1NT|] GA-"*A G A " " * 
J / P S M 3 I 0 0 I | M ( 3 3 GAMMA 
J / P S I I 3 1 0 0 I INTO P IO GAMMA 
J / P S I I 3 I O 0 I INTO ETA GAMMA 
J / P S I I 3 I 0 0 I INTO ETA PPIUE r,AMMA 
J / P S M 3 1 0 0 I INTO f I » C 1 2 9 9 0 I GAM") 
J / P S I I 3 1 0 0 1 [ N l Q F GAMMA 
J / P 5 I O I 0 0 1 
J/PSIUIDOI fNTf) 0 1 1 2 B 5 ) &AMMA 
J / P i I C 3 1 0 0 1 ! N ' n E 1 1 * 7 0 1 GAMMA 
J / P i I I 3 1 3 0 l INTO P PBAP GAMMA 

.11 31001 H 1 A I MIOtHS t 

1 3 9 * 1 3 9 * 13* 
1 3 9 * 1 3 9 * 13< 

1019* 139* 1J9 
139* Ija* I3?« 

10191 • 9 5 7 
1 0 1 9 . • 1273 
1 0 1 9 * l i Z O 
1 3 1 8 . 139 
1 3 1 8 . 

4 9 7 * • B91 

P 9 | . 
l *3 fc« 1 * 3 * 

B 9 1 * 1 * 3 * 
93«« 
9 3 B . 9 3 6 * 
9 3 B * 9 3 9 * 

•53B* 9 3 B * ^ 4 B 

* 9 3 * 4 9 3 * * 9 3 * * 9 3 

<10 E* E- I G l l 
O.fc BOYARSKJ !•> 5MAG F 
( . f l ! B A L D I N I l F5 FPAG E 
1 . 0 ESPOMTO 75 FBAM E 

11. P A B I I H » I D I M 5 FOP l £ » E - l AND ( M U * f J - l 
0 . 6 BBAN^OELI- 79 DASP I * E-

WCnvS F I T TO E* E - » " J * " U - ANP HADROMC C"< 
. G I M I 

! INCLUDES SCAI 

INCIUOES SCAIE I 

fiCYABSM 75 SNAG 
B A L D 1 M ] 75 FPAG 
r s p r s n n 75 (BAM 

I v rRBGE lEPOOB I N C L U r t S SCAI 



Mesons 
J/f(3100) 

Data Card Listings 
For notation, see key at front of Listings. 

70 J / P S K 3 1 C i BRANCHING HAT 10S 

/ | P | * P 2 « P 3 ) 

J / P S K 3 1 O 0 I INTO <PBA!t P I / T O T A L ( U N I T S 1 0 " - 3 ) I P * S ) 
2 . 0 0 . ^ BE5CH 7 8 BChA E » E -

l 3 3 1 2 . 2 0 . 2 P E R U I i l 76 SHAG f » r -
133 2 . 5 Q . * BRANOEL! * 79 OASP E* E -

Id 2 - 2 3 0 . 1 7 AVERAGE IFRROP INCLUDES SCALE FACTO* C 

( P 2 I / ( P 1 * P 2 * P 3 I 

[ 3 1 0 0 1 INTO ( E » E - I / ( M U * H U - ) 1 
l . a o o . o s B 0 r » s s m 7 5 s " M > 
0 . 1 3 0 . 1 0 FORO 75 SPEC 

. 9 1 . 1 5 ESPOSITO 75 FR AH 

IVERAGE IEPRQR INCLUDES SCALE FACTOR OF 1 . 0 ) 

^ / P S 1 ( 3 1 0 0 ) INTO (GAMMA INTO HADRONSI/TOTAL I 
. 1 7 . 0 2 BDrARSKI 75 SMAG 

INCLUDEO I N R3 

J / P S I INTC. t LAHeoe . w t n . A H ' i a f . i / i O T t u > m s i D « * - ) ) i P t ; i 
| 9 6 1 , 1 0.2 PERU22I 78 S"AG E * E - . 

5 2 , 6 1 . 6 SESCH 91 PCNA 

1.17 

j / » s i i 3 i o o > i n ' 

AVERAGE (ERRO* INCLUDED SCALE f 

i n P I O P / I C T ( U N I T S 1 0 » * - 3 I ( P * 6 > 
)9 1 , 0 0 0 . 1 5 P E R U Z / I 76 S"AG F » E - t P P6 

I . * 0 . * B R A N D E L I " 7 9 DASP £ • E-

1 . 0 5 0 . 1 4 AVERAGE (ERROR INCLUDES SCALE FACTO* (IF ; 

' P S H 3 1 0 0 I INTO ( P PBAR P I * P t - l / T O K U N T S 1 0 " - 3 I I P « 3 I 
13 5 . 5 0 . 6 P E R U Z I I 7B 5MAG E « F ' , P P9 1-J 
iB 1 . 8 1 . 6 HESCM B l BONA ? * F -

5 . 2 9 0 . 5 6 AVFRAGE (ERROR INCLUDES SCALE FACTOR DF I 

J / P S I I 3 1 0 0 I INTO I P P I - l / t D T A L w ' . S 1 0 « » - 4 I ( P i l l 
VANNUCCI 77 SMAG E * C -
B H A N O F L I * 76 OASP E » E - I 

AVERAGE IERRCH INCLUDES SCALE FACTOR OF 1 . 0 1 

• P I - H / T O T A L I P 1 3 1 
JEAN-MARt 7 6 SHAG E * E -

J / P S U 3 I O 0 I l * T O < 2 < P I » 
6 7 5 . 0 4 . 0 1 
5 0 0 C . 0 3 6 * 0 . 0 0 5 ? 

0 . 0 3 7 2 0 . 0 0 * 6 AVERAGE (ERROR l N t L U C E * SCALE % 

P I - » P I 0 1 / T D T A L 1 
JEAN-MARI 76 SNAG 
BURMESTER 77 PLUt 

i SNAG 

t«E-,LAHSO» > 

JSCMH 76 OASP t ' ( -

i / P i H H O O l 1«TO IOMEGA P I P 1 I / 1 0 T A L ( P 2 6 I 
7 1 5 O . D 0 7 8 0 . 0 0 2 1 6 BURMESIER 77 PLUT F * F -
3 * 6 0 . 0 C 6 B 0 . 0 0 1 9 VANNUCCI 77 S»»f . E * F -

IG O . O 0 6 8 0 . 0 0 1 9 AVERAGE (ERROR I N C U D E S SCALE FACU'B n * l . G l 

VANNUCCI 7 7 S«AG 

J / P S K 3 1 0 0 ) INTO ( * 

J / P S I I 3 1 0 O ) INTO IRHOO P I 0 1 / ( R H O * ~ P | - » > 
0 . 6 3 0 . 2 2 BARTEL 1 7 6 CNTR 
0 . 5 9 0 - 1 7 J E A N - M A R | 76 SHAG 
0 . 5 3 0 . 1 5 ALE'ANQEf t TB PLUT 
0 . * 6 0 . 1 * BRANQELIK 79 OASP 

1 0 . 5 6 1 1 0 . 0 6 1 SCHARRE 79 5*AG 

0. 53* tVERAGE (ERROR INCLUDES SCALE ( : T O R I 

J / P S I I 3 1 0 0 ) I « 7 0 IRHO P | | / t 0 7 A L ( P 2 * l 
5 * 3 0 . 0 1 0 O.OOZ BARTEL I 76 CNTR E * E -
1 5 3 0 . 0 1 3 0 . G D 3 J E A N - H A R I 76 SWAG E * E -
1B3 0 . Q 1 6 O.OO* ALEXANDER 78 PLUT E* E-

0 . 0 1 3 3 0 . 0 0 2 1 BRANDELlK 78 DASP £ « E - . P I ' P I - G A M M A 
( 0 . 0 1 3 2 1 1 0 . 0 0 2 1 1 SCMARRE 79 SHAG E » E -

'G 0 . O L 2 2 0 . 0 0 1 2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .01 

J / P S K 3 1 0 O I I M O IOMEGA I 
I 1 . 2 1 JEAN-HI 

I / P S 1 I 3 I 0 0 I INTO (RMO P I P I P I I / 1 2 (P 

J / P S K 3 1 0 0 I I N ! 
1 . 0005 VANNUCCI 77 SHAG E * E -

J / P S I O I O O I INTO ( 0 NEAR P I - I / T O T ( U N I T S 1 0 * * - 3 I I P * T | 
19*. 2 . 1 6 0 . 2 9 P E R U I J I 76 SHAG F . E - . " P T -
2 0 * 2 . 0 * 0 . 2 7 P E R U I Z I 78 S fAG E » E - . P <>l» 

12 1 . / 0 . 7 BFSCH B l BONA E * E -
*> 1 . 6 1 . 2 BESCM Bl BOHA E « F -

FROH ANTI -CHANNEL (PEAR N » ! * ! 

2 . 0 6 0 . 19 LVERAGE Itftf 

' P S I I 3 1 0 0 I I M O I P 

f& 2 . 3 2 0 . 3 9 

J / P S I I 3 1 0 0 ) I M C I P PE 

INCLUDES SCALE FACTOR OF 1 - C I 

0 - 2 P I 
E T A I / T O T ( U N I T S 1 0 « » - 3 » I P 5 0 1 

PERUZ2I I B SHAG E * E - . 
BRANDELIX 79 DASP E» £• 

tERROR INCLUDES SCALE FACTOR CF i . O I 

J / P S I I 3 I 0 0 I INTO ( K » K - l / T O T A L ( U N I T S 1 0 " » - * l 
2 2 . 0 1 . 6 VAHHUCC1 T7 SWAG E * E -
7 2 . 2 Q . 9 BRANOELIK 79 DASP E« E-

i 2 . 1 5 0 . 7 S AVERAGE (ERROR INCLUDES SCALE FACTOR OF i . O ) 

J / O S H 3 l O 0 i INTO IOMEGA F l / T O T A L ( P 2 9 1 
fll O . 0 O I 9 0 . 0 0 0 8 VANNUCCI 77 S«"AG E * E -
7 0 0 . 0 0 * 0 0 . 0 0 1 6 6URHESTER 77 PLUT E * E -

0 . 0 0 2 3 2 O . 0 0 O 8 * AVERAGE (ERROR INCLUDES SCALE FACTOR C 

l / P S I O I O O l INTO I>1»- H * l 8 9 2 » - « l / T 0 t A L 
3 9 0 . 0 0 * 1 0 . 0 9 1 2 BRAUNSCHU 7 6 DASP 
* 8 0 . 0 0 3 2 O .O006 VANNUCCI 77 SNAG 

0 . 0 0 3 3 8 0 . 0 0 0 5 4 AVERAGE (ERROR INCLUDES SCALE I 

j''s:S»isrduE;r~"^sx 
1/77 

1/77 

J/PSK3100I INTO 1X1- ANUXl-l/TOTAL lUN l t i LQ*«-3l 

*/T7 

12/17 

*/7B 



Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
J/^(3100), x(3415) 

J / P S 1 INTO I N N S W P I * P l - l 
5 3 . 8 3 . 6 

J / P 5 I INTO I S I G M A - SIGMABAI 

R A D I A T I V E OECAYS 

: 1 0 » * - 3 I I P 6 0 I 

I ( l . * C 0 S I T M E T A ) » * 2 ) 

' p s i ( i i o o ) I N T O i ; o i 
( 0 . 5 1 OR LESS 

SYSTEMATIC E»«OI 

0 . B 5 S 0 . 0 8 6 

ETA GAMMA I /TOTAL [UNITS 1 0 * * - 3 H 
* BAP.TEL 77 CNTR 
10 BRANDELTK 79 DASP 
19 KONIGSMAN HZ C6AL 
ADDED LINEARLY BV U S . 

E * E - . 3 GAMMA 
Ft E-
E* E - . 3 G l t H * 

AVERAGE (ERROR IHCLUOES SCALE F i t TOR OF 1 . 0 1 

J / P S H 3 I 0 0 I INTO (ETA PRIME C I K I / T O T I U H T B 1 0 « - S ) | P 
1 3 . 2 ) OR LESS C L - . 9 0 MURTAS 76 FRAG 

5 7 1 2 . 4 1 ( 0 . 7 1 BARTEL 1 76 CNTR 
6 2 . 9 l . l BRANOELtK 1 9 GASP 

3 . 8 ! . S SCHARRE 7 9 SMAG 
F R O * THE INCLUSIVE GAMMA DECAY SPECTRUM 

3 . 4 D .T 5CHARRE 79 SMAG 
4 . 1 0 . 9 KONIGSHAN 82 CBAL 

SYSTEMATIC ERROR ADDEO LINEARLY BY U S . 

E * E - . 2 P ] 2GAMHA 1 2 / 7 9 
E . E- * / 8 2 » 

IVERAGE (ERROR IVCLUOES SCALE FACTOR DF 1 . 0 1 

J / P S I I 3 I 0 0 I INTO I F GANMAI/TOTAL I U N I T S 1 0 * « - 3 I I PT6) 
35 2 . 0 0 . 7 ALEXANDER 78 PLUT 0 E*E -
3 0 1 . 2 0 . 4 BAANDEL1K 78 DASP E * E - . P I »P I-GANNA 

' RE-STATED BY US TO TAKE ACCOUNT OF SPREA0 OF E 1 . M 2 . E 3 T R A N S I T I O N S . 
ITB 1 . 4 8 0 . 5 5 EDWARDS 82 CBAL E * E - , 2 P IO GAMMA 

SYSTEMATIC ERPQR ADDED LINEARLY BY US 

AVERAGE IFRftOR INCLUDES S O L E FACTOR OF 1 . 0 ) 1.51 0.35 

I / P S I I 3 1 0 0 I INTO I F PRIME G A H I / 7 0 T 1'JNTTS 1 0 » » - 3 M P 7 7 ) 
3 ( 0 . 2 3 1 C« LESS t L ' O . 9 0 ALEXANDEZ 7 8 PLLT E * E - . K * K - GAMMA 
4 1 0 . 3 * 1 OR LESS C L - 0 . 9 0 BRANDELl * 7 9 DASP E * E - , P I * ° l - G A M T A 1 

ASSUMING ISOTROPIC PRODUCTION AND DEC»Y Of THE F PRIME.AND I 5 0 S P 1 N . 

J / P S M 3 1 0 0 1 :NTO ( 0 I 1 Z B 5 1 GAM1/T0TAL I P 7 8 I 
) I 0 . 0 0 6 I O R LESS C L - . 9 0 SCHIWRE 8 0 SHAG E * E -
) USING BR ( D INTO. K K8AR P I I * C 1 2 

J / P S M 3 I 0 0 ) INTO ( E U 4 2 0 ) GAMI /TDTAL I P T 9 I 
( 0 . 0 0 5 5 1 1 0 . 0 0 2 2 1 St HAD BE 8 0 SMAG EXC

USING BRIE INTO K KBAR P l l ' 0 . 6 5 SEE M I N I - R E V I E W UNOER E M 4 2 0 I 
NOTE THAT RECENT EVIDENCE INDICATES THAT T H I S IS NOT T * J P C l * * 
E I 1 4 2 0 I I HENCE BR INTO K KBAR P I UNKNOWN). SEE E I 1 4 2 0 ) MINIREV1EW 

Gl t l « G ( E * E - l / G ( T O T A L I 

T H I S COMBINATION DF A PARTIAL * 
INTO F * E - AND W I T H THE TOTAL WIDTH 
CROSS-SECTIOS INTO CHANNEL! I I I N Th 
ME. ONLY L I S T DATA NOT HAVING BEEN L 
WIDTH G ( l l OR THE BRANCHING RATIO [ 

I HE INTEGRATED 

. 3 4 

. 3 4 1 
1 . 3 6 1 I . 

. 0 9 1 

B A L O I N I I 75 FRAG 
BEHPORAD 75 FRAB 
ESPOSITO 75 FOAM 
FDRD 75 SPEC 
BR ANDEL IK 79 0A5P 0 . 3 5 0 . 0 2 

It, 0 . 3 6 0 0 . 0 2 0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .01 

G [ M U * H U - > * C I E > E - l / G I T o m > 
. 3 1 . 0 9 SENPORA T5 FRAB 

T5 OASP 
I . 0 5 1 75 FRAM 

AVER 

75 SPEC 

0 . 4 1 0 . 10 AVER INCLUDES 

0 R D N I C 1 " I F TOTAL) 

"•' l . l l 8 A L 0 I N I 75 FRAG 
ESPOSITO 75 F« 

ITtOS AND PARTIAL WIDTHS I 

EFERENCES FOR J / P S H 3 1 ! 

W I S T E N TO PRL 25 1523 

ABRAMS T* PPL 33 ] 
T* NCL 11 1 
74 PRL 33 I 
74 PPL 33 1 
74 PRL 33 1 

AU8ERT 
AUGUST I N 
9ACCI 

ALSO 74 PRL 3 
B A L D I N I - T4 NCL 1 
B A M I ELL 74 NCL 1 
BRAUNSCH 74 PL 531 

CHDISTENSON.KICKS.LEDEBMAN* ICOLU*BNL*CERN) 

*SRIGGS.AUGUST I N . 8 0 Y A B S K I * I LB L+SLA C ) 
• I 0 R N . B A P . T O L I * IFR»SHJMD*NAPL»PA00*ROMA( 
• 8ECKER,B IGGS. BU»GER, CHEN. E V £ R H A R T I M I T * e N L I 
fBOYARSKI .ASRAMS.BRIGGS* ( S L A C * L B L I 
* B A R T O L T , B A * S A R I N O . B A 1 I B I E L L I M * ( F O A S C A T I I 
FOR EflRATA 
B A L 0 I N I - C E L I O . B A C C 1 * <FRASCATI*ROXAI 
BAaBIELL IN I .BEHPORAO* I F R A S » N A P L * P I S A t R O ^ A I 
6RAUNSCHUE IG-t I AACHEN»H«HB»HUNICH*TOKVC) 

ANDREWS 
AUBERT 
BACCI 
B A L D I N I 1 
B A L D I N I 2 

75 PPL 34 231 
75 NP B 89 1 
75 NCL 12 2 6 9 
75 PL 58B 4 7 1 
75 "L 5BB 4JS 
75 STANFCRD SYHP 
75 PAL 3 5 3 4 6 
75 »RL 34 13ST 
75 PL 53B 4 9 1 
75 PL 5 6 8 4 8 2 
75 PRL 3 5 4 8 3 
75 PL 53B 4 9 9 
75 PL 5 6 B 405 
75 PL 56B 4 9 1 
7S PL 5TB 29T 
75 NCL 1 * 7 3 
75 PRL 3 4 6 0 4 
75 PRL 3 5 1 6 1 6 
75 PL 56B 36T 
75 STANFORD SYHP 
75 N i t 128 13 
75 PAL 3 + 1 0 4 0 
75 PRL 3 * 1 0 4 4 
T5 STANFORO SYHP 
75 PRL 3 * 2BH 
75 STANFORD SYHP 
75 PRL 35 6 9 9 
T5 STANFORO SYHP, 
75 PRL 34 2 3 9 

BLANAR 
eOYAfiSK! 
BRAUNSCH 
BUSSES 
CAMEO I N I 
CftlEGEE 
DAK I N 
PAS P I 

FORD 
G H T E L H A 
GRECO 
M E I N T i E 
JACKSON 
KNAPP1 
KNAPPZ 
LlBERHAN 
MARTIN 
PRE POST 
SIHPSON 
M l t K 
VENN I E 

ANTIPOV 76 T B I L I S I CCNF.N B 
BACCI T6 L N F - 7 6 / 6 0 C P I 
PAR TEL 1 76 PL 6 4 B 4 8 3 
BRAUNSCH 76 PL 6 3 B 4 8 7 
9USSEH 16 HP & 113 1 8 9 
JEAN-MAP 76 PRL 36 291 
MURTAS 76 T 8 L 1 S I CCNF. N60 

• H A R V E Y , L O B K O f K I . N A Y , N O R D B E R G fROCHtCORN) 
• B E C K E f t . B I G G S . B L W G E * . G L E N N . * I N I T t B N L I 
• P E N S O , S T E L L A , B A L D I N I - C E L 1 0 , * IPOHA.FOASI 
B A L D I N I - C E L I O , B 0 Z Z O , C A P C N . B A C C I * I F R A S * « 0 H A I 
B A L D I N I - C E L I O . C A P O N . D E L FABBRO* (FRAS*R0MA1 

. 1 1 3 C.BEHPORAO <PISA*FRASCAT11 
»BOVER.FAISSLEP<GARELICK,GETTNEP. * INEAS1 
»8REIDEN8ACH,BULOS,FELDMAN,» ( S L A C * L B L I J P C 
BRAUNSCHWEIG* I AACHEN*HANB*MiWICH*-TO«YOI 
*BLWHENFELD. BANNER.* t C£RN*C0LO»R0CK*5RCLI 
*LEARNED,PHEPOST.ASH,ANDERSON,* ( W t S C * S L A C l 
*0EHNE.FRANKE.HDDLI12<KHECHLOCK* I D E S V I 
* K R E I S L E R , B O L D N , H E I L E * ( » A S A * H I T * S L I C 1 
BRAUNSCHMEIGiKONIGS,* l A A C H i O E S Y ^ H P l M t r O t V J 
BRAUNSCHWEIG.KONIGS.* IAACH»CESY*MPIH*TOKYI 
* B A R T O L t . B t S E L L O , * IFRAS*NAPL*PADO*ROMAI 
*BERON,HILGER,HOFSTA0TER* (SLAC*PENNI 
GITTELHAN*HANSON*LARSDN*LOH* (CORNI 
*PANCHEP[ -5R IVASTAV« ,SR IVASTAVA ( F R R S I 

,9T J . H E I N T I E IHEIDEL8ERG1 
J .0 .JACKSON,D .SCHARRE ( L B L ) 
* L E E , B R O N S T E I N * ( C 0 L U * H A W A * C O n N » I L L * F N A L l 
* L E E . B N O N S T E I N * (C0LU*HAWA*CCT3N*ILL+FNALI 

.55 A . D . L t B E R H A N ISTANFQRD) 

2 4 1 I 
,H!LGER,HOFSTADTEe 

D . R . Y E N N I E 3RNELL1 

* 8 E S S U B 0 V . e U D » N 0 V , B U S H N 1 H , D E N I S D V , * (SEBP1 
• B A L O I N I - C E L 1 0 , C A P O N * IFPAS*SOMA»GENDI 
* D J I N K E R , 0 L S S C N , S T E F f E N . H E I ' ( T I E * t O E S Y * H E l a l 
BRAUNSCHWEIG,* IA*CH*CESY*HAMB»MPIM*T0KY1 
• BLUHEKFELO, BANNER , 4 < C E P H * C a . U * P . O C * * S * C L I 
• ABRAMS.B0VARSK1.BREIDENFACH.* l S L A C * L B L M i 
G.P.HURTAS ( F R A S I 

SARTEL 77 PL 6 6 B 4 8 9 
BlDOICK 77 PPL 38 1 3 2 4 
BUflHESTE 7T PL 7 2 8 135 
CORDEN 77 PL 6 8 B 9 6 
PEL OMAN 77 PL 3 3 C 2 5 5 
VANNUCCI 77 PR 0 15 1 8 1 4 

HADA 7T HAMB. CONF. P . 6 9 YAM«DA 

* 0 J I N K E R . O L S S O N . H E I N T I E . * I D E S Y * H E I O I 
•BURNETT* | U C S O * U H D * P A V I * P R I N * S L A C * S T A N I 
OUBMESrER.CRIEGEE, * 1OESr*hAHB*S IEG*WUPPI 
* 0 3 H E L L . * (B IR"*CEPN*<«P |H«NEUC*EP01*RHEL1 
*PERL I L B L * S L A C I 
*ABR*HS<ALAM,BOYARSKI .« I S L A C * L B L J 

AtEXANOE 78 PL 72 B 4 9 3 
BESCM T8 PL 7 8 9 347 
BRINOEL I T8 PL 74 B 292 
P E R U I Z ! 78 PR D I T 2 9 0 1 

ALEKANDER.CRIEGEE. * I O E S Y * H » H B » S I E & * W U P P I 
*E ISER«ANN,KOWALSKI ,V E Y S S * t 8 Q N N O E 5 * * M A N Z I 
BR ANDEL I K . C O R D S * I AACH*CtSY* f -AM8*MPIN . TOK»> 
• P I C C 0 L O . A L A M . B D V A R S K I , G O L O H A B E R * I S L A C * L 9 L I 

BRANOELt 7 9 ZPKY t 1 233 B R A N D E L I X . C O B D S . • ( ' 
•ClRK 7 9 PRL 4 2 6 1 9 (GOODMAN.ALVERSON,* 
LEMOIGNE 79 FERMILAS C O N F . 5 2 4 * A B O L I N S . B A R A T E . * 
SCHARRE 79 S L A C - P U B - 2 3 2 1 0 . 1 . SCHARRE ( S L A C * L B l l 

PAPTRIDG BO PRL 4 4 7 1 2 
SC"*RRE BO PL 9 7 B 321 
•HQLENT' BO PL 9 6 B 2 I « 

ALSO 81 YAD.PHYS. 3 

8ESCM 81 7P4Y C 8 1 

BARATE 82 HORIOKD fcCfltSHOP 
ALSO 82 C E R N - E P / 8 2 - 1 5 

EDWARDS 82 PR 0 I TO BE PUB. I 
K0N1GSHA 8 2 MORIONO CONF. 

* E ! S E R H » N N . L O H R . K Q M A L S « ! , » I B C N N * O E S Y * " A N ^ I 

»BAREVRE,80NAHY. * 
LEMOIGNE.BARATE. t 
• P A R T R I D G E . P E C K . * 
KONIOSHANN,* J|||EHiii 

X(3415)| 56 C H K 3 4 1 5 . J P G - C 

OBSERVED I N THE R A D I A T I V E DECAY OF P S 1 I 3 6 B 5 I IN IC 
H I ( 3 4 1 5 ) GAMMA. THEREFORE C - * . THE OBSERVED DECAY INTO P I * f 

IR M K- I M P L I E S G - * . J P - 0 * , 2 THE ANGULAR O I S T B I B U T I D * 
S CONSISTENT M I T H J * 0 . JP ABNORMAL EXCLUDED BY P I * P I - AND 
* K- DECAYS. J P - O * PREFERRED- IFELDHAN 7 7 ) . 

-5 t cm 14.151 HA5S IWEV» 

2 1 3 4 0 7 . 0 1 Wt IK 75 DASP E * E - . J / O S I t GAH 
77 CrtTR 

0 3 4 2 2 . 0 8ARTEL 7B CNTR 
TANENBAUM TB SHAG 

3 4 1 4 . B i . i t I M E L 79 S"K2 E * E - , H A D * 1 N S 

3*15.0 1VERAGE I 

MASS VALUE S H I F T E D BY US BY AMOUNT APPROPRIATE FOR 
P S K 3 6 B S ) M A S S 0 6 B 6 AND P S I I 3 1 0 0 I M A S S < 3 0 9 7 . 

SYSTEMATIC ERROR ADDEO LINEARLY 8V US 
FRO" A SIMULTANEOUS F I T TO RADIAT IVE AND HADRCNIC DECAY CHANNELS 

SYSTEMATIC ERROR ADDED LINEARLY BV US 

» C . M 3 . I S . » . . , U D S C « -

C H M 3*151 INTO P I * P | -
C H M 34151 
C H K 3 *151 INTC 2 ( P I t P I - ) 
C H t l 3 4 ) 5 1 INTO 3 I P I * P t - I 
CHI ( 3 * 1 5 ) INTO P I * P I - K* « -
C H K 3 4 1 5 1 INTC J / P S I I 3 1 0 0 ) GAMMA 
C H I I 3 4 1 5 ) INTO 2 GAMMA 
C H K 3 4 1 5 I INTO P I * P I - P PB.R 
C H I I 3 * 1 5 ) INTO RHOO P I * P | -
C H K 3 4 1 5 ) INTD K » l 8 9 2 ) 0 - * / - P I - / * 
C H I I 3 4 1 5 1 INTD P PBAR 

: H H 3 4 1 5 ) 8RANC 

7 6 9 * 1 3 9 * ISO 

• E - . 3 GAMMA 1 2 / 7 T 

>6*51 TO CAM O l 1 2 / 7 8 



Mesons 
X(3415), Pc or x(3510), x(3555) 

Data Card Listings 
For notation, see key at front of Listings. 

C H H 3 M S I INTO ( 

tfG O.OOB5 

C H I I 3 * 1 5 > INTO I K ' 
o . o o * 

0 . 0 0 3 

0 . 0 0 2 * 
C H | { 3 * 1 5 > INTG ( 

I 5HAG P S I I 3 6 B * I T 0 i 

;MAG P 5 M 3 6 B 5 1 T 0 GAM CHI 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 0 ) 

/ T O T A L i p a i 

TANENBAUM 
BRAN0EL2 

AVERAGE (ERROR INCLUDES SCALE FACTO* 

( P B 1 
S I ( 3 6 B 5 I T O 5 

'"""r'tiR" I H A 1 / T 0 T A L (Pfc) 
TANENBAUH 7B SHA3 P S I I 3 6 B 5 J T O 3 A " C-Cl 
CARTEL 7B CWTR P S M 3 6 B 5 1 T 0 GAM CHI 
BRANDEL2 7 9 DASP P S H 3 6 B S I T 0 GAM CHI 

C L - 0 . 9 0 H I " E L 80 SKK2 P S I 3 6 B S . C H I GAC 
OREGLIA B? CBAL P S I I 3 6 8 5 U 0 GAM CHI 

LVERAC (ERRCIP INCLUDES SCALE FACTt OF 1 . 0 1 

I ' l l O IRWDO P | * 

FELOMAN 75 PPL 35 8 2 1 
ALSO 75 P»L 35 11B9 

TANENBAU 75 P « l 35 ] 

B IDOICK 
FELOMAN 
YAM ADA 

H IHEL 

0PEGL1A 

.FORD SYMP 

r PPL 3B 1 3 2 * 
• PL 3 3 C 285 
• HAMB. C r N F . P 

I PL 7 9 B * 9 2 
I P " D 17 1 7 3 1 
' PRIVATE C 0 1 1 

IEFEP-ENCES 1 =HR C H I ( 3 * 1 5 l 

• J E A N - - A R I E , ,SADOULFT.VANNUCCI , • I L B H S L A L l 

rANENBAuM,.* ! - I I A K E P . AFlPACS,* , i , i ; s s : 
• BURNETT* 
-PFBL 

( U C S D * U « D * P A V I * p l ""iLSi 
E ™ - " — - • 

C 1 2 3 3 B S A N D E L I K i C O R D S . X 
B R A N D E L U . C O H D S . n 

S 5 L A C - Z 2 3 T . M . « I « E L 

c.H.rmuiNc 
2 6 1 9 •GOODMAN,ALVCRSON, HFHtL'X 

DESV*HE1DI 
I S L A O L f i L I 

r i e L * u c 8 i 

i f - A x a t - p r x T o i t y i 

* D (TO BE PUS. 

• A B R A M S . A l A " , B L O C K E R . * 

• BLOOM.EULOS, * I S H t ' C I H I 

P„ or x(3510) 55 PC OH C M | ( 3 5 1 0 . J P C « 1 

~ 0 8 S E R V E 0 I V A D 1 A M V E SEOUE 
OF THE P S I ( " . 6 B 5 > INTO PC GANPA. PC INTO 
J / P S M 3 1 0 0 1 GAHKA. THEREFORE. C > * . 

T H E LACK OF DECAYS INTO » H P I - OR X * K - I S SUGGESTIVE OF 
J P * A S N D P H A l . THE DECAYS INTO « P [ ANO 6 P I IMPLY G « * i THUS I •< 
J - 0 , 2 EXCLUDED fir ANGULAR D I S T R I B U T I O N I N THE IGAMMA J / P ^ l l 
DECAY. J P . | . PREFERRED IFELDMAN 7 7 . OPEGLIA 8 2 1 

EC Al 

* 0 1 3500 1 
1 3 5 0 7 
1 3 5 1 0 ;: 36 3 5 1 ) 

4507 
1505 : 

n 2 3509 
1 3 5 2 0 ; 

9 3507 * V * 3 5 1 1 * 3509 9 5 

77 CN1R 
78 C M P 

* 7 8 SMAG 
79 DA5P 
79 G O l t 
8 0 5«K2 
8 2 COL I 
8 2 CBAL 

E*E-
E* E-

HADP0N5 GAH 1 
. J / P S I 2 GAH 
• J / 0 S I 2 GAM 
iMOIOCMR.GAM 

2 GAM • 

E * E - . J / P S I 2GA* 
0 150 P I - I E . 2 * U 

E * E - , J / P S 1 ? GAH 
• 190 P I - B E . G A H 2 M J 

E * E - , J / P 5 I 2 GAH r,n: 
a . 5 5 iGE (ERROR INCLUDES SCALE FACTOR r 1 . I I 

,TE FOR 
[ ( 3 1 0 0 1 MASS-3097 

I A 5 5 - 3 0 9 7 . 

H I S S VALUE S M F T E D BY US BY AMOUNT I 
P S ! ( 3 6 8 5 1 M A S S - 3 6 8 6 ANO P S K 

ASSUMING P 5 1 C 3 6 B 5 » M A S S ' 3 6 8 6 AND PS1 I 3 K 
SY51EMATIC ERROR ADDED L INEARLY BY US 
FROM A SIMULTANEOUS F I T TO R A D I A T I V E AND HADRCNIC OECAY CHANNELS 

SYSTEMATIC ERROR AOOEO LINEARLY BY US 
J / P S I MASS CONSTRAINED TO 3 0 9 7 . 

PC INTO J / P S H 3 1 0 0 I 

PC INTO GANMA GAH» 
PC INTO 2 » P I * P I - I 
PC INTO 3 I P I * P I - 1 
PC INTO P I * P I - « • 
PC INTO P I * P I - P 
PC INTO RHGO P | * C 
PC INTO K X 8 9 2 I O « 
PC INTO P PBAR 

139 
* 9 3 * * 9 3 

1 3 9 * 1 3 9 * 1 3 9 * 139 

1 3 9 * 
1 3 9 . 1 3 9 * 938< 93B 

1 3 9 * 1 3 9 
* 9 J * 1 3 9 
93B 

PC INTO ( J / P S I I 3 1 0 0 I GAMMAl /TOTA l ( P l l 
1 0 . 6 3 1 ( 0 . 1 9 1 BIDD1CK 7 7 CNTR P S K 3 6 8 5 I T 0 GA« PC 1 

0 . 3 1 0 . 0 5 8ARTEL 7B C*7R P S I ( 3 6 3 5 1 TO GAM PC 
0 . 3 0 0 . 1 0 TANENBAUN 7 8 SHAG P S K 3 6 8 5 1 TO GAM PC J 
0 . 2 1 0 . 0 5 BRANDEL2 79 OASP P S H 3 6 8 5 I T 0 GAH CHI 1 
0 . 3 0 0 . 0 8 HlMEL 8 0 SMK2 P S I 3 6 B 5 . P C GAM 

9 * 3 3 . 3 C 0 . 0 5 OREGLIA B2 COAL P S I ( 3 6 B 5 I T < 1 SAM CHI 

0 . 0 2 6 AVERAGE I EPBOR INCLUDES SCALE FACTO" OF 1 .01 1 . 2 7 8 

PC 

!5:ss;?:?; IJ\\ t L . . . « l FELOMAN 
BRANDEL2 11 s:;s S : TO GAM PC 

AM CMl 

PC '"'S.ISKItaJTSS'JKS,. ,...». T7 HASP 
( p * i 

f * ( - . 

PC ""\v,:i' "us?* TANENBAUM 78 5MAG ; ; : : , . » • TO 6 1 « PC 

PC INTO ( P I * P I - K * H - l / r O T A L 
TANENBAUM T8 5MAG 

I P 7 I 
Tf. GAM PC 

K ""v.&' " ; : s m 
TANENBAUM 78 S"«G ;;;:,.«, TO GAP PC 

TANENBAUH 78 5 "AG P S I I 3 6 F 

tNENBA'JM 7B SHAG P S K 3 6 E 

) OASP P S K 3 6 B 5 I T I 

?pL 
75 
T5 
75 
75 
75 

5TA-4F0RO SYMR.39 
SIANFCBO SYMP.9T 
PPL 35 6 9 9 
PRL 3 5 1323 
STANFORD SYMP.69 

BAATEL 76 T B I L I S I CCNF.NT5 

F HT 
77 
7T 

PPL 3B 1 3 2 * 
PL 33 C 285 
HAMB. C C S F . P . 6 9 

! S ! K S 
78 
T8 
B2 

PL 79 B * 9 2 
PP 0 IT L 7 3 I 
PRIVATE CCMH. 

BRANDEl 1 
79 

JPrtY C 1 ?3 3 
VP B IbO *?fc 
PPL * i 6 1 9 
FERHILAB C G N F . 5 2 * L M . C E 79 

JPrtY C 1 ?3 3 
VP B IbO *?fc 
PPL * i 6 1 9 
FERHILAB C G N F . 5 2 * 

REFERENCES fOP PC 

BRAUNSCHWEIG, «ONIGS, - i 

[ «ER.OLSSON,MEIN7 7 E , * 

IETT* ( U C S O * U M D * F A V I * l 

T^liTsi 
( D F S T * H E I O I 

N ' U I C S I I N I 
( L B l ' S L A C ) 

1 D E 5 Y * T 0 1 Y I 

!:;sii:;:s:s!:::::s:Ei!;:":;::p!::is::! 
IABRAMS.AL AM. BLOCKER. ' 

B2 MORICND hCRKSHOP 
) 82 C E R N - E P / 8 2 - 1 5 

82 PR 3 (TO BE P U B . ) 
) 82 PRIVATE CDMH. 

* B A R £ Y R 6 . B 0 N A « Y , i 
L E M O I G N E . B A R A T E , * 
*BLOOH.BULOS<* 
H . O R E G I I A 

ist»c"Kt;sR:ivi!"";! 

X(3555) C m i 3 5 5 5 , J P G - 2 « * 1 -0 

CBSERVED I N R A O I A T I V E DECAY OF P S 1 M 6 E * I INTO 
C H l ( ) 5 5 5 l GAPMA. THEREFORE C - * . T "E OBSERVfO C i U I I M O A P I 
AND 5 P I ICPLY G > * . THUS I ' 0 . 
J - 0 I S EKCIUOEO BY THE ANG'JLAR D I S T R I B U T I O N I N THE KAQPONIC 
DECAYS. J P AENOR»AL EXCLUDED BY P I * P I - ANO * • « - DECAYS. 
J P - J * PREFERREO (FELOMAN 7 7 , OREGLIA B 7 I . 

C H K 3 5 5 5 I MASS (MEV1 

1 3 5 5 0 
* I 3 5 * 3 0 1 

6 0 3563 0 
0 

3553 

6 9 3557 1 
6 6 3 5 5 ) 
7 9 3555 •i 

T R I L L I N G 7 6 SHAG 
HHITAKER 7 6 SHAG 
B I O D I C K 77 CNTR 
BARTEL 78 CNTR 
IANENBAUH 78 SHAG 
6RAN0EL2 79 DASP 
HIMEL 6 0 SHK2 
BARATE 8 2 GOLI 
DREGLIA 8 2 CBAL 

E 'E- .HADRQNS GAM 
E « E - . J / P S I 2 GAM 
E*E- ,KDNOCHR.G*M 
E * E - > J / P S I 2 GAM 
E * e - i 
E * E - , J / P S I 2GAK 1 
E * E - . J / P S I 2 GAM 

0 190 P I - B E . G A H 2 K U 
E * F - , J / P S I 2 GAN 

3 5 5 5 . 8 2 0 . 6 0 IVERAGE (ERROR INCLUOES SCALE FACTOR OF 1 .01 

MASS VALUE S H I F T E D BY US BY AMOUNT APPROPRIATE FOR 
PSI ( 3 6 8 5 1 H A 5 S - 3 6 B 6 ANO P S I O t O D I MASS* 3 0 9 7 . 

ASSUMING PS I t 3 6 8 5 1 H A S S ' 3 6 8 6 ANO P S H 3 1 0 0 ) M A S S - 3 0 9 T . 
SYSTEMATIC ERROR ADDED L INEARLY BY U S . 
FROM A SIMULTANEOUS F I T TO R A D I A T I V E ANO HADRONIC O K A Y CHANNELS 

SYSTEMATIC ERROR ADDED L INEARLY 6Y US 
J / P S I * A S S CONSTRAINED TO 3Q9T 



Data Card Listings 
For notation, see key at front of Listings 

CKIU5551 PARTIAL oec iv MDDES 

DECAY NASSES 
C H I O S 5 S I 1NTC P I * P l -
C H I I T O 5 I INTO K* K- 4 9 3 * 4 9 3 
C H H 3 S S 5 J INTO 2 ( P I * P l - I 1 3 9 * 1 3 * * 1 3 9 * 1 3 9 
CHII3555I INTO 3IPI* PI-I 
C H I I 3 3 5 5 1 INTO P I * P I - K» K- 1 3 9 * 1 3 9 * 4 9 3 * 4 9 3 
C H I ( 3 5 5 5 ) INTO J / P S 1 I 3 1 0 Q ) C M X I 3 0 9 6 * 0 
C H I I 3 5 5 S 1 INTO 2 GAH*A 0 * 0 
C H K 3 5 5 5 I INTO P I * P I - P PBAR 1 3 9 * 1 3 9 * 9 3 1 * 93B 
CHI 1 3 5 5 5 ) INTO RMOO P I * P I - 7 6 9 * 1 3 9 * 139 
C H M 3 S 5 5 ) tnjTO * • I 8 9 2 ) 0 *.*/- P I - / » B 9 I » 4 9 3 * 139 
C H I 1 3 5 5 5 1 INTO P PBAA 9 3 8 * 9 3 8 
CHI I 3555 ) INTO J / P S K 3 1 0 0 ) P I + P I - P IO 3 0 9 6 + 1 3 9 * 1 3 9 * 134 

C H K 3 5 5 S I BRANCHING R 

B l 
R l 

C H I ( 3 5 5 5 1 INTO 1 2 GAHMAl/TOTAL 
( 0 . 0 0 0 4 ) 0 * LESS C L - 0 , 9 ' / T U M I D * 7 7 OASP 

I P T I 
E* E - , 3 GAHHA 1 2 / 7 7 

R2 
R2 

C H I 135551 INTO 
0 . 0 2 3 

2 I P I + P I - J / T O T A L 
0 . 0 0 5 TANENBAUH T 8 SHAG 

I P S ) 
P S ! ( 3 6 8 5 1 TO GAM CHI I 2 / 7 B 

A3 
R3 

CM I 3 5 5 5 1 INTO 
0 . 0 2 0 

I P I * P I - K* R - I / T D T A L 
0 . 0 0 5 TANENBAUM TB SHAG 

( P 5 I 
P S K 3 6 B 5 I T O CAM CXI 1 2 / 7 8 

0 4. 
C H M 3 5 5 5 1 INTO 

9 . 0 1 2 
3 I P I * P l - I / T O T A L 

O.OOfl rANENBAUM TB SHAG 
( P 4 ) 
P S I I 3 6 B 5 ) T O GAH CXI 1 2 / 7 8 

RS T 
CHI 3 5 5 5 ) INTO 

0 . 0 0 2 6 
( P I * P I - ANb K* K - 1 / T O T A L 

0 . 0 0 1 1 TINENBAUH TB SHAG 
( P L * P 2 ) 
P S I I 3 6 B 5 I T D GAM CXI 1 2 / 7 8 

R6 
R6 T 

C H H 3 5 S 5 1 INTO 
0 . 0 0 3 5 

I P I * P I - P • B A f t ) / T O T A L 
0 . 0 0 1 4 TANENBAUM TB SHAG 

I P S ) 
P S I I J 6 B 5 ) T 0 GAM CHI 1 2 / 7 8 

RT 

RT • 

R7 ] 

CHI 

4 79 

AVG 

35551 INTO 
1 0 . 3 0 ) 

0 . 1 4 
0 . 1 2 
0 . 1 4 
0 . 1 9 
0 . 1 5 
0 . 170 

I J / P 5 I ( 3 1 0 0 > GAMMA)/TOTAL 
1 0 . 1 4 1 S IOOICM 

0 . 0 3 CARTEL 
0 . 1 4 0 . 0 ? SPITZER 
O.OB TANENBAUM 
0 . 0 5 BAAN0EL2 
0 . 0 * H I MEL 
0 . 0 3 0 DREGLIA 

( P 6 I 
77 CNTR P S I I 3 6 B 5 I T D GAM CXI 
71 CNTR P S 1 I 3 6 8 S H 0 GAH CHI 
7 1 PLUT P S H 3 6 B 5 I T 0 GAD CHI 
TB SHAG P S I I 3 A 8 5 1 T O GAM CHI 
79 OASP P S I ( 3 6 8 5 i r O GAM CXI 
8 0 SMK2 P S I 3 6 B $ . C H | GAH 
8 2 CBAL P S I I 3 6 S 3 I T O GAH CXI 

CLUOES SCALE FACTO* OF 1 . 0 ) 

1 2 / 7 7 
4 / 7 B 

1 2 / 7 8 
1 2 / 7 8 
1 2 / 7 9 
9 / B l * 
2 / B 2 * 

« 7 

CHI 

4 79 

AVG 0 . 1 5 7 0 . 0 ) T AVERAGE (ERROR I 

( P 6 I 
77 CNTR P S I I 3 6 B 5 I T D GAM CXI 
71 CNTR P S 1 I 3 6 8 S H 0 GAH CHI 
7 1 PLUT P S H 3 6 B 5 I T 0 GAD CHI 
TB SHAG P S I I 3 A 8 5 1 T O GAM CHI 
79 OASP P S I ( 3 6 8 5 i r O GAM CXI 
8 0 SMK2 P S I 3 6 B $ . C H | GAH 
8 2 CBAL P S I I 3 6 S 3 I T O GAH CXI 

CLUOES SCALE FACTO* OF 1 . 0 ) 

RB CHI 35551 INTC 
0 . 0 0 7 1 

IflHOO P I * P l - I / T O T A L 
0 . 0 0 4 2 TANENBAUM TB SHAG 

I P 9 ) 
P S i m f l S I T O GAH CXI 1 2 / 7 B 

« 9 
R9 T 

C H H 3 5 5 S I INTC 
O.OOSD 

( K * ( 6 9 2 10 K* - P I - * l / T O T 
0 . D D Z 9 TANENBAUM 78 SMAG 

( P 1 0 I 
P S K 3 6 B 5 I T 0 GAH CHI 1 2 / 7 6 

1 1 0 
RIOT 

CHI 35551 INTC 
2 . 0 

( P I * P I - I / T O T A L ( U N I T S 10 
l . t BRANDELI 

• - 3 1 
7 9 OASP 

( P I ) 
P S I ( 3 6 B 5 ) T O GAM CHI 1 2 / 7 9 

R l l 
R U T 

C H I 
2 

35551 INTO 
1 . 6 

I K * K - I / T O T A L ( U N I T S 1 0 * * -
1 . 2 BRAN0EL1 

3 ) 
79 DASP 

( P 2 > 
P S I I 3 6 B 5 ) T 0 GAM c , 1 2 / 7 9 

R I 2 
R 1 2 I 

C H I 35551 INTO 
t l . O ) OR 

I P PBARI /TOTAL ( U N I T S 10» 
LESS C t - 0 . 9 0 BAANDEL? 

* - 3 
7 9 DASP 

( P H I 
P S 1 ( 3 6 8 5 ) T Q GAH CHI 1 2 / 7 9 

R I 3 
R13 

C H I 3 5 S 5 I INTC 
( 0 . 0 1 5 1 0 f t 

J / P S I P I * P I - P I O ) / T O T A L 
LESS C L - . 9 0 BARATE B I SPEC 

I P I 2 I 
190 P I - B E . 2 P I 2 N U 1 / B 2 » 

R T 
E5 
tH 

1H4TE0 USING P S I I 3 6 B 5 ) TO (GAMMA CHI I 3 5 5 5 1 l / T O T A L ' 0 . 0 7 4 
ERRORS 0 0 NOT CONTAIN THE UNCERTAINTY I N THE P S H 3 6 B 5 I OECAV 

3 / 8 2 * 

REFERENCES FOR C H I ( 3 4 5 5 ) 

f E L OMAN 75 PRL 3 5 821 + J E R N - M A R I E . S A O 0 U L E T . V A N N U C C I . * ( L B L * S L A C I 
ALSO 75 »*L 35 1 1 8 9 (ERRATA) 

TANENBAU 75 P»L 35 1323 TANENBAUM,HHITANER.ABRAHS.* I L 6 L * S L A C ) 

6 I O D I C * 77 PRL 3B 1324 tBURNETT* (UCSD*UMD*PAVI *P f t l N*SLAC*STANI 
FELOHAN 77 P I 33 C 2 8 5 *PERL I L B L * S L A C I 
YAHADA 77 MAMB. CONF. P . 6 9 YAMADA IOESV*TOKV) 

BAATEL 7B PL 7 9 9 4 9 2 DITrMANN.OUINKER<CH.SSCN,0< NE I L L * I D E S * * H E I O t 
S P I W E * 78 K*OTO S U M . t K S T . 4 T H . S P IT 2E P (HAHBt 
TANENBAU 78 P» D 17 1 7 3 1 TANENBAUM,ALAM,60YAR5KI , i I S L A C * L B L I 

AtSO 82 PRIVATE COHH. C . H . T R I L L I N G I L B L * U C B ) 

BHANDEl l 79 [PHY C 1 Z33 BRANDEL 1K.COR0S, * IAACH*0£SY* l -AKB*MP|M»TOKVI 
BRAN0EL2 T9 NP 8 160 4 2 6 BRANDELIK,CORDS.* IAACHt-CESV*HAMB*MPIH*TDKYI 
KIRK 7 9 Pfll 4 2 6 1 9 * G 0 O D H A N . A L V E R S D N . 4 | F N A L * H A R V * t L L * O K F * 1 U F T l 

H IHEL 
ALSO 

BO PflL 4 4 9 2 0 
82 PRIVATE COMM. 

• ABRAMS.R1.AH, BLOCKER,* (LBL + SLACI 
G . H , T R I L L I N G ( L B L * U C 8 ) 

BAKATE 81 OR 0 24 2 9 9 4 *ASTBURV,MCENEN.» 4 $ A C l * L 0 I C * S H H P * C E * N * ! N D > 

BARAIE 
ALSO 

OREGLIA 
ALSO 

82 MORIONO HCRKSHOP 
82 C E R N - E P / 8 2 - 1 5 
B2 PR 0 (TO BE PUB. 
E2 PRIVATE CDHM. 

* f lAREYRE,BDNAH) ' . * 
L E M 0 I G N E . 8 A A A T E . * 
* BL DON,BUL OS . * 
H.OREGLIA 

(SACC»t .OIC*SHMP»IND) 
( S A C L * L O ! C * S H H P * I N 0 > 

( S L A C * C I T * H A « V * P R I H * S T A N I 
I E F I ) 

•••"*•' •• " " ,*** • • • • • • • • • • * * • * * * * • * • • • • • • » • 

Mesons 
X(3555), ^(3590), V-(3685) 

q'(3590) 
1 9 ETA C I 3 S 9 0 . J P G - I 1 -

OBSERVED I N THE P A 0 I A T 1 V E DECA1 
ETA C O 5 9 0 I GAHHA. THEREFORE. 
CHITTED FROM ( A B L E . 

Evidence for the n {3590) is based on the c 
observation of a monochromatic gamma line in the 
inclusive photon spectrum for ^(3685) decays 
(EDWARDS 82). No exclusive decay modes are known 
at this time. A signal had been reported for a 
state at similar mass in the decay ^(3685) -+ 
YYJ/M3100) (BARTEL 7B), but this signal was not 
confirmed in an experiment with higher statistics 
(OREGLIA 82) . 

59 ETA CI 3 5 0 0 1 MASS ( M f V ) 

A 3 5 9 4 . 0 5 . 0 EDMAOD5 52 CBAL W - . G A M I h C l 1 / 8 2 * 

A ASSUMING MASS OF P S I I 3 6 8 5 I • 36B6 -fv. 

5 9 C I A C I 3 5 9 0 I WIDTH IMEV) 

I B . 0 1 OB LESS C L - . 9 5 EDMARDS 62 CBAL E * E - , G A " I * i U 1 / 8 2 * 

5 9 ETA C I 3 5 9 0 I PAOTTAl OECA* MODI^ 

I f C A Y - A S S I S 
ETA C I 3 5 9 0 I I M O H»DR(1NS 

5-, ETA C I 3 5 9 0 1 BRANCHING " A r i C S 

REFERENCES FOR ETA C I 3 5 9 0 I 

BARTEL JB PL T9 B 4 9 2 . D l T T M A N N . D U I N K E R . O L S S O * . * i n E S T . H F I D I 

PORTER Bl SLAC SUM.CONF.355 .EOrfARDS.* ( C I I * H A R V * P R I N * S T A-J*SLAC I 

' 0 » P » R T R I O G F . P E C K . * ( C 1 T * H « R V * P R I N * S T A N * S L * C I 
) BF P U B . I * B L O O H . H J L I ) S . * ( S L A C * C I T i H « R V > P < t I N t S T l K ) 

lf(3685) P S I I 3 6 8 5 , J P G - 1 - -

71 P S K 1 6 8 5 ) MASS I » E V I 

HE USE INDEPENDENT HE A5UPEHENTS Of THE J / P S M 3 1 0 O I 
" A S S , THF P S I 1 3 6 8 5 ) H I S S , AND THE MAS5 OlFfCiULt TO 
PERFORM A CONSTRAINED F I T . 

3 6 8 0 . 3 3 7 . LRIEGEE T5 PLUT E < F -
( 3 6 8 4 . ) 1 5 . 1 L U I H 75 SHAG E * E -

3 6 8 4 . 9 . PRFPOST 75 SPEC 2 1 . GAHM* D 
1 4 0 ( 3 6 8 3 . 0 ) 1 6 . 0 ) LEHOIGNE T 9 G O L I 0 150 P I - B E , J M U 

3 6 8 6 . 3 . flRANDEll 7 9 OASP E* E-
4 | 3 3 6 8 A . 0 C 0 . 1 0 t H O L E N T I BO D l V t E *E - COLL.BEAHS 

FROM A SIMULTANEOUS F I T TO E* E - . M U * HU- AND * A D R O M C CHANNELS 
ASSUMING C I E * E - l - G I H U * M U - I 
REOUNDANT WITH DATA I N HA5S DIFFERENCE BELCH 
ERROR OF ABOUT 1 P=R CENT FROH (HE UNCERTAINTY I N CALIBRATION Of 

http://SUM.tKST.4T


Mesons 
f(3685) 

162 

Data Card Listings 
For notation, see key at front of Listings. 

3 1 O 0 I XASS EIFFERENCE I H E V I 

I 5 B 9 . OTI 
5 8 9 . T 
5 9 0 . * 

LUTH 75 SHAG 
IHOLENTZ BO OLYA 
BARATE 82 con 
BARATE 82 GOLI 

1 / 7 6 
3 / B 2 -

' I - B E i Z » I 2 P U 1 / 8 2 * 
• I - B E . 2 H U 3 / 8 2 » 

P S K 3 6 8 5 1 MIOTH t 

2 2 8 . 
2 0 2 . 

F R O M A s i m 

ASSUMING Gl 

2 1 5 . 2 

L O T H 7 5 S H A G 
B R A N D E D 7 1 O A S P E * E -

[ I 7 0 £ « E - . N U * H O - A N D H A D R T O N I C C H A N N E L S 
: H U * M U - > 

A V E R A G E T E K R O R I N C L U D E S S C A L E F A C T O R G F I 

P S H 3 6 B 5 I PARTIAL DECAY MODES 

P S K 36851 INTO E* E-
P S H 3 6 B 5 1 INTO " U * " U -
P S H 36851 INTO HADRONS 
P S H 3 6 6 5 ] INTO V IRTUAL GAMMA INTO ' 

DECAY MASSES 

DECAYS I N TD J / P S 1 ( 3 1 0 0 ) • ANYTHING 

P S I I 3 6 B 5 ) INTO J / P S I ( 3 1 0 Q > * ANYTHING 
R S H 3 6 B 5 I INTO j y P S I ( 3 1 0 0 1 * NEUTRALS 
PS J I 36651 INTO J / P S K 3 I 0 0 1 P I * M -
P S I I 3 6 B 5 ) INTD J / P S H 3 I 0 0 I P I O P I D 
P S H 3 6 B 5 I INTC J / P 5 I I 3 1 0 0 I ETA 
PS I ( 3 6 8 5 1 INTO J / P S I I 3 1 0 0 I GAMMA GAMMA 
PS I f 36851 INTO J / P S U 3 1 0 0 I P I O 

SHALL — NO T USED I N P I 

HADRONIC DECAYS 

P S I I 3 6 B 5 ) INTO P l » P I -
P S U 3 6 B 5 I INTO RH3 P I 
P S I I 3 6 B 5 ) I N T D K» K-
P S H 3 6 B S J INTD 2 1 P I * P l - I 
P S H 36851 INTC 2 I P I . P I - 1 P IO 
P S K 3 6 B 5 I INTO P I * P I - K* 
P S U 36851 INTD PSAR P 
P 5 K 3 6 B 5 I INTC LAMBDA ANT 1 LAMBDA 
PS I ( 3 6 8 5 1 INTO X I A N M K I 
PS 11 36851 INTO P I * P I - P P8AB 
P S I f 36851 INTO 3 I P I * P I - I 
P S I I 3 6 B 5 ) INTC RHOO P i t P I 
PS 11 3 6 8 5 ) INTC * • ( 8 9 2 1 0 K» - P I - / * 

RADIATIVE CECAYS 

P S I I 3 6 B 5 I INTO GAMMA GAMMA 
P S H 3 6 8 5 I INTO P I O GAMMA 
P S H 3 6 8 S ) INTC ETA GAMMA 
P S I I 3 6 B 5 I INTC ETA PRIME GAMMA 
P 5 I I 3 6 B 5 1 INTO C H I O M 5 I GAMMA 
PS I < 3 6 8 5 1 INTO PCI 3 5 1 0 1 GAMMA 
P S K 36651 INTD CHI 1 3 5 5 5 1 GAMMA 
P S 1 I 3 6 6 S I INTO P C I 3 5 L 0 I < ANYTHING 
P 5 I I 3 6 B 5 I INTO ETA C I 2 9 8 0 ) GAMMA 
P i l l 36851 INTO E l l * 2 0 l GAMMA 
P S H 36851 INTO ETA C I 3 S 9 D 1 GAMMA 

1 3 9 * 1 3 9 * 1 3 9 * 
1 3 9 * 13->. 139 
1 3 9 * 1 3 9 * ".97 
•538* «e 

1 1 1 5 * 1 1 1 5 
1 3 2 1 * 1 3 2 1 

1 3 9 * 1 3 9 * 9 3 8 

T 6 9 * 1 3 9 * 139 

3*15* 
3510* 
3555* 

r iTTED PARTIAL DECAY MODE flUANCHlNG FRACTIONS 

The rrutriK below n derived Irom the e r ro r mi l ro i (or Ihe fitl 
branching f r u u o n t . P . >• lollow.: The duao iu l element , i r e P 

~ e o » - d u g o m l element! *re the normil i 
» o( ihe mdivldu»l F 

• ^ i p i p 
6 p , * F , ' " b P - • b P '• F a i , h * d 

only Ihc.ie P appe»rmg in ihe n 

J/«*OT«ER 

e l i t 

3/f, V T T . 3 2 6 0 . - , 0 2 3 8 
J / ( ' ' i -° .4579 , I 7 ? 5 * - . 0176 
3/tf 1 - . 0 1 5 1 - . 0 0 6 9 . 0 2 7 8 * - . 0 0 3 7 
J/ iWrnFJ> . 2 1 4 7 - . 1 6 3 * - . 0 8 * 0 . 0 3 8 9 * - . 0 2 * 0 
HOT-J/*. - . B 9 / " - . * I 0 3 - . 0 2 6 5 - . 5 1 6 5 . « 3 4 B * - . 0 * 1 S 

71 P511 3665 I 

P S M 2 6 6 5 1 INTO E* E-

IT1AL M10THS CKEVI 

LOTH T5 SMAG E * E - 1 / 7 6 
" I F 2 . 0 . 3 BAANQEL1 79 OASP E* E- 1 2 / 7 9 
Ml f F R O " A SIMULTANEOUS P I T TD E * E - . H U . MO- AND M O R O N I C CHANNELS 
Ml F ASSUMING G I E * E - l - G I M U * MU-1 

Ml AVG 2 . 0 5 0 . 2 1 AVERAGE I ERROR INCLUOES SCALE FACTOR OF 1 . 0 ) 

M3 P S K 3 6 B 5 I INTC HAORONS ( G 3 I 

P S I I 3 6 B 5 I BRANCHING RATIOS 

P S K 36851 INTO I E . E - I / T O T A L ( P i t 
. 0 0 8 1 . 0 0 1 3 FELDMAN TT PVUE E * E - I 

FHOM AN OVERALL F I T ASSUMING EQUAL PARTIAL HIOTHS FOR ( E * E - I 
ANO ( M J . M U - I . FDR A MEASUREMENT OF THE RAT IO SEE THE ENTRY A * BEL3W 
INCLUOES LUTH 7 5 , H [ L G E P 75>eu<tHESTER 77 

P 5 M 3 6 B 5 

RE-STAT 

P S I I 36B51 

INCLUDE 

P S I I 3 6 B S 

PS I ( 3 6 8 5 

INClUOEO IN 

I INTO I MU» M O - I / T O T A L (> 
0 0 7 7 . 0 0 1 7 HILGER 71 SPEC 
D BY US USING ( J / P S I I 3 1 0 0 | . A N Y T H I N G ) / T 0 I « I 

INTO IHADAONSI /TOTAL ( ( 
9B1 . 0 0 3 LUTH 75 SMiG 

CISCAQE CECAY INTD j / P S 1 1 3 1 Q 0 I 

; INTO J/PSH ait 

S I I 3 6 B 5 I I N T 1 
. 5 7 

1 J / P S K 3 1 0 3 ) 
. 0 6 

0 . 1 2 BRANHEL1 79 0 » * P 

3 . 5 5 ! 
0 . 5 6 5 

S U 3 6 B 5 I I N tC 

0 . 067 AVE* 
0 . 0 * 1 FROM 

( J / P S I * N E U I / I 
.02 

v, :iss: issi \[ 

S K 3 6 8 5 1 IN1C 
. 3 2 
. 3 6 

( J / P S I I 3 1 D 0 I 

-Ob "isir'"";; zz' 

101 /TOTAL 
SI 75 SMAI 

IK T5 TASl 

0 . 5 29 0 . 050 FBOM H I 1 ERR Oft INCIUOES "Si; 

3 6 8 5 1 INTO 
( . 0 * 3 1 
0 . 0 3 6 

( 0 . 0 3 5 1 
0 . 3 2 5 
0 . 0 2 1 B 

( J / P S H 
I . O O B l 
0 . 0 0 5 

. 0 . 0 0 « l 
0 . 0 0 6 
0 . 0 0 * 9 

1 0 0 1 F T A I / T C I S L 
TANENBA 
BAOTEL 
BRANOFL 
-11MEL 
r]RFCLIA 

AVERAGE IFRROH 
FROM F I T ( f P R O P 
l-OGHAM BtLOU 1 

J - 76 5 MAG 
7B ( M o 
79 DASP 
80 S"«2 
HO CBAl 

3 . 0 2 7 8 
0 . 0 2 T B 

0 . 0 0 * 5 
0 . 0 0 9 7 
ISEE I 

1 0 0 1 F T A I / T C I S L 
TANENBA 
BAOTEL 
BRANOFL 
-11MEL 
r]RFCLIA 

AVERAGE IFRROH 
FROM F I T ( f P R O P 
l-OGHAM BtLOU 1 

INCLUCES SC 
I N C l ' l D f S SC 

WEIGHTED AVERAGE - 0 0278 t 0 OCA 
ERROR SCALED BY 1 5 

hove of weighted avcragi*, 
]..• factor are for th 

5 convenience only. The 
re actually processed by a 
ined fit program, which 

ulates its own values of x, bx, 
scale fartor. which an- differ 

he values shown here. 

OflEGL ] A fiO CBA-. 
80 SMkZ 

BARTEL 76 CNTR 

0 0 ' 0 02 0 03 0 0 * 0 05 0 06 

P S 1 ( J 6 B 5 ) INTO ( J / P S K J 1 0 0 ) E I A ) / T O T A L 

PS 1 ( 3 6 6 5 1 INTO I J / P S I I 3 I 0 
7 0 . 0 0 1 5 O .0Q06 

C 2 3 0 . 0 0 0 9 0 . 0 0 9 3 

AVG O.0O1O2 0.00027 A 

>} P I O I / T O T A l ( P I 7 I 

ERAGE (ER«OR INCLUDES SCALE FAC'uO TF ) . 0 1 

H APHONIC DEC A' 

JlO ( P I * P I - t / T O T A L ( U N I T S I 0 * * - * 1 ( 
OR LESS C l - 0 . 9 0 FELDMAN 7T 5MAG 

0 . 5 BRANOELI 79 OAS» 

NTO ( 2 I P I * P I - I P IOI 

1/76 

I/T6 

:"«'«»"—-as:: ( P 7 3 1 
; [ 

E . E -
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
V(3685), ^(3770) 

PS 1 ( 3 6 8 5 1 INTO I P I * P I - Kt K - I / T O T A L «PZ6> 
O . O 0 1 6 0 . 0 0 O 4 TANENBAUH 7 6 SHAG [ 

ASSUMING ENTIRELY STRONG DECAY 

P S I I 3 6 B 5 ) INTO (PEAR P I / T O T A L ( U N I T S 1 0 « « - 4 I ( P 2 T | 
2 . 3 O.T FELDHAN 77 SHAG E 

« 1 . 4 0 . 9 BRANDEL1 T9 DASP E* E-

I./ERAGE (ERROR. INCLUDES SCALE FACTOR OF 1 . 0 1 

INBAUN 78 SHAG 

D M ( 3 6 8 5 1 INTC ( P | * f | - P PBARI 
O.B 0 . ? 

ASSUMING ENTIRELY 5TRON& DECA1 

OSI ( 3665 > I N I 1 3 I P I * . 

LESS C L - . 9 5 L IBERM/ 
C L - . 9 C 

INTO I F T * GAHKAn . ( U N I T S 1 0 " 

INTf! I E T A P P ] M E GAMI /TOT (UN1S I O " - 2 l I 
17310" LESS C L - 0 . 9 0 BAfttEL 2 T6 CNTR 
. ) OR LESS C L O . 9 0 BRAUNSCHH 77 GASP 

( 36B5I I N I C l " C ( 3 5 1 

TOT ( U N I T S 1 Q * * - Z M P 5 •>) 
B I O D I C * 77 CNTR : *E- .MONOCHR.GAM 
GAISFR «2 r e » L E*E-.MONOCM».GAM 

I INCLUDES SCALE FACTT 

ANGIXAS D I 5 T 0 1 B U I ION < 1 * C 0 S « ? I ASSUMED 
YAl |0 M R I S t T H O i - - " : D I S T R I B U T I O N OF THE f 
THE VALUE I S ND' IZEO 10 THE BRANCHING 
I N I C ( J / P S I I 3 1 0 0 ; E T A ) / H ) ( A L . 
SYSTEMATIC JUROR AOOED LINEARLY RY US. 
USING BRIE INTO r KflAR P I 1 - 0 . 6 5 
ANGULAR D I S T R I B U T I O N I 1 - 0 . 0 5 2 » C O S « 2 l ASSUMED 
ANGULA" D I S T R I B U T I O N U - 0 . I R 9 « C 0 S " 2 ) ASSUMED 
R E - S T A I F D BY US USING ( N U * M U - l / I O T A L • . 0 0 7 7 
R E - 5 r A ( £ J O f LS iiil*G f O T A i DECAY * I O T H ?2S t E * . 
LOW 5TAT1S1ICS DATA Hf'mVtO FRO" AVFRAGE. 

t FOR P S I I 3 b R 5 1 

71 P S I I 3 b 9 S I 

T " I S LUMBINATICN OF A PARTIAL WIDTH M I T H THE PARTIAL WIDTH 
INTO E ' E - AND M I T H THE T31AL HIOTH I S OBTAINED FRO* 1 THE INTEGRATED 
C R O S S - S E C T ^ INTO C H A N N E L l I ) I N THE E * E - A N N I H I L A T I O N . 
HE CNIY L I S T DATA NOT HAV INT. R F e N USED TO O E T E W I N E THE PARTIAL 
M I D I " G I I I CR THF BRANCHING RATIO G U I / T O T A L . 

. H . . . S 1 71 PRl 
< 1 » E « I f . 

75 PAl 

c.lf?" 75 PL 

REFERENCFS FOR P S K 1 6 B 5 ) 

3 1 H 5 3 • BRIDGS.AUGUSTIN. t lOYARSKi 

JFORO SYHP.25 G.S.ARRAMS 
34 1191 n 3 R I G G S . C H I N Q i « S K Y , F R I E 0 B E R G . * 
33 1*2". .BECKER.BIGGS,BURGER.GLENNt 

:RMD CCNF. 54 *BREIDEN8ACH,BUL0S.ABRAMS.aRICGS( 
15 4 8 3 *LEAnN£D.PREPDST,ASH.ANDERSON.* \ 

i 3B 4 89 *OEMNE.FRANKS.HORLITZ.KRECHLOCK* 
>7B *CT eOAU>VSCHUMG,KONIGS.* IAACH*OESv< 

ILBL^SLACI 

I L B L » S I 
| M I T * t 

( S L A C * l 

FELDMAN 75 PRL 35 021 
GRECQ IS PL 5 6 B 3 6 7 

\?ni JACK50N 75 NIM L2B 1? 
HILGER 75 PHL 3 5 6 2 5 
L I B E R M t 75 STANFORD SVNP.5S 
L U I H 75 PRL 3 5 1 1 2 4 

1 2 / 7 9 PRE POST f5 STANFCRD SYHP.24 
SIMPSON (5 PRL 3 5 6 9 9 
« I I K 75 STANFORD SYMP.69 

&AMI /TOT ( U N I T S I 0 * * - 2 H P 5 6 I 
HHITAHER 76 S»AG E * E -
9 I O D I C * 77 CNTR EVE-,MONOCHR.GAM 
GAISER 52 CBAL E*E- .HON0CHH.GAM 

IWERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 0 1 

SE» 82 CSAL E*E-.MONDCHB 

BBOR INCLUDES SCALE FACTOR OF 

* J E A t * - H A R I E , S A D O U L E T , V A W J C C I . « 
• PANCHEf l l -S f t |V>STAVA,SR)VASTIV> 
J . 3 . J A C K S 0 N . O . S C H A R R E 
* B E R O n , f O R D . M O F 5 T * D T E P . H O H E l L . * 
A . O . L I B E R M A N 
t B O Y A R S K I . L Y N C H . B R E I O E l B A C H . * 
P.PREPOST 
•BERON.FORD.HtLGER.HOFS1AD1ER. * 
B.H.UIIK 

ILBLI 
ISTANtPENNI 
(STANFORDI 
(SLAC'LBLIJP: 

rWisconsinI 
ISTAN'PENN) 

t O E S V I 

BAATEL 1 76 PL 6 * B « 8 3 
BARTEL 2 76 T B I L I S I CCNF.N56 
SNYDER 76 PRL 3 6 1 4 1 5 
TANENBAU 76 PRL 3 6 4C2 
*H|TAKER 76 PRL 3 7 1546 

BIDDJCK 77 PRL 3 8 1324 
PL 6 7 B 2 4 9 

BURNESTE 77 PL 6 6 B S'lS 
FEL OMAN 77 PL 3 3 C ?95 
YAHAOA 77 HA MB. CONF. P . 6 

BAR TEL 7fl PL TS B 49? 
TANENBAU 7B PR D 7 1 7 3 1 

BRANDEL1 7 1 ZPHV 1 2 3 3 
9RANDEL2 l<* NP B 160 4 2 6 
LEMOIONE 79 FERMI AB C O N F . 5 2 

HIMEL NO RRL 4 9 2 0 
D S f C H A P«L 4 9 5 9 
PAATH10G HO PRL 4 1150 
SCnARRE no PL 9 7 3 329 
i H O L E U r i PL lb 3 2 1 4 

ALSO 81 YAO.PH ITS . 34 147 

*DU I N K £ R . D L S 5 a N . S T 6 F F € N . K E t N Y * e » ( 0 E S Y » H E 1 0 i 
»DJ INKER,OLSSON.KEINT I E < • I D £ S V * H £ I O > 
• HON. LE0ERI*AN.*PPEL< KAPLAN* t C O L U * F N A L i S T O M 
T A N E N B i L I M . I B R l N S . B O Y A K S K I . B U L O S . ' I S L A O L B L I I G 
• T A N E N B A U M . A B R A H S t A L A n . e O Y A R S K I . t l S L A C i L ^ L I 

• BJRNETT* l U C S D . U T O ' P A V ^ P R I N t S L A C i S T A f i l 
BRAUNSCHWEIG.* U » C M * C E S V » K A N B * « P [ M * T O < * I 
BURHESTER.CRIEGEE, * I DESY»t"AMB*S l t G * H U » P : 
•PERL I L B I » S L » C 1 
YAKAOA (DESYtTOKY) 

B R » N D E L I K r C O R 0 S . * I A » C H » C E S V * l - A M B * M P | M t T 0 K Y l 
B * A N 0 E ^ . I K . C O R D S . • I A A C H * C E S Y * ^ A I * B * ' " P I ' ' * ^ 0 « r | 
» « B 0 L I N 5 , B A B A T E . * I S A C L » L 0 1 C * S H " R . 1 N D 1 

tABRAMS. ALAN. BLOCKER.* < L 9 l » S L A C I 
»PAJ)7KI0GE* (SLA£*CIT*>«A< ' l ' *PBlNtST-»NI 
PARTR IDGE.PECK* < C | T . M R V » P H I N * 5 T A N » S L A C I 
• TR lLL lNG.A6RAWS.AL AH. BLOCKER* ( S L A C * L B L I 
* K U R D A O Z E . L E l C r ( U K , H I S H N E V . N t l > t T t N * (NOVO I 
I K O L E N T I ET A L . (NOVOI 

I «R D » 2 9 9 4 

? MORIOND WORKSHOP 
i PRL 4 8 7C 
t M34IOND WORKSHOP 

•ASTBURY, CEHEN. ( S A C L * t O I C * S H M P * C E » N * I N 0 1 

I S a C L * L O I C * S H - R * I N D I 

^(3770)1 P S I I 3 T 7 0 . J P G " ! 

P 5 H 3 7 7 0 I " A S i IMEV1 

, . • 1 R i i - I O I ' 77 S"»G 
p.01 6 A C I N 0 73 PICO 
p.01 S C I N D L E R BO C H A G 
.YSTEMAT1C CONKCN SO AL1 EKPFPIMF* 

:ROM P S I I 3 6 9 5 I 

53 P S M 3 T T 0 I - R S I ( 3 6 R 5 > HASS DIFFFRFt.CE 
3 . 0 R A P I O I S T7 S"AG 
2 . 0 SAC I NO 78 OLCr * * 

'RIME MASS ( 3 6 B 4 1 SUBTVACTED (SEE SCHINDLEH 
? . 0 SCMINDLER SO S"AG E* 

E*E -

WEICHTED AVERAGE - 83.9 ± 2-
ERROB SCALED BY 1 S 

NDLE" 80 SMAC 
AC1N0 78 DLCO 
PIOIS 7 7 SMAG 

SI(J770)-PSI(3665) MASS DIFF (MEV) 

P S I I 3 7 T 0 I M l O t H (MEVI 

R A P I D I S 77 S.»AG 0 E * E -
BACIND 78 DLCO 0 E * E -
SCHINDLER 80 SHAG E« E- I 

kVERAGE (ERROR INCLUDFS SCA1E FACT"3« OF 1 . 0 1 

http://?
http://TRlLLlNG.A6RAWS.AL
http://DIFFFRFt.CE


Mesons 
^(3770), V(4030), V(4160), ^(4415) 

Data Card Listings 
For notation, see key at front of Listings. 

%} P S H 3 7 7 Q I « « I H : WIDTHS <KFV) 

m E ' E - 1G11 
0 . 0 9 R A P I D I S TT SHAG 0 E » E -
0 . 0 6 BACIND 7B DLCO 0 £ * E -

SCHINDLER 8 0 SNAG E* E-
4/76 
1/82* 

0 . 0 4 b AVERAGE IERRDR INCLUDES SCALE FACTOf OF 1 . 3 1 

* 3 P S 1 I 3 7 7 0 1 f 

P S M 3 T 7 Q > INTO I E * E - I / T O T A L f U N I T S 10" 
r S"AG 0 E * E -

BACINO 76 PRL 4 0 5 7 1 

SCHINDLE SO PR 0 31 2 7 1 6 

REFERENCES FOR P S I I 3 T T 0 1 

*SAUMGRRTEN.BIRKW)OD>* CSL AC*STAN»UCLA*UCI 1 

SCHINDLER. S I E G R I S T . A L A M . B O V R R S M + I SLA C +LB L) 

V(4030) 1 ; P S H 4 0 3 0 . J P G M - I ! • 

SEEN CLEARLY SEPARATED FROM THE P S K 4 1 6 0 1 
BY DASP AND CONFIRMED H I T H LESS S T A T I S T I C S 9V PLUTO 
SFEN ALSO 6Y HARK I , DELCP AND THE CRYSTAL BALL 

'2 H S I I 4 0 3 0 I MASS l**EVI 

2 . 5 COLDHABER 77 SHAG E + E-
1 0 . 0 B R A ' I D E L I * TB DASP F * E -

2,e AVERAGE IERROR INCLUDES SCALE FACTOR OF 1 . 2 1 

P S 1 C 0 3 0 ) WIDTH IMEVI 

1.0 BRANDELtK. T8 DASP 

P S U 4 0 3 0 I PARTIAL DEC A* HOOES 

P S H 4 o 3 0 > INTO 0 DBAR 
PSIH030I INTO D« DBAR AND 0*BAR 0 
PSI 1 * 0 3 0 ) INTO 0 * D»HAA 
P S K 4 0 3 0 I INTO J S P S K 3 1 0 0 1 HAORONS 
P S I I 4 0 3 0 I INTO E ' E-
PS 1 ( 4 0 3 0 ) INTO *m « U -

1 B 6 9 * 1 8 6 9 
2 0 0 7 * 1 8 6 4 
2 0 0 7 * 2 0 0 7 

P S H 4 0 3 0 ) PARTIAL WIDTHS I K E V I 

BRAN0EL1R TB OASP E* E-

AUGUSTIN TS PRL 34 764 
BACCI TS PL 5 8 6 4B1 
BOYARSKI T5 PRL 3 * T62 
ESPDSITO 75 PL 5B6 47B 

PERU22I 76 PRL 37 56"; 

BURHESTE 77 PL 6 6 B 395 
GOLDHABE 77 PL 6 9 B 5 0 3 
FELDMAN 77 PL 3 3 C J95 
LOTH 77 PL 7 0 B 120 

REFERENCES FOR P S I 1 4 0 3 0 1 

* B 0 V A R S K I . A 6 R R N S , B R I G G S * ISLAC*L&L> 
• B I O O L I . P E N S O , S T E L L A . * <RO.MA*FRRS) 
»BAEIOENBACH,ABRANS<BRlGGSi* I S L A C * L B L ) 
» F E L I C E T I I , P E R U £ Z t , * IFRAS*NAPL-»PADO»RONA) 

t P I C C O L O . F E L O M A N . N G U Y E N . W t S S . * I S L A C * L B L I 

' C R I E G E E . O E t W E * I CESYtr-AHB*S 1EG*WUPPI 
GOLDHABEP. ,WlSS,ABRAHS.ALAH,LUTH,* fLBLt .SLRCI 
•PERL ( 1 6 L + S L A C I 
• P I E A R E . A B R A H S . A L A M , B O Y A R S K I t * <LBL*SLACJ 

|V>(4160)| 25 P S K 4 I 6 0 . J P G - I - 1 I -

SEEN CLEARLY SEPARATED FROM THE P S K 4 0 3 0 ) 
BY OASP AHO CONFIRMED W I T H L S S S S T A T I S T I C S BY PLUTO . 
MARK l .OELCO AND THE CRYSTAL BALL SEE A PROMINENT 
SHOULDER BUT NO SEPARATION CKIRKBV 7 9 1 

2S P S I I 4 1 6 0 I MASS I M E V I 

2 0 . 0 BRRNDELIK 7 6 OASP E » E - 4 / 7 6 

2 ; P S I I 4 1 6 0 I HIOTH I N E V 1 

2 0 . 0 6RANDELIK TB OASP E * E - 4 / 7 B 

25 P S M 4 t 6 Q I PARTIAL DECAY NDDCS 

25 P S I I 4 1 6 0 1 PARTIAL WIOTHS I K E V I 

BRANOELI* 7B DASP E* E-

REFERENCES FOR P S I 1 4 1 ( 0 1 

BUAHESTE 77 PL 6 6 6 395 »CA I E G E E . O E W E * {CESV* I -ANB*S IEG*MUPPI 

BRAN DEL I 7B PL 7 6 B 361 BRANDELIK. CORDS* I AACH* C£SV*1-AMB**PIK-t TOKYI 

K M K 8 Y 79 FERMI L A I SYMP.1DT J . K1RKBY RAPPORTEUR ( S L A C I 

V(4415)l 7 3 P S I ( 4 4 1 5 , J P G > 1 

73 P S 1 1 4 4 1 5 I MASS I M E V I 

4 4 1 7 * 0 I C O * 

AVERAGE IERROA INCLUDES SCALE FACTOR OF 1 . 0 > 

7 3 P S 1 U 4 1 5 ) WIDTH I H E V I 

1 5 . 2 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1 . 6 1 

73 0 51(44111 

P5II4415I INTO £ • E-

PARTIAL DECAY NODES 

T3 P S 1 I 4 4 1 S ) PARTIAL WIDTHS I K E V I 

I 
BRANOEtIK * • OASP 

P S 1 I 4 4 1 5 I BRANCHING RATIOS 

P S I I 4 4 1 S ) INTO ( E * 

S I E G R I S T 76 SMAG 

S I E G R I S T 7 6 PR L 3 6 TOO 

6URNESTE 77 PL 6 6 B 345 
R N I E S 77 HAMBURG S T H P . 9 3 
LUTH 77 PL 7 0 B 120 

BRANDELI 78 PL 7 6 B 361 

REFERENCES FOR P S U 4 4 1 ' ] 

•ABRRNStBOYARSKt .BREIDENBACH.* • R U S L A C J 

t C R l E G E E . D E H N E * (OESY*l -ANB». * *WUPPI 
G . K N I E S HAMBURG TALK ON PLUTC C O L L * S . I D E S T I 
» P I E R X E > A B R A N 5 , A L A H , e O Y A R S K I t * <LBL»SLRCJ 

BRANOELIK.COROS* ( A A C H > D E 5 V » H M S * K P 1 K * T 0 K Y I 

79 FERMILAB S Y N P . ! 0 7 J . KINKBY RAPPORTEUR 



Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
T(9460), T( 10020) 

T(9460) 

« 9 UPS I O N <9460> M A S S ( " e m 

I 
F I X E D TARGE 

1 9 * 1 0 . ) i n - 1 INNFS TT SPEC 

0 

D 

t * t - «T DOR 
9 * 6 0 . 
9 * 5 6 . 3 
9 * 5 7 . 
1 * 4 1 . 6 (10.6) 

B I E N L E I N 78 CNTR 
BE«GE« 79 PLLT 
DARDEN 79 DASP 
NICZYPORU B l LENA 

AVERAGE (ERROR IS COMMGN 
ABSOLUTE BEAH E 

F » E - , H f l R n N S 

AVC 9 * * 9 . T 10.0 

B I E N L E I N 78 CNTR 
BE«GE« 79 PLLT 
DARDEN 79 DASP 
NICZYPORU B l LENA 

AVERAGE (ERROR IS COMMGN 
ABSOLUTE BEAH E ERGr C A L I B R A T I O N ) 

0 
a 

t * F - AT CES 
9 * 3 3 . 
9 * 3 * . 5 !£J. ANDREHS BO CLEO 

BOHRtNGER BO CUSB 

AVERAGE (ERROR IS COMMON 
ABSOLUTE BEAU t 

i:i::::;;si 
AVG 9 * 3 3 . a - . 0 . 0 

ANDREHS BO CLEO 
BOHRtNGER BO CUSB 

AVERAGE (ERROR IS COMMON 
ABSOLUTE BEAU t rx-iiirz^ 

AVG 9 * 5 6 . 2 9 . S AVERAGE (FROM DORIS AMD f S « < V E » « 5 U O H I 

n S r S I E M A T I C 
FRO*- 2 - P E A * F I I 

U N f A R L Y BY U S . 

* 9 U P S I L C N I 9 * < , O I X I D T H I K E V . 

DARREN 7") P A t P 
ALBRECHl BD DASP 
BE°GER no P i u r 
N I C i Y P D R U 81 LENA 

INCLUDFS SCALE FACTOR OF j 

1 N I 9 - 6 0 ] PARTI f l l 

U P S I L O H O ' . f t O ) INTO H l u H U -
U P S I L 0 N I 9 < , 6 0 ) INTO € • E -

U P 5 I L 0 1 . I 9 * 6 0 I INTO E* £ -
1 1 . J J ) 1 0 . 1 * 1 BFRGER 

1 . 3 5 0 . 3 3 m B P E C H I 
1 . 0 9 0 . 25 BOCK 
1 . 0 7 0 . 2 3 HAGFRAS 
1 . 2 3 0 . 2 B NIC7-YP0F 

1 1 . 1 5 0 . 1 3 AVERAGE i e " R 3 P 

»SSI INC E - 1 U - I A U U N I V E R S A L I T Y 
S ' S l f A I l C CROWS ADDED L INEARLY BY US . 
ASSUMING MAORTVK PARTIAL WIDTK EQUAL 10 TOTAL WIDTH 

• 6 0 ) BRANCHING ' 

0 . 0 2 1 
0 . 016 
0 . 0 3 * 

HOF" tl r 

t l E V L E I N 7B PL 79 f 

1ER 90 "L < 
t BO I P W 
I INGE BO M L 

) DASP 
ALflREFHT 80 0A5P 

i 80C-* BO (NTR 
HUtUil* »1 tLEO 
N I t J Y P O R U B l LENA 

;6 I f RROR INCLUDE S U 

REFERENCES FOR UPS ILCNt 9 * ( , 0 ) 

H H A T A , F A f l J A N . G O L D f l r P G H B M » < 

I E I D U U N D ) 
tNEAS>HASH*TUFTI 
( S T D N » F N A L * C O L U t 
( C O L U i F N A L ' S T Q N t 

• B E S C H . B L U M E N F F L D . i tCERN*COLU<0«F*PCCRl 
*POHCRni .BURGUM» (SACL*CERN+CDFF*EPOL>LA IO I 
• ALEitANOER* U A C H t C E S Y > ^ » ' < B » S l E G i u u P G I 
• HQFHANN, A l B R L C H T . ' I C E S Y t D D R T t H E I D H ' J N D I 

* C H I L O ( O S . D A R O E N * { D E S V . C O R T ' 
» ICORN»H»RV«I IHAtLEHO«ROCH' 
t L A C K A S . R A U P A C M , . ! AACH+CESV 
» R L A N A R , B l U » . P I t N L E I I J * | f E I O < 
BOHRINAER,COSTANTIN1 .F INOCCl 
K O J H > ( l . " . " i . " L I S « l a t ' " J » N T J A t B N L ' 

• p [ ) M R I t l G E R . F I N n c C H | A R O * I C O L U 
* I R J 1 G t S V R A * L E M 0 « V * N 0 * C 0 P N > 
N IL ."fPORLK . CHEN, V O l i F l . H £Gf UT. 

T(10020) 5 2 U P S I L 0 N I 1 0 0 2 0 . J P G * ! - I 1 

I N 1 1 0 0 2 0 1 - A S S 

1 1 1 , llfllll. 
SY51EMATIC ERRORS ADDEEO 
F R O " J -PEAH P IT 
REDUNDANT WITH DATA I N « 

s i - : 
TT SPEC 
78 CNTR 
TB 0 A 5 P 

E * E - . * A 0 R 0 N S 

AND "ASS DIFFERENCE 

i ; / 7 7 
* / I 8 
*/TB 
9 / e i * 

L INEARLY BY US 

iSS DIFFERENCE BELOW 

• U * " U - . H A D R 9 / 8 1 " 

555.0 

>2 u P s i i n N i 

t o . « 

^ 0 * 6 0 1 M S S C1PFEHENCE 

BIE» L E I M 
DARDEN 
UEND 79 SPEC 
ANDREWS BO CLEO 
B0HR1UGE0 BO CUSS 
N I C Z Y P O t B l LENA 

400 P PT.«U*ML 
E»E-.HAQRDNS 
E»E-.MADRONS 
E»E-.HADHONS 

9/B1" 
9/91* 
9/81* 

LVEKAGE IfRPOR INCLUDES SCALE FACTOR CF 1.01 

52 U P S I L O N I 1 0 3 2 0 1 P A R T I A L 

D CAY "ASSES 
U P S I L O M I O 0 2 0 ) N I O XU* H J - 105 
U B S I L f ) M 1 0 0 2 0 l NTO F t 6 - . 5 
UPSlLtTNt i a O ! 0 ) 1NT0 U P L I L D N ; 9 * 6 0 1 P| P ( 9 * ^ 6 . 1 3 9 * ISO 

5? U P S I L O M 1 0 0 2 0 1 P A R I I A l M lGTt 'S O F H I 

u P S i i O N ( i o n ? 0 i NTO E4 f - t G 2 > 
CO. 3^1 0 . 1 * ) GARDEN •,/TB 

a . 5 6 0 . 1 3 ANDREWS RO C l f O F . f , MAtmCNS 9 / e i 

o.itiv rat* W t . N 3 « EvE .-ATJ^CNS 9 / f l l 
• .so 0 . 1 5 BO«RINGE BO CUSB E.E ,HADRONS 9 / e i 
0 . ( S 81 CUSB F.F , F * E - P I « P 1 - 9 / B l 

0 . 1 5 J . O f K l d V P C l 

CTOP Of 1 . 0 1 

9 / 8 1 

0 . 6 8 h 0 . OSB AViRAGF I f R D H CTOP Of 1 . 0 1 

BlvSJI H I A L " I O T H 17 E'E 

5 2 U P S I L D N I 1 0 0 7 0 I 

l O S I l O N d O O . T 

7 Y P 0 1 81 LEI 

COBB I SPEC 

; i L 0 N ( S * 6 0 ) M P I l / T D T A t ( P 3 I 
"AGERAS 81 CUSB H 
"UFLLER B l CLEO E< 
N I C I Y P D 2 B l LENA E-

RATIO OF U O S I L D N I 9 * 6 0 I I n E ' E -

AVEHAGE IERROR INCLUDES SCALE 

REFERENCED FOR U R S I L O N I K 

I P HF 0 . 0 : 

FAT'OR OF , 

9 « 1 » 

9 / 9 1 " 

B I E N L E I N TB PL 78 ( 

IRINGE BO POL 
IRKDJH BO P I ' 

iicirmi s i PL i 

> B R O " N l H E R B < H O ' < , F I S K i i r C , < L t c r L U t S T O N l 

. (C0RNtHARV«ITHI»LEHO»RDCHtRUTG*SYRAtVANE) l 
• B L A N A P , B L U " . B [ E N L E l . N 4 | t < E 1 0 t H P I t > r ' E S Y * H A < I B ) 
E 0 H R l N G E R . C O S T A N T I N l < F l N 0 C C H I A R r > i : 0 L U * S T D N I 
K O U K K C U M E L I S t l A T H U r N T U A t B N L f C E R N t S Y R A ' V A L E ) 

• B D H R I N G E R . F I N D C C H I A C 0 * I C 0 L L I * S T | } N » L S U * H O | M I 
I (RUTC-SYRA»LEH0<VAN0»CORN*ITHA*HARV>ROCH) 
N I C l Y P O R l f t . C H E N . V D G E L , W E G E N E R • ! L E N A COLLABI 
N I C / Y P D R U N . C H E N . F O L G E R . L L J R i . * ( t E N A C 0 1 L A 6 I 
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Mesons 
T(10350), T(10570), K*, K°, K'(892) 

Data Card Listings 
For notation, see key at front of Listings. 

T(10350)| « e U P S I L O N I 1 0 3 5 0 , J P G « 1 - 1 ! • 

4 8 U P S I L O N I 1 0 3 5 0 I MASS <GEV1 

t8 U P S I L O N ( 1 0 3 5 0 J - U P S I L O N I 9 4 6 0 > PASS CIFFERENCE I M E v ) 

3 0 . 0 UENO 7 9 SPEC 400 P PT ,M|J*HU-
5 . 7 ANDREHS SO CLEO E+E-.HADRONS 
6 . BOKAINGER SO CUSB E*E- l KADRONS 

AVERAGE IERR0R INCLUDES SCALE FACTOR OF I 

F I X I N G THE U P S I I O N 1 9 4 6 0 I MASS AT 9 4 6 0 NEV AND THE 
UPSILONI 1 0 0 2 0 1 - U P S I L O N ( 9 4 6 0 ) MASS DIFFERENCE AT 5 5 8 NEV. 
SYSTEMATIC ERROR ADDED L INEARLY BY U S . 

4 8 U P S f L O t t d 0 3 5 0 1 P A R T I A L OECAV MOOES 

DECAY MASSES 
P I 
P2 

U P S I L O M 1 0 3 5 0 1 INTO HU» MO- I D S * 1U5 
U P S I L O N I 1 0 3 5 0 1 INTO E» E - . 5 * . 5 

4 8 U P S I L 0 N U 0 3 5 0 ) PARTIAL MIDTHS I K E V I 

M I 
H I D S 
1 1 D S 

U P 5 1 L O N I 1 0 3 5 0 1 I N T O I E * E - I / T O T A L < G 2 I 
0 . 4 4 0 . 0 9 ANDREWS SO CLEO E*E- .HADAONS 
0 . 4 1 0 . 0 9 60HRINGER BO CUSB E»E-,HAORONS 

H I AVC 0 . 4 2 5 0 . 0 6 4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 0 1 

M l D 
Ml S 

SYSTEMATIC ERROR ADOED L INEARLY BY U S . 
USING U P S 1 L O M 9 4 6 0 ) PARTIAL WIOTH I D E * E - • 1 . 2 7 REV 

REFERENCES FOR UPSILOI 1 1 Q 3 5 0 ) Hi TT PL 7 2 B 2T3 + 1HATA,FABJAN,GQL0aERGHBNL+CERN*SYRA»YALt 1 
TT PRL 3 9 2 5 2 * H O N , L E D E R M A N . A P P E L . I T O . » IC0LU»FNAL*5TDNJ 
TT PRL 3 9 LZ40 * A P P F L . B R O U N , H E R B , H O M . F I S K * I C O L U * F N A L * S T O N I 

KAPLAN 7 8 PRL 4 0 4 1 5 *APPEL.HERB,HON,LE0EAHAN.+ (STON«FNAL*COLUI 
T8 PNL 4 1 6B4 * H E R B , H O N . L E D £ R M A N , U E N 0 , f ( C O L U * F N A L * S T D M 

T» PSL * ? 4 9 6 * S A 0 W N , M E f t 8 , H C » l , F f 5 * , I T O r » I f W I K 

|T(10570)|„ J P S I L O N ( 1 0 5 7 0 , J P G « 1 

4T U P S I L O N U 0 5 T 0 I • 

U P S I L O N 1 1 0 5 T O ) I 

1 4 . 4 5 . 2 AVERAGE (ERROR INCLUDES SCAI 

SYSTEMATIC ERROR AOOEO l l N E R A L T BY U S . 

IASS D1FFERENC 

ICTOR OF 1 . 0 1 

4 7 U P S I L O N ( 1 0 5 T 0 | - U P S I L O N ( 9 4 6 O I PASS EIFFERENCE (NEVI 

DN 
ON 

U 1 S . 5 . ANDREM5 8 0 CLEO E*E- .HA0RONS 
D 1 1 1 4 . T . F INOCCHIA 8 0 CUSB E*E- ,HA0RONS 

OH AVG 1 1 1 2 . 7 4 . 1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 0 

ON 0 5YSrEKATIC EaROR AOOEO l f « M L Y 6 f </£. 

4 T ' J P S I L O N f l O J T D I PARTIAL OECAY POOES 

P I 
P2 

DECAY MASSES 
U P 5 I L D N D 0 9 T O ) I N T O MU» " U - 1 0 5 * 1 0 5 
U P S I I D N I 1 0 5 7 0 I INTO E* E- . 5 + . 5 

4 7 U P S I L O N ( 1 0 5 7 0 1 PARTIA I 

, P S I L 0 M I 1 0 5 T Q I INTO I E * 
i 0 . 2 4 0 . OS 
i 0 . 3 2 0 . 0 9 

I /TOTAL 
tNOKEHS 
FINOCCHIA 

I K E V I 

I G 2 I 

1 0 . 2 T 5 0 . 0 6 0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 0 1 

USING U P S 1 L Q N ( 9 4 6 Q I PARTIAL WIDTH TO 6 + E - - 1 . 2 7 KEV 

REFERENCES FOR U P S I L O N I 1 0 5 7 0 ) 

S=±l, C=0 MESON STATES 

K1 
10 CHARGED K I 4 9 4 . J P . 0 - I 1 = 1 / 2 

SEE STABLE PARTICLE DATA CARD US11V0S 

I I NEUTRAL 1 1 1 4 9 8 , J P - 0 - 1 1 * 1 / 2 

SEE STABLE PARTICLE DATA CARO L I S T I N G S 

|K(892) 

CHARGED 
H W O O 

0 6 2 0 

GNLY. I H 1 5 1 
9 9 1 . 0 
6 9 1 . 

1000 891.0 

3 2 2 9 
0 1 0 2 7 8 9 2 . 

4 4 0 4 B 9 Z . 2 
0 T 6 5 8 9 4 . 2 

H O i l 5 0 8 9 4 . 3 
I 9 0 0 0 1 8 9 1 . 9 1 

isoa 8 9 0 . 7 
1 2 * 5 B B 6 . 6 
6 7 0 6 8 9 1 . 7 

8 9 5 . 3 
8 8 9 . 5 
8 9 2 . B 

3B0 8 9 6 . 0 
1ST 6 8 6 . 0 

4 1 DO 8 9 1 . 0 

AVG B 9 1 . 7 7 

NEUTRAL CNLY. 
0 1 0 4 0 8 9 4 . T 

10K 8 9 3 . T 
H 4 3 0 0 8 9 5 . 0 

02 9 3 4 6 9 7 . 9 
0 5 3 6 2 
01TOO 

31Kb 8 9 6 . 0 
C B 9 4 . 0 

10K B 9 6 . 0 
B 9 6 . 0 

3 6 0 0 8 9 5 . 5 
I 2 i K 1B9T. 11 

1 MASS ( H E V t 

APPEARS ON MESON TABLE 
M0JC1CKI 64 HBC 

M 1 2 / 7 5 
6ARL0U 6 7 HBC 1 2 / 7 S 

6 7 • - 1.2 C M R H K P I» 1 2 / 7 5 
OE M I T HBC 1 2 / 7 5 
SCHNEINGI 6H HBC 1 2 / 7 5 
CRENNELL M OBC - 3 . 9 * - N ( K O P I - I 1 2 / 7 5 
FRIEDMAN M HBC - 2 . 1 K - P < « 0 M - l 1 2 / 7 5 
FRIEDMAN 6S HBC 1 2 / 7 5 
FtlieOMtH AS 1 2 / 7 5 
FRIEOMAN 6*J HBC 1 2 / 7 5 

n HBC 1 1 / 7 1 
7 1 1 2 / 7 5 
r^ HBC - J . 3 R - P . P P I - « 0 1 2 / 7 5 

PALER T"> HBC 1 2 / 7 5 
7 8 *•- . 7 6 PB P,R KS P I 1 2 / 7 8 

BALANO fH MBC - 12 PB P - I N C L U S I V 4 / 7 8 
COOPER 78 HBC - . 7 6 P 8 P . fNCLt /SV 4 / 7 8 

in . 10 K - P . R S P I P 1 2 / 7 8 
MARTIN IK SPEC 1 2 / 7 8 
AJ1NENKO HO HBC 9 / B 1 * 

ni 1 / 8 2 * 
OELFOSSE m S P K 1 / B 2 * 
TOAFF HI H8C - 6 . 5 K - P . K O P I - P 1 / B 2 * 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1 . 2 1 

OAUBER 6 7 HBC 0 2 . 0 * > P ( « - P I * J 1 2 / 7 5 
DAVIS 6 9 HBC 1 2 . r . * P ( « . P i - i 1 2 / T 5 
HASER TO OBC 0 3 . K - N I K - P I * ) 1 2 / 7 5 
AGUtLARt 71 nee 0 
AGU1LAR1 HBC 0 3 . 9 , 4 . 6 K- P V 2 / T 5 
BUCHNER OBC 0 4 . 6 K* N . K . P l - 1 2 / 7 2 
L E V I S HBC 0 2 . W . T K»P 
L I N G L I N HBC 0 2 - 1 3 K * P . K . P I - 1 2 / 7 5 
FOX PVUE 0 2 K - P . K - P U N 1 2 / 7 5 
FOX 74 RVUt 0 J **£'*.£!"" 1 2 / 7 5 
MA I I SOS 7 4 HBC 0 1 2 / 7 5 
MCCU9BIN 75 MBC 0 1 2 / 7 5 
P iLER " HBC 0 U / 7 5 
BOHLER 7 7 OBC 0 1 2 / 7 7 
AGUILAR 7B HBC 0 . 7 6 PB P .K US P I U / 7 B 
ESTABROOK 7 8 A SPA a 13 K * - P , « * - P 1 » - 1 2 / 7 7 
WICKLUND I! A5PK 0 3 , 4 , 6 P H - P N 4 / 7 8 

WEIGHTED AVERAGE - 996,05 ± 0.25 
ERROR SCALEO BY 1 4 

8?0 094 698 
NEUTRAL K»(892) MASS (MEV) 

A S T O N 81 L A S S 3 3 
E V A N G E L I S 80 O M E G 0 9 
W I C K L U N D 78 A 5 P K 0 b 
ESTABROO* 78 A S P K 1 J 
AGUKAR 78 H B C 2 8 
BOWLER 77 Dec 3 0 
UCCU88IN 75 HBC 0 3 
M 6 T I 5 0 N 7 4 HBC 0 0 
FOX 7 4 RVUE 0 0 
FOX 7 * RVUE 0 0 
L I N G L i N 7 3 HBC 2 S 
LEWIS 7 J HBC 0 . 0 
BUCHNER 7 2 DBC J 3 
ACUILAR1 7 1 HQC 7 . 8 
AGUILAR1 7 1 HBC 2 . 8 
HABEFj 7 0 DBC 1 . 1 
DAVIS 6 9 HBC 1 . 4 

DAUBER 6 7 HSC 0 . 9 

9 0 2 906 (CONLEV 
- 0 0 1 5 ) 
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
K'(892) 

FROM POLE EXTRAPOLATION. 
MASS ERRORS ENLARGED BY US 1 0 GAMMA/SQRTINI . SEE TYPED N O T E . 
INCLUSIVE R E A C T I O N . COMPLICATED BACKGROUND AND PHASF-SPACE EFFECTS 
FROH PHASE S H | F T ANALYSIS OF 1 5 5 0 0 0 EVENTS. 
NUMBER OF EVENTS I N PEAK REEVALUATED B* US 
SYSTEMATIC tRROR ADDED 

t:ote on K*(892) Masses and Mass Differences 

Unrealistically small errors are reported by 
some experiments. We use simple "realistic" tests 
for the minimum errors on the determination of mass 
and width from a sample of N events: 

5 . (m = min /— V N 
j n 

\/N 

(For detailed discussion see the April 1971 edition 
of this note.) We consistently increase unrealistic 
errors before averaging. 

• ASS ERRORS EM. AH GEO BY US 
H i d K I T H M I S S ERROR 
JUN9EB OF EVENTS I N PEA* 

BARASH 6 7 «BC 0 PBAB P i ; / ? 5 
F I C E N E C I 6B H6C 1 .3 "•- P 1 2 / 7 5 
F ICENEC? 6 9 HBC 2 . 7 K- P 1 2 / 7 5 
A G U I L A R I 71 MBC - 0 3 . 9 , * . < , K- 111-71 
AGUILAR TB HBC • - . 7 6 P8 P . « < PI 12/711 

AVERAGE IFRC-OR INC1U0E5 SCALE FACTgq OF - 0 1 

US TO G A M N A / S Q R T I N I . SEE TYPEO NOTE. 
3 MEV OR MORE NOT AVERAGED 

*. REEVALUATED BV US 

02 8 86 
0 72B 
D 3 2 2 9 
0 1 0 2 7 
D * * 0 * 5 * . 3 
D 7 6 5 
0 1 1 5 0 * B . 2 

9 0 0 0 1 5 2 . 1 1 
IBOO 

3 8 0 6 2 . 6 

H I S I S HHAT APPEARS ON MESON TABLE 

FRIEDMAN 6 9 HBC 
: R I E 0 " A N 6 9 MBC 
RIFOWAN 6 4 HBC 

PALER T5 HBC 
AGUILAR 7S HBC 
B»LA,-;D TB HBC ' 
COOPED 7B HBC ' 
HABT1N 7B SPEC ' 
AJ IVENKO SO f B C ' 
DELFOSSE B l SPEC • 
DELFnSSE B l SPEC -

1.2 PBARPIKO P I 

t- . 7 6 PB P . I XS P I 
f- 1? P9 O . I N C L U S H 
» - . 7 6 PB P. INCLUSk 

BUCHNEH 
LEMIS 
L I NGl I N 

BOWL El 

I ) . K - S I K - P I * 

0*.6 K* 
0 2 .1-2 .1 
C2-13 K. 

i z / 75 
12/75 
12/T5 
12/75 
12/75 
12/75 
12/fS 
12/75 
12/7* 
12/75 
12/75 

i 12/75 
12/75 
I2/7B 
4/7B 
4/76 

12/7B 
9/81" 
I/B2* 

12/75 
12/75 
12/75 
11/71 
12/75 

• 12/72 
12/75 

A G U U 
ESTABROOK 7B A S " « 
MICKLUNO 7B ASPft 
LANG 71 PVUE 
EVANGFLIS 3D DNEG 
A S I W r 9 ( LASS 

F R O " POLE EXTRAPOLATION. 
K1DTH fRRCRS ENLARGED Bl* US 10 * " G A f * » / 5 0 R T t N ) . S*E IVOED NOTE. 
I N C L U S I V E R E A C T I O N . COMPLICATED BACKGROUND AND PHASE-5PACF SFFEI 
FROM PHASE SMtFT A M i t f S f S OF 155DOO E V f ^ T S . 
NUMBER OF EVENTS I N PEAK REEVALUATED BY US 

: KS PI : 

1/82" 
9/Rl» 
l/S2> 

WEIGHTED AVERACE - 52 
ERROR SCALED BY 

ASTON 61 LASS 
CVANCCLIS BO OKt£G 
W1CKLUND 76 ASPX 
EST*,BROO* 
ACLUIAR 
BOWLER 
MCCUB 

78 ASPK 
78 HBC 
77 DBC 

RVUE 

RVUE 

•(892) WIDTH (MEv) 

*93* 139* 139 

• I S 9 2 I BRANCHING * 

I H B 9 2 I IWTO IK 

,LOUL 1/73 

6 3 ATHENS CONF t 

tfOJCIC'I 6 * ( 

Hi l£P; 

R E F E R E N C E S F O P * * I B 9 ? > 

ALSTON.ALVARE/ .E%ERMABD,COOD,GP»7 IA ' 

STANLEY G " O J C I O d 

STUART LEE AOELMAN ICAVENOISHI 
F E R R D - L U Z I I . G E O P G E . H E N P I . J O N G E J A N S I C E P N I 
F E R R O - L U Z n . G E m G E . G C L O S C H H I O T - C L E R * ICERNI 
E .5 .GELSEMA 1SEE ALSO PL 10 3 * 1 H A H S T f R D A N I 
M»NGLEO.ERM1N.XALtER IK I SCONS I N I 

I t R L I 

BARLOW h 
BDMSE t 
COMFORT • t 
OAUQER t 
3E BAERE t 
FRENCH ( 
GEORGE t 
SAL L SIR 0 t 

SCHMFINI 

PR 153 1 *03 
NC 5 1 A * 0 L 

B A R A S H . K I R S C H . ' M I L E R . T A N 
• •MnNTANET.D-ANDLAU* ICERNtC 
• B 3 K E N S T E I N * C O L H G l L L E S P I E » 
• MARECHAL.MClNTANET*CERN*CDEFi 
• S C M L E I N . S L A T E P . T I C M C 
• G O L D S C H M I O t - C L E R M O N T . H E W I . 
* * I NSON*MCD0NALD*RIDQI FCRO* 
«GOLDSCHMIDr -CLE"MQNT»HeNRI« 
SALLSTHOH*OTTER*EKSPCNG 

OE BAERE 69 N t V l A 39T 
FRIEDMAN 6 9 
JUHALA 69 P 1 1 8 * 1 * 6 1 
L I N O 6 9 u 

( C O L U M B I A ! 
J E F . I R A O . L I V P I 
IJOHN " O P S I N S I 
|PN*L1VERPOOL 

IUCLA1 
(p-RUx-CEON) 
I C E R ' J » B I » M I 
( C £ « N « B R U i t t 

ISTDCKMOLM) 

IAHSTERDANI 
I I L L ) 

I I L L I N O I S ! 
V . U . K A N G t l O H A I 
5 C H M E I N G R U B E P . D E R R I C K . F I EL O S * l » N L « N K E S I 
• K A R S t f O N i L A I . O N E A L L . S C A R t iatL> 
•DERENZO.FL A IT E . A I S I C N , LYNCH, SOLMIT2 I L R L ) 
• G O L D S C H M I D T - C L E R M O N T . H E N R I . t ( B E L C ^ C E R M 
J . F R I E D M A N . P H . 0 . THESIS I L R L I 
t l E A C O C K . R H D O E i H O P E L M A N . L I B B Y . * t I S U t C O L D l 
• ALEXANDER. F IRESTONE. FU.GOLDHABER I L R L 1 J 

issKS'.K:'-""** U S A C l i 
IGI 

71 PR 0 * 1 9 T * 
71 NP 632 3 6 1 
71 PRL 26 150? 

»BARNES.BASSANO.E1SNEF.K INSON.SAM10S I B N L 1 
t E I S N E R . K I N S O N ( B N L I 
* C G L L E Y . J O B E S , G R I F F I T H S , H U G H E S , • ( B I R H t G L A S I 
»0EHH,GOEBEL.GOLDSCHHIOT. * l « P l » * C E ^ N t B E L G » 
*CARMONV,ERHIN,MEIERE<> |BUR04UCD»IUPU1 
* A N T I C H . C A L L A H A N . C H t E N . C O * . * IJOHN H O P * I N S I 
•DFRRICK.ENGEl^ANN.MUSGRAVE l * N t * E F ! l 

http://INGRUBEP.DERRICk.fi
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Data Card Listings 
For notation, see key at front of Listings. 

A f H » n o v i i s 
B1NGHA" 7? 1 1 
BEMPORAD HV H s i 1 
BRUNEI I I * 
SUCHNER 72 1 3 1 
C E N N E L L 1> (. DEUTSCHE N f K 
fctJ&ELKANj 72 16? 
ROUGE 7? NP H 29 
r t f C K E M* S 3 9 

BERT HON 71 NP ft h i 5 * 
NP h 

CLARK "JP H * 3 ? 
LEWIS Nf> it 2 8 3 
L l N G L t N ; i 

* 55 * C B 
K A L U C " IS PN 0 

75 PRL } 5 1 * 9 

IBB A M D V I C H . C H A L d . « " l A , C HUNG, H l L P E H T . ' (CERN1 
• ( INTERNATIONAL K » COLLABORATION) 
• h f u S C M . F R E U D E N K E I C H , * (CERN«ETH*LOIC 1 
• 0 A N Y S Z . G 0 L D 5 A I . K , * (CDEF»SACL«LOIC»LOWCI 
* D E H H , C K A R R 1 E = 1 , C 0 R N E T , 4 ( » P I H > C E » N * P R U « I 
•GORDON.KWAN-HU L A I . S C * R R ( B N L ) 
DEUTSCWHANN,* I J B C L V COLLABORATION! 
ENCELH»NN,MUSGR«VE.FORK*N i * ( * N L * E F I J 
• V I D E A U . V O L T E . D E BR I O N . « lEPOL^SACL) 
* C « I J * S , N F 7 N E * . O f CRfTOT.* tHIJ***1ir> 

•HONTANET.PAUL .BERTRANET. * ( C E R N » S A C L I 
C H A R R I E R E . O R I J A H D . O E B » E R E , » ICERN*f>ELG) 
•LYONS. RRDOJIC1C IOXFORO) 
• A L L E N , J A C O B S , • A N V S Z . B O R G . ^ ( L O K C « i a t C * C D E F ! 
O . L l N G L I N K E R N ) 
* F l A T I E , F S I E O * A N ( L 3 L 1 

G . C F U X . H . L . G R 1 S S ( C I I ) 

* i a v E r , 5 M A H , S P m o . C H A U H A N O » C f E L » S » C L * F O O L I 

* D » I " JPAKE. I 

.« [AACH»BEBL*CER^ 

I L L I A I ( 0 " F D ° C 

78 •• 
• GUI LAB 
BALAND 
HALDI 78 NP 9 1 3 * ! 
C M P E R 7B NP 9 136 = 
ENGELEN 78 NP 8 1 3 * I 
ESTA8RDD IB ' IP B 133 t 

ALSO 78 " f t D 17 S ' 
JONGEJAN 78 NP B I T * < 
HARTIN 78 NP 6 1 3 * 3 
4 ICKLUND 7S KftD I ? U S 

LANG 79 01 D I I S 5 

t i l OH 51 PL ( 0 6 3 i 
BERG 31 PL 9 8 8 11 
DELFOS5E 61 HP B I B ? 3 
TOAFF 31 " B 0 2 1 15 

• f ERNAWJE Z . C O O P E R , * (HAOf t ' T IFR»CERN^COEH 
•GUARD. JOHNSON,* I M O N 5 » B E L G * C E P V . L n I C H A L O I 
• BOHRINGER,DOR5A(,HUNGEI>BUHIEO> ( G E V A I 
•GURTU.DD.BR 1 * * 5 1 1 1 . • n i F R » C F R * J * C D E F » M A 9 P > 
• J D N G E J A N S . H E I I N C W A Y . t ( N I J H « 2 E E l t C E " N ^ O i ( F I 
t S I A B R O C K S . C A R N E G I E i * 1 M O H I * C A R L t D U R I U S L A C I 
ESTABROOKS.CARNEGlE^ I M O N t » C A H l « r u S H . ^ L * C l 
J O N G E J t t t S . C E R R A O A . t ( / f [ * < C ( » N » N t J « * 9 < F I 
' S 1 I H A O » , B a L O I . B O M R I N G E R . O O R S * I M O U « « * G E V « > 
•AYRES,01EBOLO.GREENE.KRAMER.PAWL ICK I ( A I L ) 

C.fl.lAI I .HAS-PARAREDI 

UCERH»OARE«GL»S*L 

llliiili 
( G B A f ) 

i « O N S * 5 A C U 

t E * m » O I 7 * J J P 

Note on t h e Q 1 (1230) -Q 2 (1400) 

Since all the recent high-statistics experi
ments investigating the partial-wave contents of 
the Kinr system diffractively produced on protons 
(BRANDERBURG 76, OTTER 76, VERGEEST 79, DAUM 81) 
give consistent evidence for the existence of two 
strangeness-one axial vector mesons, we have split 
the "Q region" entry of our last edition into two 
entries: one for the Q (1280) resonance, with a 
mass around 1280 MeV, a width of the order of 100 
MeV, and mainly coupled to the Kp channel; and 
another one for the Q (1400) resonance, with a 
mass around 1400 MeV, a width of the order of 180 
MeV, and mainly coupled to the K TT channel. 

Notice that, whereas both Q {1260) and Q2{1400) 
are produced in diffcactive processes, the non-dif-
diffractive reactions (ARMENTEROS 64, CRENNELL 67, 
72, ASTIER 69, GAVILLET 78, ETKIN 80, RODEBACK 81) 
select preferentially the production of one of the 
two states. 

Q,(1280)| 

2 8 0 1 ( 1 2 8 0 ) " A S S 

PRODUCE!" BY BEA»S OTHER 
A 1 2 * 2 . 0 9 . 0 
A I M I 5 IS I M F C " E S D N . 

* 5 ' 1 3 0 0 . 1 
* 0 ( 1 1 0 0 . I 

3 1 0 ( 1 2 ? * . ! 1 1 0 . I 

C E N M E L L 6 7 HBC 
CRENNELL 7? HBC 

- P . 1 I - < P I P I 

( 1 2 6 0 . ) DAVIS 72 MBC » 1 2 . * • P 
FIRESTONE 72 0P.C « 1 2 . * • 0 2 / 7 3 

t 1 1 0 0 . ) BRANDEN8 76 « S P i • - 13 K * - P . 1 « P 1 P 1 ) 1 
E ( 1 2 8 9 . 0 I CARNEGIE 77 ASPS . - 13 K » - P , P KP1P I 

( I 2 T 0 . O I OTTER 7b HBC - 1 0 - l * - 1 6 K - n 
t 1 1 0 0 . 0 ) VERGEEST 7 9 HSC • - * . 2 K - P . n <•! P I 1 2 / 7 9 

1 2 7 0 . 1 0 . 0AU» 91 [ I T U - 63 K - P , « ?<>! P 1 / 6 2 

£ f t C A " O O t l QCPE*DEHT Fll tf TH GAUSS IA BtCKCCUHD I D 
E BHAN3ENBUR& b DATS. 

?B 0 1 I 1 2 B 0 I WIDTH 

PBOQUCEC 9 t BE*HS 01MER THAN •; HE SONS 
) ^ 7 . 0 T .O 2 5 . 3 A 5 T I E * 6 9 MBC 

•.", ( 6 0 . ) C E N N E L l 6 7 HBC 
* 0 ( 6 0 . 1 C R E N N E L L ^^ H E C 

3 1 0 ( 6 6 . ) ( 1 5 . ) ROOEBACK 81 HBC 

PRODUCEC BY « . - . B A [ . MAR n*; SEAT T E R I N & . HYPERON EJIChA 
7DQ 7 5 . 0 1 ^ . 0 G A V I L L E T 76 HBC 

PfiLiOOLED BY 1 8 E » " S 
( 1 2 0 . 1 0 A V I S 72 HBC 

FIRESTONE 72 OBC 
8RANDEN9 7 6 .15PK 

E ( 1 5 0 . 0 0 1 ( 7 | . 0 I CARNEGIE 7T ASPK 
1 1 5 0 . 0 1 " P R O * . VERGEEST 79 HBC 

9 0 . 8 . DAUM 81 CNTH 

!!'';( 

INTO " . * | B 9 2 ) 
O 1 I 1 2 8 0 1 I M O II 

0 1 1 1 2 9 0 1 INTO 
0 1 ( 1 2 8 0 ) ISI0 
0 1 ( 1 2 6 0 ) INTO 
0 I ( 1 2 R 0 > INTO 

" OXEGA 
K PI PI 

* EPSIL 
I 
ON 

* 9 7 

1353 
• 1 3 9 t 

1 3 9 
1300 

1 3 9 

8 0 1 ( 1 2 8 0 ) PARTIAL HIOHTS T1EV1 

0 1 '-jLf 6 . 0 
5 . 0 

( G 2 1 
CARNEGIEI TT A S B K . - 13 
•U72UCATO 79 H8C * * . 

ERAGE (ERROR I N C L U D E ! SCALE ACTOR OF 2 . 3 1 

1 2 / 7 8 

AVG 6 * . * B . 9 

( G 2 1 
CARNEGIEI TT A S B K . - 13 
•U72UCATO 79 H8C * * . 

ERAGE (ERROR I N C L U D E ! SCALE ACTOR OF 2 . 3 1 

Q l "'IT K* P I 
2 . 0 
1 1 . 0 

( G i l 
CARNEGIF1 T7 A S P K . - 13 
•(A22UCA70 7 9 "BC * * . 

ERAGE 1 ERROR INCLUDES SCALF 1CT0« C 1 .01 

W'M 
A«G 2 . * 2 . 0 

( G i l 
CARNEGIF1 T7 A S P K . - 13 
•(A22UCA70 7 9 "BC * * . 

ERAGE 1 ERROR INCLUDES SCALF 1CT0« C 1 .01 

0 1 1 2 8 0 1 INTO « C«EGA 
3 . 0 
* . 0 0 

( G 5 ) 
CARNEGIEI 77 ASPIC * - 13 
MAIZUC-ATO T9 HBC * * . 

F">AGE (ERROR INCLUDES SCALE 

K » - P . 

ACTOR OF * . O I 

Hi',', 
AVG 1 6 . 8 9 . 6 

( G 5 ) 
CARNEGIEI 77 ASPIC * - 13 
MAIZUC-ATO T9 HBC * * . 

F">AGE (ERROR INCLUDES SCALE 

K » - P . 

ACTOR OF * . O I 

01 , M ?: . r ° KAPPA P 
6 . 0 CARNEGIEI 7 7 ASPK • - 13 K » - P , ,.,„„ 1 2 / T 8 

0 1 , M?;."'° EOJILON 
5 . 0 

K I G B ) 
CARNEGIE I 77 ASPK * - 13 K * - P , ..„•„ 1 J / 7 8 

i a a m 28QI BRANCHING RATIOS 

0 1 I H 7 0 K » P I 
a. i t O . 0 5 

( P l l 
DAVH 8 J CNTR 63 K-W.* J . . . U I B 

0 1 'i^r 0 . 0 6 
( P 2 I 

OAUH 81 CNTR 63 
R00E8ACK 81 HBC * P I - P . L 1 i'l !„ t;:i: 

Q l ""v.:"c 
0 . 0 2 

( P 5 ) 
OAUM 81 CNTR 63 K - P . K 2 0 1 P 1 / B 2 * 

01 INTO KAFPA PI ( P T I 

Qt INTO K EPSILON 

3 / S RATIO FOR 0 1 INTO K * ( 8 9 Z I P" 
1 . 0 0 . 7 L I A U H 

AVERAGE FR0» LOW AND HIGH T DATA. 



Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
0,(1280). *(1350) 

R I F f E N C E i FDK O K l Z f l O l 

* » « ^ H 1 \ R O i , I OH WOS . I > - * N B t 
e » S " E M £ B O S (RAPPOBTfURI 
A f t ' tEMERaS.EDi lARDStD-B ' iM . 

IC£HN*CO£FJ 

1 I P " ! VATF t O H t U N I G E n ' 

J PL 26B JO 

A L « E I D A . < 

• f U I U E * ' 
1 GDI j ' 

ICOLU* 

ON,BrF.R.DCeNA".FORSan» ( ( 

U.GGL0HABERS. T I L L I N G I 

J C e » t o t 

•",01 OMAB F 

AND»E«S 
A S U E f t 
BARdARtl 
BET 11*11 
SISHOP 

O J E N 

C t X l E l r 

( K| f D*AN 

B » S ; 0 « 1 P I £ R B £ , C O I D 5 C M K 1 0 1 « | C E R N * b H > U » B I R M | J J ' 
B t * L ! S G H f f H [ » F J l R B E m F e * e E L * F O ' W t K IRCCHJJJI 

.7 PHI ]<J 4 * . •C*L8F lEt5C» ' -LAt .SCAUR.SCHUMANN I B N L I J 

.7 NC *-»A 3 1 * • a t B A I S I E J J U E A S T . F I t l P P I S * CCFRNtBRUxl 
« l « t ! tElwUHHAtlCH &T 9 . JEINGFJANS 

1 7 6 

i 'J * ICH 
B C « l f P 

70 «•* D 1 2*33 
70 NP 9 20 201 
TO "l 31 S 318 

r ,B IH»( ' 

OF win. t i 

M«>1M 3 

•JP 9 28 13 
"R D 3 J6I0 
Wl ?(. 1505 

J 3 t » l - 7 ) 'IP f 

7 ) -ip A 6 0 tei 

. I I P O I 

r:«» >5 ' / P •J5 I $ q 

RASDEVAN Jfc BBl 37 9 1 7 
76 PH 1 * 29t 
76 JP5 
76 P« i 2 6 70S 

V f«G£ES7 76 PL 2 « * ? 1 

77 -IP 127 53 
77 P[ 6 6 :e^ 

r..GOLD"AS ( L S D 

* C 3 C C O N I . « i i i C M ' B e B u c e ^ N t i o i o v i t N j 
« B O f f ' O S T E I N , C A L L A H A N . C O L E . C O * . * (JQMHMOPH 
« C A L L A * " » N . E r r L I N G E R * G I l . L £ S P I E « IJOHNHCPKI 

G.ALEKANDEE.f 1 R E S T Q N 6 . G C L D H A B F S . . H O I I 
» H C H . L U O L « - S A N D H E I S S . S E R G E " . * t V U F » L « L I 
+ * t a t C H H . , K C ' H I . < t E T , » t t D t f » C E » N t l I " « P n t « P 1 1 . 
B A l B A R O - G A L T I E R I . D i V l S . F L A T T E . * 1L"L» 
* C a E S I l . t I " E N I * 1 I . B E ' ' I * > l W . e l G l * t P « D D « P I S » H 
*GCSHAU,CPH1N.WALKER I W I 5 C 1 
* ' * A l » K U D . * I F L l . E « A . R U D N l C I ' , S t N l E I N * ('JCLA> 
• E 1 5 M E R * B A L I . L U F P S I3NL» 
• E A S F K C O D . * 1 8 I B H ( C l . * S U D I C * ™ l » * a x F » > H E i i 
• MAL«tEP..GOS«A.(. WEINBERG ( * 1 S C * P R I K » V A » I 0 I 
J . F R 1 E D K A N . P H . D - tHF.515 IL«U> 
*AMt iAR>Q«VlS.K.«GP*t .V*S>CtB.C(<3>* l H w i ^ * » " « i . | I 

* ! I S E N S T t I N , m » 
+CARSON.CHIEN.C 
N. ; .BOWLER 

I I L L I 

• C O L l E Y . G R I F F I T H S . A L P E R , * < e i R N . G t " S * a « F J 
. * N T I C H . C A L L A H A N . C A A S O N . C H I E N . C O I . . IJWJ1 
• C E L F i N O , L F » P l ' . " D S E B . S E 1 0 1 , MCLFSOU I E F I I 
GAnF IWKEL.HOLLAND.CARNOMf .LANDEP. IP lWO.UtO I 

•FB.ANfU.IN.GODDEN.KOPFL-'AN.L t eev,1AH ICOLOI 
» E I S E N S 7 e i t . C « * « 0 . - £ S 0 U E r . . t t E - N ' B H U X l 
BRANDENBURG* S* 0 .0 * . JOHNSCN. IE VtM.LOOS* 1 S L A t l 
•)»ANDENBIIRG. JOHNSON. LE I TH.i O C S . I U S T E H SLACI 
«&OR0QN.«WAN-WU LAI .LCARR 18*111 
. 1 1 5 T 0 N , 9 A R B A R 0 , F I A T T E , F R I E D M * N , I T N C H * I | - B L > 
F I R E s r C N E . G O L D H A H E R . l l S S A l i E R . T« ILL ING ( 1 8 L I 
1 . F I R E S T O N E ( H I T ) 
.HALP£f tN .HAf tG IS .SNAPF.CARNAHAN. * (PENN*Cl« IC I 
. • R N O L C H A G U E f l A U E R . * ( e E R C * S ' * D * E P a t ' " * U R I 

• 0 1 . E V f L L O N . S H A H . . ( S * C L * E P O L * f l M E l | 
• F A R K C l . t <LSL*0«>SA1'.B'<{.»SACLAV*«tLANl 
• C a R N E t . C M A R H l E R F , . ' B"mi»« 'DN5»CEHN»*PIM| 
G . I . J O N E S ICERNI 
• ALLEN. JACOBS.D ANY S 2 , e o R G , . I L C U C » L O I C * C O E F I 
• S L I T T E R * . F E R M I . (ROCHESTER) 

AN&ELOPOUiaS. f I L I P P » S « < * T H U » A H N « L H ( P « V I E t | l 
• O A l N r O N . K A O O a u R A . A I t t H l S O N I O I F 1 
•CHAPMAN,GREEN.LVS.RnE f t C H I 
01 UTSCH«ANN,* I A A C M » B E B L » C E B N * L O I C » V I € M 

• A S C D L l . B U S N t l l O . I I E N r L E * I SEBP.CF.BH. IL I . 1 
• G A M E . A I T C H I S G N . O A I N T O N I O » F * 0 « » E ( 
• G J t D 0 N I . L A A K S 0 . N A f l I N I , C O A F O O r a * ( R E W A * « > H E l t 
DREVILLON, BDRENSTE I N . ( t P O t . ^ O H H * C O E F » 
DUN«00D1E.GRAKT* tCERN»BELG*HONS* '<PI" l 
• I A » C M * B E R | . * C E f l N « L O I C * V I E N * A T H U » A T E N * L I V P | 
. * U O O l P H . R U M P F . < A A t X * B E R L » C £ R N * : 0 t C * V 1 E N I 
• « U K ) l . < ' » . S E Y I ; E » l * t f c » C M . * E » H . . C E » * » U 0 1 t > V l F . N H . 
» M i N S E ' . . B 0 B E N 5 I E I n J . B 0 B S * ( D r t K E P O L r S l C l I I , 

BASDEvANT.BERGE" ( F « M L » * U L I 
.E0WABDS,«|MAL,TORGESUN (ALBERTAJ 
H.G.BL'WLEP (0*FOBO> 
9 R » W 0 E " B U R G , C * " N f G I E , C i S H « O B £ , D i V I E < n | S L I C I 
t ( * * C M » B E R t . . C E e ' ( * t . O I C * V I E N « L P N P * R H e L » S » C l . » 
• E N G E t f N . J O N G E J A N S . . l * « S T * C f ' " t * * I I J B . O I f l 

iSss-r: 
fUtfi 

• HEBI2BEHGEB. >"5T>CEFf • CBiC" s£EE 

K(1350) 

The isodoublet S-wave KTT phase shift 6̂  is 
compatible witn clastic unitarity up to the Kn* 
threshold. It gtows monotonically, reaching 90° 

at aboul- 1350 MeV (MERCER 71, BINGHAM 72, FIRE
STONE 71r72, MATISON 72,74, GALTIERI 73, YVTA 73, 
FOX 74, BAKER 75, LAUSCHER 75, BOWLER 77, ESTA-
BROOKS 78, ASTON 81). The ambiguous "up" solution 
in the region of the K (892) has been ruled out 
conclusively (MATISON 72,74, GALTIERI 73, BOWLER 
77, ESTABROOKS 78) . 

The first inelastic two-body threshold is K>i, 
which, however, is very weakly coupled to K, in 
accordance with the SU(3) prediction for the xrKn 
coupling. 

In the energy range 1350-1450 MeV the phase 
shift exhibits rapid notion (BOWLER 77, ESTABROOKS 
78, MARTIN 78), which has been taken as an indi
cation for a K resonance at 1500 MeV (ESTABROOKS 
79). However, the phase-shift behavior can also 
be understood as a cusp effect due to the nearby 
Kn" threshold at 1455 MeV (TORNQVIST 82). Above 
this energy the inelasticity due to Kn 1 is impor
tant. The p'uise shift can be fitted up to about 
1500 MeV in a unitary coupled-channel analysis 
with proper analytic structure with one resonance, 
the K<1350), without background (TORNQVIST 82). 
This supports earlier interpretations (FIRESTONE 
71,72, FRATI 72, ROUGE 72, OORDS 73, LAUSCHER 75, 
MORGAN 75, ENGELEN 78, ASTON 81) that the < aass 
indeed is where 6j~ passes through 90 . 

At still higher energies some evidence for a 
second scalar resonance exists (AS?o-; 81). 

See also Appendix IIC. 

1 1 * 2 5 . I » P P « 0 « . 
( 1 + 5 0 . D l » P P R C I . 
( 1 7 7 8 . ) 1 5 0 . 1 
( 1 * 3 9 . 1 i = - e « Q i . 

* S P ] C 1 2 / T B 

11 1*51 0 11 

1 I S O * J * O A T * . 

KAPPA WIDTH i * E V J 

2 0 0 - 3 0 0 » p p « a x . 
15*0.1 I I 0 6 . I 
(253.1 JPPKOI. 
(••35.1 QB MO*t 

Bl I ASS 0 I I 

<t«PPA | N I C H 

KAPPA I N I Q K 

TsKsr 

http://�
http://01.EVfLLON.SHAH


Mesons 
«(1350), Q2(1400) 
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Data Card Listings 
For notation, see key at front of Listings. 

I I P » E 6 « "L 2 B 6 ; 

REFERENCES FOR KAPPA 

• C H j E N ^ M L A H U Q . K E L L E N A . S C H L E I N . * 

CRENNELL 6 9 PRL 2 2 4 E 7 • K A R S M O N i L A I , O . N E A L l . $ C « R R 
DODO 6 9 PR 1 7 T l*»9fc •JOLDEASNR.PALRER.SAHICS 
GOLDBERG 6 4 PL 3 0 B * 3 * 5ABRE C 0 1 L A B 0 R . ISACL*AN5T» I 
SCMLE1N 6 9 AR30NNE ( M F . 4 4 6 P . S C H L E I N 

( B N L I 
|REM0*EPCLI 

IUCLAI 

FIRESTON T l POL 2 6 1460 
•1ERCER 71 HP 6 3 2 3 8 1 
YUTA 71 PAL 2 6 150.2 

72 PR a 6 l i 
61NGK»N 72 HP e M i 
BUCHNEA 72 SB a 45 313 

72 SRL 2 9 1 * 7 0 
c s t w a ; 72 PP D I 1 2 2 0 
a iEBOLO 72 94 A V . C O V * . 
£NSEL*A» 71 SB D « 2 l « 
F*a.ESTD« 72 PS 0 5 ?16B 
FRAT1 T2 PR 0 6 2 3 6 1 
NATISON 72 LE 1 5 3 7 |T»H 
erviCE 72 NP d 4 6 !•) 

CORDS 7 3 NP 6 5 * K 1 
GALT1ER1 T3 LBL 1772 
L I N G L 1 N 7 3 NP 
TUT A 7 3 NP 

NATISCN D9 W t 
MORGAN 7 * P L 

3A«£R 75 NP 
LAUSCHER 7S NP 
ID»GAN 75 ARG0F.NE CCNF 

cm EN 76 V P 106 3 5 5 

BOrfLER 7 7 I P 8 126 3 1 
SPIRO 77 NP 8 125 1 6 2 

76 IP 3 134 1 6 5 
ENGELEN T8 NP i 134 14 
ESTABROO re NP B 133 4 9 0 
"ART I N 7 8 I P 8 1 3 * 3 9 2 

ESTABROO 7 9 PH H 1? 2 6 7 8 
D 19 1 5 6 

ASTON ai PL 1 0 6 S ?35 
•OAFF 81 " a 3 2 3 1 5 0 0 

» . F [ R E S T O R E , C . C D L 0 M 1 6 E S , O . L I S S i U E H ( L R L I 
• A N T t C H . E R L l * H I N , C H I E N . C O X < * 'JtJMS HOPKINS! 
•0ERRICK.ENGELNRNN.MU5GRRUE I A N l * E F I I 

AGutLAA-BENtTEZ ,CHUNG.E ISNER ( B N L I 
• (INTERNATIONAL K* COLLABORATION! 
• DEHN..CHARR I ERE. CORNET.* I M P H M t ERU'BRUX) 
• E lSNER.AGUILRf l -BEt l tTEZ f B N L I 
< GSR 0 0 N . KM AN-HU L A I • S t M R ( S N L 1 

17R- f l )EBDLD RAPPORTEUR TALK ( A N D 
ENGELMNN.HUSGRAVE.FORMAN, * I A N L * E F I 1 
•GOLOriABER. L I S S R U E R . T R I L L I N G (L3L IPWA 
• H A L P E R N , H A R G 1 S . S N A P E . C A R M W A N . * I P £ N N * C I N C > 

>l REVISED VERSION 4} LL GO 7 - ' H V S . R E V . L8L 
• V I O E I U . V D L T E . D E B R I C N . + I E P C L * S A C L I 

•CARNaNT.LANDER.1E I E R E . • IPURD*UC0> f U » U l 
•NATISON.GARHJDST.FLATT E . * R I E D N A N * I L B L 1 
D . t I « L I N (CERN) 
•ENGEINANN.NUSGRAYE.FORKAN.* I A N L » E F 1 I 

G . C . F O X . N - L . G R I S S I C I T I 
* G A t T I € R l . C A « * J O S 7 . F l . * 7 7 E . F R J E D * A N , . U S l > 
D.HORGAN C H E L 1 

* 8 A N E R J t t . C A N P B E L L . A L L E N < » A R C H * ILO IC*LOWCI 
• O T T E R , U I E C Z O R E K , * IAECLV COLLABORATION) 

> D.NORGA" ( R H E L I 

* F E 1 0 C « . L U C A S , P E V S N E R , 2 C A N I S (BALTIMORE) 

•SSMRINGER.DORSAZ.HUNGERBUHLER* (GEVAI 
•JONGEJANS.HEHINGHAV. * I N I J N * I E E « » C £ R N * O K F ) 
ESTABROOKS,CARNEGIE.* IKDNI *CARL 'OURH»SLACI 
*Sr t INADA,BALD] tBOHRINGEA.OORSAZ* IOUR«*GEVAl 

*C*NBI»I S 82 N . A . I O R N 3 V I 5 T 

Qg(1400)| 

64 0 2 1 1 4 0 0 1 

( 1 4 2 0 . t 
t m e . > 1 1 8 . 1 
t 1 4 1 3 . 1 APPRO*. 
1 1 4 0 4 . 0 ) ( 1 0 . 0 1 
1 1 4 3 0 . 0 ) APPRO x . 

1 * 1 5 . 1 5 . 
1 4 1 3 . 2 5 . 

0 2 I 1 4 0 0 . J P - I + I 1 - 1 / 2 

! « I N | - R E V ] E w UNDER Q I U 2 S 0 1 

DAVIS 72 HBC 
FIRESTONE 7 2 OBt 
BRANDENB 7 6 ASPR 
CARNEGIE 77 A S M 
VERGEEST 7 9 « 6 C * - 4 . 2 « - P , < " [ P I 
E T K I N eo HP% • 6 R-P.KO P I * P I -

OAUR 81 CNTR - 6 3 «. -P.K 2 P | P 

A / E R I G E IERR0R INCLUOES SCALE FACTDR OF l . & t 

I F I T M1TH GAUSSIAN BACKGROUND TO 

iWii 

a ; U 4 0 0 l 4 I D T H I N E V 1 

D A V I S 72 HBC * 1 2 - K* P \2t7i. 
( 2 4 J . ) F IRESTONE 72 DBC • 1 2 . R* 0 1 2 / 7 5 

BRANOENB 7 6 A S K • - 13 K * - R . I K » I P I I P 1 2 / 7 5 
CARNEGIE ' 7 ASP" • - 13 ' • - P , » R P I P I 1 2 / 7 T 
VERGEEST 7 9 MBC • - * . Z K - P . R PI P I 1 2 / 7 9 

I B D . C T K I N BO CPS 0 6 N - P . A 3 P I * P | - 1 / 6 2 

tit 

OAUN 81 CNTR - I ? R - P . N J P I P 

AGE fERROR INCLUDES S C A I E FACTOR OF t*OI 

1 / H 2 

!"'.! " i.i' tit 

OAUN 81 CNTR - I ? R - P . N J P I P 

AGE fERROR INCLUDES S C A I E FACTOR OF t*OI 

E ABCVE. 

I Pt*TI*l OECAV JtODES 

• ( B 9 2 I • 9 2 < 1 4 ! I 0 I INTO • 
0 2 1 1 4 7 0 1 INTO * R « 0 
3 2 ( 1 4 3 0 1 INTO K P I 
0 2 ( 4 4 3 3 ) I N T O * ETA 
0 2 ( 1 4 0 3 1 INTO « CfltGA 
9 2 1 1 4 3 0 1 INTO « ' I * l 
0 2 1 1 * 3 0 1 I * T £ '.RPPA P I 
B 2 H 4 3 0 I I M C K E r s i L O N •IK . i s " " 

02 INTO n R H O 
1.0 

ai t-7o « * Pt 

1 1 7 . 0 

0 2 I M O • C " E 5 I 

6 * 0 2 ( 1 4 0 0 1 PARTIAL H IPTNS ( « E V I 

CARNEG1EI 77 A J M 

CAR I E G i f t 1 

C l r ' N f G I E I 1 

, ( R P I P I I P 1 2 / 7 1 

0 2 ( 1 4 0 0 1 BRA'JCMInG o i T T O S 

0 2 1X10 K C»ECA 
3.01 

02 IMO • 
) . 0 D 1 A P P R D I . 

• VERAGE FHO- L 0 « AND M|G" 

ARXEtTER 64 3U3NR CCNF 1 577 
A L S O t>4 ouBNA C O I F I 617 

ARNENTER 64 PL 9 2 3 T 
ALSO 6 6 °R 145 10<>5 

EfERENCES FDR = 2 I 1 » G 3 > 

l « < E N T ( R 3 i . E 3 u t R ? S . D - A N D L « U * ttF = * ; « t C = F 1 
R ARNENTE40S IRAPPORTEURI 
ARtENTER3S.EDWAR0S.D-A- IDLRJ '> t CE='.*C[)FF I 
B A R A S H . K l R S C H . H I U E R . T A N 1COI J " 5 I i l 

A L « E I D « . A T n E R T O ' J . B » E » . D C * \ A N . F C H S n * i . ( C « V £ l 

ALSO 6 6 ( P K I V i 

9 AS SO"*-1 6 7 Pt ? 6 9 
BERLINSH 6? P»L ' 8 
CRENNELL 6 7 PRL 1 9 
DE BAERE 6 7 NC * 9 A 

ALSO PRIVATE a 
GOL3HABE 6 7 PRL 1 9 

BAHTSCM 6 8 N ° EB 

ALEXANDE ft9 NP B 13 50 3 
ANDREWS f.9 PRL 2 2 131 
« S T I £ R 6 " NP B 10 65 
BARBARA PRL 27 1 2 0 7 

*<J NC 6 2 A 1038 
BISHOP 6V NP B t 4C3 

64 PI 2 9 E * > » 
C«JNG 6 9 PR 182 1443 

hi NC A i% 5 1 9 
ERHtN 6"rf NP B •; 3 6 4 
F R I D«̂ A^ 6 9 U C A t - 1 * 8 6 0 
- [ R - ; E R 6 9 PR 1 8 8 2 3 2 3 

18CAHS 70 PR 0 1 2 4 3 3 
ANl ICH 70 NP fl 20 201 
BOWLER 70 PL 3 1 S ; i B 

OENECRI 71 NP 8 28 13 
FORNAN 71 P» D 3 2 6 1 0 
G » S F . « * E 71 PRL 2 6 l i f l i 

AN3ERSON 72 PR 0 6 1823 
BINGHAM 72 NP 6 44 5 8 9 
BRANOENB T2 NP 6 45 3157 
BAANOENfl T2 PRL 2 8 9 3 2 
CRENNELL 72 PR 0 6 1220 
0AH1S T2 P« 0 5 26BB 
F K E S T O N K ' * 3 5 5D5 
FIRESTON1T2 NP 6 4 7 34B 
FRRTI 12 PR 3 6 2 3 6 1 
HAATUF1 72 N B 4 9 7-> 

BAVLOUIA T3 NP P if 3 7 * 
SJNGMAN J) NP 8 5? 3 1 
OE JOtCH 73 NP B 5S 110 
JONES 7 3 NP B 5 ? 3e3 
L E B l S 73 NP 9 6 0 2B1 
MERNER T3 PR 0 T 1275 

A-SELOPO 7 * NC 20A 4 9 
BCWLER 7» NP BT4 K ; 
DAVIDS3N 7 * PR 0 9 77 
DEUTSCK" 74 PL 4 9 8 383 

74 NP B86 3 8 1 

245 

• NT I POD 
BOMLER T> NP B 
POSE H tIC 
DREVILLO 74 PL 5' 
DUNMDCOI 75 NP B " l 1 8 9 
O T I E R 1 7 * NP 3 8 4 3 1 3 
OTTER2 75 NP B 9 3 36? 
OTTERS 7S NP B<6 2 9 
TOVE» 75 NP 9 9 ! 1 0 9 

eaSOEVAN 76 PRL 3 7 S I T 
BOAL 76 PR D 14 2W 
BCM1FR 76 JPS 3 7 7 5 
BRAiDENc 76 PRL 2 6 7 0 3 
OTTER 76 NP B 106 71 
VERGEESf 76 **. bZ B 4 T I 

BEUSCH Tg PL T * B 787 
GAV11LET IB PL 7 6 B S I T 
HOMl 7B NP B 13? 4 0 1 

BASOEVAN 79 " • 3 19 2 4 6 
NAZZUCAT 79 NP B 1 5 6 5 3 2 
VERGE EST 79 NP *. 1 5 8 2 * 5 

BACON 8 0 NP 8 I t ? 1 8 9 
O I O N I S I 80 N * 8 1 6 9 I 
E T R I N 80 Pt 0 22 4 / 

( L = L I 

6 A S S 0 N P I E R O E . G 0 l D S C H « I O T * ( C F O ^ . E F J U ' B I S P 1 ! I J P 
B £ * t I N G H I £ H I * F A R B E R » * E B E E L * t O P " » N I = O C H | 1 j » 
••CAL9F L E f S C M . t A I . SCARP. SC-UN-NM O N 1 H 
« D E B A 1 S ! E U X « F A 5 T « * 1L|PPAS« t ' . E P N ' B O . ' i l 

CN BY B. JOVGEJANS 
C .GOLDMi9Fe ( L % D 

* C 3 C C 0 N I . » ( A A C M « = E R L * r E » N * L P l C > K l E -
• 9 0 R E N S I E I N . C A L L R H A N , t O l t . C C X . > < J 1 - ^ H O » * l J * 
* C A L L A H A f J . E 7 T l I N G E B * G l l L E S P I E ' I J - * - -JH3».» 1 * 

G .ALEXAN3ER.F IHESTCNE.GCTDHAeEP. t ( I R l t 
• L A C H , L U 3 L A H , S A N n i ( E I S S . e £ R G E R . 4 I T I L F ' L S H 
. • • R E C H A L . I P O N T A N E T . * f C C E F * C £ R N . l P r . - . L [ V - » U P 
e A R B A R O - G A L T I E R 1 . D A V I S . F L A T I E . • ( L V L I 
* C R E S T I . L I M E N T R i « l . g E B T A U Z A . e i G I * | P A 3 0 * P - I S A t t 
*GDSNAH,ERMIN.WALKER ( H I S C I 
• M A L A < * m . N E L l E « A . R U O N l C « . S C H L f I N * I U C L A I 
• E I S N E » * B R L I * L U E » S ( 9 M 1 
*EASTwOOD.* l f l ! R " * G l A S * L D l t * P s l — C « F * B H F U 
* W I L « E R . G G S H A H . M I N B F R G ( • 1 S C * P O 1 - . * M N D I 
J . F R I E O W V . P M . 5 . T H f S r S I t l l l 
• • •NAR.0AU15 .«RDPAC.T>RGER . C K 1 . * I'JMF S * A \ ( I ! 

• £ I , E N S T E I N . K l N , N A R S > ' A l l . P - « A H . C R A - J , . ( l t t l 
* C A R ' > D N . C H 1 E N . C 0 I . 3 E N f G c l . ( T T t l M G F P . * ( J H u l 
- . 5 . B O W L E R ( O ' F O R B l 
• F F R O E L . S l F R Y . V U T A ( R O C n l 

• C O l l E V , G R I F F I T H S . ALPER, * I 6 1 R N . G L A . *Q«F > 
• A N M C M . t a L L R x R M . C R R S C N . C H I E N . c a r . * <JNu> 
• Gt F A N D . L E A R V . M 0 S E R . S E I 3 l . w a . F S O N « : * . ! 
G A * F I N R E L , H 0 L t A N 3 t C A R * ' 0 N V . l . A h 3 E n * I P u R 3 * j C D J 

*FRANRLtN ,GDDDEN,KCRELr 'AN ,L ie ! F V,TAN (COLC1 
* E I S E N S T E l N . G R A R O . H E B C u E T . * K F R N - 9 R U R 1 
BRANDENBURG. BRODr, JOHNSON. IE I T H . I O O S X S L A C I 
R H A N 3 E N 9 U R G . J O H I . S 0 N . l [ l T H . L 0 C S , L U S T F * I S L I C I 
• GORDO'..RWAN-WU L A I , < C A P R ( B Y i l 
• ALSTON.BAPBARO.F t .ATTE . fR lEC . * , 1 T N C - * . : BL» 
F i » f i r £ w f , e e L O w « « * . t 7 S S A v f s . i R m i * G I I S L * 
R.FIRESTONE ( C I T t 
« H A L P f R N . M A R G I S . S N A P l . C l R N A H A N . . | P E N N * C I N L > 
• ARN3L[>.HAGUENlUFR-> t e £ P G * S T R 9 * f POI * *AOK» 

• 3 R E V I L L O N . S H A H . * I S»Ct *EPOL*R«SL> 
• FARWEL.* l ( .6L*ORSAVS>.L*SACLAV.XTLAf>i ) 
• CORNET.CHARRIERE. * l £ R U I - » C N S * f f S N « " P m j 
G . T . J O N E S ( C F R l . t 
• A L L E N . JACOBS.LASTS/ .EGRG. • l ( .CwC>LOIC*C3f F l 
* S L A T T E R V . F E R B E l l o o C E S T t f c l 

A N G E i O P G J L O S , F H I P P A S * I A T « g * » r f \ . i i v [ 
*OAINTON.«ADOOURR.arTC-< ISON 
• C H A P " A N . G R F F , 4 . l . » S . R r i 
3EJT5CHNAMN,* ( A A C H * 8 E R l * C E R N * L 0 1 C 

V l t M 

VIEM 

• A S C O L I . 9 U S N £ L L O . K I E N 2 L E > I i f i P » C € R N » l U l J' 
• G A N E . A I T C H 1 S 0 N . D A I N ! 0 N l O i F t O R i n 
* G U I 0 O N 7 . L A A K S O . N A R ? N l . r c n ; F O R T o * | B n R A < R H t L 1 
DREVtLLON.BORENSTEIN* ( £ P C I - B D H R . C D t F J JP 
DUNNOODIE.GRANT* [ C £ R N * B E L S * M O N S * K P | N | JP 
• I A A C H . 3 E R L * C E R N * 1 0 1 C * R I E N * * T H J t A T E \ * L I V P | JP 
• RUDBLF-M, RUNPF* I AACH*GERL*CERN>LOK*V IE« l l JP 
* R J X L P H . S E V F E K T » I R R C H » B { R L * C f R N > L O I C * M l E N l I . J P 
• HANSEN, BORENSTEIN.BORG* 1 " H ( L * E P n L * S A C L I I . J R 

BASDEVANT.BERGER ( F N A L * A \ L I 
•EDwARDS.KAWAL.TC«GESn< ( ALBERT AI 
N.G.BOWLER ( D t F C R D I 
B * A N 3 E N 8 J * G . C A R N E G l E . C A S W 0 R E . 3 A V I E R * I S L t ( . l JP 
• IARCH*BERL*CERN*LQIC*v l t<n*LP« jP*RHFL*SACi . l JP 
•ENGELEN.JONGEJANS. * t A N S T * C E * < ( » N I J N » S * F 7 J P 

»BIRNAN.KQNIGS>OTTER, 
• S I A I . D I O N I S t . * 
•PALER.CHAURAN3 , * '.!jjs«r;5T":; 

• ICFORO 80 NP • 

BASDEVANI.7ERGER I AM. I 
• A IZUCATO. PENNINGTON* IC f R N * I f ( N . N I J « * 3 « H 
4J0VGE J A N S . 3 I O N I 5 1 . • I N I J » » 1 * S T * C E " N * 0 * H 

• FARRET.«UTTERl«?RrM.AfcSC«rG<.* ( L O t C ' C A W f t 
• G A V I L L E T . A R N E N t t R O S . ( C ( R N * w A 3 R * ( Q E F * S T ^ f - l 
• F 01E T . 11 N O f N P A U N , * « » • > ( • , • l * N L * f U N v i 
A . C . I P VINT. « l l * r i 
a l3 *ORD.8RAN3ENBJRG H ) U 

http://�CARNaNT.LANDER.1E
file:///2t7i
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
0,(1400), K(1400), K'(1430) 

DAUN B l HP 6 1 6 7 1 
OTTER 81 NP B 161 I 
RODEBACK I t ZPKV C 9 9 

»HERTZBERGEft+(t .HST*CERN*CRAC*HPIM*OXF»RHELl 
(AACH»6ERL+L0IC*VIEN*BIHM»BELG*CEftN»MDNS> 

•SJOGREN,ARMENTEADS.* (CERN»CDEF*HAOR»STOHl 

K(1400)| „ , P R 1 M E I I 4 0 0 ( J P ' 0 - I 

OBSERVED I N K P I P I PARTIAL-WAVE A N A L Y S I S . 
HOT SEEN BY VERGE EST 7 9 . 
WAIT CONFIRMATION. OMITTED FRO* T A B L E . 

: H ISS (HEVI 

IA INLY TO K E P S I L O N . DECAY INTO K * I 8 9 2 I I 

I PRIME WIDTH I MEV I 

IA1NLY TO K E - S I L O N . DECAY INTO K » I B 9 2 I P | SEEN. 

< PRIME PARTIAL DECAY HOOFS 

( PRIME INTO R»f B92 I 
( PRIME I N T O * R'lO 
( PRIME I N T O RAPPA H 

21 K PRIME PR ATI At. WIDTHS I M E V ) 

K PRIME INTO 
1 1 0 9 . ) 

K X 6 9 2 ) P I 
APPRO X. o»u. S I CNTR 

K PRIME INTO 
( 3 4 . 1 

It MHO 
* t ? R O X . DAUH St CNTR 

K PRIME INTO 
H I T . ) 

KAPPA P I 
DAUN B l CNTR 

BRANDENS 7 6 PHL 3 6 1 2 3 9 

VEHCEEST 79 NP B 156 2 6 5 

DAUH 8 1 NP B 167 I 

REFERENCES FOR K PRIME 

BRANDENBI)RG,CARNEG1E.CASK«DRE.DAVIER*(SLACI 

t J O K G E J A N S . D I O N I S I i * IN IJM*AM5T*CERN*OXF1 

tHERUBERGER* iAMST*CERN*CRAC»MPIN*OXF*RHELl 

K(1430)| 22 • K*(L430<JP'2+I 1-1/2 

UE CONSIDER THAT PHASE-SHIFT ANALYSES PROVIDE MORE 
RELIABLE DETERMINATIONS OF THE MASS AND WIOTH. 
SEE R H D I T 7 0 I M I N I - R E V I E W . 

?? K * l 1 4 3 0 1 MASS IMEVI 

CHARGED ONLY. 
D 39 1423 
D 6 3 1427 

2 2 0 1416 
D 6D 1414 

1 4 0 0 1420 
D 2 2 5 1425 
B 142B 
B B 
D 5 7 9 1 1 4 4 6 6 ) 
D 2 9 2 1 1 4 3 1 6 ) 

9 3 5 '*" AWC 1422 6 

NEUTRAL ONI 
2 2 0 0 1421 
I BOO 1419 

6 0 0 1416 
1 1 0 0 I 4 2 T 

c 1420 
BOO 1 4 2 1 . 

E 1 1 4 2 3 
3 0 0 0 

1440 
1434 
1450 
1428 

0 

INAL STATE K P I 
BASSANO - 4 . o - 5 . 0 K - P , K 0 P I - 1 2 / T S 

. 0 SCHWEINGI 6 6 HBC - 5 . 5 K- P (K P | l 1 2 / 7 7 
CP.ENNEIL 6 9 OBC - 3 . 9 K-N I K 0 P 1 - 1 7 / 6 9 

. 0 L I N D 6 9 HBC • 9 . K* P I K O P l * l 1 2 / 7 7 
AGU1LAR1 T l HBC - 3 . 9 . 4 . 6 K- P t l / T l 

. 0 BARNHAM T I HBC • K* P.KO P I * P 1 2 / T S 

. 6 MARTIN 7 8 SPEC i 10 K * - P . K S Pt P H 
MARTIN 

. 0 1 OELFOSSE B: SPEC » K t - P , K * - P IO P 1 /B2 
OELFOSSE 81 SPEC -

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 0 1 

DAVIS 6 9 HBC 9 / 6 9 
AGUILAR1 7 1 HBC 1 1 / T 1 
C0R05 7 1 OBC 0 9 . K* N . K * » I - P 2 / 7 2 
BUCHNER 7 2 DBC 
L I N G L I N 7 3 HBC 1 2 / 7 5 
MCCUBBIN 75 HBC 1 2 / 7 5 
E T K I N 7 6 SPEC 7 / 7 7 
HENDRICK) 7 6 OBC 
BOWLER 7 7 DBC 
ESTABROOH 7 6 ASPK 1 2 / 7 7 
E T K I N 8 0 SPEC 3 / B 2 
ASTON 81 LASS 0 11 K - P . K - 1 - : - U l / B 2 « 

SYSTEMATIC ERROR ADDED BY U S . 
FROM POLE EXTRAPOLATION. USING WORLD K+P DST 
ERRORS ENLARGED BY US TO GAMMA/SORTIN I . SEE TYPED NOTE ON I 
SEE MORE RECENT PARTIAL WAVE ANALYSIS I E T K I N 601 
FROM PHASE SHIFT A N A L Y S I S . 
NUMBER OF EVENTS I N PEAK REEAVALUATED BY US 

WEIGHTED AVERAGE - 1426. 
ERROR SCALED BY 1 .1 

ASTON 
ETKIN 
ESTABPOOh 
BOrVLER 
HENDRICKS 
MCCUBBIN 
LINGLIN 
BUCHNER 
CORDS 
AGUILAR1 
DAVIS 

81 LASS 
80 SPEC 
73 ASPK 
77 OBC 
76 DSC 
75 HBC 
73 HBC 
72 OBC 
71 DBC 

32.0 
(CONLEV 

N E U T R A L K * ( M 3 0 ) MASS (MEV) 

22 K * I 1 4 3 0 > WIDTH I M E V I 

CHARGEO t m r , w I 1 H FINAL STATE X P| 
1 4 0 0 I S . T 1 5 . 1 1 2 . 5 AQUILARl 71 HBC - 3 . 9 . * . 6 

9 6 . 5 3 . B MARTIN 78 SPEC • ID K . - P , 
9 7 . T 4 . 0 MARTIN 7 8 SPEC - 10 K * - P . 

0 5 T 9 1 1 9 . 9 2 0 . 0 DELFOSSE B l SPEC * O - P . K * -
0 2 9 2 9 6 . 0 2 2 . 5 DELFCSSE B l SPEC - « * - P . « * -

9 3 5 8 5 . 0 1 6 . 0 TOAFF 81 HBC - 6 . 5 K - P . 

AVG 9 T . 0 2 . 6 AVERAGE (ERROR INCLUDES SCALE FACTOR 

NEUTRAL ONLY 
2 2 0 0 1 0 1 . 1 0 . OAVIS 
1 8 0 0 1 1 6 . 6 1 0 . 3 1 5 . 5 AGUILAR1 T l HBC 0 3 . 9 , 4 . 6 

• 1 1 0 O 1 0 9 . 1 4 . 0 9UCHNEA 7 2 OBC 0 4 . 6 K . N 
C ( 6 1 . 0 1 ( 1 * . Q 1 L I N G L I N 

8 0 0 1 1 6 . I B . MCCUBBIN 
P 1 1 7 0 . 0 1 ( 2 0 . 0 1 BOWLER 7 7 OBC 0 5 . 5 K * D , 
<• 9 B . 0 5 . 0 ESTABROO' 
P 1 4 0 . J O . E T U N !? S P " ? * • * - " • « 

ASTDN 6 1 LASS O 11 K - P . K -

!E (ERROR INCLUDES SCALF FACTOR ( 

FROM POLE EXTRAPOLATION. USING WORLD K* 
ERRCRS ENLARGED BY US TO **GAMMA/SORTIN 
FRDM PHASE S f t F T ANALYSIS . 
NUMBER OF EVENTS I N PEAX REEAVALUATED t 

TYPED NOTE. 

r i A l DECAY MOOES 

DECAY MASSES 
4 9 3 * 1 3 9 

4 9 3 * 7 6 9 
4 1 3 * T8? 
4 9 3 * - i48 

4 9 3 * 7 8 2 * 1 3 9 

X 1 4 3 0 I INTO K P I 
* ( 1 4 3 0 1 INTO K X S 9 2 ) ( 

; » ( 1 4 3 0 1 INTO K RHO 
; * t I 4 3 0 l INTO K OMEGA 
: * l 14301 INTO K ETA 
: * I 1 4 3 D I INTO K * I S 9 2 I f 
• 1 1 4 3 0 ) INTO « OMEGA t 

FITTFJD PARTIAL DECAY MODE BRANCHING FRACTION'S 

The mMrix below U derived from the e r r o r matrix lor the (Hied partial d 
branching fraclioni, P ( , » i folio wi: The diagonal element* are P^atP., whci 
bP t - V \ s p

j

6 p

i f > *hile the off-diagonal elemenH are the normaliied correla 
c ienn ;*P.6P f / ( 5 P j . 6P.I- For :he definitions of the individual P . . see the 1 

are Ihua conitrained lo add to I. 

P I P 2 P 3 P 4 P 5 0 6 
P 1 . 4 4 7 9 * - . 0 2 Z 6 
P 2 . 0 6 4 2 . 2 4 5 8 * - . 0 2 0 1 
P 3 - . 0 1 0 9 . 4 1 6 0 . 0 B T 9 * - . 0 I D 8 
P 4 - . I S B T - . 2 3 8 9 - . 1 7 5 5 . 0 4 1 5 * - . 0 1 5 2 
P 5 - . 4 4 1 4 - . 4 * 1 5 - . 3 1 3 0 - . 0 9 1 B - 0 4 7 0 * - . C 2 6 6 
P 6 - . 3 9 1 3 - . 4 3 6 1 - . 3 1 2 6 - . 0 9 6 7 - . 1 1 5 5 . 1 2 9 9 * - . 0 2 5 5 

2 2 K * ( 1 4 3 0 l BRANCHING RATIOS 

INTO IK P I 1 / T 0 T A L ( P l l 
ESrABROPt 7B ASPK * - I 3 K + - P , 
ASTDN B l LASS 0 11 K-P. 

: • 114301 INTO !»;:!:" P l l ( P 2 » / t P l * P 2 * P 3 1 
65 HBC - 3 . 0 « - P 
6 7 HBC - 0 4 . 6 . 5 . 0 « - f 



Mesons 
K"(1430), L(1580) 

Data Card Listings 
For notation, see key at front of Listings. 

R « l 1 4 3 0 1 INTO IK P H O I / I 
1 0 . 1 4 1 I O . O T I 
1 0 . 1 4 1 1 0 . 1 0 1 

M - 1 1 4 3 0 1 INTO I R P I 6 9 2 I 
0 . 6 5 0 . 2 0 

( 0 . 6 3 1 . 0 . 2 0 1 
D . S 2 0 . 1 2 

84 ( 0 . 9 3 ) 1 0 . 1 1 1 
0 . 4 7 O.OB 

ISO . 0 . 6 5 . , 0 . 2 5 1 

( P 2 I / I P 1 I 
0 N * PRODUCED 

* MO N * PRODUCED 
O 4 . 1 * 5 . 5 R- P 

SKEW 6 6 HBC 
SHEN 6 6 HBC 
SCHWEINGF 6S HBC 
BISHOP 6 * HBC 
AGU1LARI T I HBC 
ANTIPOV T5 A5PR 
DEHN 74 OBC 0 4 . 6 R* H 
LAUSCHER 7 5 HBC 0 1 0 , 1 6 K-P. 

3 . 9 . 4 . 6 K- F 

[ SIGNAL FRO" PARTIAL HAVE ANALYSIS OF I 

BADIEP 6 5 HBC 
SHEN 6 6 HEC 
BASSOMPIE 6 9 HBC 
SASSOMPIC 69 HBC 
AGUILARI 7 | HBC 
CHUNG T4 HP.C 

I M I r» CESS 
H rn LESS 

5 
( T si ce 

o.or 
0 . 0 4 
LESS CL 

0 
3 a 0 . 0 3 4 

0 . 0 3 5 F 

K * 1 1 4 3 0 ) n i K RHO) / 

'! ff OR LESS 
0 . 1 6 

? i (l« LESS 
I;H t F S S 

15 - eo H I 0 . 0 6 1 

P I - 1 SYSTEM 

'-"as 

10/66 
10/66 
10/67 

9/69 
11/71 
12/T5 

12/rs 
12/75 

I I 13b\!'; CHUNG 6S HBC 
5CHWEINGR 6 8 HBC 
BASS0>(PIE 6 9 HBC 
BASSOMPIE 6 9 HBC 
BISHOP 6 9 HBC 

0 . 1 6 0 . O 5 AGU1LARI 71 HBC 
0 . 0 2 0 . 1 0 O.OJ OEHM 74 OBC 

1 0 . 2 4 ) ( 0 . 1 4 1 LAUSCHER 7 5 HBC 
USES RESULTS OF OTTER 75 (SEE HT B E L D H I . ME 0 0 HOT AVERAGE T H I S 
S T A T I S T I C A L L Y REOUNDANT R A T I O . BUT KEEP THE IAUSCHER 75 RE5ULT 
FOR "4 ABOVE. 

"!>l!* 5-? '«7»' 

B7 1 * 1 1 4 3 0 1 (WTO IR RH01 / ( I t * 1 8 9 2 ) P I ) I P 3 I / I P 2 I 
1 0 . 3 9 1 CR LESS BASSOMPIE 6 7 HBC • 5 . R» r 
( 0 . 4 0 ) OR LESS C L - . 9 0 F I E L D 6 7 HBC - 3 . 8 R- P 

1 3 0 0 . 1 3 0 . 0 9 OTTER 75 HBC OB. L a , 1 6 K . -P .K* » 
B7 ( 0 . 0 3 ) 1 0 . 0 3 1 ANTIPOV 75 ASPK - 4 0 K - P . K * - P 

0 . 3 6 0 . 1 0 VERGEEST 76 HBC 0 4 . 2 R - P . P K O P I P I 
R7 ( 0 . 3 3 1 APPROX. E T R I N 8 0 SPEC 0 6 . K - P , R 0 P t * P I - " 

0 . 3 9 0 . 0 3 

:; N R OHO MODE NOT OBSERVED 
FRO* PARTIAL WAVE ANALYSIS OF I R - P I » P 1 - I SYSTEM 

R7 
R7 

F R O " PARTIAL "AVE ANALYSIS OF (RO P I * P I - » SV5TEN 
R7 
R7 AVG 0 . 3 6 4 0 . 0 5 3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 9 ) 
R7 F l 0 . 3 5 6 0 . 0 4 1 FROM F I T IERHOR INCLUDES CALE FACTOR OF 1 . 6 1 

SB K * ( 1 4 3 0 1 INTO (R 0"EGAI / ( R * ( 6 9 2 > P I 1 ( P 4 I / ( P 2 I 
«e a 1 0 . 1 0 ! ( 0 . 0 4 1 F I E L D 6 7 HBC - 3 . 8 R- P 

R9 K * t l 4 3 0 l INTO (K ETA) / ( R * ( S 9 2 I P I ) ( P 5 ) / f P 2 ) 
R 9 u 1 0 . 0 7 1 ( 0 . 0 4 1 F I E L D 6 7 KBC - 3 . 8 R- P 

RIO < » < 1 4 3 0 ) INTO <K ETAI / I K ' I I ( P 5 ! / ( P t l 
O.OS 0 . 0 6 - 3 . 0 A - P 

I 0 . 0 6 5 I O P LESS BASSONPIE 6 9 HBC 5 . 0 R+P 
( 0 . 0 2 1 CR LESS 3 . 5 R* P 

nirt 
F I 

( 0 . 0 4 1 CR LESS C L i . 9 5 IGU1LAR1 T I HBC 

FROM F I T (ERROR 1NCLU0ES 

3 . 9 - 4 . 6 R- P 

R I O F I 0 . 1 0 5 0 . 0 6 2 

C L i . 9 5 IGU1LAR1 T I HBC 

FROM F I T (ERROR 1NCLU0ES CALE FACTOR OF 1 .21 

K * l | 4 3 0 1 INTO ( K * ( B 9 2 P I P l l / T O T A L ( P i ) 

s:: M 

0 . 1 2 0 . 0 4 GOLDBERG Tft HBC 

FROM F I T (ERROR INCLUDES 

- 3 K - P , P R D P I P I P I 

*!! M 0 . 1 3 0 0 . 0 2 6 

GOLDBERG Tft HBC 

FROM F I T (ERROR INCLUDES C A I E FACTOR OF 1 . 1 ) 

R " I L 4 3 D ) l * T O | K » ( B 9 2 I P I P M / t R P I ) I P 6 I / I P 1 I 
P. 12 0 . 2 1 0 . 0 6 - 4 K - P . P K Q Q P I P I P I 

e / 6 6 
1 0 / 6 7 

9 / 6 9 
9 / 6 9 
9 / 6 9 

1 1 / 7 1 
1 2 / 7 5 

I 1 2 / 7 5 

9 / 6 T 
6 / 6 7 

1 2 / 7 5 
1 2 / 7 5 
1 2 / 7 7 
3 / B 2 » 
1 / B 2 * 

J / T B 
1 / 7 8 
9 / 6 9 

1 1 / T I 

(ERROR INCLUDES SCALE FACTOR OF 1 . 2 1 

R - P . P RO 4 P I 

FOLLOWING SUGGESTION BY AGUILAR 7 0 , HE DO NCT MARE USE OF MEASURE
MENTS .WERE THE ( R P I P I ) BACKGROUND SUBTRACTION I S D I F F I C U L T OUE 
TO THE NEAR8Y Q R E G I O N . 
RESTATED BY V S . 
ASSUMING P I P I SYSTEM HAS I S O - S P I N 1 , WHICH I S SUPPORTEO BY 
THE OAT A 

BA01ER 65 PL 1 9 6 1 2 
CHUNG 6 5 PRL 15 3J 
FOCAROI 65 PL L6 3 5 1 

BASSANO 6 7 PRL 19 9 6 8 
BASSOffPI 6 7 ' L 26B 3 0 
CRENNELL 6 7 PRL 19 44 
DAHL 6 7 PR 163 1 3 7 ' 

ALSO 65 PAL 14 4 0 1 
DE BAERE 6 7 NC 5 1 A 4 0 1 
F I E L D 6 7 PL 2 4 B 6 3 8 
GUDHUBE 6 7 PAL 1 9 *,12 

REFERENCES FOR K X 1 4 3 0 I 

SA0IER..OEM0UL I N . GOLDBERG* ) E P O L * S A C L * A N S I I 
* 0 A H L , K A R 0 V , H E S S , J A C 0 6 S , K I H Z f M I L L E R I L R L J 
F O r i R D I . H I N G U I Z I RAMZl .SERRAHBOLOGNAtSACLI 

I L R L I 

•GOLDBERG,GDI ,BARNES,LE ITNER* (BNL*SYRACUSEI 
fiASSDHPIERREiGOLDSCKMIOI* ) C E R H » B R U X * a t R M I t . 
»R*LBFLEISCH|LRI ,SCARR,SCHUMANN (BNL1 
* K A A D V + H E 5 S * K I R Z * M I L I E * . (LRL1 
HAADVtCHUNG,DRHL,HESS,R IRZ ,MILLER I L R L I 
* G 0 L 0 S C H N I D T - C L E R M O N T . H E M I I * (BRUX+CERNI 
*KENDP,rCRS«PICCI0Nl4YAGEA (LAJOLLAJ 
G.GDLDHABER.FIRESTONE,SHEN ( L R L I 

ADERHOLI t l W « 5 * 6 7 
ALSO 6 6 PL 2 2 3 5 7 

ANTICH 6 8 PRL 2 1 1 8 4 2 
OUBAL 6 8 T H E S I S 1 4 5 6 
RANG 6 8 • * 1 7 6 H I T 
SCHHEING 6 8 PR 1 6 6 1 3 1 7 

ALSO 67 T H E S I S 

BASSDMPt 6 9 NP 6 1 3 189 
BISHOP 6 9 NP 6 9 4 0 3 
CAEHNELL 6 9 PRL 2 2 4 1 7 
Otitis 6 9 PR1 2 3 1 0 7 1 
OE BAERE 6 9 NC 6 1 A 3 9 7 
FRTEOMAN 6 9 U C R L - 1 6 8 6 0 
L I N D 6 9 NP B 14 t 

• G U I L A B I 7 1 PR D 4 2 5 8 3 
B U N H A 1 7 1 NP B 2 8 1 7 1 
COROS 71 PR 0 4 1 9 7 4 

*0EUT5CHH*NNf l * 4 C W > 6 E f t L * C E / I M * L 0 I t * V I E N N A ) 
BARTSCH.OEUTSCHNANNiHaRRISON* ( A B C L f I C I V I 

•CALLAHAN.CARSON,COX,OENEGHr . * 1JHU1 
L . D U B A I (GENEVE* 
V . H . K A N G ( I O W A ) 
SCHMEINGRUBER.DERRICR, F I E L D S * I A N L * m E S I 
F .L .SCHHEINGRJBER (NORTHMESTERN,EVANSTON) 

DASSaMPtEREtGOLDSCHHtOT-CLERr . * I C E R N * 8 R U X I JP 
•GOSHAM.ERHIN.WALRER I U I S C I 
* R A R 5 H 0 N , L A I , 0 N E A L l , S C A R R I 3 N L I 
•DEf tENZO.FLATTEtALSTOH.LYNCH.SOLMITZ I L R L ) 
t G O L O S C H M l O r - C L E R M O N T . H E N R I , * ISELG*CERNI 
J . F R I E D M A N , P H . D . T H E S I S I L R L ) 
4 A L E I A N D E R , F I R E STONE.FU.GQLDHABER ( L R L ) JP 

. L I 

»E ISN£P. ,K INSON I B ' 
• C O L L E Y . J O B E S , G R I F F I T H S . H U G H E S , * ( e l R « » G L * 
* C A R M O N V , E R H I N , H E t E R E i * (PURO*UC0* IUB 

* D E H H , C H A R R I E R E , CORNET,* (p 'P INtCERNiSRUCi 
*G0R0ON,RHAN-HU LAI .SCARR I B N L I 
OEUTSCHHANN.* (ABCLV COLLABORATION! 
ENGELHANN,HUSGRAVE,FCRHAN,+ I A N L + E F 1 I 
* H A L P E R N , H A R G I S > S N A P E , C A R N * H A N . * ( P E N N * C I N C I 
* V I D E A U , V O L T E , 0 E B R I O N , * (EPOL+SACLI 
» G R I J N S . K E t N E N . D E ^ R O O T , * ( N I J R * A M S r ) 

BUCHNER 7 2 NP B 4S 3 3 3 
CREHWLL 7 2 >R D 6 1 2 2 0 
DEUTSCHN 72 NP B 34 3 7 3 
ENGELMAN 72 PR D 5 2 1 6 2 
F R A T I 72 PR 0 6 2 3 6 1 
ROUGE 72 NP B * 6 2 9 
T IECRE 72 NP 6 3 9 5 9 6 

CHARRIER 73 NP B 51 3 1 7 CHARRIGRE.ORIJARO.OE B A E R E , * ICERN*BELG1 
ALSO 75 ( P R I V A T E COMMUNICATION) GOLOSCHNIOT-CIERMONT I C E R N I 

CLARR 73 NP B 5 * 4 3 2 » L Y O N S . R A 0 0 J I C 1 C (OXFCRDI 
OE JONSK 73 NP 8 5 8 H O * C 0 R N E 7 , : H A M f E R E , * f 8 R U X * M 0 N S * C E I I N * N P I I t J 
L t N G L I N 73 NP B 55 4CB D . L I N G U N (CERN) 
XALUCH 7 3 PR 0 8 2 E 3 7 *FLATTE ,FR1EDHAN I t B L t 

ANTIPOV 75 NP BB6 3B1 
LAUSCHER 75 NP BB6 1 8 " 
MCCUBB1N 75 NP BB6 13 
OTTER 75 NP BB4 3 3 3 

ETK1N 7 6 PRL 3 6 1482 
GOLDBERG 7 6 LNC 1 7 2 » 3 
HENDRICK 7 6 NP B 112 1B9 
RIRR 76 NP B 116 9 9 
VERGEEST 7 6 PL 6 2 B 4 7 1 

• A S C O L I . B U S N E L L O . K I E N Z L E + I S E R P * C E R N * I L L 1 
• O T T E R . H I E C Z O R E R , * (ABCLV COLLABORATION) 
N . A . H C C I » B I N , L . L V 0 N 5 I DXFI 
• t A I C H * B E R L * C E ( t N > L O I C * V l E N * A T H U > A T E N * L I V P ) 

* F D L E V , C O L 0 M A N > L I N 0 E N B A U H l K t M . * (BNL*CUNYI 
J.GOLOBERG ( H A I F A ) 
+V IGNAUO.BURLAU0,+ I MONS+SRCL*LPNP»BELG] 
• K L E I N , C O U N I H A N . + I AACH*BERL*CERN*LO'. ; * U I E N 1 
•ENGELEN.JONGEJANS. * ( A K S T * C E R N * N I J M * O X F I 

BOWLER 7 7 ti B 126 3 1 •DA I N T O N , D R A K E , M I L I U M S I OXFORD I 

BALDI 7B N * 8 134 3 6 5 
6OHM 7 6 PRL 4 1 1 7 6 1 
ENCELEN 7B NP B 134 14 
ESTA6R00 7 8 NP B 133 4 9 0 

ALSO 76 PR 0 17 6 5 8 
JDNGEJAN 7 8 NP 8 139 3 8 3 
MARTIN 7B NP 8 134 3 9 2 

ETKIN BO PR 0 22 4 2 

» ' , ; 0 N 8 1 PL 1 0 6 B 2 3 5 
D I ' jM 8 1 HP B 1B7 1 
DELFOSSE 8 1 NP B 183 3 4 9 
TOAFF 8 1 PR 0 23 1 5 0 0 

*B0HRI I fGER.0ORSAZ,HUNGERBUHLER* I G E V A I 
*VAN O A L E N , * <AACH,UCP.+CEftN+hARV«MUNI»NHESI 
+J0NGEJANS,HEMINGWAY.* ( N l J M * Z E E M * C E R N * O X F I 
EST A BROOKS, C A R N E G I E , * I K O N T * C U L * D U « H > S L A t l 
ESTABRDOKS,CARNEGIE* I n N T * C A R L * D U R H » S L A C I 
JOHGEJANS.CEP.RADA,* (ZEEM*CEAN*N I J H * O X F I 
* S H I N A 0 A t S A L D l , B O H R I N G E R , 0 D R 5 * Z * ( D U R H * G £ V A l 

* F O L E ' iLINOENBAUM.KRAMER. (BNL*CUNYI JP 

+ C A R N E G I E , 0 U N W O 0 0 I E . C U R K I N * I S L A C * C A R L » 0 1 T A I 
*HERTZBERGER* IAMST*CERN*CMAC*MPIH*OKF*RHELI 
»GUISAN,NARTIN«PXJHLEHANK.UE ILL . * IGEVA*LAUSI 
*MUSGRAVEiAHHAR.DAVIS ,ECRLUND. * <ANL»RANSI 

L(1580)| 3 9 L U 5 8 0 i J P - 2 - ) I - l / i 

* PARTIAL WAVE ANALYSIS OF THE K - P I + P I - 5YSTEM 
( C T T E R 7 8 1 . SEE L I 1 7 7 0 1 M I N I R E V I E H . 
^EED CONFIRMATION QMITTEO FROM T A B L E . 

3 9 L I 1 5 8 0 ) MASS (MEV) 

( 1 5 8 0 . ) A P P R O * . OTTER 7 9 - 1 0 . 1 4 , 1 6 K - P 1 2 / 7 9 

3 9 L 1 1 5 8 0 I U I O T H (HEV) 

( U O . t APPRO X. OTTER 

3 9 L I 1 5 B 0 I PARTIAL DECAY NODES 

OECAY MASSES 
8 9 1 * 1 3 9 

1 4 3 4 * 1 3 9 

3 9 L U 5 8 0 I BRANCHING RATIOS 

OTTER 79 * P B 147 1 

REFERENCES FOP. L I L 5 B 0 ) 

M U D D L P H , * I A A C H * B E R L * C E R N * L O I C * H I E N I JP 
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
K'(1650), 1,(1770), K*(1780) 

K (1650)|» • i l b s o . j v - l - t 1 - 1 / 2 

T H I S ENTRY CONTAINS VARIOUS PEAKS CBSERVEO I N THE 
1 - HAVE OF THE K P I AND K P I P I SYSTEMS. 
tTAIT CONFIRMATION.OMITTED FPOM T A B L E . 

: * U 6 5 0 I MASS (MEVI 

f 1660 I 
< 1650 1 APPRO X . 

1500 J O . 
IBM) T D . 

i : ? c o i A P P R O * . 

CHARRIERE 7 3 HBC 
ESTfleROOK T8 ASPK 
ETK1N SO KPS 

AVERAGE MEANINGLESS (SCALE FACTOR « 3 . 9 1 

2 5 0 ion APPRO* . 
170 3 0 . 
500 1 0 0 . 

tzoo ) APPRDX. 
10 MPS 0 6 K-
1 LASS 0 11 • 

1LESS ISCALE FACTDR * 3 . 2 1 

. DEC»» MODES 

K X 1 6 5 0 1 BRANCHING RATIOS 

pu/tom 
Bl LASS 0 11 X 

CKARRIEH 13 NP B S I ?1T 

ESTAOROO 78 NP 9 133 * 9 0 

E T K I N 8 0 PR D 22 * 2 

ASTON Bl PL 1 0 b 6 7 3 5 

REFERENCES FDR K M 1 6 5 0 I 

C H A R R 1 E R E I O R I J A R O . D E B 6 E R E . + ICERN*SELGI 

ESTABRDOKS.CARNEGIE.* I <CNT*C ARL*OURH*SLACI 

*FOLEV.L1HDENBAUM,KRAMERi* IBNL*CUNV> 

* C A R N E G I E . O U N K 0 0 0 1 E . O U R K I N * 1 S I A C * C A H L * O T T A ) 

L(1770)| 2 3 L C 1 7 7 0 . J P - 2 - 1 1 ' 

The L(1770) is seen as a bump at a rna3S ~l.B 
GeV in the diffractive-like processes KN •+ (KTrrr)N. 
The effect i 
tial waves. 

The long-standing questions concerning the 
resonant nature of the enhancement as well as its 
possible decay nodes have been largely clarified 
since our last edition, A detailed partial-wave 
analysis based on 200,000 diffractive K~p -+ 
K'TC^TTP events {DAUH 81) establishes resonance
like phase variations and isolates several decay 
modes. The behavior of the extracted 2~ waves re
quires the existence of at least one L meson, but 
there are indications suggesting the presence of 
a second state in this mass region. 

17*5 0 2 0 . 0 
1780 0 1 5 . 0 

1 1760 O I U 5 . D I 
1T65 

1 1 7 * 3 
0 
01 

4 0 . 0 

|T67 6 . 
3 0 6 1733 2 0 . 

6 0 1710 1 5 . 

itnzo 1 APPRO*. 

175B 9 1 0 . 0 

1 MASS I H E V I 

AGUILAR 7 0 HBC - + . 6 u - P 
BARTSCH 7 0 HBC 
LUOLAH 7 0 HBC 

7 1 H6C 
0ENEGR1 71 DBC 
BL IEDEN 72 MHS 
FIRESTONE 72 DBC 
CHUNG 7 * HBC 
OAUM 8 1 CNTR - 63 K - P . K 2P1 P 

AVERAGE IERR0R 1NCIU0ES SCALE FACTOR OF 2 . 1 

TO SPREAD OF DIFFERENT F l t S . 

2 3 L I I 7 T 0 I MlDTH (MEVI 

AGUILAR TO HBC - * . * R- P 6 / 7 0 
I 3 B . 0 * 0 . 0 BARTSCH TO HBC 1 0 . 1 R - P 1 / 7 1 

1 2 0 . 0 1 LUDIAM TO HBC 1 2 . b K- P 1 / 7 3 
COLLEY T l H K 10.X*P>.K 2 P I 1 / T 3 

( 1 3 0 . 0 1 OE NEGRI 71 OBC 1 2 . 4 K-O.K 2 P I 0 5 / 7 1 
1 0 0 . BL IEDEN 7 2 HNS 1 1 . - 1 6 . K- P 1 2 / 7 2 
2 1 0 . 3 0 . FIRESTONE 7 2 DBC 1 2 . K * 0 1 2 / J 2 
1 1 0 . 5 0 . 7 . 3 K - P . K - C M E G A P 1 2 / 7 5 

DAUM 8 1 CNTA - 63 K - P . K 2 P I f> 1 / 8 2 * 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 4 1 

L I 1 7 7 0 1 PARTIAL DECAY "ODES 

. INTO K P I P I 

. INTD K * ( l * 3 0 l P I 

. INTO K P I P I P I 

. INTO K* 1 8 9 2 1 P I 

. INTO K * 1 8 9 2 1 RHO 

. INTO K X 8 9 2 ) OMEGA 

. INTO K M 8 9 2 ) P I P I 

. INTO K OHEGI 

. INTO K F 

OECAV MASSES 
* 9 7 * 1 3 * * 1 3 * 
1 3 * * 1 * 3 * 
* 9 T * I 3 * < 1 3 * * 
8 9 1 * ( 3 * 
M l * 7 6 9 
8 9 1 * 7 8 2 
8 9 1 * 1 3 * ' 1 3 * 
4 9 7 * 7 8 2 
* 9 7 * 1 2 T 3 

23 L I 1 T 7 0 I BRANCHING RATIOS 

L INTO I K * 1 1 * 3 0 1 P I I / (K P I P I 1 I P 2 l / | P l t 
1 * * 1 1 * 3 0 ) INTO K P i t 

I I . D l BARBARD 6 9 HBC * 1 2 . 0 • 
0 . 2 0 . 2 AGUILAR TO HBC - 6 . 6 ft-

I I . D l OR LESS BAPTSCH 7 0 HBC - 1 0 . 1 > 
( 1 . 0 1 OR LESS CDLLEV 7 1 HBC 1 0 . R* 
( 1 . 0 1 APPAOX. FIRESTONE 7 2 USC * 1 2 . « * 
( 0 . 6 ) APPROX. DAUM 8 1 CNTR 63 K - P . 

PRODUCED I N CONJUNCTION WITH D* 
FOR DISCUSSION OF THE EXPERIMENTAL EVIDENCE ON OTHFR 0ECA1 
MOOES SEE HUGHES T l . S L A T T E R V 7 1 . E I S N E R T * . 

I F INTD P I P I I 

B1RTSCH 6 6 PL 22 3 5 7 

BEALIHSH 
CAR MOW 
J08ES 

6T "BL 18 1087 
6 7 PRL 18 6 1 5 
6 7 PL 2 6 B * 9 

BARTSCH 
DENEGRI 

6 6 NP 9 8 9 
6 8 PRL 2 0 1 1 9 * 

ANDREWS 
BAR BARD 
COL LEV 

6 9 PRL 2 2 7 3 1 
6 9 PftL 2 2 1207 
6 9 NC A 5 9 519 

AGJUAR 
BARTSCH 
LDDLAM 

7 0 PRL 25 5 * 
7 0 PL 3 3 B IB6 
7 0 PR D 2 1 2 3 * 

COLLEY 
OENEGRI 

71 NP 
71 NP 

B 26 7 1 
B 2 8 13 

ANOERSDN 
BLIEDEN 
FIRESTON 

72 PR 
72 PL 
72 PR 

0 6 1823 
3 9 B 6 6 8 
D 5 5 0 5 

9ARL0UTA 
BINGHAM 
C HARRIER 

73 NP 

73 NP 

B 59 3 7 * 
B 52 3 1 
B 51 317 

CHUNG 
DEUTSCHH 
EISNER 

7 * PL 51B * 1 2 
7 * PL * 9 B 3BB 
7 * BOSTON C O N F . 

ANTIPOV 
OTTER 

75 NP 
75 NP 

B 8 6 3B1 
B 9 3 3 6 5 

OTTER T9 NP B 1 *7 I 

DAUM 
OTTER 61 NP 

8 187 1 
6 181 1 

REFERENCES FOR 1 1 1 7 7 0 ) 

*OEUT5CHMANN.* I A A C H * B E R L * C E R N * L O I C * V I L n 

BERl INGHIERI *FARBER»FEReEL*FaRMAN» ( R O C H I I 
O .CARMDNY.T .HENDRICKS.L .LANDER H A JOLLAJ 
*BASSOMPIEftHEtDE CAERE » (B IRM*CERN*BRUXI 

* L A C H , L U D L A f . S A N O W E I S S . e E R G E R . « ( Y A L E * L U ) 
B A A B A R O - G A L T I E R I i D A V I S . F L A T T E t * I L R L 1 
•EASTWOOD.* ( B 1 R H * G L A S * I G I C * M P I M * 0 K F * * H E L > 

A G U l L A R - B E N I T E I . B A R N E 5 . e A S S ANO,CHUNG. * IBNL1 
•OEUTSCHMANN,* I A A C H * 8 E R L * C E « N 4 L 0 I C * V I E N I 
»5ANDMEtSSiSLAUGHTER I Y A L E ^ 

4 F R A N K L I N . G a D 0 E N . K O P E L H A N . L I B B V . T A N I C D L O I 
* F I N O C C H I A R O . B O W E N . E A * L E 5 . * (STONtNEASl 
F I R E S T O N E . G 0 L 0 H A B E A i L I 5 S * U E f t . T R I L L I N G I L B L I 

* 0 R E V I L L O N . S H A H * t I S * C L » E P 0 L * * H E L 1 
• F A R W E L , * ( L B L * O R S A Y * B N L * S A C L R r * H I L R N l 
CHARHlERE.ORIJARO.DE SAERE.+ (CERN*BELGJ 

+ E I 5 N E K i P R O T 0 P 0 P E S C U . S A P t G S i S T I U N D IBNL1 
DEUTSCHKANN.* I A A C H » B E R L * C E R N * L 0 I C * V I E N 1 
R . L . E I S N E R REVIEH TALK I S N L I 

(AACH*BERL*CERN»LCIC*W1ENI JP 

K'(1780)|,, ..,.,....,,.,-, 

All the recent high-statistics experiments 
studying the KTT system in KN -» KwN interactions 
have shown clear evidence for the existence of a 
resonant effect at -1800 MeV in the J P-3~ partial 
wave (BALDI 76, BRANDENBURG 76, CHUNG 78, CLELAND 
80, ASTON 81). The intensity of the 3~ partial 

http://CHARR1EREiORIJARO.de
http://AGUlLAR-BENITEI.BARNE5.eASS
http://4FRANKLIN.GaD0EN.KOPELHAN.LIBBV.TAN


Mesons 
K'(1780), K'(2060) 

Data Card Listings 
For notation, see key at front of Listings. 

wave of the RTTTT system produced in the charge-ex
change process K"p -*• K°Tr+7r~n also shows resonance
like behavior at -1800 HeV (BEUSCH 78, ETKIN 80). 
Since the Mass values quoted for the KTT and KTTTT 
•odes are not significantly different, it seems 
natural to consider the* as alternative decay 
•odes of a single resonance. 

There appears to be some disagreement in the 
values of the width obtained using the KTT channel. 
The measured values tend to become larger when the 
number of angular moments included in the fit in
creases, for the time being tbe observed discrep
ancies seem to originate from the explicit para-
metrization of the experimental distributions 
rather than from the data themselves. 

WEIGHTED AVERAGE - 144.2 ± 21 -
ERROR SCALED BY 1.• 

100 300 
*O?B0) WIDTH (MEV) 

8 ' L A S S 

e t S P E C 1 . 8 

8 0 M P S 3 . 7 

8 0 S P E C 1 5 

7 8 M P S 2 - 4 

7 8 O M E G 0 . 7 

7 6 S P E C 0 . 2 

1 0 . 3 

( C 0 N L E 

6 0 K * l l 7 H 0 I MASS ( H E V t 
INTO 

OECAV 
K P I 4 9 3 * 1 3 9 

"ASSES 

B R L 0 I 76 SPEC • 10 K * P . K 0 P I * P 1 2 / 7 7 INTO K I I 8 9 2 I P I 8 9 L * 1 3 9 

* BRANOENB 7 6 ASPK 0 1 3 K * - P , K * - P I - » 1 2 / 7 5 INTO K RH0 4 9 3 * 7 6 9 
BEUSCH 7« fJKEG 1 0 K - P . K 0 P I * P I - N 4 / 7 8 K » 1 1 4 3 0 ) P I 1 4 3 4 * 1 3 9 
CHUNG 7 » KP5 0 K - P . K - P 1 + N 6 GEV 1 / 7 6 INTO K P I P I 4 9 3 * 1 3 9 * 1 3 9 

H 
1 7 5 * . 
1 3 5 0 . 

9 . 
5 0 . 

CLELANO B0 SPEC • - 5 0 . K * - P . K S PJ P 
E T M N SO KPS 0 6 K - P . K 0 P I * P I -
ASTON 1 B l SPEC O l l . K - P . K - H * N 

2 / 6 1 * 
1 / 8 2 * 
2 / B L * 

P6 K . U 7 8 0 . INTO K » i a 9 2 l RM0 1 2 7 5 * 7 6 9 CLELANO B0 SPEC • - 5 0 . K * - P . K S PJ P 
E T M N SO KPS 0 6 K - P . K 0 P I * P I -
ASTON 1 B l SPEC O l l . K - P . K - H * N 

2 / 6 1 * 
1 / 8 2 * 
2 / B L * 

2 5 . 1 8 . ASTON 2 B I LASS 0 11 K - P . K - P I * N 1 / 8 2 * 

J 1 9 0 1 7 6 2 . 0 9 . 0 TOAFF B l HBC - 6 . 5 K - P . K 0 P I - P 

AVERAGE (ERROR INCLUDES SCALE FACTOR Of 1 . 3 1 

1 / 8 2 * 

INTO 

0 K * ( 1 T 8 0 I BRANCHING RATIOS 

(K P t l / T O T A L f P l l 

H 

TOAFF B l HBC - 6 . 5 K - P . K 0 P I - P 

AVERAGE (ERROR INCLUDES SCALE FACTOR Of 1 . 3 1 

1 / 8 2 * 

INTO 

0 K * ( 1 T 8 0 I BRANCHING RATIOS 

(K P t l / T O T A L f P l l 
(SEE IDEOGRAM 6E10M 1 :: ; 1 9 

16 
O . 0 2 ESTABROQ 7B ASPK 0 13 K » - P . 
0 . 0 1 ASTON 2 B l LASS 0 11 K - P . K 

P I 
P I * h 

1 2 / 7 T 

3 3 ,1 FROM * F I T TO Y I 6 . 0 I MOMENT. «4 AVG 0 16b 0 . D 1 2 AVERAGE 1 ERROR INCLUDES SCALE FACTD* OF 1 . 3 1 
H FROM ENERGY INDEPENDENT PMA. 

" " FROM ft F I T TO Y I 6 . 2 MOMENT. J P « 3 - FOUND. 

WEIGHTED AVERAGE - 1772-7 ± 5.5 
ERROR SCALED BV l.J 

TOAFF 
ASTON 2 
ASTON 1 
ETKIN 
CLELAND 
CHUNG 
BEUSCH 
BRANDENB 
BALD! 

81 HBC 
81 LASS 
8; SPEC 
SO MPS 
BO SPEC 
78 MPS 
78 OMEG 
76 ASPK 
76 SPEC 

1000 
780) MASS (MEV) 

•Si 
: i 7 8 0 t WIDTH (MF.VI 

BALDI 
BRANOENB 
BEUSCM 
CHUNG 
CLELANO 
ETKIN 
ASTON 1 

BO. ASTON 2 
TOAFF 

(CONLEV 
-0.08 7) 

7 6 SPEC * 10 K * P . R 0 P U P 1 
T 6 A5PK 0 1 3 K * - P . K * - P 1 - . I 
TB OMEC 1 0 K - P . R O P I * P I - N 
T « piPS 0 K - P . K - P I * N 6 GEV 
8 0 SPEC • - 5 0 . K * - P . R S P I P 
8 0 PPS 0 6 R-PtKO P I * P I -
S I SPEC O H . K - P . K - P I * N 
8 1 LASS 0 11 K - P . K - P T * N 
8 1 HBC - 6 - 5 K - P . t O P I - P 

i 1 4 4 . 2 2 1 > 1 AVERAGE 1ERR0R INCLUDES SCALE FACTOR OF 1 . 4 1 
(SEE IDEOGRAM BELOW I 

ERRORS ENLARGED BV US TO 4 * G A M M » / S Q R T I N ) . SEE K* 1VPE0 NOTE. 
ESTARADDK5 7 7 F I N D (HAT BRANDENBURG 7 6 DATA ARE CONSISTENT 
W I T H 1 7 5 REV U IOTH.NOT AVERAGED. 
FROM A F I T TO Y < 6 i 0 l MOMENT. 
FROM ENERGY INDEPENDENT * H A . 
FROM A F I T 1 0 Y i 6 , 2 l MOMENT. J P « 3 - FOUND. 

SALDI 7 6 PL 6 3 8 344 
BRANOENB T6 PL 6 0 B 4 7 8 
SPIRO 7 6 PL 6 0 9 3 8 9 

BOWLER 7 7 NP B 126 31 
C I S MONT TT PRO 16 1 2 5 1 
GRASSIER TT NP 8 125 1 8 9 

SEUSCff 18 PL 7 * 0 283 
CHUNG 7 8 P1L 4 0 3 5 5 
ESTABROO 7 8 NP 8 133 4 9 0 

ALSO T8 PR • 17 65B 

81 PL 9 9 B 5 0 2 
81 PL 1 0 6 B 2 3 5 
8 1 PA 0 23 1 5 0 0 

REFERENCES FOR K M 1 7 8 0 I 

*BOEHRINGER.DDRSAZ.HUNGERSUHLER<* (GENEVAI 
eRAN0ENBURG.CARNEGIE .CA5t *T0 ( tE l 0AVIER* (SLAC) 
*QARLOUTAUD.PALER.CHAURAN0*(5ACL*PHEL*EPOLI 

* D * I N T O N i O R * K E * W I L L I A M S t O X e O R 0 l 
* C L O R P . L A N D E R . H e i E R E . V E N . + IPURO»UCD* IUPU) 
* « L U G 0 M , * fRACMEN*BERLIN»CERN»LOIC*V IENNAI 

• 8 t * > M N , N D N I G S . Q f T E f t * * ICER«»A4IH* -ETH) 
* E T K I N . F L A P I N D * (BNL*BRAN*CUNr*MRSA*PENMl 
EST*BROOKS.CARNEGIE . * | M 0 N T « C A R L * 0 U R H * S I A C I 
ESTABROOKSiCARNEGIE* I M O N T * C A R L * 0 U R H * S L * C I 

* O O R S A I . M A R T t N . r ( E F . * I P ( T T * G E V A * L A U S * O U * H I 
' J 0 N G E J A N S . 0 I 0 N I S 1 * I N I J H * A N S T * C E A N * O X F I 
*F0LEY,L1NDENBAU«". KRAMER.* I 8 N L * C U N Y 1 

*OUNHODDIE iDURKlN .F IEGUTH» ( S L A C ' C I R L + O T T A I J I -
* C A R N E G I E . 0 U N U O O O I E > [ ) U R K I N * ( S L A C * C A R L * a T T * l 
«MUSGRAVE.ARNAR.OAVI5tECKLUNO.* IANL*KRNSI 

K'(2060)| 
> 

15 K * ( 2 0 6 0 . J P * 4 * t 1 - 1 / 2 

1HITTED FROM TABLE. 

>BS 2 1 1 5 . 
2 0 2 4 . 
2 0 2 3 . 
2 0 9 2 . 
2 0 7 0 . 

35 K * l 2 0 6 O ) MASS (MEVI 

4 6 . CIRNONT 
2 0 . CLELANO 

• 1 0 . CLELAND 
2 1 . ASTON t 

1 0 0 . 4 0 . ASTON 2 llr-llil 
AVERAGE (ERROR 1NCLUOES SCALE FACTOR OF 2 . 0 1 

FROM A F I T TO V ( 6 t O I . V ( l 
FROM A F I T TO 9 MOMENTS. 
FROM A F ( T TO V I S . O l i Y I T . O I AND 
*RDM ENERGY INDEPENDENT PMA, 

2 1 AND Y I S . O ) I 

1 8 , 0 1 MOMENTS. 
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Data Card Listings Mesons 
For notation, see key at front of Listings. K'(2060), K*(2200), D*, D°, D"*(2010), D*°{2010) 

35 K X 2 0 6 0 I WlOTt 

CASNQNY TT HBC 0 1 K *0 ,> ; * PIOUS 1 2 / 1 6 
CLELANO 8 0 SPEC * - S O . K * - P , X S » I P 1 / 8 Z 
CLELAND SO SPEC • - S O . K * - P , X S » ! P 1 / 8 2 

5 5 . ASTON 1 1 / 9 2 
OO. A.STOM I 6 1 l > $ $ 6 J l . K - P . K - P I * N 1 / 8 2 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 5 1 

FROM. A F i t TO Y U i O l , Y l b , 2 J AND Y I B . O t MOMENTS. 
FROM A f i t TC 9 MOMENTS. 
FROM * F I T TC Y 1 5 . 0 1 , Y I T . O I AW) V t B . O I MOMENTS. 
FROM ENERGY INOEPENDENT P H A . 

IRT IAL DECAY MQOCS 

35 K * ( 2 0 6 C > BRANCHING M T I 

K » l 2 i J 6 0 ) INTO IK P I l / T O T A L 

CAANONY r i PAL 2 7 1 1 6 0 

CARHONY 7 7 PRO 16 1251 

flAONBEAG 10 PR D 2 
C L E L A W 8 0 PL 9 T B 

151 
4 6 5 

REFERENCES FOR " 1 2 0 6 0 1 

* C O A D S t C i a P P , E R M I N , M E I E R E , * I P U « 0 » U C D * I N D 1 

* C L Q P P , LANDER, MEIERE. Y E N , * IPUR0*'JCD« IUPUI 

| K ' ( 2 2 0 0 ) | 40 K*t2200,JP- I 
T H I S ENTRY CONTAINS VARIOUS PEAKS I N STRING? MESON 
SYSTEMS REPORTED I N THE 2 1 0 0 - 2 5 0 0 HEV ("EC!DM AS WELL * 
ENHANCEMENTS SEEN I N ANTIHYPERQN NUCLECN MASS 
SPECTRA. OMITTED FROM THE TABLE. 

• 1 2 2 0 0 1 MASS (MEVf 

2 0 1 2 2 * 0 - ) 
1 2 2 0 0 . 1 

3 7 1 2 1 4 7 . 1 
2 2 3 5 . 

2 + 9 0 . 2 0 . 

L I S S A U E * TO HHC 9 . K* P 
SLRTTERV T l RVUE 8 - 1 3 « * P 
CHL1APNIK T9 HBC • K*P TO LAM-BAR P 
B A U B I U I E B l HSC - 8 . K - P . L A H PBAR 
CLEIRMD B l SPEC *~ 5 0 K*P .LAM PflAR 
CLELANO S I SPEC * - SO K*P .LAM 'BAR 
CLELAND 8 1 SPEC *- SO K * P , L I M PBAR 

AVERAGE MEANINGLESS (SCALE FACTOR > * - 0 > 

COMPILATION DF I A N T 1 H Y P . - N U C L E 0 N ) MASS IN t 
? J P > 3 * FROP KCMENTS A N A L Y 5 I S . 
9 J P - 2 - FROM MCNEWTS A N A L Y S I S . 
I J P - 4 - FROP MCPENT5 A N A L Y S I S . 

><2200> WIDTH (MEVt 

' H . - 1 3 . GEV/C 

2 0 1 6 0 . 1 1 2 0 . ) 
APPROX. 

3 T 1 * 0 . 1 APPROX. 
APPROX. 

2 1 0 ' 3 0 . 
1 2 5 0 - > APPRDX. 
1 2 5 0 - 1 APPRDX. 

LlSSAUER 7 0 HBC 9 . K* P 
SLATTERV 71 RVUE 8 - 1 3 f t * P 
CHLIAPN1K T9 HBC * K*P TO LAM-BAR P 
BAUBtLL IE 8 1 HBC - B . K - P , L * M P B t t 
CLELANO 8 1 SPEC *- SO K t p . L A M PBAR 
C I E I A N O B l SPEC • - 50 K*P,LAM PBAh 
CLELANO S I SPEC * - 50 K»P.LAM PBAR 

1 / 8 0 
1 / 8 2 * 
1 / 8 2 * 
1 / 8 2 * 
1 / 6 2 * 

11/71 
11/TI 
I/BO 
1/6!* 
1/82* 
1/S2* 
I/B2* 

COMPILATION OF I A N T I H Y P . - N U C L E O N I MASS I N 
• J P - 3 * FROM MCMENTS A N A L Y S I S . 
I J P - 2 - FROP MCMENTS A N A L Y S I S . 
{ J P - 4 - FROM MCMEHIS A N A L Y S I S . 

1 3 . GEv/C 

REFERENCES FOR K * 1 2 2 0 0 I 

AUXANOE 6 8 PRl 2 0 755 ALEXANDER.FTAEST0NE.GGLDHA6ER.SHEN 1LRL) 

LISSAUER TO NP B 18 4 9 1 *ALEXANDER>FIRESTONE,GOLDHABER ( L B l l 

SLATTERV T l U R ' B 7 5 - 3 3 2 < P R E P I P .SLATTERYiA REVIEW OF STRANGE ME50NSIRDCHI 

C H L I A P N I 79 NP 0 1S6 2 5 3 CHLlRPNtKDVfGEROYUKOV* (CERN*BELG*KaN5> 

C=±l MESON STATES 

3 1 CHARGED 0 ( 1 8 6 9 < J P - 0 - ) 1 - 1 / 2 

SEE STABLE PARTICLE DATA CARD L I S T I N G S 

• • • * • • # • * • • • • • * * • * • • * • • • » • 

32 NEUTRAL 0 1 1 8 6 * . J P - O - J l - l / Z 

SEE STABLE PARTICLE OAT* CARO L I S U N O S 

|_D*(2010) 
hi CHARGED D * ! 2 0 I O , J P - l - l 

t l CHA GEO 0 * 1 2 0 1 0 1 MASS (MEVI 

G ( 2 0 0 8 . 1 
P 1 2 3 0 8 . 6 ) 

1 3 . 1 
1 1 . 0 ) 

GOLDHABE 7 7 SMAG • - E * E -
P E R I H I I 7 7 SMAG • - E * E -

FRQH 0 0 MAS5 ( T P I L L I N G 8 1 RVUEI A W 
MASS OIFFEPENCE 8ELQM 

1 2 / 7 7 
1 2 / T T 

M*SS 2 0 1 0 . 1 0 . 7 

GOLDHABE 7 7 SMAG • - E * E -
P E R I H I I 7 7 SMAG • - E * E -

FRQH 0 0 MAS5 ( T P I L L I N G 8 1 RVUEI A W 
MASS OIFFEPENCE 8ELQM 

G FRO" SIMULTANEU5 F I T TD 0 * » . 0 * O . D » , AMD DO,NOT INDEPENDENT OF 
G FELOMAN 77 MASS DIFFERENCE BELOW. 
P P E R U Z I I 77 MASS NOT INDEPENDENT OF FELBMAM 7 7 MASS D1FFEPENCE 
P BELCW AND P E P U I Z I T7 9 0 MASS VALUE. 

1Z | „ . 1 - 1 0 0 1 MASS DIFFERENCE I N E V I 

30 1 4 5 . 1 
2 1 « . 2 

1 1 4 5 . 5 1 
6 0 1 * 5 . 5 0 . 1 

FELOMAH TT SMAG 
BLIET5CHA T9 P E K 
AVERY BO SPEC 
P I T C H S I SPEC 

AVERAGE IERROP INCLUDES SCA 

D*» TO 0 0 P I * 
NEUTRINO P 
GAMMA A 
P I - A 

£ FACTO" OF 1 . 0 

1 2 / T T 
1 2 / 7 9 

1 / 8 2 * 
1 / 6 2 * 

AVG 1 4 5 . 4 1 " ' 0 . - 4 

FELOMAH TT SMAG 
BLIET5CHA T9 P E K 
AVERY BO SPEC 
P I T C H S I SPEC 

AVERAGE IERROP INCLUDES SCA 

D*» TO 0 0 P I * 
NEUTRINO P 
GAMMA A 
P I - A 

£ FACTO" OF 1 . 0 

- ( D * 0 1 MASS DIFFERENCE C E V l 

P E R U Z t t TT SMAG * - E * E -
1MAN TT MASS DIFFERENCE ABOVE. P E P U I M 

J»0 MASS. 

6 2 C A R G E O 0 * ( 2 0 1 0 I K1BTH I M E V I 

62 CHARGED O*<2OIOJ P A R T I I L DECAY NODES 

0 * * ( 2 D 1 0 I IW.u DO P I * 
D * * ( 20101 INTO 0 * GAMMA 
O * * f 2 O I 0 l INTO D* P IO 

0 « - l 2 0 1 0 1 "ODES ARE CHARGE CONJUGATES OF ABOVE MODES 

DECAY MASSES 
1 6 6 4 * 1 3 9 
1 8 6 9 * 0 
1 8 6 9 * 1 3 4 

tZ CHARGED 0 * 1 2 0 1 0 1 BRANCHING RATIOS 

0 * » ( 2 0 1 0 ) INTO (DO P 1 * I / T 0 T A L ( » U 
0 , 6 0 . 1 5 GOLDHABE TT SHAG • E » E -

ASSUMIfE THAT ISO SO I N I S CONSERVED I N THE DECAY 

REFERENCES FOR CHARGED 0 X 2 O 1 0 1 

P E R U i Z l 76 PRL 3 7 5 6 9 * P t C C 0 L 0 , F E L O K A N , N G U V E N , M I 5 S r * I S L A C * L B L I 

FELDHAN 7 7 PRL 3B 1 3 1 3 * P E R U 2 Z I . P [ C C 0 L 0 , A B A A M S , A L A H * ( S L A C + L B L I 
PERUZZI 77 PAL 3 9 1 3 0 1 * P I C C O L a , F E L D M A N , P E R L , * 1 S L A C , L B L , N M E S * H A W A I 
GOLOHASE 7 7 PL 6 9 B 503 *H|SS-ABRAHS.ALAM,BOYARSKI . * 1 L B I * S L A C I 

1 2 / 7 9 

1 2 / 7 9 

757 

' M I S S < B I N K L E Y . A T I Y A . 

• • • • • • • • * • • • • • * • * * • • • * # • • • • • • * • • • • ( 

I I L L * F N A L * C O L U I 

| D ' ° ( 2 0 1 0 ) | M m IEUTRAL 0 * I 2 0 I O , J P - I - | l - L / 2 

J CONSISTENT WITH 1 , VALUE D RULED OUT (NGUYEN T T ) . 

61 NEUTRAL 0 * 1 2 0 1 0 1 MASS IHEV) 

http://6Jl.K-P.K-
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Mesons 
D"*(2010). F*. F'(2140), B. EXOTIC MESONS 

Data Card Listings 
For notation, see key at front of Listings. 

6 1 ( 0 * 0 1 - ( D O ) MASS OIFFER.ENCE ( H E V I 

1 4 2 . 7 1 . 7 GQLDHABE 7 7 SMAG 0 I 
1 4 2 . 2 2 . 0 S A M O I I t t SO C O I L 

]W SIMULTANEOUS F I I TO D * » . 0 * 0 . D » . AND D O . 

IVERRCE 1 E « * 0 * INCLUDES SCALE FACTOR OF j 

1 5 . 1 

6 1 NEUTRAL D * l 

OR LESS 

) I O I WIDTH I N E V I 

GDL0HAB2 7 6 SMAG E » E - TO D » D * 

NEUTRAL 0 * 1 2 0 1 0 ) PARTIAL OECAf MODES 

DECAY ' 
1 8 6 4 * 1 3 * 
I S M * 0 

D*O I2010>BAR NODES ARE CHARGE CONJUGATES OF ABOVE MODES 

frl NEUTRAL 0 * t 2 0 1 0 1 BRANCHING RATIOS 

0 * 3 ( 2 0 1 0 1 INTO (DO GANMAI / IOO M O * 0 0 GAMMA) 1 * 2 1 / I P 1 * P Z » 
0 . 4 5 0 . 1 S GDL0HABE 7 7 SHAG E « E -

WE QUOTE THE NORMAL F I T VALUE FROM TABLE 1 . THE I S O - S P I N 
CONSTRAINED F I T I S NOW KNOWN TO G I V E A DO GAMMA FRACT'ON WHICH I S 
TOO LARGE. SEE DETAILS I N FOOTNOTE 2 1 OF F EL OMAN 7T REVIEW. 

0 * 0 1 2 L0> INTO 100 HOI/TOTAL P I ) 

REFERENCES FOR NEUTRAL 0 * 1 2 0 1 0 ) 

GOLDHABE TT PL 6 9 ft 5 0 3 GOLOHABER.A0ftRNS,ALAM* 
ALSO 77 BANFF S U M . I N S T 75 G .J .FELDHAN 

NGUYEN 77 M L 3 9 2 6 2 * W I S S . A B R A H 5 , » L A H , 6 0 V A R S M , 

KIRKBV 79 BATAVIR C C N F . 1 0 7 J . KIRKBV 

SAOROZIN BO MADISON CONF. 6 8 ) 5 A 0 R O I I N S K I . + 

T R I L L I N G B l PRPL 7S ST G . H . T R I L L I N G 

I L B L * S I A C > 
(SLAC) 

I L B L * S L A C ) 

(PR[N*CIT*HARV*SLAC»! 

0 24 F * - ( 2 0 . O i J P * ) [ a 

SEE STABLE PARTICLE OATA CARD L I S T I N G S 

|F"(2140) | T 4 F * t 2 1 4 0 . J P G - ) I -

CMTTTED FROM TABLE. 

74 F * MASS I M E V I 

2 1 4 9 . 0 6 0 . BRANDELIK 77 DASP • - E * E - , P I 3 GAMH* 1 2 / 7 7 

7 * I F * * ) - I F O ) MASS DIFFERENCE I M E V I 

1 ) 0 , 4 6 . BRANOELIK 7 9 OASP * - E * £ - . F G » ' 

74 F * PARTIAL OECAV MOOES 

F « INTO F GA"»A 

14 F * BRANCHING RATIOS 

6RANDELI 77 PL TO B 132 

BRANDELI 78 PL T 6 B 3 6 1 

BR.ANDELI 79 PL BO B 4 1 2 

REFERENCES FOR F * I 2 1 4 0 ) 

BRRNOELIK ,COR0S<* IAACH*DESV4HAMB»M* IM*T0Kf ) 

BRANDEI IK .CDRO$. * (AACH»CESV*FA1B+WP|H*TOICVI 

BRANDELIK.CORDS.* (AACH»EESY«l -ANB«a)HM»T0f (Y I 

B=±l MESON STATE 

B 79 BOTTOM MESON 6 ( 5 2 0 0 . J P - » 

SEE STABLE PARTICLE DATA CARD L I S T I N G S 

EXOTIC MESON STATES 

EXOTICS 

ROSENFEL 

DDDD 

CHO 
01ACDMEL 
LYS 
ROSNER 

BUHL 

COHEN 

6 8 P M I L A . C C N F . P . « 

6 9 PR 1 7 7 H 9 I 

TO PL 32 B 409 
TO PL 33 B 373 
7 0 PR O 2 2 5 2 5 

5 0 EXOTICS 

THE PURPOSE OF T H I S ENTRY IS TO PROVIDE A L I S T DF 
REFERENCES FOR EXOTIC MESON SEARCHES (SEE MAIN T E X T . 
SEC. 3 AND TABLE 1 ) . AS WELL AS THEORETICALLY BASED 
SUGGESTIONS FOR E X P F P I H E N T S . NOTE THAT L 1 P K I N 73 
PROPOSES EXPERIMENTS WHICH ARE CONCLUSIVE EVEN I F 
NEGATIVE RESULTS ARE O B T A I N E D . 

REFERENCES FOR EXOTICS 

REPORTS ON SEARCHES 

A.H.RDSENFELO U R L ! 

4J0LDERSNA, PALMER. SAMIOS I 9 N L ) 

7 0 E * P . " E S C N SPECTROSCOPY.EO. C.BAL 

INE ,TERRELL 

• DERRICX.JOHNSON,MUSGRAVE,* I AN(*NWES*KANS) 
G.G1AC0MELLI » IBGNA*SACL*AMS1*REHD*EPQL) 

( M I C H ) 
A . H . R G 5 E N F E L 0 . P . 4 9 9 

• W I S C O N S I N ! 

R ) l 

COHEN 
OREN 
9ALTAY 

0OUCRGT 
HOCGLAND 
tfOOGLANO 
MOSER 

ALAN 
ARMSTRON 

LEMOIGNE 

KOOIJMAN 

7 4 PL S3B 2CT 
74 BOSTON 
T4 NP B 7 1 189 
75 PL 5 7 B 2 9 3 
75 NP B 9 6 4 2 6 

76 *L 6 4 B 107 

77 NP B 121 2 5 1 
7 7 NP B 126 1 0 9 
7 7 NP B 126 1 0 9 
77 NB B 129 79 

*BRABSON.GALLDWAV,t ( I N D * P U R a * 5 L A C + V A N D I 
D.COHEN REVIEH TALK (COLUI 
• C O O P E R . F I E L D S , R H I N E S . W H I T H O R E , * I A N L * 0 X F ) 
• C A U T I S . C O H E N . K A L E L K A R , P ] S E L L O , * t C O L U * a t N G ) 
*RMMAR.KROPAC.YARGER.* (KANS*CCAC*ANL> 

B 3 U N D I E R S . B R U S . F L U R I , : RE!BURG*SAC[.< 

* N A V * C H . R I V E T . * I LAL0+CERN*CDEF*EP0L1 
« G R A * E R , H Y A M S . B L U M , D ! T L . + I A « S T * C E * N * M P | M | 
* G R A Y E R , H Y A M S , B L U M , D I T l , » IAKST*CERN*MPIM) 
F .L .MQSER 1 E F I ) 

7B PL T7 B 

79 6 A T A V I * * * B Q L l N S , a * R A T E * 

*ARENTCN,AVRES.O 

( S » C \ . * L 0 1 C + S * " , * * 1 N D » 

EBOLO.PAV* ( A N L * E F | | 

81 2PHY C b 1 0 9 
Bl NP B 193 2 6 9 
6 1 PRL 4 6 9 7 0 

ROSNER 

ROSNER 

FAIMAN 
L l P K I N 

HCLMGfiEN 

6B PHL. 2 1 1 5 0 . 1 4 6 6 

*ALBA JAR, SJOGREN.* I C E « I . * C D E F * - A 0 R * S T 0 H 1 
* A U G E N S T E 1 N . B E R T 0 L U C C I , C G N S K 0 V . * I S E R P * C E R N ) 
•CARROLL.EDELSTE I N . * IBNL*CARN*FNRL*SMASI 
EVANGEL 1STA»t BAR l * 6 0 N N « C E P N 4 D A R E * L I V P * M I L R ) 
• HJGHES.COLLEV. ARMSTRONG.* ICLAStBtRMtCERN) 
* L D V E R R E , * G U I L * R , * (CEHN»C0EF*HA0R*STOHI 

SUGGESTIONS FOR SEARCHES 

J.L. f lOSNEW 

70 EXP.MESON SPECTROSCOPY,EI 

76 PL T 7 B 104 

H . . ' . L I PI 

*PENNINGTON 

AY AND A.H.ROSENFI 

IN .G .GOLDHABER.Y .ZARHI 

UEL-AVIV1 

L D . P . 4 9 9 

(CERNI 
kRGONNE*f tALI 

ISTOH*CERN) 



Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
N's and A's 

Mote on N'a and A's 

I. Introduction 

For this edition, three N's and one A have 
been promoted to the Baryon Table, and several new 
resonances that are not yet established appear in 
the Data Card Listings. Table 1.1 lists all the 
entries in the Listings, and gives our evaluation 
of the statua of each, both overall and channel by 
channel* 

The masses, widths, and branching fractions of 
the N and A resonances come mainly from a few 
comprehensive partial-wave analyses. There are 
also several other recent analyses based on more 
limited data sets and/or energy ranges* Production 
and total-cross-section experiments can be valuable 
in establishing the existence of high mass bumps, 
but at lower energies these experiments have lim
ited statistics compared to formation experiments, 
and it is seldom clear which of several states hav
ing nearly the same mass is being observed* 

Even when there are good scattering data, 
there are two main problems in obtaining reliable 
resonance parameters from partial-wave analyses. 
First, there is sometimes disagreement among ana
lyses on the partial-wave amplitudes themselves. 
This obviously depends on the quality and quantity 
of the scattering date and on the procedures used 
to determine the amplitudes from the data. 
Secondly, even if smooth curves were available for 
the amplitudes, there would still be some 
parametrization-dependent uncertainty about the 
values of the usual Breit-Wigner resonance parame
ters* From a theoretical standpoint, the most 
unambiguously defined resonance parameters ire the 
pole position and residue, and it has been found in 
practice that, given sufficiently precise partial-
wave amplitudes, these quantities can be extracted 
in a stable and parametrlzation-lndependent way, in 
spite of the fact that an extrapolation away from 
the physical region is required* This point has 

been discussed in detail with regard to the A(1232) 
1 2 

in earlier editions of this review* ' Pole param
eters have now been determined for many of the N 
and A resonances, and these are Included in the 
Data Card Listings* In most cases, we specify pole 
parameters by giving the real and imaginary parts 

STATUS OF N * RESONANCES 

IRE INCLUDED I f THE NArN BAfcrON 

STATUS AS SEEM I N -

< l * « K STG P I DE GAN fl 

P13 • • • • 

N(939l 
HI 1*1.0) 
N( 15201 
NIL535) 
NU540I 
Nll*50t 
Nil 675) 

Ni l TOO 
NI1710I 

mmot 
NI1990) 
M120001 
Nt20B01 
NI210D) 
NI210QI 
N(2t90> 
NI22001 
NI22201 
KI22501 
NI2600I 
NI2700I 
NI2S00I 
NO030I 
14(32+5) 
1(36901 
NI3T55I 

DEL(1232IP33 « 
0EL(1550IP3L < 
OELU600IP33 « 
0ELI16Z0IS31 < 
0ELI17D01D33 « 
0ELM900IS3I • 
DELU905IF3S « 
OEL(I910IR3L * 
DEMI9Z0IP33 < 
DELU930ID35 « 
DELU9«0>D33 * 
DEL11950IF37 • 
0EM2150IS31 * 
0EL(2160> • 
DEL(2200IG37 • 
OELI2300IK39 • 
DELI2350ID3S • 
DEL ( 2*001 F37 • 
DELI2400IG39 •> 
0 E L I 2 4 2 O I H 3 1 1 » 
D E L I 2 T 5 0 I I 3 1 3 • 
DEL 1 2 8 5 0 1 • 
D E L I 2 9 5 0 I K 3 1 5 • 
O E L I 3 2 3 0 1 * 

GODO. CLEAR. AND UNMISTAKABLE. 
GODO, BUT I N NEED OF C L A R I F I C A T I O N OR NOT ABSOLUTELY C E R T A I N . 
NEEDS CONFIRMATION. 
WEAK. 
ATTRIBUTED TO THE STATE CLOSEST I D WHERE THE CROSS SECTION PEAKS. 

of the pole position and residue. It should be 
noted that these real and imaginary parts tend to 
be highly correlated. In particular, the absolute 
value of the residue is often better determined 
than is the phase. For further discussion, see the 
relevant references, e.g., N0G0VA 73, SPEARMAN 74, 
BALL 75, LICHTENBERG 75, VASAN 76, L0NGACRE 77, 
ZIDELL 78, C0TKQSKY 79, MIROSHNICHENKO 79, ZIDELL 
60, and CUTKOSKY 80* 

The following sections discuss various recent 
developments in experimental N and A spectroscopy. 
For a discussion of earlier results, see our 1980 
edition and the reviews of R.L. Kelly, R. Koch,5 

and A.J.G. Hey and R.L* Kelly.6 

References for Section I 

1. Particle Data Group, Rev. Mod. Phys. 43, S114 
(1971). ~~ 
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For notation, see key at front of Listings. 

2. Particle Data Group, Phys. Lett. 39B, 103 
(1972). 

3. Particle Data Group, Rev. Mod. Phys. 52, S173 
(1980). 

4. R.L. Kelly, in Proceeding* of the IV t h Inter
national Conference on Baryon Resonances 
(Toronto, 1980), ed. N. Isgur, p. 149. 

5. R. Koch, in Proceedings of the Conference on 
Low and Intermediate Energy Kaon-Nucleon 
Physics (Rome, 1980), p. 1. 

6. A.J.G. Hey and R.L, Kelly, Physics Reports C 
(to be published). 

II. Two-Body Partial-Wave Analyses 
and New Resonances 

(by R.E. Hendrick, St. Bonaventure University) 

Several new partial-wave analyses have 
appeared and several older analyses have been 
extended to include new scattering data since our 
1980 edition. For ITN •+ TTN reactions, we have 
included results of new analyses by CUTKOSKY 80, 
ZIDELL 80, KOCH 80, and CHEW 80. CUTKOSKY 80 
includes new elastic cross-section and polarization 
data and extends the mass range of the CUTKOSKY 79 
analysis up to 2500 MeV. This analysis reports 
several new baryon states and confirms several ten
tative states in the 2000-2400 MeV region. A brief 
discussion of the revised status of these N and A 
states is given below. ZIDELL 80 performs an 
energy-dependent partial-wave analysis from thres
hold to 350 MeV. Deviations from isospln Imparl
ance are reported, and new masses, widths, and pole 

0 ++ positions of the A and A are given. KOCH 80 
performs an energy-independent analysis over a 
similar low-energy range, but finds little evidence 
of isospln invariance violation- CHEW 80 uses a 
Barrelet-zero technique to analyze TT p elastic data 
between 1550 and 2100 MeV and reports several new 
S31 and P31 states, but disagrees with the parame
ters of the two 4-star S31 and P31 resonances esta
blished by other analyses. 

Two new Inelastic analyses have been reported: 
an energy-dependent analysis of TT p -+- AK below 
1900 MeV by MUSETTE 80, and an energy-dependent 
analysis of the three lsospin-coupled reactions 
TT'P •*• Z"K+, Ti"p -+ A 0 , and TT +

P -»• Z+K+ up to 2000 
MeV by LIVANOS 80. A number of resonance masses, 
widths, and TTN to KZ branching ratios have been 
included from this analysis. 

This year, four new N and A resonances have 
been pronoted from 2-star to 3-star status and 
added to the Baryon Table: the D13 N(2080), D15 
N(2200), S31 A(1900), and P33 A(1920). The D35 
A(1930), already listed in the Baryon Table, has 
been promoted from 3-star to 4-star status. 

A number of weak, higher-mass states have been 
added to the N and A Listings. These include a 
third Pll at 2100 MeV, a second D33 at 1940 MeV, a 
third S31 at 2150 MeV, a second D35 at 2350 MeV, 
and a second F37 at 2400 MeV. The G37 A(2200) has 
been separated from the A(2160) listing and has 
been given a separate listing with 2-star status-
The H39 A(2300) has been promoted from 1-star to 
2-star status. In addition, a number of nominal 
resonance masses have been changed from our last 
edition to put them in better agreement with recent 
results. 

Figure II.1 shows the partial-wave amplitudes 
obtained by HOEHLER 79 and by CUTKOSKY 80. 

Reference for Section II 

1. Particle Data Group, Rev. Mod. Phys. .52,, SI 
(1980). 

III. The TTN •*• TTTTN Channel 

(by R.L. Crawford, University of Glasgow) 

A general TTN •*• TTTTN event may be described by 
the center-of-mass energy W, three angles a, 8, and 
Y» and two sub-energies, say w „ and w . Unlike 
2 •*• 2-body reactions, fits of TTN •+ TTTTN distribu
tions at single values of W cannot be parametrized 
in terms of a set of constants without introducing 
some assumptions into the analysis. All fits to 
TTN -*- TTTTN use the isobar model, which notes that 
almost all such events lie in quasl-2-body bands in 
the Dalitz plot. Thus it is assumed that any 
purely 3-body interaction is negligible and that 
the reaction proceeds by the formation of quasi-2-
body Intermediate states. 

The basic form used for the amplitudes Is 

TOil - mr.) - £ [ lJ™'00-Mr 4(- w)-lS t t' 
+ TJS L 'oo ••s.c™) •»£?•' 
+ lS t L'<").M p(« m).lg U' 
+ T^'(W,.BW (w m).X«-'] 
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s ...» , » I 0 
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TTN ELASTIC P l l AMPLITUDE 

IREBCT (MtV] 

t u n e r <H.VJ 

Fig. II-l(a). The L-2I*2J - Sll, Pll, F13, and D13 partial-wave amplitudes for TTN elastic scattering* The 
upper plot for each amplituds is from HOEHLER 79 and the lower one is from COTKOSKY 80. In the Argaad 
plots, the ticks are at Integral multiples of SO HeV, and the established resonances are shown at their nom
inal positions. The real and imaginary parts of the amplitudes as functions of energy are shown projected 
in alignment with the Argand plots (in the projections of the CUTKOSKY 80 amplitudes, the "data points" are 
results of energy-independent fits, and the curves are from an energy-dependent fit to join them). 
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wl 

M M 
• * « • • .. 

"M | T M 

/ 
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irN ELASTIC G17 AMPLITUDE 

»IR«T (li.V} i x u e r IM.v) 

Fig. II.Kb). The L-2I-2J - D15, F15, F17, snd G17 partial-wave amplitudes for irH elastic scattering. The 
upper plot for esch amplitude Is from HOEHLER 79 and the lower one is from CUTKOSKY 80. In the Argand 
plots, the ticks are at integral multiples of 50 MeV, and the established resonances are shown at their nom
inal positions. The real and Imaginary parts of the amplitudes as functions of energy are shown projected 
In alignment with the Argand plots (In the projections of the CUTKOSKY 80 amplitudes, the "data points" are 
results of energy-independent fits, and the curves sre from an energy-dependent fit to join them). 
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Fig. II.1(c). The L-2I-2J - G19, H19, and Hill partial-wave amplitudes for TIN elastic scattering.. The 
upper plot for each amplitude Is from HOEHLER 79 and the lower one Is from CUTKOSKY BO. In the Argand 
plots, the ticks are at Integral multiples of 50 MeV, and the established resonances are shown at their nom
inal positions. The real and imaginary parts of the amplitudes as functions of energy are shown projected 
in alignment with the Argand plots (in the projections of the CUTKOSKY 80 amplitudes, the "data points" are 
results of energy-independent fits, and the curves are from an energy-dependent fit to join them). 
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irN ELASTIC P 3 3 AMPLITUDE 

N E B C T <•»*) M»GT (HIV) IKtIQT (HIV) 

Fig. II.1(d). The L-2I-2J « S31, P31, P33, and D33 partial-wave amplitudes for UN elastic scattering. The 
upper plot for each amplitude is from HOEHLER 79 and the lower one is from COTKOSKY 80. In the i-gniid 
plots, the ticks are at integral multiples of 50 HeV, and the established resonances are shown at their nom
inal positions. The real and imaginary parts of the amplitudes as functions of energy are shown projected 
in alignment with the Argand plots (In the projections of the CUTKOSKY 80 amplitudes, the "data points" are 
results of energy-independent fits, and the curves are from an energy-dependent fit to join them). 
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nN ELASTIC D35 AMPLITUDE 

m i s t «•*> ENIICI (HIV) 

jrN ELASTIC F3S AMPLITUDE 

ENMtCf (M(V) ttUHY (llrtl 

£ 

TTN EUSHC G37 AMPLITUDE 

EKKSV <M«V) i m « . w*v> 

Fig. 11.1(e)- The L-2I-2J - D35, F35, F37, and 637 partial-wave amplitudes for UN elastic scattering. The 
upper plot for each amplitude is from HOEHLER 79 and the lower one is from CUTKOSKY 80. In the Argand 
plot*, the ticks are at integral multiples of 50 MeV, and the established resonances are shown at their nom
inal positions. The real and imaginary parts of the amplitudes as functions of energy are shown projected 
in alignment with the Argand plots (In the projections of the CUTKOiKY 80 amplitudes, the "data points" are 
results of energy-independent fits, and the curves are from an energy-dependent fit to join them)* 
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Fig. II.1{£). The L-2I-2J - G39, H39, and H311 partial-wave amplitudes for 7TN elastic scattering. The 
upper plot for each amplitude is froa HOEHLBR 79 and the lower one is froa CUIKOSKY 80. In the Argand 
plots, the ticks are at integral nultiples of 50 MeV, and the established resonances are shown at their nom
inal positions. The reel and Imaginary parts of the anplitudes as functions of energy are shown projected 
in alignment with the Argand plots (in the projections of the CUTKOSKY 80 amplitudes, the "data points" are 
results of energy-independent fits, and the curves are froa an energy-dependent fit to join thea). 
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where in present analyses A is the A(1232), N is 
the N(1440), p Is the p(770), and e is the S-wave, 
1-0 TTTT enhancement (not all these isobars are 
included in every analysis)* Here, BW denotes the 
appropriate Breit-Wigner or corresponding 2-body 
amplitude from TTN or im analyses, and X is a well-
defined function containing all the angular infor
mation. The decays of the resonances that are 
formed in the reaction are described by the 
partial-wave amplitudes T. , e t c , where J is 
the total angular momentum and I is the total iso-
spin of the state formed, and L and L* are the 
orbital angular momenta in the initial 2-body and 
the final quasi-2-body states* So if - L + S * 
1/ +• S*, where S and 3' are the initial and final 
total spins. For the pN amplitude, it is necessary 
to add the suffix 2 S ' t equal to I or 3, to indicate 
the total pN spin* The partial-wave amplitudes are 
often denoted by A-L-L'-2I«2J, p 2 g,*L-L'«2I*2J, 
etc* 

The Listings give the results from four ana
lyses • 

LONGACRE 75 (LBL-SLAC) is an analysis of 200K 
ii~p -»• 7f~irp, Tr~p -*• 7r"ir n, and TT p -*• IT IT p events 
for 1300 _< W £ 2000 MeV. Approximate unitarity 
constraints are imposed using a simplified K-matrix 
formalism that links the "KTfN channel to the K N 
channel. This gives smooth solutions and elim
inates the overall phase ambiguity at each energy* 
The Atr, pN, and eN intermediate states are 
included* Couplings and T-matrlx pole positions 
are given for 14 resonances. 

LONGACRE 77 (Saclay) is a coupled-channel 
analysis similar to LONGACRE 75 that fits 10OK 
events for 1380 < W < 1740 MeV. The couplings and 
pole positions are found for 16 resonances, includ
ing a P13 N(1540) and a P31 A(1550) suggested for 
the first time by this analysis. 

NOVOSELLER 78 (C1T) is an analysis of 
- 0 - - + . + + 0 - ^ win 

7 T p - * - T T T T p , 77 p "+ 7T 7T n , a n d TT p -*• Tf 7T P f o r 1 6 3 0 

5 W <_ 1990 MeV based on the LBL-SLAC energy-
Independent analysis* Again the Air, pN, and E N 
states are used, but the resonances are fitted 
using a simple Breit-Wigner amplitude rather than 
the K-matrix formalism of LONGACRE 75* Single-pion 
exchange with TTTT rescattering Is used to calci'lcte 

the higher partial waves (taking account of a cri
ticism made of earlier analyses), and It is con
cluded that this improves the fit above 1800 MeV 
and helps eliminate the phase ambiguity. Another 
study of tha importance of slngle-pion exchange has 

2 
been made by Aaron et al., who also find that It 
can give important corrections to the angular 
dependence. NOVOSELLER 78 gives two solutions, the 
second including the effects of pion exchange. 
They are given in the Listings as fits to LONGACRE 
75 and NOVOSELLER 78. 

BARNHAM 80 (Imperial College) is an analysis 
of 44K Tf p -+ TT IT p and TT p •*- ir n a events for 1440 
< H ^ 1700 MeV. It thus concerns only the A reso
nances, and it uses data that were not available to 
the other analyses. The intermediate states are 
An, pN, and T T N ( 1 4 4 0 ) , the last being necessary to 
account for the difference between the Tt IT p and 
Tt IT n cross sections* Also included is the effect 
of single-pion exchange leading to the S-wave TIT 
state with I « 2. The phase ambiguity is resolved 
by requiring that the TTA amplitude for the D33 
A(1700) have a Breit-Wigner phase. The parameters 
are found for four resonances, including the P3I 
A(1550), but since some of the data were also used 
by LONGACRE 77 it is not clear that this resonance 
is being confirmed. However, there is now some 

evidence that it has also been seen in single-pion 
3 

photoproduc t ion. 
— — + There have also been analyses of Tt p •+ Tt TT n 

4 5 for W £ 1400 MeV, a range dominated by the low 

energy tail of the Pll N(1440), with eN as the dom
inant intermediate state. The energy range of 
these analyses is too low for them to determine 
decay coupling constants, and they do not appear in 
the Listings. 

It Is difficult to assess the systematic 
uncertainties of these analyses or of the quoted 
couplings of the resonances to the Isobar states. 
However, those that are indicated in the Listings 
as being well determined by LONGACRE 77 do in gen
eral agree* at least in sign, with the values from 
the other analyses, although some of the p~ cou
plings have not been measured elsewhere. Tha 
Imperial College group also claims clear measure
ments of the signs of p,SS31, pjDD33, and N PP33. 
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All existing isobar models can be criticized 
for neglecting possible sub-energy dependence of 
the partial-wave amplitudes, which makes then pos
sibly inconsistent with unitarity. This has been 
studied by Aitchison and Brehm, who derive an iso
bar expansion that is consistent with Bose symmetry 
and with sub-energy analyticlty and unitarity. The 
resulting coupled integral equations are suitable 
for both dynamical and phenomenological studies of 
TTN •* TTTTN. They estimate the sub-energy corrections 
to the isobar model and conclude that such correc
tions may not be significant for existing isobar 
fits but that they could become so with better 
data- A rough estimate of these corrections has 

Q 
also been made by the Imperial College group, who 
also find that they are small. 

References for Section III 
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IV. Photoproduction and Compton Scattering 

(by R.L. Crawford, University of Glasgow) 

The Y N couplings of an N or A resonance can be 
studied in any photon-induced formation process in 
which the coupling of the resonance to the final 
state is well known. In practice, this limits 
accurate sources for such information to partial-
wave analyses of single-plon photoproduction, where 

there is a large amount of data and where the final 
state is well known from TTN -*• TTN partial-wave ana
lyses. Recently, however, some couplings have been 
obtained from Compton scattering on protons. All 
photoproduction analyses rely heavily on UN •* TTN 
analyses for the existence, masses, and widths of 
che resonances. In only a few photoproduction ana
lyses are the masses and widths treated as free 
parameters. However, the photoproduction results 
for the masses and widths are of interest since 
they give access to the charge +1 states. 

The most important analyses of slngle-pion 
photoproduction are reviewed below. The formalism 
has been described in an earlier edition of this 
Review, to which the reader is referred for addi
tional Information- There are three basic methods 
of analysis. All have to cope with the stability 
problems of having four independent complex spin 
amplitudes at any energy and angle, but only six 
(and frequently fewer) independent experimental 
measurements. 

(a) Simple isobar model: This la the simplest 
form of energy-dependent analysis. The partial 
waves are parametrized as a smooth background to 
wlilch Breit-Wigner resonances are added. Usually 
the electric but not the magnetic Born terms are 
Included explicitly to reproduce the forward peak 
in charged pion production. This method Is suffi
ciently flexible to give excellent fits to the 
data, but there are in principle difficulties con
cerning the uniqueness of the solution due to the 
large number of waves involved. This problem Is 
eliminated by the form of the parametrization, but 
it Is not clear how this may bias the solution. 

The most extensive analysis of this type is 
METCALF 74 (for references In this form, see the 
Data Card Listings), which is an extension of the 

2 + 
arller Walker analysis. It fits Yp * TT n, 
vp •* IT D, and Yn •+ Tr~p from the first to the fourth 
resonance regions. FELLER 76 is a similar analysis 
which does not fit Yn •* TT"P, but uses data that 
were not available to MSTCALF 7A. Other isobar 
analyses are ROSSI 73, HEMMII 73, HEMMI2 73, 
BENEVENTANO 74, KRIVETS 74, TAKEDA 80, and BRA-
TASHEVSKIJ 80; these have used relatively small and 
sometimes restricted data sets, usually in associa
tion with a particular experiment. ISHII 80 Is an 
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isobar analysis of proton Compton scattering for 
laboratory photon energies from 550 HeV to 950 MeV, 
covering the second resonance region. 

(b) Fixed-t dispersion relations (FTDR): This 
technique uses the apparent resonance dominance of 
the photoproduction amplitudes to get a relatively 
simple parametrization of their imaginary parts. 
Fixed-t dispersion relations are then used to cal
culate the real parts; sometimes a few but usually 
no additional free parameters are introduced. 
Since there are fewer free parameters, the proba
bility of having multiple solutions is reduced, and 
the requirements of analyticity are automatically 
satisfied. However, the method is inflexible com
pared to the Isobar model and gives poorer fits. 
Also* as has been described in NOELLE 78 and else-

3 
where, the divergence of the partial-wave expan
sions for the dispersion integrals does not allow 
the use of data at all angles above the third reso
nance region. Some but not all analyses satisfy 
the constraints of unitarity and time reversal 
invariance as given by Watson s theorem. 

FTDR analyses have been made by groups at 
Berkeley (MOORHOUSE 73, KNIES 74, and M00RH0USE 
74), at Lancaster (DEVENISH 73 and DEVENISH2 74;, 
at Glasgow (CRAWFORD 75, BARBOUR 76, BARBOUR 78, 
and CRAWFORD 80), at Yerevan (AZNAURYAN 77), and at 
Tokyo (ARAI 80 and FUJII 81). NOELLE 78 is a 
hybrid analysis incorporating FTDR in a coupled-
channel IsoSar calculation. 

(c) Energy independent analyses: These evalu
ate the partial waves by making fits at a set of 
essentially single energies, and are thus the least 
biased of all analyses. It is necessary to use 
Watson's theorem to fix the complex phases of many 
of the partial waves and thus to get a unique solu
tion. Due to the onset of inelasticity, this 
becomes difficult above the first resonance region, 
and only BERENDS 77 extends into the second reso
nance region. This analysis gets significantly 
different couplings from the other analyses for the 
D13 N(1520). 

New analyses in the Data Card Listings: ARAI 
80 is an FTDR analysis of Yp •+ ir n, Yp •* TT p. and 
Yn -*• if p using 7768 data points for energies from 
1168 to 2078 MeV and for momentum transfers t out 

to -1.6 (GeV/c) « A K-matrix formalism is used to 
parametrize the resonances, and a Regge formalism 
is used for the high energy part of the dispersion 
integrals. 

CRAWFORD 80 is an extension of earlier Glasgow 
analyses to include more data and more resonances. 
The imaginary parts of the partial waves are 
parametrized as Breit-Wigner amplitudes plus back
ground in the S and P waves- The high energy parts 
of the dispersion integrals are parametrized using 
a Regge formalism, and data are fitted at all ener
gies for YP "*• ^ n» YP "* ̂  P» a n c* V n *" f" p- A total 
of 8838 data points are used for energies up to 2.5 

2 GeV and for t out to -1.5 (GeV/c) . Evidence is 
found to suggest that the P31 A(1550) is photopro-
duced, but it is not conclusive. 

BRATASHEVSKIJ 80 is an isobar analysis of 
Yp + T p using recoil proton polarization data from 
Kharkov and is essentially a variation of METCALF 
74. 

TAKEDA 80 is similarly a variation of METCALF 
74 to fit new recoil proton polarization data in 
Yn •+ TT~p. 

FUJII 81 is based on the ARAI 80 analysis and 
includes new neutron target data. 

Resonance couplings and errors in the Data 
Card Listings: The Listings give the results of 
all recent and extensive analyses. If no error is 
given, only a unique result Is quoted. The Berke
ley analyses and CRAWFORD 75 give for errors the 
spread of solutions around a central value. The 
Lancaster group gives for errors the change of 
value that is required to increase the **best pos
sible X 2 " by IX. METCALF 74, FELLER 76, AZNAURYAN 
77, and ARAI 80 quote similar errors. In BARBOUR 
78 and CRAWFORD 80, the systematic differences due 
to the different methods of analysis are considered 
to be at least as important as the purely statisti
cal errors, and the errors quoted are obtained by 
comparing with other analyses as well as from the 
spread of parameters over a number of fits. Thus 
there is often a wide variation in what the errors 
quoted in the Listings mean. 

Table IV.1 gives a compilation of the YN decay 
couplings from METCALF 74, KNIES 74, MOORHOUSE 74, 
DEVENISH2 74, BARBOUR 76, BARBOUR 78, ARAI 80, and 
CRAWFORD 80. The errors quoted are a combination 
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Table IV.1. A compilation of measured YN decay 
couplings and of predictions of the quark model' 
Sources are given in the text-

-1/2 -3 Couplings (GeV '"xio J ) 

Resonance Target Heli-
city 

Partial-Wave 
Analyses 

Quark Model 
Predictions 

?'n NU440) P 
n 

1/2 
1/2 

-70 + 
+42 + 

9 
19 

-5 to -50 
+4 to +38 

Dj 3 NU520) P 

n 

1/2 
3/2 
1/2 
3/2 

-17 + 
+166 + 
-69 + 

-136 + 

11 
7 
14 
14 

-41 to +6 
+95 to +174 
-23 to -52 
-102 to -144 

Sj : N(1535) P 
n 

1/2 
1/2 

+67 + 
-78 + 

15 
29 

+68 to +147 
-83 to -119 

Sjj NO650) P 
a 

1/2 
1/2 

+45 + 
-23 + 

17 
33 

-9 to +95 
-45 to +4 

D 1 5 NC1675) P 
n 

1/2 
3/2 
1/2 
3/2 

+13 + 
+22 + 
-37 + 
-54 + 

8 
12 
24 
24 

0 to +12 
0 to +16 

-31 to -55 
-44 to -78 

t'l5 NU680) P 

n 

1/2 
3/2 
1/2 
3/2 

-13 + 
+132 + 
+29 + 
-28 + 

10 
15 
15 
16 

-7 to +24 
+47 to +154 
-32 to +27 
-25 to +2 

DJJ N(1700) P 
n 

1/2 
3/2 
1/2 
3/2 

-20 + 
+1 + 
0 + 

+8 + 

12 
17 
50 
42 

-7 to +9 
-12 to +33 
-15 to +25 
-17 to -76 

pjj 11(1710) P 
n 

1/2 
1/2 

+3 + 
+9 + 

15 
30 

-7 to -37 
-21 to +29 

Pjj N(1720) P 
n 

1/2 
3/2 
1/2 
3/2 

+60 + 
-34 + 
-6 + 

-26 + 

36 
26 
25 
90 

-133 to +74 
-65 to +46 
-23 to +57 
-61 to +12 

F 1 ? NO990) P 1/2 
3/2 
1/2 
3/2 

+17 + 
0 + 

-82 + 
-86 + 

35 
20 
25 
40 

-8 to -10 
-10 to -13 
-18 to -19 
-23 to -25 

G n N(2190) P 
n 

1/2 
3/2 
1/2 
3/2 

-43 + 40 
+131 + 100 
-64 + 45 
-60 + 130 

?'33 A(1232) P 1/2 
3/2 

-141 + 
-258 + 

6 
8 

-94 to -127 
-162 to -220 

P 3 3 A(1600) P 1/2 
3/2 

+2 + 
-3 + 

30 
30 

-61 to +2 
-107 to +4 

s'3l 4(1620) P 1/2 +23 + 38 +43 to +86 
D 3 3 A(1700) P 1/2 

3/2 
+109 + 
+73 + 

31 
35 

+78 to +106 
+78 to +105 

P 3 5 A(1905) P 1/2 
3/2 

+33 + 
-38 + 

10 
19 

-10 to +44 
-41 to +15 

T'3\ M1910) P 1/2 -24 + 15 -16 to +15 
D J 5 A(1930) P 1 # 3/j -46 + 

+13 + 
50 
50 

-17 
-24 

F 3 ? A(1950) P 1/1 
3/2 

-73 + 
-85 + 

12 
13 

-25 to -48 
-32 to -69 

lsgur, Phys. Rev. D21. 1868 

of the statistical errors from these analyses and 
the systematic differences between them. Also 
shown for comparison are the range of predictions 
for the couplings from recent quark model calcula
tions. While the quantitative agreement between 
the quark models and the measured couplings is not 
yet good, there is qualitative agreement to the 
extent that at least one quark model gives the 
correct sign in the cases where the sign has been 
clearly measured. 
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V. Electroproductlon 

(by F. Foster, University of Lancaster) 

Introduction; Since this review of resonance 
electroproduction was last revised (1978), several 
new data sets on virtual photoproduction of single 
plons have bec^ae uvaiittuie. The uES'i group nas 
completed its detailed survey of the whole reso-

2 2 
nance region at values of Q from 0.6 to 3.0 GeV . 
The new data on tf and v production and an 
analysis using the fixed-t dispersion relation 
methods of Devenish and Lyth are available In 2 3 internal DESY. reports, ' and those on n production 

2 4 5 
are available in reports and a publication. 

2 Data at smaller Q continue to appear from the Bonn 
group, for n production at Q - 0.4 GeV and for 
+ 0 7 2 2 

TT and TT production at Q »0.3 GeV . The 
Lancaster-Manchester group working at Daresbury has 
also completed new data sets at 0.5 and 1.0 GeV 8 9 using both hydrogen ' and deuterium as tar-„ 10-12 gets. 

Analysis of the new data in terms of the 
appropriate resonance multlpole amplitudes has been 
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facilitated by the availability of the Devenish-
Lyth fitting program, which uses fixed-t dispersion 
relation constraints. Ch. Gerhardt has analyzed 

13 
much of the data available to 1978, while Daven
port and Morris have analyzed recent Daresbury 

i i data and V. Gerhardt has analyzed the recent DESY 
3 data. There are now quite consistent results for, 

in addition to the P33 A(I232) and the S U N(1535) 
resonance multipoles, the D13 N (1520) and the F15 
N+(1680) multipoles for Q 2 up to 3.0 GeV 2, and 
there are some clear indications of the behavior of 
the D33 A (1700). Analysis of the Daresbury "neu-

12 tron target" data has also given good results for 
the S U N°(1535) and D13 N°(1520) multipoles at Q 2 

2 =0.5 GeV and allowed significant tests of the 
generalized SU(6)„ or single-quark excitation 

15 models. On the theoretical side, Alcock et al-
have presented a-, excellent review of all recent 
quark models for resonance ele<troproduction, as 
well as their own proposals for suitable quark 
models on a proper relativistic basis. They con
clude that the single-quark transition model can 
reproduce qualitatively the observed behavior of 
the orbit-flip, spin-flip, and spin-orbit parame
ters for the excitation of members of the [70,1 J 
multiplet. 

First resonance region: Excitation of the P33 
£(1232) resonance proceeds mainly via the magnetic 
M, raultipole; the electric E, + multipole is con
sistent with zero as is expected from SU(6) and the 
quatk mr.-'el' The scalar multipole has a small but 
significant negative value with S, + being between 5 

amplitudes E Q and M. account for an increasing 
fraction of the single-pion cross section. The new 
DESY data 2 , 3 at Q 2 - 3-0 GeV2 give E 1 + / M R ^ 0.05 + 

the background ratios are E 0 +/M, + *= 0-5 and M ^ / M ^ 
=*= -0.3 near resonance. From its measurements of 
M ) + , the DESY group also obtains a value for the 
transition form factor G*(Q2) at Q - 3-0 GeV2 that 
is much less subject to systematic error than were 
the earlier "single arm" measurements of the total 
cross section. The results confirm that GL,(Q ) 

2 falls more rapidly with Q than does the nucleon 
"dipole" form factor. It is also clear that at the 

2 high values of Q the Devenish-Lyth program has 

great difficulty in fitting the shape of the M 1 + 

variation with mass, and also in accommodating the 
observed background excitation, particularly above 
1300 HeV. An unfortunate consequence is that the 
program cannot give unambiguous results for the 
excitation of the Pll N(1440) Roper resonance. 

The [70,1~] resonances: Table V.1 gives the 
results of the various dispersion-relation fits for 
the low-lying negative-parity resonances Sll 
N(1535), D13 N(1520), Sll N(1650), and D33 A(1700) 
from the [70,1~J multiplet. It is difficult to 

Table V.l. Results of recent fits to TT , TT , and 
data for members of the [70,1 ] multiplet. 

Multipole 
Ub 1/2 

Q 2 - 0.3 GeV2 

Bonn 
(Rets. 17) 

2 2 
Q = 0.5 GeV 
Lancaster-
Manchester 
(Rer. 14) 

Q - 1.0 GeV 
Lancaster-
Manchester 
(Ref. 14) 

D13 N (1520) 

Sll N+(1535) 

S U N+(1650) 

D13 N+(1520) 

D33 A+(1700) 

D13 N+(1520) 

D33 A+(1700) 

0.34 + 0.03 
0.58 + 0.06 

0.60 + 0-07 

0.33 + 0.04 

0.37 + 0.13 
0.53 + 0.07 
0.10 + 0.10 

0.23 + 0.13 
-0.17 + 0.03 
-0.05 + 0.05 

0.08 + 0.02 
0.43 + 0.05 
0.0 

0.18 + 0.07 
-0.06 + 0.02 
-0.04 

Multipole 
Resonance (TT ) 

DESY data (Ref. 3) 

^!1 q -0.6 1.0 2.0 

Sll N(1535) 

D13 N(1520) 

0.52 0.51 0.39 0.32 
-0.30 0.00 -0.11 -0.10 

0.13 -0.04 -0.11 -0.08 
0.47 0.35 0.17 0.063 
0.06 0.00 0.00 0.00 
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assign uncertainties to these results, but where 
this has been done It reflects the spread observed 
In independent fits to the same experimental data. 
Also, the Sll N(1535) multipoles may be regarded as 
being very well determined since they are extracted 
from n electroproduction data of high accuracy. 

2 The low-Q data from Bonn were analyzed for the 
heliclty 1/2 couplings only, and the multlpoles 
here have been extracted by combining the heliclty 
3/2 couplings from the analysis of Ch. Gerhardt. 
The trends in the data are clear: the E_^ mul-
tipole falls off very slowly so that the Sll 
NC1535) is the dominant component of the second 

2 2 
resonance at Q > 1-0 GeV . Using only n produc
tion cross sections and resonance peak heights from 
total-cross-sectlon measurements, the following 

3 results are obtained: 

2 2 
(f (GeV*) peak (pb) Sll (ph) D13 (ub) 

2.0 15.0+1.0 10.07+0.56 5.0 +1.2 
3.0 7-7+1.1 6-85+0.37 0.88+1.2 

It has also been demonstrated that the effect is 
unlikely to be due to scalar/longitudinal photon 
excitation, since the following results are 
obtained for ° L / a

T using r\ production cross sec
tions at different values of the photon polariza
tion: 

Q 2 (GeV2) 

0.4 
0.6 
1.0 

v, /o m 1/ T 
0.23 + 0.14 
0.25 + 0.23 

-0.13 + 0.16 

Reference 

6 
4 
4 

In contrast, the electric multipoles for the D13 
2 and D33 resonances fall rather rapidly with Q . 

This is particularly noticeable for the D13 
1/2 2 N(1520), where E 2_ falls from 1.05 jib ' at Q - 0 

1/9 2 2 
to less than 0.1 \ib at Q - 1.0 GeV , while the 
magnetic multipole H ?_ falls much more slowly. The 
effect is associated with the well-known rapid 
changes in excitation of the resonances from mainly 

2 2 
helicity 3/2 at Q - 0 to mainly helicity 1/2 at Q 

2 > 1 GeV . More detailed discussions may be found 
ilsewhere (e.g., Ref. 17). An alternative and more 

2 instructive point of view is to compare the Q 
variation of the single-quark-transition-oodel 
(SQTM) parameters A, B, and C which describe the 

excitation of all the members of the [70,1 ] uulti-
plet: A and B correspond to orbit- and spin-flip 
excitation, and C corresponds to simultaneous spin 
and orbit excitation. The SQTM works well in the 
photopreduction limit where the parameters are 
necessary and sufficient to describe all the exci
tation and A, B, and C are roughly In the ratio 
9:4:4. The relations between A, B, and C and the 
dominant raultlpole amplitude are given in Ref. 17, 
and it is straightforward to determine A, B, and C 

2 as functions of Q using the results outlined in 
Table V.l- Figure V.l shows these results, and it 

2 is certain that at high Q the spin-flip amplitude 
B dominates. This behavior is expected from most 
explicit quark models, * and Fig. V.l also shows 
the results of a recent quark model calculation 
based on the successful photoproduction model of 

19 Kubota and Ohta. Two points may be mentioned: 
(1) agreement between the explicit model and the 
data could only be achieved by Including an effec-

2 tive quark form factor; and (2) at high Q the 
spin-orbit term C seems to go significantly nega
tive In contradiction to quark model expecta-
tions. 

The SQTM may be further tested by comparing 
the predictions K r the neutron-target multipoles 
of W / 2 resonances calculated from the observed 
values of A, B, and C with the results of the 
Daresbury deuterium-target experiments. This has 
been done with some degree of success by the Dares-

10-12,17 . . M bury group, and their results are given in 
Table V.2. 

The Pll N(144Q): Interest in this enigmatic 
resonance persists because two rather different 
theoretical approaches both predict that the M, 

2 multipole sign will change as Q increases from 
zero. In photoproduction, M. has the wrong sign 
according to the simplest quark models, but con
sideration of the large spin-orbit contribution to 

19 the excitation in an explicit model gives rough 
agreement with experiment. As in the [70,l"] mul-
tiplet, spin-orbit excitations become less impor-

2 tant as Q increases, so the multipole should 
revert quickly to its nominal sign- The same 

21 effect is predicted by Gavela using a "bag" model 
for electroproduction. Experimentally the situa
tion is still far from clear, but such sign changes 
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are certainly not ruled out. 

The F15 H(1680): All analyses of the data 
near the third resonance give consistent values for 

GeV^S 
x10"J 

500 
®\ A 

400 

300 » 

8 
T • 
• 

Q 2=0 
BONN 171 
NINA [14] 
DESY [31 

200 - •N \» 
100 •^ 

• 

10 20 
Q2(6eV2| 

Fig. V.l. The Q variation o£ the orbit-flip, 
•pln-fllp, and soln-orblt-flip parameters A, B, and 
C for the [70, 1 J multlplet. The curves are fron 
Ref. 18. 

the Ej_ and M- multlpoles for this [56,2+J multl
plet member. Table V.3 shows the results, and 
again the electric multipole falls much more 
rapidly than the magnetic multipole. This clearly 
agrees with the quark model expectation that spin-

2 flip amplitudes must dominate at high Q • 
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Table V.2. A comparison of neutron-target results 
at Q2-0.5 GeV2 (Ref.12) with SQTM predictions. 

1/2 Multipole pb 
Resonance <*"> Data SQTM 

S l l N°(1535) E<H-
- 0 . 1 1 - 0 . 4 6 

D13 N°(1520) E 2 -
M 2 -

- 0 . 5 5 
- 0 . 1 6 

- 0 . 4 3 
- 0 . 0 7 

D33 AU700) E 2 -
M 2 -

- 0 . 1 3 
+0.029 

- 0 . 2 0 
+0.036 

D13 11(1700) 
E 2 -

M 2 -

- 0 . 0 3 4 
+0.016 

- 0 . 0 9 3 
- 0 . 0 3 7 

S l l N(1650) <W - 0 . 0 9 - 0 . 3 4 

Table V . 3 The F15 N(1680) resonance ampl i tudes . 

Q 2 Amplitudes Mb) 1/2 

(GeV 2) E 3 - M 3 - S 3 _ Ref. 

0 .0 0.47 0.16 — 
0 .3 0 16 + 0 02 0.27 + 0 .03 7 
0 .5 0 12 + 0 10 0 .27 + 0.01 - 0 02 + 0 .02 14 
0 .6 0 .13 0.17 0.01 3 
1.0 0.01 0 .23 + 0 .02 0 01 + 0 .01 14 
1.0 0.07 0.15 0 .00 3 
2 .0 0.013 0.083 0 .00 3 
3 .0 - 0 . 0 8 4 0.038 0 .00 3 
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VI. Production Experiments 

Partial-wave analyses of course separate par
tial waves, whereas a peak in a cross section or an 
invariant mass distribution usually cannot be 
disentangled from background and analyzed for its 
quantum numbers; and more than one resonance may be 
contributing to the peak. Thus results from pro
duction experiments are kept under separate head
ings In the Listings (e.g., 1520 MEV REGION — PRO
DUCTION EXPERIMENTS), and they are not used for 
getting numbers in the Baryon Table. 

There is not much new on N and A resonances 
from production experiments in this edition, so we 
refer to the previous edition for a lengthy review 
of the diffractive production of Nn and NITTY sys
tems. 

Reference for Section VI 

1. Particle Data Group, Rev. Mod. Phys. J>2, S188 
(1980). 
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- 0 . 0 1 9 0 . 0 1 1 77 p | 0 PUTPR0 .501 . 2 1 2 / •> 1 - 0 . 0 7 6 1 DEPENDS 7 7 B]-i PHOTOPPOO. 1 / e 
- 0 . 0 7 5 0 . 0 1 5 78 D P H 3 / •> 1 - 0 . 1 2 5 1 NOFLLE 78 t» l -N PHDIOPRr i ) . 1 / 0 

CONVENED TO OJR CONwrNTlONS USING M , | . 4 8 6 W - . 6 1 3 PROM NOELLE 7 8 . 1 / 3 
- 0 . 0 6 9 0 . 004 80 P I N PHOTO fIT 1 1 2 / 1 
- 0 . 0 6 6 0 . 0 0 * nRAI 8 0 DPhA * ! U PH3TQ F I T 2 1 2 / 1 
- 0 . 0 79 0 . 0 0 9 BRATASMEV BO OPWA P I N PHOTDPRCO. 1 2 / 8 1 

0 . 0 1 5 C'AWFORD 80 DPWA PI N PMOTOPRCD, 1 2 / 1 
- 0 . 0 5 8 * 0 . 0 1 4 3 1 S H | | 8 0 OPHA 0 CO"PTON SCAT 12/ 

AVERAGE ^FANIN IUESS (SCALE FACTOR - 2 . 7 1 

0 . 0 5 9 0 . 0 5 6 O E ' . M S H 73 DPMA o| N PSO'OPRDO. 2 / 4 
( - 0 . 0 O U H C " 1 I 2 73 0 M M N TO P I O N S 

CONVERTED TO I3UR CONVENTIONS USING » AND M FPCM • A H E R 6 9 AND X - . 5 5 
» 0 . 0 0 2 0 . 0 2 5 MOOPHOUS 73 DPWA P| N PHOTOPROD. 21 3 

0 . 1 1 7 o.au P 0 5 5 I ' 3 CPW* 0 G-M •. TO P I - P 5 
CONVERTED TO a u p C O N V E N T I O N : . USING M »'(D W FRCM 8 0 S S I T S AND < - . 5 i 5 

1 0 . 0 8 3 ) BENEVENT 74 OPWA 
CONVERTED TO OUR CONVFN IONS i S I N G M-14T0 MEV. - « ? 3 0 MFV. X ' . 5 - i 5 

0 . 0 * 1 0 . 0 2 5 3 E V E N I S 2 T * OPUA PI N PHQT0PR03. 
0 . 0 0 0 0 . 0 1 3 XNIES 7 * DPWA P I N PH0T0PPC3. 2/ 
0 . 0 * 3 0 . 0 3 5 METCALF 74 OPWA P I H PHnTOPRDB. 2/ 
1 . 0 1 3 0 . 0 1 1 * o a n n o o s T * C P U * P I N P * « 1 T O P B I J O . 2f 

• 0 . 0 * 4 0 . OOT COAWFORD 75 OPWA PI N p M ^ n P R C D . It 
( * 0 . 0 5 8 ) BAR80JR tb OPWA PI U .>HOIOPRO0. 

• 0 . 0 5 9 0 . 0 1 b S A P B O U P r e DPWA P I - N PHOTOPPOD. 3 / 
( 3 . 0 6 ? ) NOELLE TH P I - N PHOl'JPRDD- 0 

C W V E B T f D TV OUR CONVENTIONS USING f l . 4 8 6 . W r . 6 1 3 FROM N3FLLE 7 8 . 1 / 0 
0 . 0 ? 3 0 . 009 APAI 60 DPWA P | N PH3T0 F I T 1 2 / 
0 . 0 | 9 0 . 0 1 2 PI H PHQTO F I T 2 2 / 1 
0 . 0 * 6 O . 0 1 5 CRAWFORD 80 DPWA PI N PHOTOPRGD. 2 / 

- 0 , 0 2 9 0 . 0 3 5 TAKEQA 9 0 DPWA e t x P K G i w a a a . i f 
0 . 0 3 0 0 . 0 0 3 F U J I ! ? l DPWA P I I I PHOTOPPCD. ?f 

ILESS (SCALE 

BRANDSEN ( ' "H 1 3 9 B1566 
ROPEft * 5 PR 1 3 8 8 1 9 0 
THURNAUE 6 5 PRL 1 * 9E5 

NAHYSLOM 6 6 PR 1 5 7 1328 

R05ENFEL 67 I R V I N E CCNF 

BAREYRE 6 8 PR 1 6 5 1731 
O C H H t t r t l bB PL 2 6 8 161 

ALSO 68 VIENNA 1 3 9 
ALSO 6 8 T H E S I S 

MORGAN 6 8 PR 166 1^31 

'EFERENCES FOP N * l / 2 ( 1 4 < 

J A M Y S L 0 H S K I . R A ; H I , R 0 8 ( P ' S T A N . F D 1 N . L 0 I C ) 

I H ROSENFELQ, SOOING 

AYED 70 KIEV CONF 
70 NP 8 2 1 3 5 9 
TO KIEV CONF. 
TO PR 0 2 I T 9 0 

P BAREVRE. C BPICMAK. G V I L L E T 
A DDNNACHTE, R G K I R ^ O P P . C IQv 
ODNNACHIE RAPPORTEUR- - 1ALK 
P G XIRSOPP 
0 MORGAN 

R AVEO.P BANEVRE. G V1LLET 

I S S C L A Y I I J B 

MAKAROV 
MICKENS 
ALMEHED 72 • 640 157 

* G A S I L O V A . N E l Y ^ ? I N , 
R E MICRENS 
•LOVELACE ( L U N D . R U T G I I J P 

DEVENISH 73 PL * 7 B 5 3 
HEHMI1 73 PL 4 3 8 TS 
HEMMIZ 73 NP B55 3 3 3 
LEE 73 PRL 3 1 1C29 
LEMOIGNE 73 PURDUE CONF. 
MOORHOUS 73 PL * 3 B 4 * 
ROSSI 73 NC 13A 5 9 

AlSO 7 1 LNC 2 J 1 6 3 

BENEVENT 74 NC I 9 A 5 2 9 
OEVENISH 74 NP B 8 1 3 3 0 
0EVEN1S2 7 * PL 5 2 B 2 2 7 
KNIES 74 PRO 9 Z 6 6 0 
METCALF 7 * NP B76 2 5 3 
HCORHDUS 74 PHD 9 1 

DEVENISH.RANR1N.LYTH ( L O U C » a C N N * l A N C ( I J P 
H t M M l . I N A G A K I * ( K Y O r O * S A G A * ^ E K * T O K Y ) l J P 
* I N A G A K I , « I K U C H I . H A X I . M I Y A K E * (KYOTO-TOKYO) U P 
LEE,SHAH 1 X I * R 0 Y A t . HOLLOMAY C0LLEGE1IJP 
*GRANET,MARTY, A Y E 0 . e A R E T l l E > 6 0 R G E A U 0 T * t S A d l l J > 
HOORHOUSE. OBERLACK ( C L « 5 + L 9 L I I J » 
* P ( A I I « T S U S I N N O I * ( R O M A . F R A S . N A P L . P A V I A I I J P 
CARBONARA.FIORE<* I « A P L . F R A S . P A V 1 A . N O M A I I J P 

BENEVENTANOfOANGELO.NOTARISTEFANI , * I R D M A I I J P 
D E V E N I S H , FHOGGATT.MART I M O E S Y . N O R D I T A . L O U C I 
O E V E N I S H . L V T H . R A N K I H IOESV.LANC,BONN1IJP 
KNIES>MOORHOUSE<OBERLACK I L B L . G L * S ) I J P 
M J "ETCALF.R L WALKER I C I T 1 I J P 
MOOOHOL'SEiOBERLACK.ROSENFELD I G L A S * L 8 L ) 1 J P 

4 / 7 5 CRAWFORD 75 NP 8 9 7 1 2 5 
4 / 7 5 FELTE5SE 75 NP B 9 3 2 4 2 
4 / 7 5 | KRIVETS 75 SJNP 20 * 3 3 

ALSO 7 * SJNP 19 112 
1 1 / 7 5 1 LONGACRE TS PL 55B * 1 5 
U / 7 5 ALSO 78 PRO I T 1795 
1 1 / 7 7 

I L B L . S L A C H J P 

• H I R O S H N I C H E N K D . N I K I F O R C V . S * ' 
K R I V E T S . N I K I F O R O V . S A N I N . S H A L A l 
*ROSENFELD,LASINSKI ,SMADJA* 
LONGACRE,LASINSX1*R0SENFEL0* 

AYED I T H E S 1 S I t S l C D I J P 
I . M. BARBOUR,* . L . CRAWFORD I G L A S 1 I J P 
* F U X U S H I M A . H 0 R 1 K A M A , R A J I K A H A * I N A G 0 Y A * 0 S A X A I I J P 

*AK0POV,BAG0ASARVAN IVEDEVAN PHYSICS I N S T . I I J P 
F . A . B E R E N D S . I . D O N N A C H I E ( I E 1 0 . " C M S ! I J P 
LONGACRE,DOLBEAU I S A C L I I J P 
O O L B E A U . T R I A N T I S . N E V E U . C R D I E T I S A C L I I J P 

B ARBOUR iCRAUFORO* PARSONS IGt-ASt 
P . NOELLE (NAGOI 
- fROwNiCLARft .OAVTEStOEPAGTERi EVANS* I R M E L M J P 
*F i j . -SYTH,HENDRICK, KELLY 1CARN*L6L1 IJR 

SCATTERING. PHYSIK DATFN V O L . 1 2 - 1 
* K A I S E R , M O C H , P I E T A R I N E N /KARLSRUHE I J P 

ALSO 8 0 TORONTO CONF 3 R.KOCH (KARLSRUHE I I J P 

AYEO 7 6 C E A - N - 1 9 2 1 
BARBOUR 76 NP B i l l 358 
FELLER 76 NP B I 0 4 2 1 9 

AZNAUR'A 77 E F I - 2 6 4 I 5 T I -
BERENDS 77 NP S I 3 6 3 I T 
LONGACftE 7 7 NP 8 1 2 2 493 

ALSO 76 NP BIOS 365 

BARBOUR 78 NP B l * l 2 5 3 
NOELLE 78 PTP 6C 7TB 
BAKER 79 NP B156 9 3 
CU7K0S*Y T9 PRD 2 0 Z 8 3 9 
HOfHLE* 79 HANDBOOK OF P 



Baryons 
N(1440) 

Data Card Listing 
For notation, see key at front of Listings 

ARAJ 6 0 TORONTO CDNF 9 3 I . * R A | ( T D K * ) 
BRATASHE 8 0 NP 9 1 6 6 525 BRATASHEVSKI J . G 0 A 8 E N K 0 , OEREBC»[NSKIJ**KMARI 
CRAWFORD ftO TORONTO CONF 107 R.L.CRAWFORD (GLASI 
CUTKOSKY 8 0 TORONTO CCNf 19 *FO<(SVTH,eArlCOCK.KFLLV.HEN0R ICK < C A R N * L B D I J 
I 5 H I I 8 0 NP 9 1 6 5 181 I S H I t . E G A W A . K R T O . M i r A C H I * !KV0T*TOKY) 
TAtEDA BO NP 6 1 6 8 17 T A K E D A . R R A I . F U J I I , I K E D A , 1 W A 5 A K I * (TOKY) 
f - O J U 8 1 W 0 1 6 7 5 3 F D J I I . H m S H H . l W A T A . K R J I K A U A * I T W Y I 

PAPERS NOT REFERRED TO I N DATA CARDS 

BAREVRE 64 PL 8 137 • BR ICMAN,VALLA0AS.V1LLET . * (SACLAY.CAENI 1 
BAREYRE 6 5 PL 1 6 3 4 2 +BRICMAH, S T I R L I N G , V I L I E T ( 5 A C L A Y I U 
DAL1TZ 6 5 PL 14 1 5 9 R H D A I I T I . R G MODRMOUSE ( O X F . O H E L I 
40HNSCN 6 7 U C R L - L T 6 E 3 TWE51S C « JOHHSOM U » l » 
0ONNACH1 6 9 " P 10B 4 3 3 A DONNACHIE, R KIRSOPP IGLAS*ED1N1 
WALXEfi 6 9 PR 1 8 2 1729 R I WALKER I C I T I I J 
AYED TO PL 31B 598 * B A R E V R E . V I L L E T I S A C L ' V ) 
6ERAHD0 7 0 RRL 24 4 1 9 • H A O O O C K . N E F K E N S , . . .PAR S O U S * . . IUCLA*Lf tL l 
AYEO 72 RATAVIA C " f F R AYEO.P BAREYRE. Y lEMOIGNE IS»CL> 

THE FOLLOWING ARF 
RESN1C* 6 6 PR 1 5 0 1292 
SCHWAR2 6 6 <"> 1 5 2 1325 
BALL 6 T PR 1 5 5 1725 
GOLDBERG 67 PR 1 5 4 1556 

HEQRET1CAL PAPERS CONCERNING THE 
L RESN1C* 
J H 5CHUARI 
JS B A I L . GL SHAW. 01 fcCNG 
H GOLDBERG 

1440 MEV REGION - PRODUCTION EXPERIMENTS 
1 * 1 / 2 1 1 4 4 0 . JP> PRODUCTION EXDER1HENIS 

UN&EP T H I S HEAD1MG * E IH tLUOL A l l BUMPS WHICH L I E WELL 
BELOW 1 5 0 0 MEV. SEE THE M I N I - R E V I E W PRECEDING T IE N 
AND DELTA L I S T I N G S FOR A DISCUSS ICN DF PRODUCTION 
EXPERIMENTS. 

I 1*00.1 
I 1*25. I 
11430.1 
(1*00. ) 
1 1 4 0 5 . 1 
1 1 4 1 0 . 1 
I 1400. ) 
(1*60.I 
( 1 4 2 0 . 1 
( 1 4 0 3 . 1 

I 7 5 ( 1 4 4 6 . 1 
THE EFFECT 
DISAPPEARED 

I 1 3 9 3 . 1 
1 2 0 1 1 4 4 3 . I 

(1410 . ) I 
11430.) I 
< 1 4 6 0 . } 
( 1 4 6 1 . I I 

1 2 0 ( 1 4 6 2 . 0 1 
I 1425. ) I 
( 1 4 1 1 . 0 1 I 

6 4 ( 1 4 1 0 . 0 1 I 

I 1440.I i 
I 147 -J . I 
11433.) 
1 1 4 5 0 . I 

PWA I N D I C A T E 
S-wAvE D E I T A * . 

(1453 . ) I 
( 1 4 6 2 . I < 
( 1 4 6 6 . 1 ( 

COCCONI 64 C M " < 
AOELHAN 65 HBC ' 
ANKENBRAN 65 CNTR < 
BELLETTIW 65 SPRK ' 
ANOLRSON 6 6 SP«K t 

6 8 HBC 
6B DBC 

'ROWEO DATI 

PP 3 . 6 - 1 2 G E V / t 
< - P 1 . 4 5 GEV/C 
PP T . I GEV/C 
PP.D 1 0 - 2 6 GEV/C 
PP, 6 - 3 0 GEV/C 
OP 2 . B - T . 9 GEV/C 
P I * - - P ANO PP I 
P 0 - O 2 P I . IQ5EV/C I 
0 1 * - P , 6 GEV/C 
P I - P . B GEV/C 

I 7.0 1 
."OST 

1 2 0 . ] 
( 1 5 . 1 

, 6 . 1 

ANDERSON 
BALLAM 
B W O V 
BOESEBEC 

TO * 
HBC 

71 HBC • 
7 1 RVUE 

MA T l Hfct ' 
RUSHBRQOKETl HBC ' 
E0ELSTE1N 72 NMS < 
G«GE 

» TO 0 | 0 , 
' 22 GEV. 
I - P TO 0 1 - MMS 
l * - P AT 16GEV 
I - o 4 . 4 5 G E V / C 

i - o PPLO 
P TO P 

• TO P2P I 
01 

4 5 / 4 5 KARSHON T2 DBC 
RONAT 
LICHTMAN 
LlCHTMAK 
BLOBEL 

• ENHANCEMENT I S PRIMARILY 

T2 HBC 

T5 HBC 

P D — PD 2P I T Or.V 
1 2 / 7 2 
1 2 / 7 2 

2 / 7 3 

• TD * P I * ( 

I I T M I 
• L L I 

1 1 0 . I 
I 1 4 2 0 . 
! 142 5 . 

Z 2 . 3 / 2 - . 
75 SPEC -
T5 SPEC • 
75 SPEC « 
75 KBC 
75 6C 
76 * e e 
7 6 HBC 

CAVALL 
CAVALLI 
MUSGRAVE 
SIRACHKA 
ATHERTON 
RliSMBRCO 
RUSHBRQO 
APPLE 
APPLE 
HSINEN 
NEIHEN 
EKFLOF 
KENNEDY 

APFLOOOP' 

FJKUNAGA 8 0 HBC 

HBC 
TT SPEC « 
TT SPEC -
TT HBC t 

PP TO 2 N * . W - 5 3 G V l / 7 b 
K* 0 TO K P I N 1 1 / 7 5 
NBAR I N R>1 I | / 7 b 
PBAR P 5 . T GtV 2 / 7 7 
o P ) . Sl-WAVE 2 / T 7 

H-B T f ROBAB N«0 
p Mfc—P P I » [ HE 
" I * P l f>. 3 GEV/1 

WE L I S I PFLDt* THOSE I P I N l ENHANCEMENTS "EARtNG WELL 
A M , PflOOUCED - I T H O L " CHARGE E*tH«NGE AT LOW MCMENTO" 

ISSAUER T2 OBC 0 •<• 
1 1 2 5 0 . I 
I 1 2 3 0 . I 
I 1 2 3 0 . 1 

BRAUNZ 75 1N0. STRACH 
( 1 3 5 0 . ) 

CHADWICK T6 CGNCLUOE 
RESONANCE I S HIGHLY 

6 0 0 ( 1 3 4 4 . ) 1 5 . 1 

BE'LANO 
B0«UN2 75 6C 
S T P i C H M * 75 BC 

INALYSE THE SAME DATA. 
CHAOWIC* 78 HYflfi * 

1 INTERPRETATION OF THE1 
) L E . 

JKUNAGA HBC 

«1 N * I / 2 I 1 4 4 0 I WIDTH | « E V ) ( P R P O . 

BELL 6 8 M6C 
SHAPIRA 66 OPC 
TAN 6B HBC 
RMOCE bl WBC 
ANDERSON TO MMS 
BALLAM T l MBC 
BEKETOV T l HBC 

• P I * - iT I6GEV 
I - MASS 
. K - P PAGO 60ESEBEC 

1 2 0 / 8 0 MA T l HBC 
T H I S I S NOT THE USUAL N * U 4 4 0 I . 

RUSHBROOKETI HBC * RP TO P 2 P I 16GE' 
E O E l i ' M I T2 K"5 • OP 6 TO 30 GEV 
GAGE T2 OBC 0 PD 5 . 9 G E V / C 
KARSHON 72 OBC * P 0 - - P 0 2 P I 7 GEY 

2 / 7 2 
3 / T 2 
3 / 7 2 

1 0 / T l 

I SlSharsr 

RONAT 7? HBC P I » P I S 3 1 P 2 / 7 
LICHTMAN / 4 CBC * P 1 * P TO I P I P 4 / 7 
LICHTMAH f 4 HBC * P l - P TO 3 P I P 4 / 7 
C A V A I L I rs SPEC * PP TO 2 N * . W ' 2 3 G V 1 /7 . 
C A V A l L t ; • . SPEC * PP TO 2 N * , J . 3 1 G I * 1 / 7 
CAVALLI r̂  SPEC * PR TO 2 N - , * I - 5 3 ( . V 1 /T 
MUSGRAVE T5 f* P TO « P I N 
ATHERTON Tf. HBC PBAR .- 5 . T GEV 2 / 7 
RUSHBRDO 76 HBC P P I - SI -WAVE 2 / T 
RUSHBRCr T6 P P I - PI -WAVE 2 / T 
APPLE 'F SPEC * P P TO P (P P I 0 1 1 / T 
APPLE It SPEC * P P TD P [ N P I * ) 1 / T 
H E I N E N HBC * •t-P TO K- N » * I / T 
HEINEN IT HBC C K-P TO HOBAR N * 0 1 / 7 
EK6LDF IH SPEC * p ME—0 P I P I H£ 1 / T 
APELOOOPN 7 9 HEC * - PBAR P T . 2 GEV/C I 2 / T 

FUKLTNAGA 8 0 HBC 

•ELL 9ELDW 1 4 0 0 MEV. 
LISSAUER 7 2 D6C 
FJNUNAGA BO HBC 

l * l / 2 ( 1 4 4 0 ) INTO P I N 
1 * 1 / 2 1 1 4 4 0 1 INTO N 01 PI I 
1 * 1 / 2 1 1 4 4 0 ) IfcTO N * 3 / Z M 
1 * 1 / 2 1 1 4 4 0 ) 1 M 0 H P I P I 
1 * 1 / 2 ( 1 4 4 0 1 INTO GAMMA * 

ITIAL. DEC*.* MOOES IPROO. E i : o . » 

9 3 8 * 1 3 9 * 1 3 0 
1 2 3 2 * 1 3 9 

1 1 4 4 0 ) INTO f 

2 1 1 4 4 0 ) BRANCHING RATIOS IPROO. E * P . I 

/ ; i l 4 4 0 l IMO IPI t 

[ 4 4 0 1 INTO I N * 1 / ; 
PROBABLY SEEN 
PROBABLY SEEN 
DOMINANT 

P I I / T O f A l 
JESPERSEN , HBC 
LAMSA 6 8 HBC 
BLOBEL T5 HBC 

OP 22 BEV/C 11/68 
11/68 

1/T8 

1 * 3 / 1 ( 1 2 3 2 1 PI W t t t 0 
f " E t N E N 
FINAL, STATE ONLY. 

REFERENCES FDR 1 1 / 2 ( 1 4 4 0 ) IPROD. EKI 

ANDERSON 
SLAIR 

64 DL 8 134 
65 POL 14 1043 
65 NC 35 I C 5 2 
65 01 18 167 

JESPERSE I 
L A*S A I 
SHAPIRA I 
TAN I 
RHODE ' 
ANDERSON " 

BALLAM 

RUSHSROO , 

EDELSTEI : 
GAGE 
LISSAUER ' 
< AR SHCN 1 
RONAT ] 
Y E K U T I E l 1 

I PR 0 4 1 9 4 6 
1 SJNP 13 6 0 5 
1 NP B33 4 4 5 
1 ORE 26 3 3 3 
. OR D4 3 2 7 3 

! BR D5 1CT3 
< NO B46 21 
! PRO 6 1B52 

t L l L l E T H l t N . S C A N l O N . S T A H L f u ' A N O T . * I C E R M 
S I ADELMAN ( C A M B R I O G E ( C E « N I I 
ANitENBflANDT,CLYDE. CORK. KEEFE.KEPTH* ( L R L I 
B F L L E T T l N I . C a c f O N I . O I D D E N S * I C E R N I 
» B L E S E R . C n L l I X S i F U J I t . * IBNL .CARN) 
• TAYLOR.CHAPMAN.* lHARWELL .OOEENMARV.OHED 

* J D N E S . L I N D E N B A U M , L C V E t O Z A K l * I I N I I 
*RUSHBROOKE.SCH*RENGUIVEL* 
tCRENNELL.HOUGH,KAOSHCN,LAI ' 
J E S P E R S E N , K I N G . t E R N A N * 
tCASax.BlSWAS.DERAOO.GROVES' 
•eENARY.E ISENBERG.ROMAT.YAFI 
T A N . P E R L . M A R T I N . V H I N ' n',Klj • 

• C H A D W I C t , G U I RAGOSSI A N . JOHNSOI;. • • 
* 7 - D M B K 0 V S K | I . i ( 0 N 0 V A L 0 V . * R l J C H I N I i < . * * ( 1 T E P I I J 
BOESESECX.GRAESSLER.KRAUS. • • • IA9BCHLV1 I 
•COLTON ( M S U * L B L l I 
RUSHBRoa iE .WH.L IAMS*BAREFORD** ( C A V E . L O I t l I J 

CAVF . D E S Y I 
IBNL CUNYI 
DWA STATE 1 
OTPE GA"EI 

REHG1 
• •JC 11 

nsui 
IBNL CARN) 

SLAC1 1 

""?iSir 

C H A D W I C 
EKELOF 
RENNEDi 
APELOCOR 
APE L DOOR 

ALSO 

ili 
ssit's 

ILKEft 
68 " 

CLEGG 
&L.EXANOE 73 NP I 
ANSORGE 73 I P E 
BEAURRE 73 NO e 
COOPER 74 NP I! 
DEUTSCt*^ T^ SP E 

EOiLSTEIN .CAHRIGAN.H|EN<MCMAHDN.« 
H GAGE.E COL TON,W CH1NQWSKI 
* F I R E STONE.GINESTET.GOLDMABER.TRI 
* Y E « U T I E L I . Y A F F E . S H A P ! R A , R D N A T . * 
• S I S F N B E R G . L Y O N S . S H A P I R A . T O A F F t 
V E R U r i E L I . V A F F E . S H A P I R A . R O N A I * 

B E R t A N D , H A 6 E R , H O D O U 5 . H U L S I 7 E R | * ( M I T I I 
9ERLANO.HABER.KO0OUS.HULS I ZER<* ( M I D I 
L lCHTMA' ; ,B ISWAS.CASON.KENNEr .MCGAHANKNDAM) I 

• ESKREYS.FESEFELDT.FRANI * I B0NN*HAM9*MP1MI I J P 
•GEReER.MAURER.MICHALCN.SCHlBV* STBHB.LPNP I 
CAVALLl -SFORJA.CONTA* ( P A V | A * P I I M 
C A V A L L I - S F O R I A . C O N T A * ( P A V I A t P R I N I 
•PEETERS.SCREINER.WHITMCRF.VUTA I I N L 1 
STRACHMAN.BRAUN.GEReFR.MAURER* I t P N P * S T R B > I 
STRACHMAN ( L P N P ) I 

ATHERTON.FRENCH.SRURA,BCHM* (CERNtPRAGt 
RUSMRBOCnE,RAJA,ANSOROE.CARTER.NEALF ICAYE) J ' 
• AS H.CHENG,COYNE.GROSSMAN* ( P R I N * B * V 1 A I 
* E N G E I E N , K I T T E L . M E T I G E R * I M J M * B M S T * C E R N I I J P 

•CRRROLL.CHALOURKA.BALLAM* (SLAC*C1 T * L B L 1 I JP 
•HER2.MAGE ERG,*ULL ANDER* I C E R 1 * U P P S * L 0 U C ) I J 
• l E M A n v . B E A U F A Y S . K E Y . L U 5 T E . P R E N T I C E * (TNTO) 
VAN A P E L O O Q R N . H A R T I N C M C L T H U U E N * ( A * S t l 
VAN A P E L O O O R N , H A A T I N G * t A H S T > H E L S H I V P * S T O H I 
•HAMAT5U.HIR0SE.KITAMURA.VAMAGATA ITDKY11 
H I R D S E . K A N A I . K I T A N U R A . K O B A Y I S H I I T 0 K Y 1 I 

PAPERS NDT REFERRED TO I N DAT* CARDS 

• S M I T H . H O J C I C R I . C O L T D N . S C H L E I N * I L R L . U C L A 1 
• A P P E L . B U D N 1 T I , C H E N , D U N N I N G , G O I T E I N * (HARVI 
• THOMPSON, ROBERTSON,OH,IEE .HABTUNG, * ( M l S O 
CLEGG (LANCI 
ALEXANDER, BEN ARV* I T E L - A V I V*HE1DE|.BERG*0ESY I 
ANSORGE.MADEN.NEALE.RUSHBROOXE I CAVE 1 

IAACH*BERl*BOKN*CERN*NDAM*PENN*TOHDI I 
COOPER. SEIOL.VANDERVELOE I M I C H I I J P 
T l E i J T S C M M I i N N t l A A t ^ S O N N t B E R l ' t P f N U R A C t H E I D l 
• D A V I D S O N , O I I E R P B . F I P E S T O N E * I C I T t S L A C * L B L ) 1 J P 



Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
N(1440), N(1520) 

C AS NEY If. HP f l l O 24B 
DEKERRET Tf> PL 6 3 6 4 7 7 , 4 8 3 
RUSKBRDC PRO 1 3 1835 
S G T I R I O U If. MP B107 4 5 7 
B l t O N n NC 42A 4 1 1 
HARRIS MP 8 1 1 9 189 
OTIEH n MP 3 1 3 0 3 * 9 
B IEL IH PRO I S 3 0 7 9 

ALSO rt, PRt 35 5 0 * i 5 0 7 
GOGGtl TH i" 79B 1 6 5 

ALSG It PL 72B 261 
GDSGI2 rR NP 9 1 * 3 365 
I OS CMC* FH NC 48 f t 335 

ALSO IS e t a a E t 
OTTER If) NP 8 1 ) 9 365 
HUMLEMAN in M P B i ' i i e i 
9AKKEN 
GOGGI 79 NP 3 1 6 1 I * 
NACGREGO BO LNC 2 8 SS 

• C O L I F Y , JONES. KENYON* t B |R"» BRUX*C E « N » " 0 N S H Jl 
• NAGY.REGLEP..BRANOT* ICERN*HA"B* I P N « V I E N ) 
RUSHBROOKE.RAJA.ANSOftGE.CARTER.NFALE ( C A Y E ) I J I 
D . S O T I R I O U f C E R N I I J I 
•BARNHAM.DDRNAN.EASON. POLLOCK* I L O I C I I J i 
* L U « A T T I . M 0 R I Y A 5 U . n i N G M A N * (WASH*uCB> 
* H U D 0 L P H , H i £ C 2 0 R E K * I AACH*BERL*RONM»C£RNI I Jl 
* F E « B E L . 5 L A T T E R V * I ROCH*NwE5*FNAL*SL*CI 
B I E L . B L E S E P . F E R B E L * IROCH*FNAl *SLAC*NMESI 
*CAVALLI -SFORZA,CONTA* ( C E R N * P A V I I 
GOGGI .MANTOVRN1.CAVALLI -SFORZA* ( C E R N t P A V I l 
•CAVALL1-SFOR2A.CONTA* ( C E R N * P A V I I 
• S C H R O D E R . 6 L 0 B E I . F R A N Z * ( B D N N * H A H B * H P l M I I J l 

•RUDOLPH* ( A A C H * 8 E R L * C E R N » L O I C * V I E M I J t 
MUHLE1IMN.CARITMERS.FERBEL.L I IH* (POCHtMCf i t l 
•JACaESEN.r.ENNDW* ( U S L 0 * S T 0 H * H E L 5 * A e 0 1 
• C Q N T A . F R A T E R N A L I . L I V A N * (CERN*PAVI * T R S T I 
M.M.HACGREGriP ( L L L I 

N(1520) i2 N»1/2U520, JP'3/2-l LI / ; 
r w i s RESONANCE I S WELL ESTABLISHED. 

6 2 N » l / 2 I 1 5 2 0 I 

1153a BRANDSEN bS RVUE 
11536 0 1 ROPER RVUE 
1 1 5 1 0 SAREYRE 6fl PVUE 

ERE CR0S5 SEC IS GREATEST - EYEBALL 
1 1 5 M SI DONMAC H I 

AYED 
6 « RVUE 

) P M A 
FROM ENER. OEP. F I T OF ARCANE DIAGRAM 

( 1 5 1 2 1)1 DAVIES 70 RVUE 
1 1 5 2 0 I ALMEHEO 7? IPWA 

1501 II 1 5 0 3 . CRAWFORD rs OP MA 
1 5 7 * 1 5 2 0 . LONGACRE IS [PWA 

T H E ; si I S ue P A R A M E T L ; S ARF :RDM METHODS AND 2 H 
U 5 2 S . 1 AfCO if. I PWA 
1 1 5 0 3 - BARBOUR if. DPWA 
1 1 5 1 0 . BEREN05 it 
1 1 5 1 0 . 1 LONGACRE TT IPWA 

I l l LOWACI ETf PARAMETERS ARE FROM SOLUTION S 2 , EKC 
POSIT IO ' K M IS FRDH Si LUT10NS S I AN[ 

( 1 5 0 3 . BARBOUR TR 
SUPERSEDES 1 ARBOUR 7 6 . 

( 1 5 2 5 . ( 1 5 . 1 CUTKOSKY 79 IPWA 
1 5 1 9 . MOEHLER 79 IPMA 

m CRAWFORD DPWA 
1 5 2 5 . 1 0 . CUTKOSKY 80 IPMA 

I A S E - S H I F T ANAL 

AVERAGE MfANM.GLESS (SCALE FACTOR 

N 1 5 2 0 I WIDTH IMEVt 

( 1 2 5 . 0 1 
( 1 4 S . 0 I 
( 1 3 1 . 0 1 

11?? 1 
( 1 3 f 1 
( 1 0 5 1 
1 1 1 0 . 
( 1 1 5 
1183 
I12!> 

> ( 1 2 * . 0 ) 

BAREYKE RVCE 
D0NNACH1 FVUE 
AYED IPWA 
DAVIES 70 RVUE 
ALMEMEO 7? 
CRAWFORD 75 DPWA 
LONGACRE 75 IPHA 
AYED IPUA 
BARBOUR 76 
BERENDS TT I PWA 
LONGACRE IPMA 
BARBOUR OPWA 
BAKER OPWA 
LUTKOSKY 1PWA 
HOEHLER IPMA 
CRAWFORD 
CUTKOSKV 8 0 IPHA 

H PHOTOPROD. i n . 
N TO 2 P I N J l / I S 

2 GF LONGACRE T 5 . 

N PHOTOPROO. 

S - N PHOTDPRCD. i'/A" 
T FOR THE POLE ii'Ji 

PI - N PHOTOPROD- s/J2 
N TO P I N 

PI N TO P I N 
PI N PHDTOPRDD. 

N TO P I N 

S ANAL SOL A 
•si 

:: 
N PHOTO PR DO. 
N TO 2 P I N 

N PHOTOPHOD. B 
- N PHOTOPROD. 

N TO 2 P I N 
N PHOT0PRO3. 

0 P I - P TO ETA N 

N TO P I N 
PI N PHOTDPROO. 

N TO P I N 1 / B 2 * 

1 * 1 / 2 ( 1 5 2 0 1 REAL PART OF POLE PQS1I 

( 1 5 1 * . I 
1 5 0 8 . 

< 1 5 1 0 . I 
1 5 1 0 . 

PI N TO 
PI N TO 2 P I H 1 1 / 7 7 

N TO n » 1 2 / T 9 
PI N TO 1 / 8 2 

• 1MAG PANT OF PCLE P O S I T I O N ( m 

LONGACRE T5 IPM1 
LONGACRE TT IPW< 
CUTKOSKY 7 9 1PM1 
CUTKOSKY BO I P M 

l l / T T 
1 2 / 7 9 

1 / B 2 * 

N * l / 2 ( 1 5 2 0 ) REA[ RT OF ELASTIC PCLE RESIDUE (MEV) 

PI N TO P I N 

I » 1 / Z I 1 5 2 0 I IMAG PART TF ELASTIC PGLE RESIDUE I K E V I 

N « l / 2 ! 1 5 2 0 1 I M D P I » 
^ * l / ^ ( l 5 ^ 0 1 INTO X « 3 / 2 ( 1 2 3 2 > P I 
N * I / 2 ( 1 5 Z O I IKTO N P I P I 
N « I / 2 I 1 5 2 C I * INTO NEUTROM P L 
N « l / 2 ( t 5 2 0 l + INTO PROTON P L P | -
N » 1 / I ( 1 5 2 0 I I M O N ETA 
N » I / 2 1 I 5 2 0 I (NTO « EDSlLON 
N * I / 2 I 1 5 2 0 I ISTO N RHD 
N " 1 / 2 I I 5 2 0 1 INTO GAH P , M E L I C I T Y - l / 2 
N * I / Z I I 5 2 0 I INTO GAM P , < I E L I C I 1 Y » 3 / 2 
N ' l / 2 1 1 5 2 0 1 INTO CAM S . H £ U C I T V = 1 / 2 
H - I / 2 1 1 5 2 0 1 INTO GAM N , H E L I C I T Y O / 2 
N * 1 / 2 ( I S 2 0 I INTO K LAMBDA 
N « 1 / 2 I I 5 2 0 1 I M O N * 3 / 2 ( 1 2 3 2 l P I .S-WAWF 
N M / 2 U 5 2 Q I I M O Y * 3 / 2 ( 1 2 3 ? l P I . D - W A V F 
N » l / ? ( 1 5 2 3 l ( i m N R H 0 . 5 - 3 / ? . ^ - - A V F 

S39» 1 3 9 * 131 

4 2 N * l 21 1 5 2 0 BRANCHING R A I | O S 

N» 1 / 2 ( 1 5 2 0 1 I NTO ( P I N ) / T O T A L 
( 

1 ) 
1 
3 isisi! 

BAREYPE 
DONNACHI 

6fl PVUF 
^ RVUE 
TO IPWA 

1 1 / b T 

7 !!:?!! 
DAVIES 7 0 FVUF 

72 IPWA 
76 1PWA 

r - s ANAL SOL 8 / 6 9 
i / T 2 

1 1 / 7 7 
CUTKOSKY 79 IPWA P| -I TO P ' ' I 1 2 / 7 9 

0 . 0 3 HOEHLER P| N TO P | ' I 1 2 / 7 9 
0 . 0 3 CUTKOSKY BO IPMA PI N TD P | •( 1 / 8 2 

SEE THE NOTES AccnMp NY INC Ht HA55FS OIK T I E D . 

ALtOS T THE ENT1R E IHELA T I C I T Y IS IN N P I P I C M Y H F ' A cmjLD COMPET 
AN3 1 0 O E S N T 1 . T H E n 1 P I SEEMS TO BE M( •1L» N » 3 / 2 ' 12321 ° I . I N BO 
S AND D WAVES. 

1AGE MEANINGLESS (SCALE FACTOR • 1 . 0 ) 

( • 1 / 2 ( 1 5 2 0 1 INTO 1 N » 3 / 2 I I 2 3 2 I P I I / F C T I 
0 . 2 0 0 . O 5 M R ! 
DOMINANT INEL OECAY DLSSON 

( 0 . 4 D I D IEM 
ASSUMING H I - 0 . 5 

P L 0 . 7 2 9 / 6 S 

1*1/2(1520 INTO I N * 3 / 2 I W 3 2 I 
LARGE 
LARGE 
LARGE 
LARGE 
LARGE 

J M / Z I 1 5 2 0 ! INTO I N E P S I L O N ) / ? 
PROBABLY PRESENT 
1 0 . 0 2 1 

ASSUMING R L 0 . 5 

= M l / t N PT P I 1 ( 
THURNAUE" 65 PVUE -
•lAMT^LOWS 6 6 RVUE -
ROBERTS 6T RVUE -
RO5ENFEL0 6 7 RVUE -

3 B1DY ANALYt 

ISOBAP "OOFL 

N * l / 2 ( 1 5 2 0 l INTO I N ETi 
0 ( 9 . 0 0 6 1 APPRO* 

OAVIES 67 G I V E S SEVERAL I 
B ( 0 . 0 1 4 1 
B (0.0031 10-0011 
a (o.oozicR o.oo* 

/TOTAL I P 6 I 
DAVIES 6 7 BVUE 

LJES DEPENDING ON INPUT DATA- ALL ARE SHA1 L 
BPTPE 6 9 HPMA T POLE* " E S O N . 
DEAtS 6 9 CPUA T POLE* OESON. 
CARRERAS TO UPWA T POLE* RFSON. 

N * 1 / 2 I 1 5 2 0 ) FRC« P 
- 0 . 0 7 6 0 . 1 

EXTRAPOLATION OF I 

I TO K LAMBDA 
• OEVENISH 
1AMETRI IE0 AMPLITUDE s.»»ESi'! 01SP PEL * / 7 5 

S 0 R T ( P l * P 7 1 
75 IPWA P I N TO 2 P 1 f 
77 IPWA PI M TO 2P1 I 

N * I / 2 I I 5 2 0 1 FOCH P I N INTO H OPSILON 
( 0 . 0 1 OR * 0 . 1 7 LONGACRE 

( » 0 . 1 3 1 LONGACRE 

1 * 1 / 2 1 1 5 2 0 1 FROM P I N TO N * 3 / 2 ( 1 2 3 2 1 P I . S - W A V E S Q R T ( P | * ° L * I 
L 0 . 2 7 1 D R + 0 . 2 * LONGACRE 7 5 IPMA P I N TQ 2 P I ' 
L 0 . 2 6 I LONGACRE TT I P M P I <i TO 2P1 r 

LONGACRE 77 CONSIDER T f l S C C " R U N G TO BE WELL DETERMINED. 

"• ,":;.':;i,::D:orj." 10 N * 3 / 2 I 1 2 3 2 1 P I . O - W A V E S 0 R T ( P l * P | 5 
LONGAttE 75 IPWA PI V TO 2 P I I 
LONGACRE 77 IPMA P I N TO 2 P I I 

HIS COUPLING TO BE WELL O E T E P ' I N E D . 

1 * 1 / 2 ( 1 5 2 0 1 FRCM P | N TO N R H D . S - 3 / 2 . S - W A V E S 0 R T I P L P L 6 J 
1 * 0 . 3 2 1 1 " * 0 . 2 * LONGACRE 75 IPWA P| N TO 2 P I ' 
1 * 0 . 3 5 1 LONGACRE 77 IPWA PI N TO 2 » l F 

LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 

SUPERSEDES LfHOIGNE 73 USES M AND W 0 AYEO T 6 . l l / T T 
( 0 . 0 2 1 BAKER 7 9 OP MA 0 P I - P TO ETA N 1 2 / 7 9 

f.2 M * I / 2 ( 5 2 0 1 PHOTON OECAY A M P K G E V * * - 1 / 2 1 

FOR D E F I N I T I C N OF GIMHA- IUCLEON DECAY AMPLITUDES SEE **1NI 
EVIEW PRECEDING THE BARTON L I S T I N G S . 

N * I / 2 ( 1 5 2 0 I INTO GAH P , H E L I C I T Y - 1 / 2 I G E V * » - l / 2 1 
0 . 0 1 0 OEVENISH T3 DPkA PI N PHOTO.- .00 * / T 4 

( - 0 . 0 2 6 1 T3 * FWD P I O PHIOPROO 2 / 7 4 
- O . 0 2 6 MOORHOUS 7 3 OPWA P I N PHOTOPROD 2 / T 3 
-O.OOB 0 . 0 1 5 DEVENI52 74 DPW* P I N PHOTOPROD 4 / 7 5 
- 0 . 0 1 1 ! O.OOB 74 DPWA P I H PHOTOPROO 
- 0 . 0 C 6 METCALF 7 * DPWA PI N PHOTOMDD 
o.ooo MOORHOUS 7 * OP MA P I N PHOTOPROD 

- 0 . 0 0 9 CRAWFORD 75 DPWA PI N PHOTOPROD 1 / 7 6 
( * 0 . 0 l l l KRIVETS 75 DPWA P I - N PHSIOPROD 
( - 0 . 0 1 2 ) CARBOUft 76 DPWA P| N PHOTOPROO 

- 0 . 0 0 5 0 . 0 0 5 FELLER 76 DPWA P] H PHOTOPROO 2/17 



Baryons 
N(1520) 

196 

Data Card Listings 
For notation, see key at front of Listings. 

- 0 . 0 3 ? 0 . 0 0 3 AZNAURYAN TT D*WA 
- 0 . 0 3 0 0 . 0 0 2 AZHAUfCYtn 77 .VA-A 

( - 0 . 0 2 1 1 BEAENDS 77 1PM* 
- 0 . 0 1 6 0 . 0 0 8 BARBOUR 78 OPWA 

( - 0 . 0 0 8 1 W E L L E 7 8 
INVERTED TO OUR CONVENTIONS USING H - L . 5 2 B . H - . I B 

- 0 . 0 3 2 O . 0 0 5 > M I BO OPW* 
- 0 . 0 3 2 0 . O 0 4 ARAI BO OPHA 
- 0 . 0 3 1 0 . 0 0 9 BRATASHEV 8 0 DrHA 
- 0 . 0 1 1 ) 0 . 0 0 7 CRAW. I D 8 0 O P M 
- 0 . 0 4 3 0 0 . 0 0 6 3 I S H 1 I SO OPHA 

PIO PHTC»B.SOL 1 1 2 / 7 9 
PIO PH7PRO,S01 2 1 2 / 7 9 
P I - N P K o r o P R o o . I / T * 
P I - N PHOTOPROD. 3 / T 9 
P I - N PHOTOPROO. 1 / 8 0 
FROM NOELLE 7 9 . 1 / 8 0 
PI N PHOTO F I T I 1 2 / 8 1 * 
P I N PHOTO F I T 2 1 2 / 8 1 * 
P I N P H O T O " * 0 0 . 1 2 / 8 1 * 
P I N PHQTDPROO. 1 2 / 8 1 * 
P COHPTON SCAT 1 2 / 8 1 * 

GE HEA1INGLE5S (SCALE FACTOR " 3 . 2 1 

1 / 2 I 1 S 2 0 I INTO GAH P i HE L I C T V " 3 / 2 ! G E V * * - 1 / 2 1 
DEVEN1SH M OPWA 
HOOHHOVS 71 OPWA 

0 . 1 7 1 0 . 0 1 2 BEVENIS2 0*HA 
0 . 1 6 9 0 . 0 1 2 KNIES T4 OP HA 

HETCALF f> OPHA 
0 . 0 0 6 MOORHOUS l*> DPWA 
0 . 0 3 * CRAWFORD 75 DPWA 

KRIVETS f". OPUA 
1 * 0 . 1 5 8 1 76 OPWA 

FELLER 7 6 
0 . 0 0 6 AZNAURYA* 7 7 

* 0 . 1 S3 0 . 002 AZNA-JRYAt 7 7 OPWA 
( + 0 . 0 7 5 1 BERENDS 7 7 1PHA 

BAPBOUR 7 8 DPWA 
1 0 . 2 0 6 1 NQELLE rn 

OUR CONVE ( I O N S USING H * l . 52H H » . 1 8 7 
0 . 178 O.003 ARAI «n C W 4 
0 . 1 6 2 0 . 0 0 3 ARAI no DPMA 
0 . 1 6 6 O.OOS BP.ATASHEV HI) DPHA 

CRAMFDRD fin OPHA 
0 . 1 6 9 5 0 . 0 0 1 4 I S H T I .11) DP MA 

P I H PHOTOPROD. 
P ] H PHOTDPROD. 
P I N PHDIOPROO. 
PI N PHOTOPROO. 
P] N PHOTOPRQD. 
P I H PHDTOPROO. 
PI N PHOTOPROD. 
•>1-N PHOTOPROD. 
C I N PHOTOPROD. 
c | N PHOrOPRGO. 
P IO PHTPRO.SO'. 1 
PIO PHTPRD.SOL 2 
P l - N PH010PR0D. 
P I - N PHOTOPROD. 
P ( - t ) PHOTQPRQD. 

A2 AVERAGE MEANINGLESS 1 SCALE FACTOR • 5 . 3 1 

A3 N * l / 2 I I 5 l O I INTO GAH N , H E L I C I T Y « l / 2 tGEV*> 
A3 - 0 . 0 7 5 0 . 0 3 7 DEVEN1SH 73 
A3 - 3 . 0 8 5 0 . 0 1 4 HOORHOUS 7 3 
• 3 2 * 0 . 0 3 T 0 . 0 1 2 ROSSI 73 
A3 2 CONVERTED TO OUR CONVENTIONS USING H AND H 
A3 ( 0 . I 9ENEVENT 74 

0 . 0 1 9 0 E V E N I S 2 74 
0 . 0 0 5 X N I E S 74 
0 . 0 1 0 HETCALF 74 
O . 0 0 7 HOQRHQUS 74 
0 . 0 0 4 CRAWFORD 75 

BARBOUR Ti 
0 . 0 1 4 BARBOUR 7R 

NOELLE 7 8 
CONVERTED TD OUR CONVENTIONS USING H - I . 5 2 8 i 

- 0 . 0 7 6 0 . 0 0 6 ARAI 8 0 
0 . 0 1 1 ARAI 8 0 
0 . 0 1 1 CRAWFORD 8 0 
0 . 0 1 4 TAKEDA 8 0 
0 . 0 0 4 F U J I I 81 

- o . o e j 
-0.O77 
-0.066 
-o .oss 
-0.067 

(-0.056) 
-0.055 

l-D.OI 

-0.071 

' I U PHOTO F I T 1 
I N PHOTO F I T 2 

' I H PHOTOPROD. 
t N PHOTOPROD. 

' COHPTON SCAT 

PI N PHOTOPROD. 
P I N PHDTOPROO. 

0 6AN N TO P I - P 
M 0 5 S I T 3 AND X - . S * 

0 GAM N TO P I - P 
PI N PHDTOPROO. 
PI N PHOTOPROD. 
PI N PHOTOPROO. 
P I N PHOTOPROO. 
PI N PHOTOPROO. 
P I N •'HOTDPROD. 
P I - N PHOTOPROD. 
P I - N PHOTOPROO. 

8 7 FROM NOELLE 7 8 . 
FT H PHOTO PIT 1 
P I N PHOTO F I T 2 
P I N PHOTOPROD. 
P I N PHOTOPROO. 
P I tl PHOTUPR.0.0, 

2 / 7 4 
2 / 7 3 
4 / T 5 
2 / 7 4 
2 / 7 4 
2 / 7 4 

1 2 / 7 9 
1 2 / 7 9 

L / 7 B 
3 / 7 9 

1 2 / B l * 
12/61* 
12/81* 
12/81* 

4/75 
2/74 
2/74 
J/74 

1 / 8 0 
1 / 8 0 

1 2 / 8 1 * 
1 2 / 8 1 * 
1 2 / 8 1 * 
1 2 / 8 1 * 
1 2 / 8 1 * 

A3 AVERAGE MEANINGLESS CSCALE FACTOR • 2 . 8 1 

A4 N * l / 2 ( 1 5 2 0 ) INTO GAH N , H E L I C I T V - 3 / Z (G 
A4 - 0 . 1 2 6 0 . 0 2 8 DEVENISH 
A4 8 ( - 0 . 0 8 7 1 HENHI2 
A4 8 CONVERTED TO OUR CONVENTIONS USING N AN 
A4 2 - 0 . 0 1 b 0 . 0 1 6 O . O I B ROSSI 
A4 - 0 . 1 2 4 0 . 0 1 3 MODRHOUS 
A4 5 1 - 0 . 0 3 5 1 BENEVENT 
A4 5 CONVERTED TO P7R CONVENTfCNS UZltG « « J S 
A4 - 0 . 1 5 5 0 . 0 1 9 0 E V E N I S 2 
A4 - 0 . 1 2 0 0 . 0 1 0 KNIES 
A4 - 0 . 1 1 8 0 . < U 3 HETCALF 
A4 - 0 . 1 1 9 3 . 0 2 5 HOORHOUS 
A4 - 0 . 1 3 3 0 . 0 0 3 CRAWFORD 
A4 ( - 0 . 1 3 6 1 BARBOUR 
* 4 <l - 0 . 1 4 1 0 . 0 1 5 9ARB0UR 
A4 1 1 - 0 . 1 2 7 1 NOELLE 
• 4 N CONVERTED TO OUR CONVENTIONS USING 1 - 1 . 
14 - 0 . 1 4 7 O.OOH ARAI 
44 - 0 . 1 4 B 0 . 0 0 9 ARAI 
A4 - 0 . 1 4 4 0 . 0 1 5 CRAWFQRO 
A4 - 0 . 1 1 8 0 . 0 1 1 TAKEDA 
A4 - 0 . 1 S 8 0 . 0 0 3 F U J I ! 

T3 DPHA CI N PHOTOPROO. 2 / 7 * 
73 CAN N TO P IO N 4 / 7 5 
' W FROM (ALKER69 AND K . . 5 6 4 / 7 5 
7 3 DPHA GAH N TO C I - P 4 / 7 5 
73 DPWA :'HOTOPAOD. 2 / 7 3 
74 DPWA C GAH N TD P I - P 4 / 7 5 
0 *£V, I 2 0 NEV. * « . S 6 4 / 7 5 
74 DPMA P| N PHOTOPRCO. 4 / 7 5 
74 DPWA PHOTOPRDD. 2 / 7 4 
74 DPWA PI N PHOTOPADD. 2 / 7 4 
T4 DPWA P I N PHOTOPROD. 2 / 7 4 
7 5 DPWA PHOTOPROO. 1 / 7 6 
76 DPWA PI N PHOTflPRCD. 1 / 7 6 
78 DPWA P I - N PHOTOARDD. 3 / 7 9 
78 P l - N PHOTOPROD. 1 / 8 0 
2 8 . W - . 1 8 T FRCM NOELLE 7 B . 1 / 8 0 
90 DPHA PI N PHOTO F I T 1 2 / 8 1 
8 0 DPMA PHOTO F I T , 1 2 / 6 1 ' 
80 OPMA PI N PHOTOPROD. l Z / f 1 
8 0 DPMA PI N PHOTOPROO. 1 2 / 8 1 
81 OPMA PI N PHOTOPROD. 1 Z / 8 1 * 

AVERAGE "EAN1NGLE5S I SCALE FACTOR • 3 . 1 1 

BRA NOSE N 
ROPER 
THURNAUE 

DAVIES 6 7 NC 
ROBERTS 6 7 Pf 
R05ENFEL 6 7 I f 

BARETRE 6 8 PR 1 6 5 1 7 3 1 
D0NNACH1 6 8 PL 2 6 B 161 

ALSO 6 8 VIENNA 1 3 9 
ALSO 6B T H E S I S 

HORGAN 6 8 PR 166 1 7 3 1 

REFERENCES FOR N * l / 2 ( 1 5 2 0 1 

:US E D I T I O N (RHP 3 7 . 6 3 3 , 1 9 6 t l FOR i 

>66 •ODONNF.LL. HO0.KW0USE 
)0 LO ROPER,RH WRIGHT,6T FELD 
j * G THURNAUER 

FARttER REFERENCES. 

(DURHAM, R H E I I I J P 
( L R L - L V M R , N 1 T I U P 

(ROCHi 

KiHZ 6 3 . 2 6 3 . 

1 4 5 1309 

A T O A V I E S , R C H00R10USE 
R G ROBERTS 
A H ROSENFELO, P SODtNG 

p BA"EVRE. C 8 R I C H A N . G V I L I 
A 0ONNACH1E, A G K I R S O P P , C 
DONNACHIE RAPPORTEUR.S TALI 
1 G KIPSOPP 
D HORGAN 

t t - R L ! 

, e r ( S 4 C t * r i f j p 
LOVELACE I C E R N I I J P 

( G L A S I 
(EOIf^J 
(RHEL) 

80TKE 6 9 PA 1 3 0 1 4 1 7 J C BUTKE I U C S B I 
DEAHS 6 9 PB I B S J 7 9 7 S DEANS. J « D D n - ( I U N I V S FL(T* IOA! 

AVEO 7 0 KIEV CONF R AVEOiP BAREYRE, G V I L L E T I S A C L I I J P 
CARRERAS 7 0 NP 1 6 8 35 8 CARRERAS, A DONNACHIE (OARE.HCHS) 

7 0 NP B 2 I 359 A DAVIE5 IGLAS1 
O I E N 7 0 KIEV CONF. • SHADJA. CHAVANON. DELER. OOLBEAU* I S A C L l 
1LMEHED 72 NP 6 4 0 157 •LOVELACE ( L U N D . R U T G I t J P 

0 1 / E N I S H 73 PL 47B 5 3 
H EMH M 73 PL 4 3 1 7 9 
HENHI2 73 NP B5S 3 3 3 
LENOIGNE 7 3 PURDUE CONP. 9 3 
NCORHOUS 13 PL 4 3 8 4 4 
ROSSI 73 m 1 3 * 5 9 

ALSO 71 LNC 2 1 1 8 3 

BENE VENT 74 NC 19A 5 2 9 
o e v E N I S M M (VP 8 8 1 3 3 9 
DEVEHIS2 74 PL 5 2 b 2 2 7 
KNIES 74 PAD 9 2 6 8 0 
METCALf 74 NP B76 253 
HOORHOUS 74 PRO 9 1 

CRAWFORD 7 5 NP 6 9 7 L25 
FEL7ESSE 73 NP B 9 3 2 4 2 
K R I V E T * 75 SJNP 2 0 4 3 0 

ALSU 74 SJNP 19 112 
LONGACRE 75 PL 5 3 B 4 1 5 

ALSO 7 8 PAD I T 1745 

AYEO T6 C E A - N - 1 9 2 1 
AARBOUR 7 6 NP B i l l 3 5 8 
FELLER 76 NP 8 1 0 4 m 

AINAURYA TT EF ( - 2 6 4 ( 5 7 1 - 7 7 
BERENOS 7 7 NP 8 1 3 6 317 
LONGACRE 7 7 NP BL22 4 9 3 

ALSO 7 6 NP BIOS 3 « 

BAPBOUR 7B VP B 1 4 1 253 
NOELLE 78 PTP 6 0 77A 
BAKER 7 9 NP B I S 6 9? 
CUTKOSKY 79 PUD 2 0 2 8 3 -
HOEHLER 79 HANDBCOK CF 

0 E V E N 1 S H . N A N K I N . L V T H ( L O U C * B 0 N N * l A n C J I J P 
H F H H I , I N A G A K 1 4 ( K Y 0 T 0 « S A C A * K E K * T 0 « y l I J P 
» I N A G A K I , X I K U C H I - H A K I . H I Y A K E * ( K Y O T O . T O K Y O I U P 
* - G R A N E T , K * R T r . * Y E D , 8 A R £ Y R E , e O * G E A U O , * « S A C L I I J P 
HOOKHQUSEt OBERLACK I G L * S * k B L I I J P 
• P I A I I A . 5 U S I N N 0 , * ( R O H A . F P A S . N A P L . P A V I A I U P 
CARBONARAtF IORE, * f N A P L . F R A S . P A V I A . K O H A I l J P 

BENEVENTANO.D*NGELO,NCTARISTEFAN! , * I R O N A I l J P 
G E f £ N ! S W . F * O G G * T T > N * R n * I D £ S V . N O R O I T A . L D U t ) 
CEVENI5H,LVTH,RANKI t - - I 0ESV.LANC.SONN11 JP 
tNlES.HOORHOUSE.OBERLACK ( L 8 L . G L A S 1 U P 
H J HETCALF,A L HAIKEP I C l T I U f 
M0ORH0USE,OBERLACK,R0SENFELD ( C L A S + L 6 L I U P 

R L CRAWFORD ( G L A S I U P 
• A V E 0 , B A P . E Y P E t 8 0 « G E A U O . C A V 1 0 . E R N U E I N » I S A C L I l j P 
* » ; Z £ O S H N I C H E N K 0 t N I K I F 0 f t 0 V , S A R I N * K I E V f U P 
K R I V E T S , N I K I F 0 R 0 V , S A N I N , S H * L * T S K I 1 I K I E V I I J P 
• R O S E N F E L O . 1 ASINSK1 . S H A D J I + ( L B L - S L A C I U P 
LONGACREiLASIN^Kt ,ROSENFELO* ( L 3 L . S L A C J 

AYED ( T H E 5 1 S I U A C L I U P 
I . H . BARBEKIR.R. L . CRAHFORO ( G L A S 1 U P 
*FUXUSHIMA *HOR I K*H* r JCAJ ) I * W * * IN *G0YA*0SAKA11 JP 

tAKOPOV.BAGOASAAVAM IVEREVAN PHYSIC5 I N S T . ( U P 
F . A . BERENDS. A . DONNACHIE *• E I D . M C H S I U P 
LONfUCRI: , DOLBE AU ( S ACL 11 JP 
D 0 1 9 E 4 U . T R I A N T T S . N E V F U . C A P 1 F T ( S A C L U J P 

ALSO (ORONTO CONF 3 

BARBOUR.CRAWFORD.PARS^NO I G L A S I 
P . NOELLE rNAGOl 
•BROUNiCLARK.OAVIESiDEPAGTER.EVANS* ( R H E L U J P 
•FORSYTH.HENORICK,KELLY ( C A R N * L B L I 1 J P 

SCATTERING, PHYS1K OATEN V O L . 1 2 - 1 
• K A 1 S E R . K 0 C H . P I E T A R I N E N /KARLSRUHE U P 
R.KOCH (KARLSRUHEI IJP 

tftil 8 0 TORONTO CONF 9 3 I - ARAI ITOKY) 
BRATASHE BO NP 8 1 6 6 5 2 5 BAATAJHEVSKIJ .GORBENKD.DEREBCHINSKU* tKHAHI 
CRAWFORD BO TORONTO CONF 107 R.L.CRAWFORO ( G L A S I 
CUTKOSKY BO TORONTO CONF 19 *FORSYTH.BABCCCK.KEt.LV,l -ENDA 1CK I C A R N + L n i U j P 
i S H t l 80 NP B165 189 I S H I I , E G * H A , K A T O . N I Y * C H I * (KYDT*TOKVt 
TAKEDA BO NP B168 17 T A H E D A . A R A I . F U J I I . I K E 0 A . 1 W A S A K I * t T O K V l 
F U J I I B l NP B I S T 5 3 F U J I I , H * Y A S H I I , I W A T A . K A J t K A W A * I T 0 K Y 1 

PAPERS NOT REFERRED TC I*J OATA t f .S 

I K I R [ . J SCHWARTZ, a 0 T R I P P I L R L 1 
• BRICMAN. S T I R L I N G . V I L L E T I S A C L A t l l J P 
' 1 BROWN.CEA.HARVARD,HIT .PAOOVA,WEI INANNI 
UtENNEY.LAHS*- , * (NOTRE OAHE,KENTUCKY! 
t P HERLO. r, VALLADIS (SACLAVI 

THE bBDVE PAPERS 0 I 5 C U S S I N E L A S T I C CHANNELS NEAR THE REDNANCE. 
JOHNSON 6 7 U C H L - 1 T 6 8 3 THESIS C H JO>NSON I L R L I 
DEANS 6 9 PRL 177 2 6 2 3 S R DEANS IUN1V S F L S K I O A I 
ODNNACHI 69 NP 10B 4 3 3 A DONNACHIE. R KIPSOPP I G L A S * E O I N I 
WALKER 6 9 PR 1 8 2 1729 R L WALKER I C I T I I J P 
AVED TO PL 3 1 8 5 9 8 •6AP.EVRE+VI ILET ISACLAYI 

K I R Z 
BAREYRE 
CROUCH 
OERAOO 
HERLI 

63 PR 1 3 0 2 4 8 1 
65 PL I B 3 4 2 
65 OESY CONf I I 21 
65 ATHENS CGNP 2 4 4 

RQY SOC 261 

1530 UEV REGION - PRODUCTION EXPERIMENTS 
1 * 1 / 2 1 1 5 2 0 . J P - 1 1 * 1 / 2 PRODUCTION E 'PERIHENTS 

8 N * 1 / 2 C I 5 2 0 I HASS (HEVf •P100. E f . l 

1 5 0 7 . 0 6 . a A-BDRELL 6 7 H8C 0 PEAR P 5 . 7 GEV 1 0 / 7 1 
L 5 0 3 . 6 . ANDERSnN TO HHS - P I - o TO P I - W S 2 / 7 1 
1 5 0 0 . 0 1 0 . 0 AHAL01 71 SAS P P AT 2 * GEV 1 0 / 7 1 
1 5 1 2 . 0 2 . 0 E L L I S 71 CNTft WHS »P 3 . 7 GEV/C 1 0 / 7 1 
1 4 6 0 . TO 1 5 1 0 . HORSF 7 1 H8C * 0 P l - P . 7 GEV/C 1 1 / 7 7 

( 1 5 1 0 . 0 1 ( 2 0 . 0 1 HORSE 7 1 HBC • P I - P , 25 GEV/C U / 7 7 
1 5 0 1 . 0 5 . 7 EDELSTEIN 72 HHS * PP 6 TO 3 0 GEV 1 / 7 3 

1 1 5 0 0 . 1 OH 72 OBC 0 P I - N TO • • I - P I - P 2 / 7 3 
DETERHINE J * 3 / 2 , 0 1 3 PROBABLE 2 / 7 3 

1 5 1 5 . 1 1 . COOPER 74 M6C O O P CFH 
1 1 ' 9 0 . 1 BRAUNI 75 H8C PBAR P 5 . 7 GfcV 1 1 / 7 5 

1 5 1 0 . 7 . HUSGRAVE 75 HBC K* P TO K P I \ 1 1 / T 5 
( 1 5 O 0 . 1 STRACHHA T5 BC NBAR I N P I I 1 / 7 6 

e. WEBS 75 I S P » o P TO «• N * 1 / 7 * 
1 5 1 5 . 5. ROUGE 7 7 ONEG 0 P t - P 9 , 1 2 GEV/C 1 / 7 8 

BACKWARD PRODUCTION. P I - P - - > ( P P 1 - » P I O 
IK 1 5 1 5 . FERRER 7e PMEG 0 " l - c 9 . 1 2 G E V / : 3 / 7 9 
BACKWARD PRODUCTION P I - P — > I P P 1 - I P I * P l -

2 0 2 1 5 1 8 . 1 0 . FERRER 78 ONEG • C | - o t),n G L » / L 3 / 7 9 
BACKWARD PRODUCTION P I P — > I P P I * P I - l P I -

8 N - 1 / 2 1 I 5 Z 0 WIDTH (HEVf (PROD. E A P . I 

5 5 . 0 1 5 . 0 A - B O R E L L I 6 7 HBC 0 PBAR P 5 . 7 GEV 1 0 / 7 1 
1 2 0 . 1 0 . ANDERSON TO NHS - P I - P TO P I - w s 2 / 7 1 
1 1 0 . 0 2 0 . 0 AHALD1 71 SAS P P AT 24 GEV 1 0 / 7 1 

4 B . 0 2.0 ELLIS 71 CNTR HNS PP 3 - 7 GEV/C 1 0 / 7 ] 
8 0 . TO 1 2 « , NORSE 71 H6C * P I - P . 7 GEV/C 1 1 / 7 7 

1 1 0 0 . 0 1 1 3 0 . 0 1 HORSE 7 1 HBC * * I - P , 25 GEV/C 1 1 / 7 7 
1 4 0 . 0 4 3 . 0 EDELSTEIN 72 HHS • PP * TO 3 0 GEV 1 / 7 3 
1 0 6 . 3 9 . 3 3 . CODPER 74 H8C O O P CEX 4 / 7 5 

( 2 0 0 . 1 BRAUNI 75 HBC P84R P E . 7 3EV 1 1 / 7 5 
1 0 1 . 2 6 . MUSGRAVE 75 HBC K* P TO K P I N 1 1 / 7 5 
I S O . 5 0 . WEBB 75 I S R • P P TO P N * 1 / 7 6 
1 0 5 . I T . ROUGE 7 7 OKEG 0 P I - P 9 . 1 2 GEV/C 1 / 7 8 

I K 1 0 5 . 1 0 . FEPREA 78 OMEG 0 P t - P 9 , 1 2 GEV/C 3 / 7 9 
2 0 2 1 1 2 . I S . FERRE" 78 OMEG * P I - P 9 . 1 2 GEV/C 3 / 7 9 
SEE THE NOTES ACCOMPANYING HE MASSES OUOTEO ABOVE. 

. 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
N(1520), N(1535) 

i » 3 / ? l l . 

i::;!ii!lsir'E°''ss!:r. 
M / 2 I 1 5 2 0 I I K T D H ETA 
• 1 / 2 U 5 7 0 I INTO N P I P I U . 

* 3 B * 1 3 9 ' 13*! 

?W» 13-)* H I 

. ' 6 0 . 2 * BASSOMPIE 6 7 HRC 

P 1 I / ( P 3 I 
B E V / t 5 / 6 6 

• l / ? I I 5 Z D ) I M O I N « 3 / 2 U 2 3 2 ) ' 
O . 0 0 0 . 0 9 

• I / 7 I I 5 2 0 I I M C I N 1*1 P*1 /TT )T ( 
1 0 . 0 5 1 0 " LESS 

• 1 / 7 I I 5 2 0 1 J M n ( N E T A I / T O T A L 

- 9 1 R E L L I 6 7 HBC 

ASSUMPIE 67 HBC 

i * i / ? ( i , > 2 a > I M O i 

BASSOMPIE ( 

1 1 / I P I N « 3 / 2 ( 1 2 3 2 l l 

REFERENCES FOP i /Z( i520i IPROD. EKI 

3ASS0MPI 6 1 I 

TZ PL * 2 S 1 

A L L E S - 8 0 » E L l t . F » e N C H . F P | S K , M I i : H E J D A ( C E » N I 
ALEHANDER.BEHAHY.CZAPFK, * I H E U H A ' I N I C E R N l I 
BASSD"PIEPRE« » ICERN.BRUXELLESI 
• M O E S S . R O E , S I N C L A I R , ZANDER VELDE I « I C H | 

• B I E S F O . a L I E O E ' i . f . O H . I M S * * t •»•«.. CARS! 

• f l I A N C A S T f L L 1 . 6 O S 1 0 . * ( I SAN1TA RONAtCERN) 
• MAGLICH.r iOREM.SANNES, SILVERMAN (RUTG) 
• OH,WALKER.CARRt lL t . .LYNCH <• I W I S C * T N T 0 > I . 

E O E l S T E l N . C A R R I G A N . H I E N . N C M A H O H . t l C A R N t B N L ) 
• M O L L E R U D * . . . » J A C 0 9 5 E N I B O H R , W E L S , r ' S L O . S r o H H j 
•FUNG.KERNAN.ROE.SCHALK.SHEN ( U C R ) I J 

COOPER.SEIOL.VANDERVELDE 

BRAUNl 75 • jp B I S * e i 
MUSGRAVE ;s f P B 8 7 3 6 5 

T-i NP B")B 1?0 
ALSO /f t NO " 1 0 7 3 3 0 

HEBB 7". 
OL IO lb PL 5 5 B 3 3 ^ 

"CUGE 77 PL 6 9 9 1 1 ' , 
FERRER 7B NP Sl*>2 7T 

RUSHEHOO 76 BRD 13 1S35 
S O T I R I O U 76 Ni - H I 0 7 4 5 7 
H I E L IH 0R3 18 3 0 7 9 

ALSO It- o f t 3 6 5 0 * . 5 0 
CMOMICK PRO 1 7 1713 
GDG0I2 in •JO 3 1 * 3 365 
GOGG-I I V N " B I 6 1 Ifc 

MICH) 

L P N P I I 

: ROSN< .EURV. 
• B a u O U E T . D . A l M A G N E * 

I V E T i I L P f 

1PERS N D I f FERREO 1 0 I N DAI • CARD: 

R„SHBRaOKE.RAJA,ANSOPGE,CARTER, ' J "ALE I C A V E I I J ° 
0 . 5 0 T I R I 0 U ICERN11JP 
* F E R E E L , S L R T I E R V . IROCH»NWFS*FNAl«-5LAC) 
B I E L . B L E S E R . F E R B E L * 1 ROCN»FNAL»SLAC*NWESI 
•CARROLL .CHALOUPKA.BALLAH* ( S L « C * C 1 T » L B L I U P 
• C A V A L U - S F O R I A . C O N T A f ( C E R N + P A V I I 
• CONTA,FRATERNAL I . L I V A N * I C E R N * P A V I * T R S T } 

N(1535) l " l / 2 ( 1 5 > 5 . J P - 1 / Z - ) I - l / Z 

6 3 • 1 / Z I 1 5 3 5 I MASS (MEVI 

HENDRY 6 5 RVUE 
6 6 PVUE F I T S SAREYRE S 1 I 7 / 6 6 
6 ( RVUE F I T S N ETA DATA 
S CATCHING ° ! P PHASE S H I F T 
6 8 RVUE PHASE-SHIFT ANAL 

- EYEBALL F I T 
6 8 RVUE PHASE-SHIFT ANAL 
6 9 CNTR PHOTO PRODUCT. 8 / 6 9 

( 1 ^ 1 9 . [ 
I I I T O . O I MICHAEL 
( 1 5 5 7 . O t 0 " 1 5 6 5 . 0 UCHIYA^A-

F I T T I N G GIVES TWO SOLUTIONS. PROBLI 
I 1 5 3 5 . 0 1 BAREVRE 

KHERF CROSS SECTION I S GREATEST -
1 1 5 9 1 - 0 ) DONNACH1 
f 1 5 3 5 . 0 1 1 1 0 . 0 1 OELCOURT 
( 1 5 3 4 . 0 ) AYEO 70 IPHA 
RH ENER. OEP. F I T OF ARGAND DIAGRAM 
I 1 5 0 Z . 0 ) 01V1ES TO PVUE P-S ANAL SOL ' 
I 1 5 0 3 . I ALMEHEO 72 I PHA 
( 1 5 5 1 . 1 H ICKS 7 3 HPhA GAM P-ETA P 

II V STATES F R O " TABLE V I I OF H I C K S 7 3 ARE INCLUDED I N L I S T I N G S . 
AN3 M ARE FROM SOLUTION C 2 . B R - S O R T I G t / H H i T h G FROM TABLE V I I . 

CRAWFORD 75 OPWA P I N PHOTDPRDD. 
LONCACSE 75 IPKA P I N TO 2 P I » 

SRE FRO" METHODS 1 AND Z Cf LONGACRE 7 5 . 
76 IPHA 
7 6 DPHA 
77 IPHA 
77 DPMA 

1 5 0 7 . , TO ! 5 3 0 , 
1 5 2 5 . . OR 1 5 1 0 . 

i Z SE ITS OF P » t lA ' lETE l 
1 5 1 9 . 1 
1 5 0 1 . 1 
1 5 0 0 . P 
1547. 

8APB0UP 
BE RENOS 
8HANDARI 
LONGACRE 

HE POLE 

1 1 / 7 5 
1 1 / 7 5 
1 1 / 7 7 

( H Z O . l 
,L L 0 W A C R E 7 T PARAMETERS ARE FROM SOLUTION S 3 . EXCEPT FOR 
I S I T I O N MHICH I S FROM SOLUTIONS S I AND C I . 
I 1 5 L 1 - I BARBOUR 78 OP MA P I - N PHOTOPROO. 

PPERSEOES HARBOUR 1h. 

11/77 
Il/TT 
3/79 
3/79 

6 3 N » 1 / 2 I 1 5 3 5 I WIDTH (HEWI 

Vf NTTI ON -ASS 

1 1 4 . TO l b 

PVUE 6 / 6 B 
pnnTCiP"coucr. 

711 P-S ANAL SOI A 
ALMEHED ?m 

CA- f - E T A P 
P| N PHOTOPROD. 

?s 1PWA P I •! TG 2 P | H 
r>, 
111 P| N PHOTOPRt.3. 

BE^ENDS P I - N PUDtOPROa. 
3 USES ET» N CUSP 

P I N TO ZP1 N I / 7 7 
P I - N v . ^ rOPROO. 

BAKER ) P I - P TO ETA N 
C-IIROSKY BJ N TO " | f| 
HOfHLFP IPHA PI H TO. P I N 

9 0 PI N PHOTOPPOO. I 2 / B 1 

AVERAGE HEANINOtESS (SCALE FACI 
SEE THE NOTES ACCOMPANYING T « S S F S OUOIED. 

-IX PART OF POLF P O S I T I O N 1 - E V ) 1 1 / 7 5 

tONGACRE 7T | P h » P I '( 

sis?" i?!": ','," 

TO ? P I N 
FTA N CUSP 
TO 2 P I f i 

1 1 / 7 5 
1 / T 6 

1 1 / 7 7 
1 2 / 7 9 

l . 'BZ< 

I R I Of PULE I 

( 1 0 3 . ) LONG*CPE 
t « 3 ? 

1 3 5 . OR 1 ^ 3 . LONGAC»E 
I K ( ? 5 6 . CUTKQSKt 
IM ? 6 D . BO 

FACTOR 

CUTKOSKY 

IM AVE RAGE MEAN INGLESS SCALE FACTOR ' 1 . - . ) 

'ART OF F L A S H 

= MEANINGLESS CSCALE I 

6 3 N * I / 2 I I 5 3 5 I I "AG PART t)F ELA! 

! 1 3 . 8 . BHANDART 
( - 6 7 . I CUTKOSHV 

3 1 . 9 Z . CUTKDSKY 

. AVERAGE MEANINGLESS (SCALE FACTOR = 1 . 0 1 

PCLE RESIDUE IMEV1 

0 USES ETA N CUSP 
PI U TO P ! N 
PI N TO P I N 

RESIDUE (MEVI 

I M / 2 U 5 3 5 ! PARTIAL DECAY M Q D E S 

I N 1 / 2 ( 1 5 3 5 1 INTO P I N 
2 N 
3 '1 
4 H 

1 / 2 ( 1 5 3 5 1 INTO I I ETA 
I / Z I 1 5 3 5 I I M C N P I P 
1 / 2 1 1 5 3 5 1 INTO N EPS LON 

5 N 1 / 2 H 5 3 5 1 INTO N * 3 / 2 * 1 2 3 2 1 1 r 
6 N 1 / 2 1 1 5 3 5 1 INTO N RHO 

1 / 2 1 1 5 3 5 1 INTO GAM P. HELIC: T Y . 1 • 2 
6 N 1 / 2 ( 1 5 3 5 ) I M O GAM U, 
9 H 1 / 2 1 1 5 3 5 1 INTO K LAMOB« 
10 N 1 / 2 ( 1 5 3 5 1 INTO N RHO. S = 1 / 2 . S -HAVE 

6 3 N » l / 2 I 15351 BRANCHING AT10S 

1 N 1 / 2 ( 1 5 3 5 1 I H H ( P I N l / T D T A L 
( 0 . 6 9 > HENDRY 65 RVUE 
( 0 . 3 2 1 MICHAEL 6 6 RVUE 

1 N ( 0 . 7 1 1 OR 0 . 2 8 
1 0 . 3 1 1 0 « 0.<.3 DAV1ES 6 7 RVUE 

1 3 1 0 . 6 9 6 1 00NNACH1 6B RVUE 
( 0 . 3 3 1 OELCDURT 
1 0 . 3 9 7 1 AYED 70 IPWA 
( 0 . 3 6 1 DAVIES 70 RVUE 
( 0 . 2 5 1 ALMEHED 
ro.3*1 AYEO 76 IPHA 
0 . 2 9 7 O . 0 Z 6 

1 0 . 4 5 1 1 0 . 0 6 1 
BHANDAR1 
CUTKOSRY 

77 DP HA 
79 IPHA 

0 . 3 8 0 . 0 4 HOEHLER 79 IPHA 
0 . 5 0 0 . 1 0 

FACTOR 

CUTKOSKY 

- 1 . 7 1 

80 IPHA 

1 AVERA GE MEANINGLESS (SCALE FACTOR 

CUTKOSKY 

- 1 . 7 1 

SEE NOTE O'l MASS 

1/71 

2/72 
11/77 
1/78 

12/79 
12/79 



Baryons 
N(1535), N(1540) 

Data Card Listings 
For notation, see key at front of Listings. 

N * I / 2 ( 1 5 3 5 1 INTD I N E T A I / T O T R L ISEE RB A L S O . I I P 2 ) 
0OM1NANT INEL DECAY HENDRY 6 5 RVUE 

1 0 . 6 8 1 MICHAEL 6b RVUE 
1 0 . 2 9 1 0 1 0 . 7 1 UCHIYAMA- 6 6 RVUE SEE NOTE ON MASS 
1 0 . 6 9 1 0 * 0 . 4 5 OAVIES 6 7 RVUE P I P TO N E T » . B . C ] 
1 0 . 4 1 1 0 . 1 1 DEANS 6 1 MPNA T POLE* RESON. 
1 0 . 6 6 1 DELCOURT 6 9 HPHA 
( 0 . 6 9 1 CO 0 . 6 9 6 CARRERAS 7 0 MPWA T ' O L E * RESON. 

PARAMETRIZATIOK USEO COULD BE I N CANCER OF DOUBLE COUNTING 
THE VALUES OF R2 L I S T E D ABOVE ARE INCOMPATIBLE K I T H THE I E S U I T S 
OF DIEM ET A L . ( 7 0 1 
THE BRANCHING RAT IO INTO ETA NEUTRON FOUNE BY BHANCAA1 T 7 I S 1 
0 . 7 0 I R . 6 K A N C A R I , P A I V . CONN, , 1 9 7 9 1 . ] 

BAREVRE 6FI PR L65 1 7 3 1 
0CNNACH1 f}« PL 2 6 6 1 6 1 

ALSO 6ft V IENNA 139 
ALSO Ml 

OEANS f>9 PR I B S 1717 
OELCOURT bl P I 2 9 6 75 

AVEC 
CARRERRS T f NP 16E 35 
OAVIES 7(1 NP S 2 1 3 5 9 
OIEM 70 KIEV C O N F . 

2 / T 9 ALKEHEO 11 NP 6 * 0 1 5 7 

2 ( 1 5 3 5 1 INTO I N * 3 / 2 I 1 2 3 2 
1 0 . 0 7 1 

ASSUMING A t - 0 . 9 4 

E P S I L 0 N 1 / T 0 T A L 

l l / T O T A L I P S ) 

1 / 2 1 1 5 3 5 1 INTO t 
1 0 . 2 6 1 

ASSUMING R l « 1.34 
D I E " 

3 BODY i N A L V S I S 

3 BOOV ANALYSIS 

N P 1 / 2 U 5 3 5 I INTO ( N RHO 1/TOTAL ( P 6 I 
( 0 . 2 0 1 D I E * TO IPHA 3 BOOV ANALYSIS 

ASSUMING R l " 0 . 3 4 

N * l / 2 ( 1 5 3 5 ) INTO GAMMA PROTUN/TOTAL I P 7 I 
! 0 . O 0 4 2 0 . 0 0 1 4 DEANS 72 MPHA P ETA PHDTOPRDO. 
i 6 R « ( 0 E A N S 7 2 R A D I A T I V E M I D T H | / ( NOMINAL FULL N l O T H - 1 0 0 MEVI 
) THE H I C K S 7 3 ENTRY UNDER RT I S A MORE RECENl' RESULT 6V SAME GROUP-

N M / 2 M 5 3 5 I FRO" P I N INTO ETA N (SEE R2 A L S O . ) S Q R T ( P 1 * P 2 I 
1 * 0 . 4 3 1 LEM01GNE 7 3 DPMA 14BB TO 16B5 W V 
1 * 0 . 4 0 1 FELTESSE 75 DPMA 0 1*88 TO 1 7 4 5 HEV 

SUPERSEDES LEMOIGNE 7 3 , USES N AND W OF AVED 7 6 . 
1 * 0 . 3 3 1 BAKER 79 DPMA 0 P I - P TO ETA N 

N * l / ? ( 1 5 3 5 | F«CM P I N TO > 
- 0 . 6 9 1 0 . 2 1 4 

EXTRAPOLATION OF PARAMETI 

N * l / 2 ( 1 5 3 5 1 FRC" P I N 
( D . O ) DO - 0 . 0 6 
( 0 . 0 0 1 

LAMBDA SQRT(P1*P9> 
DEVENISH 74 0 FIXED T 0 I 5 P "EL 

•ZED AMPLITUDE BEL3H THRESHOLD. 

9 / 7 3 
9 / 7 3 
9 / 7 3 
9 / 7 3 

2 / 7 4 
2 / 7 4 

M / T S 
1 1 / 7 7 
1 Z / 7 V 

/75 

3 N > 3 / 2 ( 1 2 3 2 1 P I 
LDNGACRE 
LDNGACRE 'A sax s°"iiTis's:! 

1 N TO N R H 0 . S ' 1 / 7 . S - H A V E 5QRT(P1*PL0> 
D9 LDNGACAE 75 IPHA P I N TO 2P1 I 

LONGACRE 7 7 IPHA P I H TO 2P1 I 

6 3 N M / 2 I 1 5 3 5 I P H O T O DECAY AMPLIGEV 

IP J. 00? 

1 * 0 . 0 6 2 1 
1 * 0 . 0 6 3 ) 

* 0 . 0 7 0 
» « . 0 4 6 
• 0 . 1 0 1 

1 * 0 . 0 3 4 1 
• 0 . 0 9 2 
1 3 . 0 4 6 ! 

CONVERTED TO OUR CONvEi 
0 , 0 8 3 0 . 0 0 7 

0 . 0 8 0 0 . 0 0 7 
0 . C 2 9 

°;li 

H f . L I C I T V - 1 / Z (CEV»«" 
OEVENISH 73 
HENRI 1 73 
NOORMCUS 73 
DEVENIS2 74 
KNIES 74 
METCALF 7 * 
MOORHOUS 74 
CRAWFORD 75 
KRTVETS 7 5 
BARBOUR 7 6 
FELLER 7 6 

ILINAURVAN 7 7 
A INAWYAfJ 7 7 
BERENDS 
BARBOUR 

DP HA 
OPHA 
QPWA 
OPWA 
OPHA 
DPHA 
DP HA 
OPHA 
DPHA 
DPHA 
OPHA 
IPHA 

•WELLE 
r i O N S USING • 1.548, 

0.065 3.016 
O.OTO* 0.0091 

Al 
A l AVERAGE MEANINGLESS (SCALE FACTOR • 

ARAI BO 
BRATASHFV BO 
CPAHFORO " 0 
I S H I I BO 

OPHA 
DPHA 
DPHA 

PI N PMOTOPAOD. 
• FUO P IO PHTOPROO 

P| N PHOTOPRDD. 
PI N PHOTOPROD-
P I N PHOTOPROD. 
P I N PHOTOPROD. 
P I N PHOTDPROD. 
P I N PHOTDPR00. 
P I - N PHOTOPROD. 
P I N PHOTOPROD. 
PI N PHOTOPROD. 
PIO PHTPRD.SOt I 
• 0 PHTPRD.SOL 2 
P I - N PHOTOPROD. 
P I - N PHGTOPROD. 
P I - N PHOTOPROD. 

I FROH N3ELLE T f l . 
P I N PHOTO F I T 1 
PI N PHOTO F I T 2 
PI N PHOTOPROD. 
PI N PHOTOPROD. 
P COMPTON SCAT 

2 / 7 7 
1 2 / 7 9 
1 2 / 7 9 

1/TB 

i; 
N M / 2 I I 5 3 5 I 1 N , H E L I C I T V M / 2 | G E V " - 1 / 2 I 

- 0 . 0 2 6 0 . 0 2 9 DEVENISH 7 3 CPHA 
- 0 . 0 * 6 0 . 0 2 1 MOOPHOUS 73 DPHA 
- 0 . 0 3 1 0 . 0 2 4 ROSSI 7 3 DPHA 

CONVERTED TD OUR CONVENTIONS USING M AND M FRCM R 
( - 0 . 0 7 B 1 BENEVENT T * OPI 

CONVERTED TD <7UR CONVENTIONS USING " " 1 5 2 0 HEV 
- 0 . 0 3 7 
- 0 . 0 5 2 
- 0 . 0 5 1 
- 0 . 0 2 7 
- S . O B B 

( - 0 . 1 0 9 ) 

0 . 0 0 5 
0 . 0 2 1 

0 E V E N I S 2 
H E S 

74 OPHA 
T l OPHA 
7 4 CPHA 

0 S S I T 3 
a GAM i 

•80 REV. 

METCALF 
MDORHOJS 

0 . 0 1 1 CRAHFORD 75 OPHA 
eAABOUR 7 6 DPHA 

0 . 0 3 4 BAAB0U9 78 DPk» 
W ( - 0 . 0 4 B ) W E L L E 7B 
N CONVERTED TO OUR CONVENTIONS USING M - 1 . 5 * 6 , W > . 0 1 

- 0 . 0 7 5 O . 0 1 9 ARAT BO CPHA 
- 0 . 0 7 5 0 . 0 1 8 AAA! BO DPHA 
- 0 . 0 9 B 0 . 0 2 6 CRAWFORD 80 DPHA 
- 0 . 0 1 1 0 . 0 1 7 TAKEDA SO DPHA 
- 0 . 0 6 2 0 . 0 0 3 F U J T I B I DPUA 

AVERAGE MEANINGLESS I SCALE FACTDR • 1 . 9 1 

PHOTOPROO. 
PHOTOPROO. 

I TO P I - P 
AND X » . 3 6 
I TO P I - P 

, X - . 3 6 
PHOTP-ROO. 
PHOT 1PR00. 
PHOTO M O O . 
PKOTOPROD. 
PHOTOPRCD. 
PHOTOPROD. 
PHOTOPRCO. 
PHOTOPROO. 
NOELLE 7 8 . 
PHOTO F I T 1 
PHOTO F I T 2 
PHOTOPICO. 
PHOTO P ADD. 
PHOTOPROO. E: 

R E F C R F * ' E S FOR N * l / 2 ( 1 5 3 5 1 

HENORV 65 PL I B J T I A H HENDRY. R G MOORHGUSE f R H E L l 
REVIEHS EARLY PHA5E-SHEFT-ANALYSIS RESULTS AND P I - P TC ETA N 
EXPERIMENTS. HE TAKE NUMBERS FROM THE SOLUTION USING IPANDSEN 6 5 . 

MICHAEL 6 6 PL 2 1 9 3 C MICHAEL ( 0 X F 1 
UCHIYAMA 6 6 PR 1 4 9 1220 F UCHIVAMA-CAHPBELL, P K LOGAN ( I L L t l J P 
DAV1ES 6T NC 5 2A 1 1 1 2 A T O A V I E S . R G NOORHCUSE (GLASGOH.RHEL) 

OEANS 
DEVENISK 73 PL 47B 5 3 
H E M H U 73 PL 4 3 B 75 
HICKS 73 PRO T 2 6 1 4 
LEMOIGNE 7 3 PURDUE C O N F . 
" C O R H O J S 73 PL 4 3 f l 44 
ROSSI 7 3 NC 13A 59 

ALSD 71 INC 2 1 1 6 3 

BENEVENT 74 NC 19A 5 2 9 
DEVENISH 74 NP B B l 3 3 0 
DEVENIS2 74 PL 5 2 B 2 2 T 
KNIES 74 PRD 9 2 6 E 0 
METCALF 7 * NP B76 2S3 
MOORHOUS T4 PRD 9 I 

CRAHFORO 7 5 NP B 9 7 1 2 5 
FELTESSE 75 NP B 9 3 242 
KRIVETS 75 SJN" 20 4 3 0 

ALSO 74 SJNP 19 112 
LONGACRE 75 PL 5 5 6 4 1 5 

ALSO 7B PRD 1 7 1795 

76 C E A - N - 1 9 2 1 
76 NP B i l l 35B 
76 NP B I D * 219 

P BAAETRE. C BRICMAN, G V I L L E T ( S A C L A Y I I J P 
A D0NNACH1E. A <", K I R S O P P . C LOVELACE I C E R N I I J P 
D0NNACH1E PAPPO'TEUA.S TALK ( G L A 5 I 

N AYEO.P BAREVRE. G V ILLET ( S A C D I J P 
B CARRERASi A DONNACHIE 10ARE.MCHS1 
A DAVIE5 ( G L A S I 
» SMADJA, CHAVANON. OFLER, DOLBEAU* ( S A C L I 

»LDVELACE ( L U N D t R U T G I t J P 
* J A C D R S , LYONS. HICKS ( U S F l TAMPAtCARN! 
O E V E N I S H . R A N K I N . L Y T H ( L O U C * B 0 N N * L A N C I I J P 
H E M M I . I N A C A K I * ( K Y O T O f S A G A ' r E K ' T a K V l l J P 
*DEANSiJACOBS. LYONS* I C A A N * 0 « « L * SOUTH F L A . 1 I J P 
*GRANET.MARTY,AVED.6AREYAE.BORGEAUO, * (SACLI IJP 
nOORHOUSE. OBERLACK ( G L A 5 * L B L I I J P 
* P I A Z Z A , S U S ' N N a . 4 I R O M A . F R A S . N A P L . P A V I A I I J P 
CARBONARA.F IOREt* ( N A P L , F R A S . P A V I A . P O M A I I J P 

BENEVENTANO.OANGELO.NOTARISTEFANI . * ( R O M A ) I J P 
OEVENISNtFR0GGATT,MARTIN(OESV.NORDITA.LOUC) 
0EVEN1SH.LYTH.RANK1N ( O E S V . L A N C . B O N N I I J P 
KNIES<MODRfnUSE.OBERLACK ( L B L . G L A S I I J P 
U J METCALF.R L HALKER ( C 1 T 1 I J P 
MODRKOUSE.OBERLACK.ROSENFELO ( G L A S * L B L I I J P 

fl L CRAWFORD I G L A S I I J P 
• A Y E D . e A R E Y R E . B O R G E A U O t O A V I O . E R N H E l N + I S I C L l I J B 
* M I R 0 S H N I C H E N K O t N I K I F 0 P C V > S A N I N * I K I E V ! I J P 
K R I V E T S . N I K 1 F 0 R O V . S A N I N . 5 H A L A T S K I I I K I E V I I J P 
* R O S E N F E L O , L A S I N S K t , S N A D J A * ( L B L t S L A C I I J P 
L O N G I C R E ' L A S I N S K I . R O S E N F E L D * ( L B L . S l i d 

AVED 
BARBOL 
FELLER 

AINA'IRYA 77 EF 1 - 2 6 * 1 5 7 ) - 7 7 
BEHENOS 77 NP 6 1 3 6 317 
BHANDAR1 77 PAD 15 1 9 2 
LONGACRE 77 NP B 1 2 2 4 * 3 

ALSD 76 NP 6 1 OB 3 6 5 

AYE, ) ( T H E S I S ) I S A C L 1 1 J P 
I . BARBOUR.R. L . CRAHFDRD ( G L A S H J P 
:USHIMA,H0R1KAHA,KAJIKAHA* INAGCYA40SAKAI IJP 

• AKOPOV.BAGOASARYAN (YEREVAN P> 
P .A .SERENDS.A.DUNNACHIE 
R B H A N D A R I . Y - A CHAU 
LONGACRE.DOLEEAU 
O D L B E A U . T R I A N T I S . N E V E U . C A D I E T 

tYSICS I N S T . J I J P 
I L E 1 D . M C H S I 1 J P 

( C A R N I I J P 
t S A C L I I J P 
I S A C D I J P 

BARBOUR 7B NP B 1 4 1 2 5 3 
NOELLE 78 PTP 6 0 TT8 
BAKER 79 NP B 1 56 5 3 
CUTROSKY 79 PRO 2 0 2 8 3 9 
HOEHLER 79 KANDBCOK OF 

ALSO 8 0 

BARBOUR,CRSHFORO,PARSONS >GLAS) 
P . NOELLE .NACOI 
*SROHN.CLARK,DAVlES iOF PACTER.EVANS* I R H E L I I J P 
•FORSYTH,KENORICK, KELLY IC ARN*LBL 11 JP 

N SCATTERING. P H r S I K DA'EN VOL. 1 2 - 1 
* K A I S E R , K O C H , P I E T A R I N E N /KARLSRUHE I J P 

TORONTO CONF 3 R.KOCH (KAPLSRUHEI1JP 

TOKVI ARAI 8 0 TORONTO CONF 93 1 . ARAI 
BRATASHE 8 0 NP 8 1 6 6 5 2 5 6RATASHEVSKIJ ,GORB£NKO,DEREBC" INSKIJ * l K' 
CRAWFORD BO TORONTO CONF 107 A.L.CRRMFORD IGLASI 

iFssiSiT 
• F i lRSVTH.BABCOCK.KELLY.HENORICK (CARN^LBL 11 JP 
I S H ' r . E G A H A . K A T O . M I Y A C H I * | K Y O T * T 0 K Y I 
T A K E D A . A R A I . F J J I I . l K E D A . I U A S A K l * ( T O K Y I 
F U J I I . K A Y A S H I I . I H A T A . K A J I K A H A * ITOKY) 

PAPERS NOT REFERRED TO IN DATA CA°OS 

BAREYRE 65 PL 18 342 * BRICPAN, S T I R L I N G , V I I 
BRAND5EN 65 PR 1 3 9 B1566 »0DONNELL< MOO*HOUSE 

BASIS OF NUMBERS HF QUOTE FROH HENDRY 6 5 . 
JOHNSON 6 7 U C R L - 1 7 6 B 3 THESIS C H JQHNSDN 
LOVELACE 6 7 HEIDELBERG C . 7 9 C LOVELACE 

I I 6 9 NP 10B 4 3 3 A OONNACHIE, R KIRSOPP 
70 PL 3 1 8 5 9 8 *BAREYR£»V ILLET 

I C E P N I 1 J P 

i Y l 

6UL0S 
BACCI 
JONES 
RICHARDS 
PRE POST 
BLOOM 
8ULQS 
HEUSCH 
B1NNIE 

OOBSON 
MINAMI 
DEANS 
LOGAN 
MENCUCC I 
MINAMI 
M0S5 
DEANS 

THE FCLLOHING ARTICLES DEAL H1TH THE REACTIONS P I - P TD ETA N 
AND GAMMA P TO ETA P NEAR T H R E S H D L O . THE DATA ANO THE THEORETICAL 
ARTICLES ARE USEFUL I N UNDERSTANDING THE BEHAVIOR Of THE S U A M P L I 
TUDE AS DETERMINED I N P I P PHASE-SHIFT ANALYSES. FURTHER REFERENCES 
MAY BE FOUND I N THEM. 

MAINLY EXPERIMENTAL — 
64 PRL 1 3 4 8 6 
6 6 NC 4 5 A 9 8 3 
66 PL 2 3 5 9 7 
66 PRL 16 1 2 2 1 
6 7 t I B 8 2 
66 PRL 21 I 
6 9 PR 1B7 U 2 7 
70 P»L 2 5 13B1 
73 PRO B 2 7 8 9 

MAINLY THEORETICAL - -

• ( eROWN.PRANOEIS iHARVA°^ .H tT ,PAOOVA) I 
• P E N S O , S A L V I N I , M E N C U C C I M , * , >OMA. F R A S C A T I I U P 
• 6 I N N I E . D U A N E . H 0 R S E Y . l ' A S O N , > I L D I C . R H E D 
• C H I U . E A N D t r H E L M H O L Z . K E N N E Y , * I L R L . H A W A I I ) I J 
' PREPOST, 0 LUNDOUITT. D QUINN 1 STANFORD) 
•HEU5CH. PRESCOTT. ROCHESTER I C I I I 
• L A N a U , B O R O N E n , B A S t l E N > I B O S T * K A R V * M I T * P E N N ) 
• PRESCDTT. ROCHESTER.MINSTE I N ( C I r i 
' C A M I L L E H I . D E B E N H A M . C U A N E , * ( L O I C S H M P ) 

I S PALL ( U C L A I 

6 7 PR 1 6 1 1 4 b 6 
6 7 PR 1 5 3 1 6 3 4 
6 7 NC 4BA 5 7 9 

N DOBSO'i I H A H A 1 I ) 
MINAM1 IDSAKAI 
° DEANS. H G HOLLAD«Y (VANDERB1LTI 
« LOGAN. F UCHIYAMA-CAMPBELL I I L L I 
MENCUCCIN I . A RERLE 
MINAMI i n s A K A i 
A MOSS I L S U ) 
R DEANS. » G H O L L R D A Y ( V A N O E A M L T ) 
K PAL INPL NEH DELHI 1 

GARG*SHAH ( U C L A * U C I I 
LERUSTE ICOEFI 

N(1540)| 109 N*l/Z(1540, 

">__ 
"•""• '•"' \ P a \ 

1C9 N * 1 / 2 I 1 S * 0 I MAS5 IHEV) 1 1 / 7 7 

8 I 1 5 4 0 . I LONGACRE 77 IPHA P I N TO 2 P I N 1 1 / 7 7 
B ALL L0NGACRE77 PARAMETERS ARE FRO" SOLUTION S 2 . EXCEPT FOR THE POLE 1 1 / 7 7 
B POSIT ION MHICH I S FROM SOLUTIONS S I AND C I . U / 7 T 

1 0 9 N M / 2 I 1 S 4 0 1 HIOTH i ^ E V I 1 1 / 7 7 

1 2 0 0 . 1 LDNGACRE 7 7 IPHA P I N TO 2P1 K 1 1 / 7 7 



Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
N(1540), N(1650) 

IC9 N * 1 / ? I 1 5 * 0 ) R IAL PART OF POLE P O S I T I O N t H F V I 1 1 / 7 7 

1 5 3 5 . C.f 1 * 8 ? . LTNGACRE 77 IPHA P I 'J 7 0 2 » t N 1 1 / 7 ; 

I * l / 2 t l 4 » < 3 l - ? • ! • " - PART OF POLE P C 5 I T I C N |MEV) 1 1 / 7 7 

LONGACR.E 77 I P H I P| N TO ? P | N 1 1 / 7 7 

T I M DECAY i-OOFS 

iiEHii E ii'sbs;!:: 
JECAY "ASSES 

S I B * 7 6 9 
S I B * 7 6 9 

1 3 3 ? * 1 3 9 

1 *1 /21 I 5 - . 0 ) BRANCHING " 

10NGACPE 

i * 3 / 2 ( 1 2 3 2 ) t>t .< 

, "-JIT:?', 

REFERENCES FOR t 

N(1650) 1/2-) l - t / 2 d3 
" I S RESONANT 15 MILL ESTABL ISHEC. 

( 1 6 7 C . 1 
( If-' . 1 

9HAN0SEN 
MICHAEL 
BAREYRE 

6 5 RVUE 

6B BVUE 
S S K T I f l I S GREATEST - EYEBALL 

6B RVUE 
OR|TC 6S PVUE 
AYED 

ND DIAGRAM 
DAVIE5 70 RVUE 
SCHORSCH TO OPMA 
HAGUE" 71 IPHA 

SOLUTIO 
•LKFHED 72 IPHA 
MICKS 73 MPHA 

eit wii OF H ICKST3 ARE INCLUDED I I 1 
> - E I A P 
I S T I N G S . 

H AND M APE e o o « SOLUTION C 2 i 6R*'..QRT t G ) / H H 
1 1 1 6 3 . 1 LANGBEIN 73 IPHA P| N-K STG.SOL 2 

S l l » » P U T u a f LA°GE BUT NOT RESONANT I N SOLUTION I OF LANG9EINT3 
DEAN575 AND LANGBEINT3 DISAGREE WITH P I . P TO K* SIGMA* DATA CF 
H I N N I K 7 T ABOUND 1920 MEV. 

I 1 6 7 5 . I 1NASEI. 75 OPUS 0 P I - P TO KO LAM 
1 6 7 5 . CO 1 6 6 1 . LONGACRE 75 IPHA *>! N 1 0 2 " t N 

1ME ? SETS f]F B A P A M E T E K S ARE 'RUM "EIMOOS 1 AND 2 CF LONGACRF 7 5 . 
7 3 . ) 

IKS:! « 

ALL LGNGACRE7* 

kYFD 76 I Pi E 
BARBOUR 76 DOHA P| N PHOTOBRDD. 

i . J BAKER 77 |PMA 0 P I - P TO K 1AM. 
BAKER T7 DPHA 0 P I - P TO K 1 A M . 

FOR BAUER 77 IRE FOR AN IPHA USING IMF BARRELET 
A CONVENTIONAL E'tERGY-OEPe'jDENT A N A L Y S I S . 

iQNGtCR ? 77 IPUA, PL n TQ J P | N | 
•APAMETERS APE FROM SOLUTION S 2 . EXCEPT FOR THE POIE I 

P [ - TO » 
B.P90JP. T8 DPHA 

CUTKOSHY 7 9 1PWA 
HDEHLEP • PkA 
CRAWFORD H I DP HA 
CUTXOSKY 
L1VAN0S NO DP HA 
MUSETTE HII 
SAxnt j HI) DPHA 

PHOTOPPOD. 1 2 / H 1 
TO P I N 1 /B2 
1 0 1 51GHA 1 / B 2 

NINGLFSS I SCALE I 

I I C H A t L 6 6 PVUE 

l « 0 6 . .at 
fl Gl IWTS 

. 0 1 
1110. .O lO f 
1120. .1 

1700. :i 1 5 0 . 

r « * i C M 7 0 
71 

DP HA 
IPWB 

1? IPHA 
HPHA 

71 IPUA 
* N A 5 £ L O P M A 

;•• IPHA 
76 IPWA 

!>AR80UR 7f- DP h i 
BA«ER IPHA 

?".» _ 77 OP HA 

» PHOTOPRD. , . / 7 l 
TO * LAMB i m 

"" -K S I G i S O L 
P TO XO LAM 

TO 2 P | H 

PH0T0PRO3. 1 / 7 6 

BABBOUP 
CUTXOSKY 
"OEHLEP 
CAWFORD 
C07K0SKY 
LIVANOS 
MUSETTE 
SAXON 

79 | P H A 
BO O f h * 
SO IPhA 

eo cut 

PI N PNOTOPROD. 
PI N TO PT N 
PI P 1 0 K S i t * * 

AVFflAGE MEA-, 
SEE THE N O T t i 

I N G L I S S I S C A l E FACTOR • 
IASSES QUOTED. 

1 * 1 / 7 ( 1 6 5 0 ) PEAL PAilT OF POLE P C S I T I 

1 ' i f lGAr i . f 75 IPWA I 
LONGACPE 77 IPWA t 
CUT"0S1V 79 IPHA t 
C0T1QSKY 80 IP l rA ( 

3 / 7 9 
1 2 / 7 9 
1 2 / 7 9 
L 2 / B I * 

1 / 8 2 * 
I / B 2 " 
L / B Z * 

I 2 / 7 9 

1 1 / 7 5 
1 1 / 7 / 
1 2 / 7 9 

1 / 6 2 * 

r OF PCLf PCSIT10N IMEV 

L0NGA1RE 75 I PI 
L O N G f t C F 77 | P i 
CUTKOSXY 79 IP I 
CUTKOSKY 8 0 IP I 

I N TO ? P I * 
I N TO ?P1 * 
[ H TO "'• 'J 

1 1 / 7 7 
1 Z / T 9 

1 / 6 2 * 

: ELASTIC PCLE RFSIDUF I 

.TIC PCLE RESIDUE I M I v 

T | A L DECAY fC.tS 

N * 1 / 2 1 I 6 5 0 ) I M O P[ >l 
N * 1 / 2 I 1 6 5 Q ) INTO 1 ETA 
N * l / 2 U 6 5 Q I m m LAMBDA * 
N * l / 2 < l b 5 0 1 GA- P, H E L I C I T Y . l / 
N » l / 21 1 6 5 0 1 GAM N . H I L I C I T Y M / 
N » l / 2 ( l f c 5 0 l N P I P I 
N « l / 2 f l 6 5 0 ) N FPSILON 
N* 1 / 2 1 1 6 5 0 1 N PHO 
N * I / 2 I 1 6 5 0 I 
N * I / Z M 6 5 0 I N R H D . S - I / 2 . S - 1 ' A V E 
N * I / Z I I 6 5 0 I I N T L N R H 0 . S - 3 / 2 . D - K A V E 
N * I / Z I 1 6 5 0 1 INTO N . 3 / Z 1 12321 P I 

S6 N * | / ? ( 1 6 ^ 0 ) BRANCH HT. 

N » l / 2 < 1 6 5 0 ) INTO I P I N l / T O T A L 
APPROX M I C H * EL 

( 0 . 7 ' ) CHI 

1 .65 0 . 1 0 

iNINGLESS I S C A l f t A C T C " 

CUTROSKY 
HOEHLEB 

PI N TO P I • 
i l 

• 1/ZII65GI n 

:s:i:,'n, 

THE I J N D E T f - I N E D ) O ^ f A L I 
HAS 1FEN CMANGEO TO A&BEE 

1 - 0 . 2 2 1 
SUPERSFOES BAKER 7 B . 

N * I / 2 I 1 6 5 0 I INTC ILAMBD1 1 
I 0 . 0 2 S ) APpROK. 

PARAMFTRI /AT ION U5E0 CtJJLl 

j A G N f f l T l IPHA * / T 5 
3EWFNISH Q FIXED T D ISP REL 
KNASLL 1 1 / 7 5 
BAKER 7T IPHA 
BAKFR 1 / 7 8 
EAXER 7B DPHA 0 ° 1 - P TO « t A M 3 / 7 9 

I PHASE OF ALL COUPLINGS FROM BAtESTB 3 / 7 9 
J ' T H PREVIOUS CONVENT O N S . 

s a r n N B9 OPHA 0 P I - P TO « LAH 1 2 / 7 9 
1 2 / 7 9 

1/TOTAL I P 3 I 
RUSH 6 8 MPHA T PDLF » P f S C N . 8 / 6 9 

D RE I N DANGEH OF DOUBL E C O J ' H I ' I G 

""'isil;1' 

1 * 1 / 2 ( 1 6 5 0 ) FROM GA> 
I 3 . 0 0 2 1 C R LES* 
( 1 . 0 0 7 2 1 
I D . 0 0 6 Q I 

I / 2 1 1 6 5 Q I FROM 
1 0 . 1 1 ) 
( 0 - 0 6 6 ) 1 0 C 

INGF GIVEN 1' f 
1 0 . 2 0 ) 

( - 0 . 2 5 * ) 

( P Z ) 
I Q T . ' E 6 9 P P H A T P O L E * P F S O N . I 
) E » N S 6 9 H P H A T P O I E « R F S C N . 
; A B P E I A S 70 H P H A T ° D L F * R E S O N . 
I N O A F G E R O F D O U B L E C O W I N G 
H E S O N T N C E S . V A L U E S S U S P I C I O U S L Y L A = I G 

0« I T O ! 
StHQRSC 
DEANS 

J T O < S I G H A 
LANGBEIN 

r OEANS 
FOUR BEST SOLUTION' 

KNA5EL 
L1VAN05 

BOA S0RI(P3*P«I 
69 CNTH K LAM PHQTOPRO 
70 OPHA * LAK OHOTOPRO. 
72 «PHA GAM P-« L".SCH. 3 

SORTtPI 
73 IPHA PI I 
75 DPHA Ol t 

9/73 
10/71 
10/71 
9/73 

| » l / 2 ( ! 6 5 0 l F"QM P I «j TD N * 3 / 2 I 1 Z 3 ? 1 P I S Q R T I P l * ! 
l - 0 . I 6 ) n P - 0 . 1 5 LONGACRE 75 IPHA P ! N ^ 
1 - 0 . ? 9 t 10NGACRE TT | P H * PI N 1 

LONGACRE 7T CONSIDER THIS COUPLING TO BE HELL DETERMINED. 

' 9 ) 9 / 7 3 
: S1G.SCL 2 9 / 7 3 
•0 K SIGMA I 1 / 7 S 

1 1 / 7 5 
TC KO LAM 1 1 / 7 5 

to K SIGMA 1 / 6 2 * 

• 1 2 ) 1 1 / 7 5 
0 2 P I N 1 1 / 7 5 
0 2 P I N 1 1 / 7 7 



Baryons 
N(1650), N(1675) 

Data Card Listings 
For notation, see key at front of Listings. 

'•' '"is!;:— '°^™i~l!-:: slT^!; 
R I O N * l / 2 < 1 6 5 0 ) F R O P ! N TO N RHO,S= 3 / 2 . 0 - M A Y E S B R T ( P | * R 1 1 1 
RIO 8 1 - 0 . 2 9 1 LONGACRE 77 IPWA P I N TO 2°V I 
R I O 8 LONGACRE TT CONSIDER T H I S C O U P l I N G TO BE HELL DETERMINED. 

R t l N * 1 / 2 I 1 6 S 0 I FOCM P I N TO N FPS lLON 5 0 R T ( P 1 * P 7 1 1 1 / 7 5 
R l l L I - 0 . 2 3 I W - 0 . 2 5 LONGACRE 75 IPHA PI K TO 2 P t ^ 1 1 / 7 5 
R i i a 1 0 . 0 0 1 LONGACRE 7 1 I P h A P | N TO ? P 1 U 1 1 / 7 7 

R12 N * 1 / 2 U 6 5 0 ) FR " P I N TO ETA 

tl 

5 Q P T I P 1 P P 2 1 1 2 / 7 9 
1 - 3 . 0 9 1 BAKED 7") DPUA 0 P I - P TO ETA N 1 2 / 7 9 

TMIS COUPLING WAS F I ED DURING F I T I I N C , BUT THE NEGATIVF SIGN 1 2 / 7 9 
« 1 2 1 RELATIVE I D N 1 5 3 5 1 5 WELL DETERMINED. 1 2 / 7 9 

b N * 1 / ? ( 1 6 S 0 ) PHr i lOf , DECAY GNPL(GE V * * - 1 / Z ) 

FOR D E F I N I T I C CF GAMHA-NUC LEON DECAY AMPLITUDES , SEE H I N I -
REVIEW PRECEDING THE BA HYON I I S T l N G S . 

A l n * i / 2 U 6 5 o i I N T O C A M , HE L I C l T y = l / 2 ( G E V * * - l / 2 ) 
0 . 0 3 3 3 E V E N I S H P I N PHOTOPRGD. 2 / 7 * 

* 0 . 0 6 6 D . 9 U MOORHDUS 7 1 DPMA PJ N PHOTOPROD. 2 / 7 3 
0 . 0 1 9 3 E V E N I S 2 7 * DPMA P| N RMOTOPROJ. * / 7 5 
O . 0 1 B K N I F S 7 * OPVA R) N PHOTOPROQ- 2 / 7 6 

o.cts METCALF RJ N PHO'DPROD. 2 / 7 * 
0 . 0 0 5 HQQRHOUS 7 * OPhA P I N PHCOPRtJO. 2 / 7 * 
0 . 018 CRAWFORD 7 5 OPKA P I u PHOTOPRljD. 1 / T 6 

I . 3 . 0 * * 1 BARBOUR 7 6 OPWA P I N PKOTQPROD. 1 / 7 6 
A l * 9 . 0 6 5 o. aot Tfc OPKA ••1 N PHOTOPRQD, 2 / 7 7 
A l ^ 0 . 0 0 * A7.NAURYAN 7 7 DPBA PIQ RMTPRD.SCL 1 2 / T 9 
£ 1 o.oo* A2NAURVAN P10 PHTPOD.SOL 1 2 / 7 9 
A l 0 . 01T aA"Bouo 7 8 DP».A P | - S P H O i O P o g u . 3 / T 9 
A l 0 . 0 6 5 0 . 0 0 5 ABA! 8 l j DPhA P| N PHOTO F I T 1 2 / B 1 * 
A l 3 . 0 6 1 0 .DD5 A B A ! 8 0 OPhA Pt N PHOTO F | I 1 2 / 6 1 * 
4 1 3 . O i l o.on IBAWFOBO 8 0 OPhA P I N PHOTOBRQO. 1 2 / 8 1 * 

-S:SS 

D E V E N I S " 73 
MDORHOUS 73 OPHA 
DEVFHIS2 7 * 
KNIES 7 * OP HA 
" F T C A l F 7 * OP HA 
MOORHOUS 7 * DPhA 
OAWFORD 75 OPhA 
BARBOUR 76 CPfc* 
BARBOUR 7 8 OPKA 
ARAI 8 0 OPHA 

9 0 OPwA 
CHAWFORQ 8 0 OPVA 

N PHOTOPRLTJ. 
M PMaroPBoo. 
N PHOfDOROD. 
N PHOTOPPOD. 
N PHOTOPRCD. 
N PMQTDPRGD. 
H PHOTOPRDO. l/7i 
V PHGT0ORCJ. f/7i 
H PHOTOPRCO. 3/7' 
« PHOTO FIT 1 1 2 / B 
•J PHOTO F [ T 2 1 2 / 8 . 
i P H O T O B R O D . 1 2 / e ; 
>J P H D T 0 P 1 0 D . 1 2 / B : 
1 P H O T O P B & Q . I ; / B ; 

2 / 7 * 

BRANDSFN 65 PL 19 * 2 0 

MICHAEL M PI 21 9 3 

BAR EYRE te Pt I t 5 173 
O t W M C H I as « 2 6 6 l « t 

ALSO 6B VIENNA 139 
ALSO 6 8 T H F S I S 

RUSH 6B PP 1 7 3 177* 

8 0 T « E 6 9 PR 1 8 0 1*1 
DEANS 6 9 PP 1 B 5 1 7 9 
O R I T D 6 9 LNC 1 9 36 
D R I T 0 2 6 9 INS J 113 

AVED TO KIEV CONF 
CABRERA 5 TO NP 16B V 
3 A V I E S TO NP B 7 1 3?9 
S C H O R S C H TO I P 6 2 5 171 

•lASNEK 71 •IB B2 5 * l l 

HEFEPENCES FOR N ' l / Z t l f i ^ O I 

• DDDNNELL. MODRHOUSE IDLIRHAM. P H f L l I J I 

C Mi- .HAEL I O X F I 

P 8AREVBE, C 5 R I C H A N . G V I I L E 1 I S A C L A V I I J I 
* 9 0 W A C H I F . H C K l R S C P P . C LOVELACE f C E R N H J I 
DONNACHIE RAPPf lPTFUP.S TALK 1GLAS1 
H G KIRSOPP ( E O I N I 
J £ RUSH IUN1V ALABAMA) 

IAGNER, JVELACE 

IN IV S F L D 0 1 0 A I 
I T O H * 0 - O S » * * I 

[TOKYOI 

ALKEHED 72 I P 8 * 0 1^7 
OEANS 72 PRO 6 1906 
0EVEN1SH 73 PL * 7 B 5 3 
H 1 C S 79 RPO T 2 6 1 * 
LAN , E I N 73 " P B 5 3 2 5 1 
HOORMOUS 73 PL * 3 B * * 

OEVEHISH 7 * NP B 8 1 3 3 0 
0 E V E N I S 2 7 * PL 5 2 B ? ? 7 
K N I E S 7 * RAO <i 2 6 8 0 
HETCALF 7 * NP B 7 6 2 * 3 

7 * ORD 9 1 

CRAMFDRD 75 NP B9T 125 
DEANS 75 NP B 9 6 9 0 
KNASEL 75 PRO I I 1 
LONGACR.E 75 PL 5 5 8 * ! 5 

ALSO 78 PRO I T 1795 

AVED 7 6 C E A - N - 1 9 7 1 
BARBOUR 76 W> B i l l 35B 
FELLER 76 NP 9 1 0 * 219 

AZNAURVA 77 E F [ - 2 6 * I S T I -
BAKER 77 UP S I 2 6 365 
LONGACRE 7 7 NP B 1 2 2 « 9 3 

ALSO Tb NP B IOS 365 

BAKER 78 NP B l * l 2 9 
BARBQUft T8 NP B l * l 2 5 3 
BAKER 79 I P B 1 5 6 9 3 
CUTK05KV 79 PAD 2 0 2 6 3 9 
HOEHLER T9 HAHOBCQK OF C 

• LOVELACE ( L U N D . R U T G M JP 
0 E A N S i J * C 3 B S . LVONS,WOMGOMERV (SOUTH F L A . M J P 
D E V E N I S H . R A H K I N . L V T M ( L O U C ' P O N N H A H C I | J B 
• DEANS.JACOBS.LYONS* ICARNtGBNL«SOUTH F L A . H J P 
LANGSEIN.KAGNER r n j N I C H I I J P 
HOORHOUSE, OBERLACK I G L A S * L 8 L > 1 J P 

Q E V E N I S H , F P O G G A T T . H A P I I N ( 0 E S 1 . X 0 R D i r * . L 0 U C I 
O E f E N I S H . L V T H . a A W I t ) I D E S Y , LANG. BONN) 1JR 
KNIES.KDQKHOUSF.Of lERLACK I L B L . G L A S 1 I J R 
U J H E T C I L F . R u UALKEP I C I D I J P 
K0ORH0USE.OBERLACK.RO5ENFELD C G H S + L 6 L ) I JP 

R L CRAMFORO ( G U S J I J P 
*MJ ICHELL .HONTGOMERV. * I S F L A . A L A B A M A ) [ J R 
• L I f O O U I S I . NELSON* I C H I C i W U S l . O S U , A N D I J P 
* R D S E N F E L O . L A S I N 5 t C K S H A 0 J A » ( L B L . S L » C M J P 
LONGA CRE .LA S INS K I .R O SEN FELD * I L B L . S H C I 

AVEO CTHEST51 
I . rt. BARBOUR.P. 
*FUKUSH1MA.HDR1KI .Siiiis 

ILSO 80 TORONTO CONF 3 

77 •AKOBOV.BAGDASARVAN (YEREVAN PHVSICS I N S T . ) I J P 
* f i L f $ S E T , 8 L G 0 P W t r M . f l A O O M E . H A « 7 * llHEttlJP 
LONGACRE.DOLfiEAU I S A C L M J P 
DOLBEAU.TR I A N T I S . N E V E U . C A O I E T I S A C D 1 J P 

»BL1SSET,BLOODMORTH*BROCME4 ( R L » C A M B ) I J P 
BARBDUR.CRAUFORO.PAMSONS I G L A S I 
• B ^ O M N . C L A R K . D A V I E S . D E P A G T E R , E V A N S * 1 R H E L 1 I J P 
* F O R S Y T t f , H E N D R I C K i K E L L r I C A R N » L B L ) I J P 

I - N SCATTERING. PHYSIK DATEN V O L . 1 2 - 1 
I E T A S I N E N /KARLSRUHE U P 

t .KOCH K A R l S R U H E M J f 

80 1DR0NT0 Cn' lF 93 
) 80 TDRCNIO CONF 10T 
f 80 TORONTO CONF 19 

80 TORONTO CONF 35 
BO NC 5 7A 37 
BO NP B 1 6 2 522 
10 NP 31bR 17 
81 NP 6 1 8 7 53 

I C A R t u L e i l l JP 

i:il^::iS;ir;i:lf:S"''Mi l::s:i , J' 
PAPFRS NOT REfERHJO TC 

65 PL I S 3 * 2 * HRICMA'J . S ' l t L l N G . VI 
6 7 U C R L - I T 6 8 ' TMESIS C « JOHNSO" 
6 9 PR 177 2 6 2 3 5 * OEANS 

I 69 NP 1QB 4 3 3 » O O N N A f M t f , a K IR50PR 
7 0 °L 3 1 B 5 9 8 * E A R E V R E * V I L L E T 
77 'IP B 1 2 6 4 6 * n A F F , R E V F L . G D L O S E R G . t 

I S A C L A Y I I J i 

S F L O R I O O 
f . i A S . E D I M 

ISACLAY) 
I H A I F I I 

N(1675) 
> I S BEIOHANCF I S MELL F S T B B L i ; « E D . 

ED 
t * • 1 * 1 / 7 1 1 6 7 5 1 "ASS THE 1 

1 1 6 5 3 . 0 1 APPROK 8PAN0S N 6 5 RVltE 
1 1 1 6 1 0 . 0 ) EAOEVRF 68 RVUE 
1 WHEPE CR1SS SECTION TS G«E» EST - FYEB 
3 1 1 6 7 9 . 0 ) 3 r N ^ » c - < 1 6B PVUE 

6 l l f - T S . O I A * £ 0 ; o iP t -A 
6 FROM ENER. 0 ( B . I l l OF BBGANO DIAGRA" 
* ( 1 6 6 9 . 0 ) DAVIES 70 PVUF 
7 ( 1 6 9 3 . 1 A L V t H f 

1 6 5 2 . TO 1 6 9 7 . CBAHF3H 
L 1 6 6 0 . 0 " 1 6 6 0 . LONGAC* E TS IPHA 
L THE 2 SETS OF BABAHETfR 1 ; ABf FRO*- HF 

t I h f O . ) A*EO T6 1PUA 
( I 6 8 T . I BARBCUR 

B ( 1 6 5 0 . 1 LONGACB I T7 t P h A 
8 ALL L0NGACBET7 PARAMETER*. A " E F B Q H ^ C LUT |CN S 2 . 
8 POSIT ION hH ICH I S FROM SOLUTIONS S I B NO C I . 

5 1 1 6 P 0 . 1 BABBOUR 
5 SUPFRSEOFS RAOBOUR 7 6 . 

( 1 6 8 0 . ) 1 1 5 . 1 CUTKOS* Y 79 IPHA 
1 6 7 9 . 9 . H[)EMIEP 

( I 6 B S . 0 ) CRAWFCRO 8 0 OPhA 
I 6 T 5 . 1 0 . CU1K05K Y 8 0 IPWA 

9 ( 1 6 7 0 . ) SATON 8 0 C P U 

BVFRAGE " E A N 1 N C K S S (SCALE FACTO" * 1 . 0 ) 

I N PHOTOPRCO. 
1 ' i TO 2 P I N 

LO' i r .A 'RF 7 5 . 

I N PHOTOPRL'D. 
I N TO 2 P I H 

| - N PHDTOPRLD. 

PT N PMOTOPPQD. 

1 * 5 . OR 15 i 

( 1 3 0 . ) 
< I 9 2 . ( 

1 8 9 . 1 

DAVIES 
ALMEHED 
CHAUFCRO 
LDNGACBE 
AYED 
BBRHDUR 
LONGACRE 
SJCPOUR 

H " t H L E « 
CBAMFnRQ BO DPWA 
CUTKDSKV BO I P V A 
SAKON 80 OPXA 

8 / 6 9 
2 / 7 2 
1 / 7 6 

T O 2 0 1 ^ 1 1 / 7 5 

PH010PBCO. l / 7 o 
TO 2P1 N 1 1 / 7 7 
PHOTORROD. 

' TO =TA N 1 2 / 7 9 
TO " I N 1 2 / 7 9 
TD P I » 1 2 / 7 9 
PH010PRDD. 1 2 / 8 1 * 
TO B T * 1 / B 2 « 

' TO K LAM 1 2 / 7 9 

1 6 * Y . OR 1 6 5 0 . 

1 1 * 6 . > 
1 2 7 . OH 1 2 7 . 

1 1 5 0 . 1 

EAL PART OF POIF PF'St 

10NGACRE 
LONGACRE 
CJTKOSKY 
LUT lOSKY 

75 
TT 
7 9 
80 

I P k A 
IPHA 
1PHA 

I » I / 2 I 1 6 7 5 I L t A L 

LONGACPE 0 
LONGACRE 77 
CUTK05KY T 9 
CUTKOSK- 30 

iii 
IPI 

:AL BaB-T OF EL ASl 

CUTKOSKV 79 
CUTKOSKY 80 ::: 

; PCLE RFSIOJF (KEV) 

• 1 / 2 ( 1 6 7 5 1 1MAG PART (IF ELASTIC PCIE RES10UE IKEVI 



201 

Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
N(1675) 

H t U OECIV "ODES 

• • I / 2 U 6 7 5 ) INTO P I f 

1 * 1 / 2 ( 1 6 7 5 I 

Z\',V,\V-,V, 

I » l / 2 l l 6 » 5 1 

I M C N » 3 / 2 I 1 2 3 7 I " I 

GAM 0, H E L I C I T V t / 2 
GAH P . H E L I C l T V " 3 / 2 

INTO GAK H, H E L I C I T V - 1 / 2 
INTO GAM N , H F L f t I T V - 3 / 2 
INTO 

• ( • 3 / 2 I 1 2 3 2 I P 1 . 0 - H A V E 
INTO •J R H 0 . S - 3 / 2 . O - H A V E 
INTO N E P S I l O N 

9 3 8 * 1 3 9 * 13< 

(HATCHING ( H I 0 5 

BAR EYRE 58 HVUE 
DONNACHJ 6 6 RVUE 
AYED TO IPHA 
0 A V I E 5 TO BVUE 
«L«EHED 7? IPHA 
AVED 76 IPHA 

1 3 . 3 S ) 1 0 Obi CUTKOSKY 79 II*W» 
HDEHIEB 79 IPHA 

0 . 3B 0 OS CUTKOSKY BO IPHA 

2 / 7 2 
1 1 / 7 7 
1 2 / 7 9 
1 2 / 7 9 

IHAMF' '•m!"» 3;?!o t 0i.Lc 

THE 6 9 fPHA T POLE * BESON. 
ANS 6 9 MPHA T ROLE • RESON. 
RRERA5 TO MPHA T POIF » RESON. 

DANGER OF DOUBLE COUNTING 

1 0 / 6 9 
5 / 7 0 
5 / 7 0 

/ 7 I 1 6 T 5 ) INTO I N > 3 / 2 M ? 
I 0 . 6 3 O . I 

ASSUMES E L A S T I C HRA» 

/TOTAL ( P 3 1 
I P I P P 6 7 RVUE 
HUSK 6B MPMA T POLE • RESON. 

BE I N DANGER OF DOUBLE COUNTING 
3 HAGNEB 71 IPWA P | - P TO K LAMB 

2 3 2 1 P 1 1 / T 0 T A L I P * t 
BRODY T I HBC P I - P - - 2 P I N . P H * 

H ING RATIO Q . 4 ? * - 0 . C < . 

; - 0 . 0 3 * 0 . 0 0 6 DEVENI5H 74 0 F I X E D 7 DISP PEL 4 / 7 5 

I COUPLING TO LAMBDA K MOT Rfau 'B-EO I N THE ANALYSES tJF BAKEB7T A 
3 / 7 9 

5 9 ( • 9 . 0 3 6 1 SAXON BO OPHA 0 P I - P TO K 
5 9 COUPLING PHASF IS NEAR 90 DEGREES. 1 2 / 7 9 

(, N M / 2 U 5 T S 1 FBC» P I N TO ETA N S a H T ( P l « P 2 > 1 1 / 7 5 
6 2 ( 0 - O 1 O R 1 * 0 . 0 0 9 f E L T E S S E 75 CPWA 0 14BB TO 1 745 " f K 1 1 / 7 5 
6 Z USES M AND H Cf AVED 7 6 . 1 1 / 7 5 

«• ( - 0 . 0 7 1 BAKEB 79 DPHA 0 P I - P TO ET " 1 2 / 7 9 

J N * l / 2 I I S 7 5 l FRCM P I N TO « SIGMA S Q R T I P 1 « P | 0 I 1 1 / T 5 
1 2 LESS THAN O.ODJ DEANS ?S DPWA P I 1 TO M 
T 7 RANGE GIVEN I S FPCH F OUR BEST SOLUTIONS. 
7 2 
i 7 

9 

U E A « S 7 5 D I S « G R E ; S M I 
A R C L N O 1 9 2 0 " E V . 

N X / 2 U 6 7 5 1 F R O M P | U 

H P I * P TO K* SIGMA* LATA OF U1NNIK7T 

TO N » 3 / 2 H 7 3 2 1 P l . O - H A V E S 0 P M P 1 » P U I U / 7 S 
B L I - 3 . - . 5 I 0 P - a . s o LONGAC»E 75 IPWA « t N TO 2 P I 1 1 / 7 5 

1 - 0 . 4 6 1 LONGACBE 77 IPHA 01 H To i<>\ 1 1 / 7 7 
fl 8 LCNGACRF 7T CON S I D E * THIS COUPLING TO BE HELL DETERMINED. 
9 N 1 - 0 . S I NOVOSELLE 78 IPHA D| N TO 2 P I 3 / 7 9 

e 'i BW F I T TO LCF.GACBE T | P H A . 3 / 7 9 

9 N * l / Z ( 1 6 7 * l FBCM P I N I N I O N R H O , 5 * 3 / 7 , 0 - H A V E 5 0 R T I P 1 - P 1 2 I W'.ll 

•HA P I N TO 2 P I ^ 

' MOOE MEASUREMENTS. 

1 / 7 ( 1 6 7 5 1 INTO C 
0 . 0 7 7 0 . 

( 0 . 0 2 3 1 
O . O l l 0 . 

0 . 0 1 9 0 . 
0 . 0 1 3 I . . 

• 0 . 0 1 0 0 . 
" . 0 1 9 0 . 

• 0 . 0 2 7 0 . 
( • 0 . 0 0 4 1 
( • 0 . O O B 1 

• 0 . 0 3 4 0 . 
• 1 . 0 3 4 0 . 

l » l / 2 t 16751 PHOTON DECAY AHPLIGEV' 

DEVENISH 73 OPW 

;NIES 
IETCALF 
MOORHOUS 
CBAHFORO 
KBIVHTS 
BARBOUR 
FELLER 
AZNAURYAN 
AINAURYAN 
BABBOUR 
A ° * T HO t 
ARAI BO C 
CRAMFOBO BO C 

i OP HA 
i DP HA 
F OPKA 
r DPHA 
3 CPU A 

2 / 7 7 

3 / 7 9 

AtfEBAGE " E A N I T O L E V 

1 / 7 ( 1 6 7 5 1 I ^ C GAM 1 
T - 0 3 6 0 . 0 3 0 

• 0 . 0 7 1 0 . 070 
O. 0 0 * 
0 . OOH 
O . 0 7 4 
0 . 0 0 2 
0 . 006 

[ • 0 . 0 7 1 1 
1 * 0 . 0 2 1 1 

• 0 . 0 1 9 0 . 0 0 9 

*o.aio 0 . 0 1 0 
• 0 . 0 0 2 0 . 0 2 1 

I SCA| r FACTOR r 6 . 2 1 

L I C I T Y . 3 / 2 (Gl 
3 E V F N I 5 H 
HOLTRHOUS 
DEVENIS2 
• W E S 
METCAIF 
MOORHOUS 
CBIWFORO 
• (RIVETS 
BARBOUR 
FELLER 
AINAURYAN 
AZNAURYAN 

DPHA 
OPHA 

'5 DPHA 
OPMA 
DP HA 
DPHA 
DPHA 

Y PHOTOPROD. 2 / 7 4 
P10 OHTDPRDD 2 / 7 4 

•i PHOTOPROD. 2 / 7 3 
Y PHDTOPRDD. 4 / 7 5 
Y PHOTOPRDD. 2 / 7 « 
J PHOTORRDO. 2 / J 4 
J PHOTORROD. 2/T, 
1 PHOTORROD. 1 / 7 6 
1 PHOTOMOD. I / 7 B 
* PKOTOPROD. 1 / 7 6 
4 PHOTOPROD. 

P H T P R 0 ( 5 0 L 1 
PHTPRD.SOL 2 

i PHOTOPROO. 
i PHOTO F I T 1 
4 PHOTO F I T 2 
4 PHOTOPROO. 

P I N PHOTDPROD. 
P I N PHOTOPROO. 
PI N PHOTOPMOD. 
Pt H PHOTOPROD. 
P I H PHOTOPROD. 
P I N PHOTORRCD. 
P I N PHOTORROD. 
" I - H RHOTOPRDD. 
PI U PHOTOPHDO. 
P| N PHOTOPRDD. 
P10 PHTPRD.SDL I 
D | 0 P M T P R O . S D L 2 

2 / 7 7 
. 2 / 7 9 
i 2 / 7 9 

'II II 
BARBOJB 76 0 * * * 
ARAI BO ORHA 
ABA1 BO ORHA 
CRAHFORD 90 OPfcA 

J P 'OTOPROD. 3 / 7 9 
H P H O » O F I T i 1 2 / e i * 
V PHOTO F I T 2 1 2 / 6 1 " 
* PMOTOPROD. 1 2 / B I * 

A2 AVERAGE HFAF 

N » 1 / 2 I 1 6 7 5 ) INTO 5AH H, H E L I C I T 1 
- 0 . 0 6 0 

- 0 . 0 2 9 
- 0 . 0 4 3 

0 . 0 0 4 

0 E V F N I 5 H 7 1 OPMA N PHOTOPBCD. 2 / T * 
"OORHDUS QPHA N PHOTOP"00 . 

74 PMtJTDPBOO. 4 / 7 5 
T * PHUTOPROD. 2 / 7 4 

" E T C A L F 
MOORHOUS DBMA PHOTOPROD. 2 / 7 4 

OPHA PI PHOTOPROO. 1 / 7 6 
PHOTOBRCD. 3 / 7 9 

PI PHOTO F I T 1 
OP H I PHOTO F | I 2 2 / 8 1 * 
OPMA PMOTOPRCO. 2 / 8 1 » 

PI PHOTOPRCD. 
F U J I I 91 OPMA N P H O T O P H O D . 2 / 8 I » 

MEANINGLESS I SCA 

NTO GAM 
- 0 . 0 7 2 0 . 0 2 2 
- 0 . 0 3 5 0 . 0 1 4 

0 . 0 2 0 
0 . 0 3 0 

- 0 . 0 0 9 0 . 0 2 9 
- 0 . 0 4 9 0 . 0 0 4 

O.OOT 
( - O . O B 0 

- 0 . 0 7 3 0 . 0 1 4 
- 0 . 0 6 6 0 . 0 2 6 
- O . O T l 0 . 0 2 2 
- 0 . 0 5 9 0 . 0 2 0 
- 0 . 0 3 0 0 . 0 1 2 
- 0 . 0 6 9 0 . 0 0 4 

, H E L I C I T Y - 3 / 2 I G E V 
DEVENI5H T : 
M00RHCU5 T: 
0 E V E N I S 2 7 ' 
K N l f S T< 
METE A t F T" 
MODHHOJS T" 
tRAUFOBD T. 
BABBOUB T( 
DAB80UR 71 

t PHOTOPBGD. 
* PHDTOPROD. 
* PHQT0RBC0. 
J RHOTOPROO. 
i PHOTOPROO. 
* PHQTOPROD, 
g PH0T1PB0D. 
j PHOTOPRDD. 
•i PHOtOPROO. 
4 PHOTO FIT I 
< PHOTO FIT i 
t PHOTOPOOB. 
<i PHOTOBBOO. 
1 PH0TOP»0D. 

iNINGLESS I SCALE FACTOR • 

IANDSEN 6 5 PL 19 

T R I P P 6 7 

BAR EYRE 6 8 
OONNACHt 6 8 

ALSO 6B 
ALSO 6B 

DUKE 6B 
SIGH 

PL 2 66 I 
VIENNA I 
THESIS 

RUSH 68 ' 

70 K IFV CONr 

BEFEPFNCES FOB N * 1 / 2 U 6 ' S I 

• • D O I N F L l . MDDBHOUSE IOUBHAM, R H E L . I J P 

* L E 1 T H , • ( L B L . S L A C . C E N ,HE10 , * ,ACLAY1 

P BABEYRE. C B R K 1 A N . G V I L t 
A DONNACHIE, R G 1 1 B S 0 P P , C 
DONNAChlE PARPORTEUP.S 1*1 . t 
R G KlRSOPP 
•JONES.KEMP,MURPHY,THRESHER. 
GUMENIS CONCERNING EXISTENCE 
J E RUSH 

T I S A C L A V l l J B 

• | EHEL!C1F'!UP 
110 I J f . 

J C BOTKF 
S OEANS, J HOOTE'i 1 NIV ^ F L O O I D i l 

ft A V f O . P 9AREYRE. G V I L 1 E ' I S 4 C L I I J P 
CABRERAS 70 i 

ALMEHED 7? N» B 4 0 157 

DEVENISM 73 PL 4 7 B S2 
HEMMI1 73 PL 4 3 B 79 
MC0RH0U5 73 PL 4 3 B 4 4 

DEVENISH T4 NP BB1 330 
DFVENIS2 74 PL 5 2 B 2 2 7 
* N I E S 7 * PRO 9 2 6 9 0 
HETCALF 74 NP B 7 6 2 5 3 
NDORHOUS 74 PBD 9 1 

=31 

•LOVELACE I L U N D . ° ' 1 T & | I J P 

D E V E N I S H . 0 4 N K I N . L Y T H ( L D J C t B O N N . L A N C H J P 
H E - M I . I N A G A K I . T . 
MDDBHOUSF, OBFRLAC" ( 5 L A S . L 3 H I J B 

0 E ^ N I S H , F R 0 G 5 A T T , H A R T I h ( D E S V . N O B D I I A . L O U L l 
O E « E » I S H . L V T H . R A N < I N ( D E S Y . L A N C . - . O N N M J P 
K N I E S . M 0 3 R H 0 U S E . 0 3 E P L A C K ( L ^ L . G L A S M J P 
H J - E T C A L F . R L HSLKEP ( C I T J I J P 

JFQRO i r , i 

£;•':» 
AYEO 76 C F * -
BARBOUR 76 NP t 

AZNAURYA 77 
L O N G A C R E TT ' 

ALSO 76 t 

BARBOUR 78 f 
NOVOSELL 78 ' 

ALSO TH • 

sis™'-

::Si', 
ALSO BO TORONTO CONF 3 

TORONTO CONF 93 
TORONTO CONF 107 
TORONTO TONE 19 

•IP 9 1 6 2 522 
I P B I 6 S 17 
NP 9187 53 if 

R.KOCH I K A B L S R t l " E J I J I 

I . ARAI I T Q K Y I 
R.L .CRAHFOBO ( G L A S ) 
•FORSYTH,BABCOCK.KELLY .HENOHlC* I C A R N t L B L ) I J > 
• B A K E R . B E L L , B L I S S E T T . B L 0 D D H 0 R T H * | B H F L * B R I S I 1 J > 
T A K F 0 l t * R * l , F U J 1 l . | K F D A « l H A S A K I * ( T O K Y i 
F U J I I . H A Y A S H I I . I U A T A . K A J I K A H * * ( T O K Y I 

PAPERS NOT REFERRED TO IN O A T * CARDS 

77 •, 
78 N" B I ' 

B I 2 8 ( 

t S A C L A Y N 
1 R H E L , D « F ) I 

I L R L 1 
S F 1 0 R I D A 1 

I S A C L A V I 
( R H E L i : 

TOAFF,REVEL.GOLDBERG.BERNY 
| O L * C A i B l I 

I S 1 1 J P 
» * M T C H E L L . » n N T " . 0 " E R T . » ( S F L A , AL ABAMA1 U P 
* A Y E D , e A R E Y B E , B O G E A U D . C A V I 0 , F B * « F I N . ( S * C L I I J P 
t M I o n S H N I C H E N K O . N I t l F U K C V . S A M N i - ( K I E V I U P 
K R t V E T 5 . N I K T F 0 R Q V , S A N I N , S H * L A ( S K I I I K I E V 1 I J P 
• R O S E N F E L D , l * S I N S > C I , S H * C J A * ( L B L . S L A C J l J P 
LONGACRE.LASINSKT.ROSENFELD* I L B L . S L A C 1 

AYEO I T H E S I S 1 
I . 1 . BARBOIJP.R. L . CRAWFORD ( G L A S ) U P 
• F U K U S H I H A ^ H C R l K A H A . K A J I K A M A ' I N A G n Y A ^ O S A K A i U P 

• AKQPOV.BAGOASAPYAN (YEREVAN PHYSICS I ' J S T . I I J " 
LDNGACBE.DDL BEAU ( S A C L I I J P 
D O L B E A U . T R I A N T I S . N E V E U . C A D I E T ( S A C L I I J C 

BARBOUR.CRAHFORD.PAts rNS ( G I A S I 
0 . E . NOVOSELLEB 
0 . E . NOVOSEILEB 

* 9 R 0 H N , C L » R * , D A V ! E S . D E P A l 
*FORSYTH,HENDP|CK .KELLY 

SCATTERING, PHYSIK DATEN V 

( S A C L M J P 

(CAL T E C M I I J I 



Baryons 
N(1680) 

202 I 

Data Card Listings 
For notation, see key at front of Listings. 

N(1680) 65 N * 1 / 2 ( 1 6 8 D . J P « 5 / 2 * I I « 

T H I S RESONANCE I S HELL EST1 

4 1 6 9 0 . 0 1 

(iter.oi 
C 1 6 9 2 . 0 1 
( 1 6 8 2 . 0 1 

FROP ENER. DEB. 
1 1 6 8 5 . 0 1 
( 16S8 . I 

1 6 7 * . TO 16" 
C 1 6 8 5 . I 

1 6 8 0 . C" 16" 
THE 2 SETS OF I 

65 N * 1 / 2 ( 1 6 B D I MISS (MEV1 

BRANDSEN 6 5 PVUE PHASE S H I F T ANAL 
BAREYRE 6 8 PVUE PHASE-SHIFT ANAL 1 

iPE C«OS r , SECTION I S GREATEST - EYEBALL F I T 

;»AM 
TO RVUE 

PHASE-SHIFT ; 

>-S RNAL SOL fl 

PAHETERS I 

P I N PHOTUPRGD. 
P I - P TO KO LAK 
PI N TO 2P ( 

ALMEHEO 
CRAHFORD 75 DPWA 
KNA5F.I 75 DPMI 
LONGACRE 75 IPHA 

IRE FRO" METHODS 1 AND 2 OF LONGACRE 7 5 . 
( I 6 T 9 . 1 AYED 7 6 !*>¥» I 
f 1 6 8 0 . I BARBOUR 7 6 QPWA PI N PHOTO"ROD. 
1 1 6 6 0 . ) LONGACRE 77 IPHA PT N 1 0 2 » l N ] 

»LL LONGACRE77 PARAMETERS RRE FPOH SOLUTION S 2 . EXCEPT FOR THE POLE 1 
P O S I T I O N HHICH IS FROM SOLUTIONS S I AND C I . I 

I 1 6 8 0 . ) 
SUPERSEDES "ARBOUR 7 6 . 

( 1 6 9 0 . 1 ( 1 5 . 1 
1 6 9 * . 3 . 

( 1 6 8 2 . 0 1 
1 6 8 0 . 1 0 . 

AVEt iGE ""EANINGLE5S I5C»LE FACTOR • 1.1 

( 1 0 9 . 0 1 
H O * . 01 
( 1 4 0 . 1 

iisi 

BARBOUR 76 OPHR PI - N PHOTOPRIJD. 3 / T 9 

CUTKQSKY 7 9 1PWI N TO P I N 1 2 / 7 9 
MOEKLER PI N TO P I N 1 2 / 7 9 
CRAMFORO DP HA PI N PHQTOOROD. 1 2 / B 1 
CMTKOSRY 

' 1 . 0 1 

'PWR N TO P I N 1 / 8 2 

OTH ( « E V 

BAREYRE 6B PVUE 1 1 / 6 7 
D 0 N N M H 1 6*. PVUE 6 / 6 8 
AY ED IPHA 
DAVISS ANAl SOL A 
AL«-EHED 7? IPHA 2 ' 7 2 
CRAHFORO f*> OP HA N PHOTOPROD. 1 / T 6 
KNiSEL ] P I P TO KO LAP 1 1 / 7 5 
LONGACRE 7 1 IPHA N TO 2 P | N 1 1 / 7 5 

IPHA 1 1 / 7 7 
B»»90UR N PHOTOPRCO. 
LONGACRE 7 7 IPHA P I N TO 2P1 N 1 1 / 7 7 
BARBOUR 7 * OPHA N PHDTOBROD. 3 / 7 9 
CUTKOSKY IPHA N TO P I N 1 2 / 7 9 
H0EK1.ER 7 9 IPHA P I N TO P I N 1 2 / 7 9 
CRAMPORD DPW Pt V PMDTOPK03. 12/BV 
CUTROSKV 4 0 IPHA N TO P I N 1 / 8 2 * 

AVERAGE ".EA* 

¥ • 
I t A L PART OF POLE f 

LONGACRE 75 I P W 
LONGACRE T7 I P H ' 
CUTWSSKY 79 I P W 
CUTKQSKY 8 0 | P H ( 

1132.1 
1*5. OR 1 

(112.I 
1 1 0 . 

- ? » I M A G PART OF POLE P O S I T I O N (MEV> 

LONGACRE 75 IPHA P | N TO 2?[ U 
LONGACRE T 7 IPHA P I N TO 2 P I N 
CUTKQSKY T 9 IPHA P I N 1 0 P I 1 
CUTKOSKY 8 0 IPHA P | N TO P I N 

IE 
11/75 

11/75 

6 5 N * l / 2 ( 1 6 8 0 l REAL P»RT Of ELASTIC PCLE RESIDUE ( K E V I 

65 N * l / Z ( 1 6 t IHAG PART OF ELASTIC PCLE R r S I D U E (MEVI 

¥ TO PI 1 12/79 
H TO PI H 1/B2* 

65 * • ! / ? ( 1 6 9 0 ) PtflTltL OECAY WOOES 

1 N M / 2 I I 6 8 0 I I * T O 1 3 9 * 
EC AY 

9 3 8 
Z N * 1 / 2 I 1 6 B 0 I INTO •i ETA 9 3 9 ' 5 * 8 
1 K M / 2 1 1 6 8 0 1 INTO LR«BDA K 1115 ' * 9 7 

N ' 1 / 2 U 6 B 0 I INTO N » 3 / 2 C 1 2 3 2 I P I 1232 1 3 9 
N * 1 / 2 1 1 6 8 0 1 INTO N P I P I 9 3 8 1 3 9 

b N * 1 / 2 1 1 6 8 0 1 INTO GAM P . H £ L l C l T Y » l / 2 0' 9 3 8 
INTO C«H P . H E L l r . l T Y - 3 / 2 0 9 3 B 

H INTC GAK N , H E L I C 1 T Y - 1 / 2 0' 9 3 9 
9 INTO GAH N . M E L I C I T Y - 3 / 2 0' 9 3 9 
lt> N * 1 / 2 1 1 6 8 0 1 INTO U EPSILOtt 9 3 8 1 3 0 0 

N * l / 2 ( 1 6 S 0 I IfcTO N flHO 9 3 8 ' T 6 9 
N * 1 / 2 1 1 6 8 0 1 INTO 1 * 3 / 2 1 1 2 3 2 1 P l . P - H A V E 1232 ' 1V» 

11 INTO • ( • 3 / 2 ( 1 2 3 2 1 P I i ' - H A V E 1 3 9 
1 * N * 1 / 2 ( 1 6 8 0 1 INTO N R H 0 . S - 3 / 2 . P - H A V E 93B' 
IS N P 1 / 2 I 1 6 B O I ( N 1 0 N R H O . S - 3 / 2 . F - H A V E 9 3 9 ' 
16 N> 1 / 2 ( 1 6 8 0 1 INTO S I CM* K 4 9 3 * 1 1 8 9 

fc5 H » l / 2 16901 BRANCHING 1 ATIOS 

M O I P ] N 
BAREYRE 6 6 RVUE 
D0NN1CH1 6 8 PVUE 

TO IPHA 
OJIKI fS 7 0 PVUE 
AL«EHEO 7 2 IPHA 
AYED 7 6 IPHA 
CUTHDS<Y 79 IPhA 

O.OZ HOEHLER 79 I PDA 
CUTROSKY 8 0 IPHA li 

AS SEEN I N 

l»SSEL OUOTED. 

I i U N ON THE I N E L A S T I C OECAr HODfS OF THE 1690 « 
ODUCTION EXPERIMENTS. 

I / T O T A L 

HAY 8P FOUND BELOU 

l » l / 2 ( 1 6 B 0 1 INTO I N E r 
I 0 . O 1 5 I O P LESS 
( 0 . 0 0 0 * 1 
( 0 . 0 0 3 1 I D . 0 0 2 1 
(O.OBOSIOR 0 .OD1 

PARAMETRIZATION USEO COULO BE I 1 

NTO I £ T « 1 / I P I 
LESS 

1 > 1 / 2 ( I 6 B 0 1 INTO ILAHBDA H 11 
1 0 . 0 0 1 3 1 0 * LESS 
( 0 . 0 0 1 I C R LESS 

PARAHETRI IAT ICN USEO COULD 
t O . 001 ICB LESS C L - . 6 : 

60TXE 6 9 •PWA T P5LF • BESON. 1 0 / 6 9 
CPhA T POLE R E 5 0 N . 5 / 7 0 

CARRERAS C P U * T PPLE OESDN. 5 / T O 
E I N 0»NGER UF DOUBLE C0U1TING 

N) ( P Z 1 M P 1 ! 
HEUSCH 66 PVUf • P I O . ET PHOTO 9 / 6 6 

OTAL ( P 3 1 
TRIPP hi RVUE 
RUS« HPHA T POLE PESON. 5 / 7 0 

E I N DANGER OF DOUBLE COUNTING 
H4GNER IPHA P I - P TO K LAMB 1 / 7 1 

P I 1 /TOTAL ( P A ) 
BPODY ' 1 HEC P I - P - - 2 P I N/PyA 6 / 7 D 

l LAHBOA S Q R T ( P l P P 3 l 
0EVEN1SH T * 0 F IXED T D ISP R 
UNRSEL 75 DPHA 0 P I - P TO RO I I 

REQUIRED H I THE ANALYSES CF BAKER 7 7 AN[ 

0 H EPSILON S 0 R T ( P 1 * P 1 0 T 
LONGACRE 75 IPUA P I N TO 2"\ I 
LONGACRE 7 7 IPHA P I H TO 2<M I 

R T H | 5 COUPLING TO BE WELL OETERHINEO. 
NOVOSELLE 78 IPHA PI U TO 2 P I I 

T-i I P k A . 

N TO N * 3 / Z ( 1 Z 3 2 I P l . P - H A v E S 0 R T ( P | » P 1 2 1 
LONGACRE 75 IPHA P I N TO 2P1 I 
LONGACRE TT IPHS P | >J TO 2 » I I 

R THIS COUPLING TO BE V.ELL DETERMINED. 
•iOVOSlLLl 7S I P X * P I •* TO 2 » 1 1 

1 a;;:™ 
Ẑiif;:;:::: 

1 * 3 / 2 ( 1 2 3 2 1 P I . F - H A V E 
LONGACRE 75 1PWA 
LOtlGDCRE 77 I P h A 
NOVOSELIE 78 I P h A 

( R H 0 . S - 3 / Z . P - H A V E 
LONG»CRE 75 IPHA 
LONGACRE 77 IPwA 

> COUPLING TO BE HELL DE 
NOVOSELLE 7B IPUA 

SORT( 

R l l 6 LONGACRE 77 CONSIDER T H I S COUPLING TO BE 

N M / 2 U 6 B 0 I P « C P I N T[ 
LESS TH«N 0 . 0 0 1 

RANGE G I V E N I S FRQtl 3 C 
DEANS7S DISAGREES M ( I H 
• ROUND 1 9 2 0 « E V . 

IELL D E T E « « I N E I . 

S Q R T | P I * P 1 ( 

3 / 7 9 

1 1 / 7 5 

3 / T 9 

^S^Er^-

' • 1 / 2 ( 1 6 8 0 ) PHOTON DECAY 

1 * 1 / 2 1 1 6 8 0 1 INTO GA» 

- 0 . 0 0 9 
0 . 0 2 T 

- 0 . 0 1 6 0 . 0 1 * 
-o.oos 0 . 0 1 1 
- 0 . 0 1 * 0 . 0 0 3 
- 0 . 0 1 3 

1 * 0 . 0 0 3 1 
( - • . 0 0 * ) 

- 0 . 0 0 9 
- 0 . 0 0 7 
• 0 . 0 1 0 
- 0 . 0 0 5 
- 0 . 0 2 8 
- 0 . 0 2 6 
- 0 . O 1 8 0 . 0 1 * 

T Y - 1 / 2 IGEV* • - 1 / 2 1 
DEUENISH DPUA PI N PHOTOPROD. 
HE " N i l T3 + FMO P IO P«TOPRDD 2 / 7 ^ . 
HODRHOUS DPHA P I N PHOTOPROO. 2 / 7 3 
0 E V E N I S 2 DPNA PI U PHOTOPRDD. * / T S 
AMIES 7 * PI U PHOTOPROD. 
METCALF OPHA PI N PHOTOPRDD. 2 / T * 
HOORHOUS OPMA P | H PHOTOPRDD. 2 / 7 * 
CRAHFORD P I N PHOTOPROD. 1 / T 6 
M l VETS DPHA P I - N PHCTOPROD. 1 / 7 8 
BARBDUR DP HA PI H PHOTOFIDO. 1 / 7 6 
f E L L E R DPHA PI N PHOTOPROD. 2 / 7 7 
AI^AURVA^ OP HA PIO PHTPROtSOL 1 1 2 / 7 9 
AZNAURYAK DPHA PIO PHTPRO.SOL 2 1 2 / 7 9 
BARBDUR OPUA P I - N PHOTOPRDD. 3 / 7 9 
ARAI OPHA PI N PHOTO F I T 1 1 2 / 8 1 ' 
ARA1 DPHA PI N PHOTO F I T 2 
CRAHFORO HO DPUA PI H PHOTOPROO. 1 2 / 8 1 * 

AVERAGE <IE*NINGLFSS I SCALE I 



Data Card Listings 
For notation, sec key at front of Listings. 

Baryons 
N(1680), N(1700) 

1*0.107) 
1*0.1321 
*0.121 

i M E L I C I T Y . 3 / 2 ( G E V * ' 
DEVENISH 73 
MGDRHDUS 7 3 
0EVEN1S2 7 * 
KN t ES 7 * 
HETCALF 7 * 

CRANFORO 75 
KRIVETS 75 
BARBOUR 76 
F E U 

-1/21 
DPHA 
DPhl 
DPHA 
OPWA 

A2 r D P W A 
r O P H A 
) DPHA 

CRAWFORD 8 0 DPH< 

PI N PHOTOPRDD. 
• I N PHDTOPROD. 
P| N PH0T1PRDD. 
» I N PHOTOPRDD. 
P| N PHOTOPAGD. 
• I N PHOTOPAOD. 
P| N PHOTOPROD. 
» I - N PMOTOMCD. 
PI * l PHDTORRCD. 
P| N PHOTOPROD. 
P |0 PHTPAO.SGL 1 
P10 PHTPRO.SOL I 
P t - N PHOTOPROD. 

0 1 N P M Q T O F I T 1 
P I N P H O T O F I T 2 
P I V P H O T O P P O D . 

1 / 7 6 
1 / 7 6 
2 / 7 7 

1 2 / 7 9 
1 2 / 7 9 

3 / 7 9 
1 2 / 8 1 * 
1 2 / 8 1 * 

AVERAGE MEANINGLESS I ' f U E FACTOR ' 

I M / 2 I 1 6 B O ) I hTO GIF 
0 . 0 3 5 0 . 0 * 9 

0 . 0 1 4 
0 . 028 
O.O05 
O . O I B 
O.O03 
0 . 0 0 1 

0 . 0 1 0 

0 . 0 1 2 
0 . 0 1 0 
0 . 0 0 3 

N , H E L l C I T Y M / 2 

AVERAGE MEANINGLESS ISCALE F 

N * 1 / 2 I 1 6 B 0 I I M P GAM N , h 
- 0 . 0 1 8 0 . 0 3 9 
- 9 . 0 0 * 0 . 0 1 6 
- 0 . 0 2 1 0 . 0 2 S 

0 . 0 0 1 O . O I B 
0 . 0 0 0 . 0 3 9 

- 0 . 0 * 1 O.OO* 
-3.015 0 . 0 0 * 

( - 0 . 0 2 6 1 
5 - 0 . 0 3 H 0 . 0 1 8 

O E V E N I S H 73 DPVA " I H PHDTQPRQD. 2 / 7 * 
MOORHOUS 73 OPKA N PHOTOPRDD. 2 / 7 3 

7 * DPMA N PHOTOPROD. 
7 * DPHA N PHOTOPBDD. 2 / 7 * 

l E T C U F 7 * DPHA N PHOTOPROD. 2 / 7 * 
MOORHDUS 7 * OPHA 1 PHOTOPROD. 2 / 7 * 
CRAWFORD 75 DPWA PI N PHOTQPROO. 1 / 7 6 

76 DPMA N PHOTOPROD. 1 / 7 6 
BARBOUR 78 DPWA -» l PHOtOPROO. 3 / 7 9 
A R A I BO DPWA U PHOTO F I T I 2 / 8 1 
ARA| 8 0 OPHA 1 PHOTO F I T 2 2 / 8 1 
C«AMI3RD 8 0 DPWA N PHDTOPRQD. 2 / 8 1 
TAKEDA BO OPHA N PHOTOPROO. 2 / 8 1 
F U J 1 I B l DPHA PI N PHOTDPROO. 2 / B 1 

OR > L S I 

C 1 T V . 3 / 2 I G E V " - 1 / 2 1 
DEVEN1SH T3 OPHA N PHOTOPRDD. 2 / 7 * 
HOORHDUS 13 C P * » 1 OrtOlQPROD. 2 / 7 3 

7 * DPWA N PHOTOPROO. 4 / 7 5 
N PHOT0PROD. 2 / 7 * 

HETCALF 74 DPHA N PHOtOPRDD. 2 / 7 * 
KOORHOUS T* DPHA N PHOTOPRDO-
CRAWFORD 75 DPMA H PHOTOPROD. 1 / 7 6 
BARBOUR 76 DPHA N PHDTOPRDD. 1 / 7 6 
BARBOUR 78 OPMA PI N PHOTOPROD. 3 / 7 9 

9 0 OPtafl N PHDTO F I T 1 2 / H 1 * 
eo OPHA N PHOTO F I T 2 2 / 8 1 ' 

COAHFCRD BO DPWA N PHDinPRDO. 2 / 8 1 ' 
TAKFDA 8 0 OPWA PI N PHOTOPRCO. 2 / B L * 
F U J I I B l OPHA PT V PHOTOPROO. 2 / 8 1 * 

N l f iGLESS (SCALE FACTOR • 

REFERENCES FOR N< 

r t O N IRMP 3 7 , 6 3 3 . 1 9 6 5 1 FOR E411 IEB 

•UDONNELL. MODRHOUSE IUURHAM, 
C A HEUSCH. C ¥ P R E S C C T I . R F 0 A 5 " E N IC 
* L E I T » . * I L R L . 5 L A C , C E f i N , H E I 0 . S A C L J 

RENCES-

H E U I J P 

IR ICHAN. 

ALMEHEO 
DEYENlSH 

M C O R H O U S 

O E V E N I S H 
3 E V E N I S 2 

HETCALF 
MOORHOUS 

CflAHFCHO 
Otitis 
K U S E L 
K R | * t T S 

ALSO 

' 0 W B 2 1 3 5 9 

UB B * a l ^ T 

P BARETRE. C E 
• DONNACHIE. R G K I P S O P P i 
DDWNACHJE RAPPORTEUP.S T 
R G KIRSOPP 
*JOKE 5,KEXPiMURPHY,THRESH 
J E RUSH 

J C 90TKE 

•L3VELACE 
O E V E N I S H . R A N R I I I . L Y T H 
H E H H I . H i A G A K I * 
KOORHOUSE. OBERLACK 

;[i;KI ,J' 

I C L * S * L B L ) U = 

7»£ 
5 PRO 11 I 
'5 SJ'tP 20 * ' 

SJNP 19 1] 

D E V E N I S H . F R 0 G G A T T . H A P T I M D E 5 Y . N 0 R 0 I T A . L 0 U C I 
D £ V E K I S H , L Y T H . R A M t I N (DESY.L A"JC.B0NN1 U P 
K » 4 l t S , H 0 0 P n 0 U ' j t , O 6 E e L * C i < . ( 1 6 1 . , 0 1 . * S H J O 
H J METCALF.R L WALKER I C I T l l J P 
" "nRHOUSE.OBERLACR. f iOSEMFELO { C U S - H E l l l - P 

R L CPAHFQPO ( G L A S M J P 
• HITCHELL.MOMTGOXERY.*- ( 5 F L A , ALABA-A11 JP 
* L I N D 0 U I 5 T , N E L S O N * ( C H I C . W U S L , O S U . A N L I I J P 
• " I R O S H N I C H E N t a . N I K I F O R O V . SAN I N * I K I E V I I J P 
m v E T S . N I K l F C I R O V . S A N I N . S H A L A T S K I t I K I E V I I J P 
• R O S E N F E L D ' L A S I N S K I . S H A D J A * ( L B L . S L A C M J P 
L D N G A C R E , t A S I 1 S K I , R 0 S E N F E L D * I L B L . S L A C I 

A Y f D I T H E 5 I S I I S A C L M J P 
1 . « . B M e W R i f t . L . CRf tWORD I G U b l U P 
* F J K U S H M A . H 0 A | K * M A . K A J I K A H A * I N A G G Y A * D S A K A 1 I J P 

'8 I P B I 3 T * * 5 

' IP 8 1 5 6 •;•! 

ALSU BO T1R0NTO CONf : 

I I 6 0 lORGhTO CONF < 
LVFOfiO 60 TORONTO CONF 1 
' K O S u r 60 TORONTO TONE 1 
ION BD NP P 1 6 2 522 
;EDA 60 NP 6 1 6 6 | T 
I I I 81 N» B I B 7 53 

'""iisiis 
*AKOPOV,BAGOASARYAN (YEREVAN » 
LONGACRE.OOLBEAU 
0 0 L B E A U , T R 1 A N T I S , N E V E U , C A 0 I E T 

BARBOUR.CRAWFORD.PARSONS 
0 . E . NOVOSELLER 
D. E . NOVOSELLCR 

<PROMN.CLAPK.0AVIES>0EPAGTEP<EVAN 
*FORSYTH.HENORICK.KELLY 

4 SCATTERING. PHVSIK OATEN V O L . 1 2 - 1 

I I . ARAt (TOKV) 
)7 R.L.CRAMFORD ( G I A S ) 
> rFORSYTH.BABCOCK.KELLY^HENORICK ( C A R N « L B L I 1 J P 

t B A K E R . 8 E I L . B L O O 0 W 0 R T H * ( R H E L * B R I 5 1 1 J P 
r i K E O A . A R A l . F U J l T . l K f D A . I W A S i K H ( T d K Y I 
F t l J I I . H A Y A S H I I . I H A r A . K A J I K A W A * I t Q K Y I 

PAPERS NOT PEFEPPEO TO I N 0 TA CAPO! 

1ERL0 
poatftrs 
BANNER 

THE 
9AREYRE 
DEANS 
DONNACHl 
AYEft 
BAKER 
MINNIK 

6 5 OESY CONF | | 21 
6 5 ATHENS CCNF 2 4 * 
6 5 PRL 1 5 4 6 8 
6 6 P ROY SOC 2 39 *E 
6 7 PREPRINT 

166 1 3 * 7 

:BR0r fN .CE A.HARVARD • * M T . PADOVA, ME I f l A N M 
KENNEV.LAMSA, • I NOIRE D » » E . KENTUCKY I 
. JONES.KEMP,HURPHY,PRENTICE. * < P H E L . O K f ) I J * 

I P XERLO. G VALLADAS I 5 A C L A Y I 
I G ROBERTS IDURHAHI 
D F I O E U F . F A V O U X . H A H E L . • f S A C L A Y . C A E N I 

ABOVE PAPERS DISCUSS I N E I A S T I C CHANNELS NEAP THE B U " P -
65 PL 18 3 4 2 * BRICMAN. S T I R L I N G . V l L l E T I S A C L A Y I I J " 
6 9 PRL 177 2 6 2 3 1 R DEANS I U N I V S F L O R I O A I 
6 9 NP IOB 4 3 3 A DONNACHIE. R KIPSOPP I G L A S * E D I N I 
7 0 PL 3 1 B 5 9 8 * B A R E Y R E * V I L L E T I S A C L A Y I 
77 NP 6 1 2 6 365 * B L l S S E T . 8 L O 0 D M 0 R T H . e R O D » E . H A R T * I R H E L 1 I J C 
77 NP B 1 2 6 6 6 *TOAFF.REKEL,GOLDBERG, f lERNY I H A I F 1 I 

N(1700) 1 1 7 0 0 . J P * 3 / 2 - l I « t / Z | ~ 1 3 J 

I I S HFSONANCF I S WELl F S T A 3 L I S H E C . 

( 1 7 3 0 . 1 
( 1 6 8 0 . I 

HHERE M A V . , 
I 1760.0! 

3 S C R P I I 0 N I S 

30NNACH2 
«IRSOPP 

- D O N N A ^ H I , 7 .K 
lAGNE" 

) PVUE P H A S . 5 H I F T - C E R N 1 
) RVUE »H»St S H I F T ANAL 
• SOPP EYEBALL F I T CE" ' J 1 

r i I P W * P I - P TO K LAMd 
D13 RESONATES C N L * I N ONE DUT OF 3 POSSIBLE S O L . 

I 1 6 7 0 . I DEANS 7 2 MPbR GAP) P-K LH .SOL 0 
I 1 1 7 9 0 . 1 LANGBEIN 73 I P h A P| 1-K S I C . S O L I 
[ NOT SEEN I N SOLUTION 2 OF L A N G 9 E I N 7 3 
[ OEANS75 ANO LANGBEI1T3 DISAGREE WITH P I * P TO K* SIG-1A* DATA OF 
[ WINNIK77 ARCUNO 1920 HEV. 

1 7 1 0 . 0 » 1 7 1 0 . L0NGACR7 75 IPHA P I 1 7 0 2 D I U 
THE 2 SETS OF PAPAXETERS ARE FRO" MEIHOOS 1 AND 2 OF L O N G A C f 7 5 . 

I 1 7 1 0 . 1 AYED 7 b TPbA 
I 1 6 7 0 . 1 ( 1 0 . 1 BAKER 77 1PKA 0 P I - " 7 0 K L A " . 
1 1 6 9 0 . 1 BAKER 77 DPWA 0 P | - P TO K L A H . 

TtE T«D ENTRIES FOR BAKEP 77 APE FOR AN IPWA USING THE BAR"ELET 
ZERO METHOD AND A CONVENTIONAL ENF«GV-OEPENOENt A N A L Y S I S . 

( 1 6 6 3 . 1 LONGACRE 77 IPKA P I N TO 2 " ! N 
IMETERS APE FRO" SOLUTION S 2 . E X t 5 " T F Q ' THF PDIE 
ROW SOLUTIONS S I AND C I . 

B A K E " 78 DPk-A 0 P I - P TO K LAM 
BARBOUR 7 6 OPMA P I - N PH0T0PRQ3. 
BAKER 7 9 OPhA 0 P I - P TO ETA u 

> BY BAKER79 MAY BE I N F t u E r l C E L B* THE N I 2 D 8 0 I . 
CUTKOSKY 79 |PhA P I N TO P I N 
"OEHtER 79 I P W i PI N 10 P I N 
CRAWFOBO 8 0 OPt-A PI N PHOTQPRDD. 

1 0 / 6 9 
1 0 / 6 9 
1 0 / 6 9 

9 / 7 3 
5 / T 3 
9 / 7 3 

-™*ri;.r : 

I 1670.1 
< 1709.01 
1675. 

I 1650.1 
CUTKDSK1 
SA*ON 

I IP! 
BO DPHA 0 P 

I TO 0 
P TO X 

11/77 
11/77 
3/79 
3/79 

12/79 
12/79 
12/79 
12/79 
12/81* 
1/B2* 
12/7' 

IVERAGE "EANINGLFST ISCALE FACTOR • l . < 

1 ( 1 2 0 . ) LANGBEIN 7 3 I P " P I N-K 5 I G . S 0 L 9 / 7 3 
L 1 0 0 . OB LDNGACRE 75 IPWA PI N TO 2P1 N 1 1 / 7 5 

I I 0 0 . 1 AYFO 1 1 / 7 7 
D 1 9 0 . 1 1 2 5 . 1 BAKER 0 P I - P TO " L A K . 1 / 7 8 
E M O O . I BAKER 7 7 OPHA 0 P I - P TO K L A M . 1 / 7 8 
8 1 6 0 0 . 1 LONGACRF PI N TO 2 P I N 

7 0 . TO BAKER 0 P I - P 1 0 K 1AM 3 / 7 9 
* ( 1 2 6 . 1 BAPBOUR P l - N PHQTOPRDD. 

6 ( 6 7 . 1 BAKER 0 P I - P TO ETA N 1 2 / 7 9 
1 4 0 . 1 CUTKOSKY 79 1PHA PI fj TO f t N 1 2 / 7 9 

U B . 3 D . HOEHLEO D| N TO P I N 1 2 / 7 9 
( L S 6 . 0 1 C» AHFOTfl BO 0P^«* oi N RMOtnoooo. i z m * 

* 0 . CUTKDSKY PI N TO P | N 1 / B 2 * 
5 1 7 3 . 1 

OR = 1 . 0 1 

0 P I - P TO K LAM 1 2 / 7 9 

AVERAGE MEANINGL OR = 1 . 0 1 

0 P I - P TO K LAM 

SEE THE NOTES HE MASSES Q' O H O . 

8 N » l / 2 ( 1 7 0 0 REAL PART OF POLE P O S I T I O N ( H E V ) 1 1 / 7 5 

( 1 7 1 0 . 1 LONGACRE 7 5 IPtaA PI H TO 2 P I N 1 1 / 7 5 
6 1 6 1 6 . OR 6 1 3 . LONGACRE 1 1 / 7 7 

t I b b O . > LUTKOSKY 7 9 IPHA PI N 7 0 t>T N 1 2 / 7 9 
1 6 6 0 . 3 0 . CUTKOSKY 8 0 I P k A PI N TO P t N 1 / B 2 * 

8 N * l / 2 ( 1 7 0 0 - 2 * I « A G PAR T CF PCLE P O S I T i n N ( » E V I 1 1 / 7 5 

( 6 0 7 . ) LONGACRE 75 IPHA P I N TO 2P1 H 1 1 / 7 5 
8 5 7 7 . DP 7 5 . LDUGACRE 77 IPWA P I N TO 2 P I N 1 1 / 7 7 

1 7 6 . 1 CUTKOSKY 79 |PKA P I N TO P I •* 1 2 / 7 9 
9 ' J , 4 0 . HUTKOSKY BO IPWA PI N i n o i N 1 / 6 2 * 

PEAL PAPT OF ELASTIC P C l E RESIDUE . 

CUTKOSKY 79 IPHA P| H TO P I ' 

1*1/2117001 I«AG ( : i E RESIDUE IMEV) 



Baryons 
N(1700) 

Data Card Listings 
For notation, see key at front of Listings. 

19 N « 1 / 2 I 1 7 C PARTIAL DECAY MQOES 

lilllpl 
|l|l§|p?;™ 

N » 1 / 2 M T 0 0 ) C F 0 " " I N t o 
1 ( 3 . 1 0 ) 

LFS5 THAN . 0 1 7 
RANGE GIVEN I S F " O i FOJB 

N * l / 2 ( 1 7 0 0 ) INTO I ' M N l / T 
O . P 9 ) 
o.iat (o.o?) 

I . OB 0 . 0 3 
0 . 11 0 . 0 5 

/ERAGE MEANINGLESS (SCALE F 

N * I / 2 ( 1 7 O O ) r»c«< P I N TO 

iTON T3 K IA"BD. A 9 / 7 3 
DE*NS 7 2 MPHA GAM P-K LN.SOL D 9 / 7 3 

: S I C - * * S Q « T ( P 1 « P T I 9 / 7 3 
LANG8EIN T3 IPHA P I N-K S IG .SOL 1 9 / 7 3 
3EANS 75 DP HA PI N TO « SIGMA 1 1 / 7 5 

BEST SOLUTIONS 

)TAL ( P I ) 

1 1 / 7 5 

»»ED 7 6 1 1 / 7 7 
C U T K O S K Y IPHA P I N TO P I N 1 2 / 7 9 
HDEMLEH IPHA P I N TO <•! N 1 2 / 7 9 
CUTK0SKV 6 0 IPHA Pt N TO P I N 1 / 8 2« 

BCTOP - 1 . 0 ) 

( - 0 . 0 3 1 ( 0 . 0 0 * 1 
( - 1 . 0 3 ) 
1 - 0 . 0 * 1 

I t t r t D f T £ H « I ' I F 0 I O V E O H l 
i BEEN C W N V I l TO W > E f i 

( - 0 . 0 1 2 ) 
•EPSFOES e«KEO 7 8 . 

'••"is:s: 
( 1 . " 0 I 

» T8 OPHA 0 P I - P TO K LA 
' ALL COUPLINGS FROM BAKERT8 
f lOiJS CONVENTIONS. 

S Q R T ( P I * P 9 > 
I PI N 1 0 £ ' 1 
1 o [ s TO 2 P I 

""'tSS'-Bls 
S Q U K P I ' P I O ) 

P I N TO 2P1 
P I N TO 2P] 

i 
1 1 / 7 7 

) OPHA 0 » ( -

i * l / 7 H T 0 O I PH3T0N DECAY 

' L I T U O E S . SEE M i l l -

- 0 . 0 1 * 0 . 0 2 5 
O . O T B o. ooe 
• 0 . " 3 t 0 . 0 0 5 
- 3 . 0 3 3 0 . 0 2 ! 

1P10UP 7 4 . 
- 0 . 0 2 9 0 . 0 0 7 
- 5 . 0 2 - 5 0 . 0 0 6 
- J . 0 2 * 0 . C I " 

V w i w ESS (SCALE 

2 1 1 7 5 0 1 ' . r r I , I H P . 

O . P S * 0 . 0 6 5 
0 . 3 1 * 

3 . 0 " ) 0 . 0 * 0 

3 . f * 6 0 . 0 0 7 
3 . 0 * 8 0 . 0 0 7 
1 . 0 1 * 0 . 3 2 5 

a.oc? 0 . 0 0 5 

3EVFNISH 73 CPHA PI u PHDTOPROD 2 / 7 * 
7 * N * / 7 5 
7 * OPUA PHOTOPROO 2 / 7 * 

OPUA PMOTOPROD 2 / 7 * 
T * OPHA N PHOTOPROD 2 / 7 * 
75 OPHA PHOTQPROD 1 / 7 6 

EAoeoup 76 OPHA PI PHOTOPROO 
FELLER 7 6 OP h i N PHOTOP*00 2 / 7 7 
AZNAURV.N 7 7 OPHA PIO PHTPRDiSOL 1 1 2 / 7 9 
A7NAURVAN 7 7 OPHA P IO PMTPRD.SOL Z 1 2 / 7 9 
BARBOUR 7 8 OPHA PI - N PHDTOPROO 3 / 7 9 

3 / 7 9 
10 OP HA P I PHOTO F I T 1 1 2 / 8 1 
8 0 OPHA PI PHOTO f i r 2 12/Bt 

- 5 . 2 ) 

• " = 3 / 2 (<" 

8 0 CPHA PI S PMOTOPROD 1 2 / 8 1 

- 5 . 2 ) 

• " = 3 / 2 (<" EV» - 1 / 2 1 
73 CPHA PMOTOPROO 2 / T * 
7 * OPUA •1 P»OTOPRO0 
7 * OPHA N PHOTOPROD 2 / 7 * 
7 * •HOTOPROO 2 / 7 * 
7 * DP HA PHOTOPROD 2 / 7 * 
75 DPHA PKDTOPROD 

HAOBOUB 76 OPHA PHOTOPRCD 
FELLFP 76 OPWA N PHOTOPROD 2 / 7 7 
A7NAUBYAN 7 7 DPHA HTPAD.SCL I 1 2 / 7 9 
A/NAURYAN 77 DPUA 3 PHTPAD.SOL 2 1 2 / 7 9 
PAPfloue 78 OPHA PHOTOPROO 3 / 7 9 
AEAI 80 PHOTO F I T 1 1 2 / 8 1 * 
AOAI 80 DPUA PHOTO F I T 2 L 2 / B 1 * 
r.OAKFOBO BO DPHA PI >J PHOTOPROD 1 2 / B 1 * 

3 . 0 1 3 •3 .272 
- 3 . 0 7 . 1 0 .O9A 
-a.o->& O . M O 

0 . 0 0 . 0 3 * 
( - 1 . 0 I 5 P 

• 0 . 0 8 1 0 . O 1 5 

'•olo5o' 0 . 0 * 7 

- 0 . 0 0 7 0 . 0 1 3 

n - r l / 7 (G E V » » - l / 2 ) 
D t U f N I S " 73 OPUA 
•)( v r N ( S 2 7 * OPHA 

*virs 7 * OPHA 
ME TCALf 7 * OPHA 
i r o R H Q u ^ 7 * DPhA 
r.OAHFIOD 75 OPHA 
"RBF.Oi.ln 16 DPhA 

78 DPH» 
A » « I 8 0 OPHA 
a f " ._ 8 0 OPHA 

N PHOTOPROO. 2 / 7 * 
N PHOTOPBDO. 
U PHOTOPRDO. 2 / 7 * 
N PHQTOPRDO. 2 / 7 * 

PHOTOPROD. 2 / 7 * 
N PHOTOPROO. 1 / 7 6 

PHOTOPROO. 
PMOTOPROO. 3 / 7 9 
PHOTO F I T 1 2 / 8 1 * 
PHOTO F I T 1 2 / 8 l » 

N PHOTOPROO. 1 2 / 8 1 * 
N PHOTOPPOO. 1 2 / 8 1 * 

••OOP ' 2 .71 

N * l / 2 ( 1 7 0 0 l INTO < AM N . H E L 1 C I T Y - 3 / 2 ( C £ V * * - 1 / 2 I 
- O . O B B 0 . 0 8 7 
- 0 . 0 2 6 0 . 0 6 7 

0 . 0 2 * 0 . 0 2 * 
0 . 0 0 . 0 * * 

I 0 . 0 2 S I 
• 0 . 1 0 7 0 . 0 2 5 

1 * 0 . 0 2 2 1 
4 0 . 0 3 5 0 . 0 3 0 
- 0 . D 3 T 0 . 0 3 6 
- 0 . 0 3 5 0 . 0 2 * 

0 . 0 * 1 0 . 0 3 0 
0 . 0 1 8 0 . 0 1 8 

DEVEHISH " 7 3 DPHA' PI H PHQTOPRGO. 2 / 7 * 
DEVENIS2 7 * N PHOTOPROD. + / 7 S 
KN1ES H PHOTOPROD. 2 / 7 * 
M E K A L F 7 * H PHOTOPPOD. 2 ^ 7 * 
MOOR HO LIS 7 * N PHOTOPRCD. 2 / 7 * 
CRAufORO 75 P) N PHOT0PROD. t / 7 6 
BARBOUR 7 6 P I ft P H O T O M D D . 1 / 7 6 
BARBOUR 7B P I -N PHOTOPROO. 3 / 7 9 
ARAI BO OPUA PI •i PHOTO F I T I I 2 / B 1 * 
ARAI BO DPUA P I H PHOTO F I T 2 1 2 / B 1 
CRAUFORO 80 DPUA PI '1 PHOTOPROO. 1 2 / 6 1 
F U J I 1 81 OPUA PI K PHOTOPROD. 1 2 / 6 1 

A* AVERAGE MEANINGLESS I SCALE FACTOR « 

0DNNACH2 6B VIENNA L39 
KIRSOPP 6 9 T H E S I S 
UAGNER 71 NP B 2 5 * 1 1 
DEANS 7 2 POD 6 1 9 0 6 
OEVENISH 7 3 PL * T B 5 3 
LANGBEIN 7 3 Hf 8 5 ^ 251 

DEtfENISH 7 * NP BB1 3 3 0 
0 E V E N I S 2 7+ PL 5 2 8 2 2 7 
X N I E S 7 * PRO 9 2 6 8 0 
HE'CALF 74 HP B7A 2 5 3 
urjORHOJS 7 * PRD 9 1 

CRAUFOftO 75 HP B9T 125 
DEANS 75 NP B96 9 0 
LQNGRCRE 75 PL 5 5 8 * I S 

ALSO 7B PND 17 1 7 9 5 

ATED 76 C E A - N - 1 9 2 1 
BARBOUR 76 NP B U I 3 5 8 
FELLER 76 NP B I O * 2 1 9 

A2NAURYA 77 EF 1 - 2 6 * 1 5 7 1 - 7 7 
BAKER 77 NP B126 3 6 5 
LONGRCRE 77 NP B 1 2 2 * 9 3 

•LSO 76 NP B10B 365 

78 NP B l t l 2 9 

OONN'.CHIE RAPPORTEUR.S TALK I G L A S I 
R G KIxSQPP I E D I N I 
F HACNER, C LOVELACE ICERN) 
DEANS.JACOBS. LYONS.MONTGOMERY (SOOTH F L A . I 1 J P 
O E V E N i S H , R A N K I N , I V T H t lOUC*BONN»LAf*CI I J P 
( .ANGBEIN.UIGNER I W U N I C H I I J P 

O E V E N I S H . F R O G G A T T . H A R T I M D E S V . N D R D I T A . L n ' J C I 
O E V E N I S H . L - I H . R A N K I N ( C E S Y . L A N C . B O N N ) I J P 
KNIES.MOORHOUSE.OBERLACR ( L B L . G L A S ) I J P 
U J HETCALF.R L HALKER I C I T 1 I J P 
MOORHQUSE.OBERLACK.ROSENFELO I G L A S « L B L » I J ' 

P. L CRAUFDRO 
»MITCHElL>XONTGOMERY.» 
tROSENFELD.LAS INS* I . S M O J A * 
L0NGACRE>LASINSKI .ROSENFELO* 

( G L A S I I J P 
.A .ALAFAMA1IJP 

I L B l . S L A C U J P 
I L S L . S L A C I 

1YED ( T H E S I S ) I S A C L 1 1 . 
I . H . BARBOUR,R. L . CPAUFORO ( C L A S H . 
> F U H U S H I M A , H 0 ( t t K A H A . K A J l K A U A 4 l H A G a v A 4 0 S A K A I I . 

• AKOPOV.BAODASARYAtl (YEREVAN PHYSICS I N S T . I I . 
»BL!SSET.BLaODWORTH<8ROCHE>HART» ( R H E L ) I . 
LONGACREtDOLBEAU I S A C L I t . 
D O L B E A U t T R l A N T I S t N E V E U . C A O I E T I S A C L l I . 

»BROUN,CLARK,OAVIEStDEPACTERtEVANS* 
•FORSYTH.HENDRICX-RELLY ( C I 

SCATTERING, PHVSIK OATEN V O L . 1 2 - 1 

B A R B O U R 7 B * 

B A K E R 7 9 N P 6 1 5 6 S 3 
C U T H O S K Y 7 9 PRO 2 0 2 8 3 9 
H O E H L E R 7 9 H A N D B O O K O F P 

• K A I S E R , K O C H , P I E T A R I N E N / K A R L S R U H E I J I 
A L S O BO T O R O N T O C O N F 3 R . K O C H I K A R L S R U H E I I J F 

A R A I BO T O R O N T O C O N F 9 3 1 . A R A I ( T O K Y ) 
C R A U F O R O BO T O R O N T O C O N F 1 0 7 R . L . C R A U F D R D ( G L A S ) 
C U T T O S K Y BO T O R O N T O C O N F 1 9 ' F O R S Y T H , B A 8 C 0 C K , K E L L Y . H E N 0 P . 1 C K I C A R N * L B L ) I J ( 
S A X O N BO N P B 1 6 2 5 2 2 • 8 * K E R , E E L L . B L I S S E 1 T . B L O O O U O R T H * I R H E L ' B R I 5 ) 1 J ( 
F U J I I BL N P B I B 7 * 3 F U J I I . H A V I S H I I , I H A T A . K A J I K A U A * ( T O K Y I 

P A P E R S N O T R E F E R R E D TO I N D A T A C A P O S 

1700 MEV REGION - PRODUCTION EXPERIMENTS 

20 N M / 2 U T 0 0 , JP« • 1 - 1 / 2 PRODUCTION EXPERIMENTS 

70 N » l 2 ( 7 0 0 ) H ASS ( " E V l ( P R D D . EK P . l 

I 1 6 9 5 . D I ( 9 . 0 ) A -BORELLI 67 Mfll . PBAR P 5 . 7 BEV/C 8 / 6 7 
( 1 7 3 * . 0 1 ( 2 1 . 0 ) AtME(DA 6 8 HBC . pp 10 eev/c 9 / 6 9 
( 1 7 3 3 . 0 1 ( 1 8 . 0 ) GALLDUAY 6 6 HBC P I - P 6 G E V / C B / 6 9 
1 1 7 1 2 , 0 1 1 6 . 0 1 BARNES 6 9 HBC 7 / 7 0 

U P CGNSt STENT H S i l l 1 6 5 0 ) OR P 1 1 I 1 7 1 0 I (N F SMAT'V"" *" 
1 1 6 6 7 . 0 ) ( 5 . 0 1 BENVENUTI 6 9 08C 0 P I - 0 2 . 2 * GFV 5 / 7 0 

J CONSISTENT H TH 5 / 2 OR T / 2 
1 9 0 1 1 6 9 3 . ) ( 1 5 . 1 RHODE 6 9 HBC PP Z2 GEV/C 1 0 / 6 9 
JP I S PRORABL Y 5 / 2 . 

1 1 6 9 1 . 1 (*.) ANDERSON 7 0 MMS - P I - * 7 0 0 1 - NP.S 2 / 7 1 
1 T 7 I 1 7 1 3 , ) ( 1 0 . ) C1RBA TO H8C . P I * P Ti l P . 3 P I 2 / 7 1 

* O U 7 6 3 . ) ( 2 5 . 1 COOPER 70 HBC . LAMB. K PROD. 2 / T 1 
5 0 5 1 1 7 3 0 . 0 ) ( 1 5 . 0 ) tPENNELL TO HBC . PI-P.PI.P „ G E W 

1 / 7 1 
6 0 ( 1 7 1 0 . 1 •O'ZNETSOV 7 0 H I E C - LAM8. K P * O D . 2 / 7 1 

1 1 7 1 9 . 0 ) WILL "ANN 70 HBC P I * P 1 3 . GEV 5 / 7 0 
J CONSISTENT H 5 / Z Qh 7 / 2 

1 1 4 9 * . 0 1 ( B . O ) AMAL01 71 SAS P P AT 2 * GEV 1 0 / 7 1 
1 1 7 3 0 . 1 1 2 0 . 1 BALIAH 71 HBC - P1*"P »7 16GEV 2 / 7 2 
1 1 7 0 0 . 1 BEKETOV 71 HBC 

PJ'M P'K"£PRO 
3 / 7 2 

( 1 7 1 1 . 1 BOESEBEC 71 RVUE 3 / 7 2 
( 1 6 7 2 . 0 ) E L L I S 71 CNTR NMS*JP*5!!T"SK« 1 0 / 7 1 

B0( 1 6 5 0 . 0 1 8 0 / U O MA 71 HBC P P TO P 1 P I 1 0 / 7 1 
( 1 7 0 0 . 0 ) HORSE 71 HBC P I - P 25 GEV/C 3 / 7 2 

1 6 7 0 . TO MORSE 7 1 HBC 0 P I - P 7 GEV/C 3 / 7 2 
I 1 7 2 0 . 1 ( 2 0 . 1 RUSHBROOKE'rl HBC PP TO P2P1 16GEV 2 / 7 2 
( 1 6 9 0 . 3 1 ( * . 5 I EDELSTE1N 72 MPJS PP 6 TO 3 0 GEV 1 / 7 3 
( 1 6 6 S . 0 ) ( 1 9 . 0 ) 2 * / * 5 . KARSHON 7 2 DBC P 0 — P 0 2 P I 7 GEV 1 2 / 7 2 
I 1 7 1 5 . 0 ) ( 5 . 0 1 LAMSA 72 HBC P I - P BT019 GEV 1 / 7 3 

ANALYSIS C I V F S JP • 5 / 2 . 
( 1 6 6 0 . 1 ( I S . ) OH 72 DBC 2 / 7 3 

DETERMINE J - 5 / 2 . F 1 5 PROBABLS 2 / 7 3 
( 1 7 2 0 . 1 1 1 5 . ) RONAT 72 HBC P I * P TO 3 » I P 2 / 7 3 
1 1 8 2 0 . 1 DAVIDSON 7 * HBC * P I - P TO P I - OM P 1 0 / 7 4 

OMEGA PROTON ENHANCEME T.MOMENTS ANALYSIS CONSISTENT K I T H 2 J « 1 CR 3 1 0 / 7 4 
I 1 7 3 2 . 1 1 7 . ) L ICHTMAN 7 * HBC P | * P TO 3 M P 4 / 7 5 
( 1 6 9 * . | LICHTMAN 7 * M6C * P J - P TO 1 » I P 4 / 7 5 
1 1 8 1 0 . ] 1 1 5 . ) ATHERT02 75 HBC PBAR p 5 . 7 GEV 2 / 7 7 

OMEGA PRflTON ENHANCEMENT, MOMENTS ANALYSIS CONSISTENT WITH S STATE. 2 / 7 7 
( 1 7 0 0 . 1 SLOBEL 7 5 H B C • PP TP P ( P | » P I - P I 1 / 7 6 

http://RBF.Oi.ln


Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
N(1700) 

1 6 6 0 . TO 1 6 7 0 . BP.AUNI 75 HBC PBAR P 5 . 7 GEV 1 1 / 7 5 
C 1691 . m . i 75 SPEC t PP TO Z N * , U - 2 3 G V 
( 1 6 9 1 . I B . ) C A V A L L I 75 SPEC * PP TO 2N»,M-31GV" 
I 1 7 1 5 . ( 1 0 . ) C A V i L L l 75 SPEC * PP 1X1 2 N » , * - 5 3 G V 
I 1 6 8 6 . 1 1 2 . 1 MU5GR.AVE 75 MBC K* P TO K P I N 
( 1 6 5 0 . STB ACHKA 75 BC NBAR I N P l l 
< 1 6 7 8 . WE 6 8 7 5 ISR » P P TO P N * 
( 1 6 9 1 . ATHERTON 76 H6C PfiAR P 5 . 7 GEV 
t 1 6 8 0 . APPLE 7 7 SPEC » P P TO P I P P I D 1 
1 1 6 6 0 . APPLE 77 SPEC » t> P TO P 1H P I * ) 
( 1 6 9 0 . HE I HEN 77 MBC . K-P TO K- N » * 
( 16 TO. H F I N E N 7 7 H6C 0 K-P TO KOBAR N»0 
( I 6 T 7 . ROUGE 7 7 OMEG 0 P l - P 9 . 1 2 GEV/C 

ACKHARO PRODUCTION. P I - P 1 0 . COM< ISTENT W I I H J P - 5 / Z * 
( 1 7 1 0 . 1 2 0 . 1 ERELOF 78 SPEC » P H E — P P I P I HE 1 / 7 8 

M 1 6 8 0 . 1 3 . J FERRER 0 P l - P 9 , 1 3 GEV/C 3 / 7 9 
PRODUCTION. - - > I P P l - I t ! • P I -

5 ( 1 6 6 * . ( 1 5 . 1 FERRER 7B CHEG * P l - P 9 , 1 2 GEV/E 3 / 7 9 
PRODUCT I E N . P I - P _ _ > tp P I , c - 1 P 1 - . J P - 5 / Z - FAVORED. 

o n r u . ( 2 5 . > GOODARD 7B HBC • P | * P TO L A * f F t 3 / 7 9 
1 1 6 7 0 . OTTER 78 MBC • K-P TO R- N»» 1 / 7 8 

1AL L Y S I S OF P P I * P I - SYSTEM. SHAPE OF 1 /7B 
/ 2 - D 1 0 E TA P I ) HAVE I S COMPATIBLE K I T H A BRE1T- H1GNER. 1 /7B 
0 ! 1 6 9 0 . ( 6 . ) APE LDDORN »~ PBAR P 7 . 2 GEV/C 1 2 / 7 9 
0 I 1 6 B 8 . 1 1 . > APELDOORN aa MEC • - PBAR P 12 GEV/C 2 / 8 2 
0 1 1 6 3 9 . ( 7 . ) FUKUNAGA BO HBC * P [ * P TO P I P I N 2 / 3 2 

155.01 
170.0) 
[105.01 
[235. 1 ( 5 0 . ) 
1130.) ( 1 0 . ) 
16*. ) ( 2 6 . ) 

1102.) 1*0.) 
[133.01 (30.01 

163.01 (12 .0 ) 
[152.01 ( . 5 . 0 ) 

1 7 0 0 ) N10TH (MEV) ( P P C O . E X ' 

A - B 0 H E L L 1 67 HflC 
AL«E1DA 
GALLDwAY 

7 0 . 10 1 2 0 . 
1 1 2 3 . I ( 4 0 . ) 
( 1 3 3 . 0 ) ( 2 6 . 0 
( 1 6 9 . 0 1 1 6 * . C 

1 9 0 . 0 1 APPRO) 
I 1 2 B . ) 11 ,0 .1 

1133. 
(103. 
113',. 
(1*9. 

1 1 5 0 . 
( 1 5 0 . 
( 1 2 0 . 

( 9 0 . 
1 1 3 3 . 

SEE THE NOT! 

:;?.! 

BENVENUTI 
RHODE 
ANDERSON 

CRENNELL 
XU1NETS0V 
HILLMANN 
AMALDI 
8ALLAM 
BOESEBEC 
E L I I S 

HORSE 
HORSE 
RUSHBROOKE 
E0ELSTE1N 
KARSHON 
LAM5A 

DAVIDSON 
L ICHTHAN 
L ICHTHAN 
A7HERT02 
8RAUN1 
CAVALL I 
CAVALL I 
CAVALL I 
HUSGRAVE 
HEBB 
ATHERION 
APPLE 
APPLE 
HEINEN 
rfEtMEn 
ROUGE 
E«ELOF 
FERRER 

5ODDAR0 
OTTFR 
APELOOORN 1 
RPELDfJORN 8 0 HPC 
FUKUNAGA SO HBC 

IG THE *»SSFS OUOTEO 

P l - P 2 5 GEV/C 
GEW 

PP TO R2PI 16GEV 
OP 6 TO 3 0 OEV 
P D — P D 2 P I 7 GEV 
P| P I B . 5 GEV/C 

) P l - N TO P l - P I - p 
f | * P TO 3 P | P 

' X . J C B N 

1 0 / 7 1 
3 / 7 2 
3 / 7 Z 
2 / 7 2 

> P | - ( TO P I - OM P 

OMEC 

P1»P TO 3 P I 
P l - P TO 3 P | P 
PBAII P S . T GEV 
PBAR R 5 . 7 GEV I 
PP TO 2 N » . M - Z 3 G V 
PP TO 2 N « , K - 3 1 G V 
op TO 2 N * . M - 5 3 G V 
K* P TO * P I N I 
p o TO P N» 

2 ( 1 1 3 0 I*TO PI s 134 
2 ( 1 » 0 0 I M O N P I P I "539 1 3 9 
2 ( 1 TUO i s r o N - 3 / Z I 1 3 2 1 I 123Z 
2 I J 7 0 0 . INTO NEUTRON P I . 5 J 9 
2 ( 1 TOO • INTO PROTON I - 918 
2 I 1 T 3 0 •. INTO N » 3 / Z I 2 321 . P I - 12 32 1 3 9 
2 ( 1 7 0 0 IMr N EIA 939 5 * 9 
2 ( 1 7 0 3 ISTO LAHBOA 1115 * 9 7 
2 1 1 7 1 0 I N - C SIGMA K 1 1 8 9 * 9 3 
2 ( 1 7 0 0 INTO OMEGA P 01 ON 782 9 3 8 

zuroa ,NT0 RHOO PP 11 ON 7 6 9 9 3 B 

71 N M / 2 1 1 7001 RANCH I NG P A i m s PROD. E P . ) 

2( 1 'GO I S T I ( P i N ) / P I N 3 / Z I 1 2 3 2 I I P 1 ) / P 3 I 
1 0 . 7 1 OP LESS LE( 67 MB P I P 3 . 6 GEV/C 
( 9 . 0 CP MORE BENVENUT1 6 9 CB C 0 

2 ( 1 7 0 0 INTT | N ETA) ( N • » N P I P I | I P 7 I / P M P 2 I 
1 0 . 0 5 I 0 P LFSS KRAEHER 6 4 OB C * P I D 1 .2 
1 0 . 0 * 2 I L H LFSS CL . 9 5 A-BORELL 6 7 HB C • Pfl R P 5 . 7 BEV/C 

2 ( 1 ' 0 0 I 1 T 0 (LAMBDA K I / ( P P I * P f - 1 ( P S I / P 5 I 
( 0 . 0 3 - I C R L f S S ALEXANDER 6 7 HB 5 . 5 BFV/C 
( 0 . 0 1 ( R LESS C I . 9 5 CIRBA 70 HP, PI P AT 5 GFV/C 
1 0 . C 1 BAKSAV 76 I S • "" - N « P 

2 I I 7 0 O I 1 T 0 (LAMBDA M / ( N P I •• N P I P I ) ( P B I / P I * P 2 ) 
1 3 . 0 310R LFSS CL . 9 5 A-BORELL1 6 7 HB 

SEE CH1N0BSRV 6 8 HB TO R t 
U N I T S 3 . 0 2 5 TO 0 . 1 BARNES 6 9 HB TO « - P 2 P I 

3 . 0 2 5 0 . 0 0 5 CRENNELL 70 HB 
LESS ( n AN 0 . 0 2 5 MILLHANN 70 HB P I P TO 3 

SEEN. C C N 1 . M I T " J - 12 MORSE M HB 0 P I - P T GEV/ : 

'-"•B:«£I-
' i p i t 
S A - f l O R E t t I 6 7 HBC 

CRENNELL TO HBC 

01 INTO (N*3/2(I232) Pll/ 
1-BORELiI 67 HBC 

i INTO I NEUTRON t 
' 0,*D 
1 0.25 

0 . 5 3 0 . 21 GE ( E R R O * INCLUDES LE FACTOR OF 1 . 0 1 

2 ( 1 7 0 0 ) I M O I N * 3 / 2 I 1 2 3 2 I • * P I - I / I P P I » P | - » ( P 6 ) / ( P 5 ) 
0 . 7 * 0 . 1 * ALEXANDER 6 7 PP 5 . 5 BEV/C 1 1 / 6 7 
1 . 0 0 . 3 ALMEIOA 6 8 HBC PP 10 BEV/C 

( 0 . B 3 ) KAVAS 6 6 HBC P P 8 . 1 BEV/C 1 1 / 6 3 
LESS THRN 0 . 1 5 BARNES 6 9 HBC K-P TO " - P 2P1 7 / 7 0 

( 0 . 5 0 ) OR LESS C L - . 9 5 CIRBA 7 0 HBC PT«P AT S GEV/C 2 / 7 1 
NO EVICENCE CRENNELL 7 0 HBC I / 7 I 

1 2 . 3 1 L . 6 I K ILLHANN 70 HBC P I * P TO 3 P I P 6 / T O 
( 1 . 0 ) OP -ORE C L - BEKETOV 71 HSC D E L ( I 2 3 2 I » « P l - 3 / 7 2 

0 . 7 5 0 . 7 5 BOESEBEC T l PVUF " P . P l - P . ^ - P PROD 3 / T 2 
0 . 3 5 0 . 2 0 R0SHBR00KET1 HBC PP TO P 2 P I 16GEV 2 / T 2 
0 . 4 5 0 . 1 5 LAHSA 7 2 HBC P I P I B . 5 GEV/C 1 2 / 7 2 

( 0 . + 01 BLOBEL 7 5 HBC PP TO t > | P I » P | - P I 1 / 7 8 
0 . 3 0 . 1 HEINEN 7 7 HBC R-P TO * - >**• I / 7 B 
0 . * 2 O.OB EKFLOF TB SPEC * P H E - - P » I » I HE 1 / 7 B 

AVERAGE IERRCR INCLUDES SCALE F A C ( 0 ° Of I 

I N I O 1S1G R i / I L A " 

7 2 ( 1 7 0 0 ) INTO IRHOO 

C I ) DRVIOSON 7 4 HEC 

>RDTON)/(OMEGA PRDTOfl) 

• P I - P TO » l - CH f 

SEE THE NOTES ACCOMPANYING THE MASSES OUOTEO 

i 1 36 8 * 9 * . 

I 1 5 * 1284 

FFERENCES FOR H » 1 / 2 I 1 T 0 0 > |PROD. E ' P . ) 

"ADANSKY-* 1J M G P I ^ S . N h E S I E R N . B O O O S T I C M I 

•KIH^SKSSS' EFIE 
ALMEIDA 
TH1N0MSR 
GALLOWAY 

BHOOE 69 P 

ANDERSON 70 P 
r I P S A TO • 
COOPER 70 "i 
CRENNELL 70 P 
KU2NETSQV70 5 

I 7 0 PRL 2 * 1260 

71 PL 3 *B 435 

6EKE70V i 
BOESEBEC 1 
E L L I S i 

72 NP B 3 7 3 7 1 
72 NP B 3 7 3 6 4 

ATHER702 75 NC 30A 505 
BLOBEI 75 I P B 9 7 2 0 1 
BRAUN1 75 NP B 9 5 4 8 1 
CAVALL I 75 LNC I * 353 

ALSO 75 LNC 1 * 3 4 5 * 3 5 9 
MUSGRAVE 75 DP 9 8 7 365 
S IR ICHMA 75 NP B9B 120 
WEBB 75 PL 5 5 3 3 3 1 

ALSO 75 PL 5 5 B 336 

4PPLE 77 LNC 18 U 
HEINEN 77 NP B122 ' 
'GUGE 77 PL 6 9 B 11 

EMELGF NP B I 3 2 212 
FERRER NP 3 1 * 2 77 
GOODA SO in N " B I 3 * 4 9 

ALSC NP B13B ZbS 
DTTER 78 NP 3 1 3 9 365 
APELOOOR 79 NP B 1 5 6 1 1 1 
APELOOOR NP 8 1 6 9 365 
F UK UN AG A BO NC 58A 199 

MERLO 6 6 P ROY SOC 2 
L lSSAUER PRD 6 195 2 
ANT1P0V NP B 9 9 189 
LEDNICKY PL see B9 
CAONET NP B l l O 248 
OEKERREI PL 6 3 B 4 7 7 . 
PUSH6R00 PRO 13 1835 
- . {JTIRIOU lb NP B I 0 7 * 5 7 

lllii£i«K:r ;sI:§J 

lililllfil'i 
*COLTDN ( N S U * L 8 L I I 

£51"!"5?!! :'S;:.L™ ,5c"""iJJv".*:K»"' 

IliPliiiil 
•ASM,CHENG,COYNE.GRCSSMANt I P R I N t P A V I A t 
*ENGELEN,R1TTEL.MET7GER+ ( N U H * A > < s r t C E R N ) l J P 
* 0 E R O S N Y . F L E U R Y , R I V E T * ( LPNP* f O E F ' L A t O I I J P 

• HEPr .HAGBERG.KULLANOER* (CERN»UPPS»LOUC) I J 
*BOU0UET,D .ALMAGNE* t L A L O * C E R N * C 0 E £ * E P 0 L ) t J P 
• K E Y , C O R D O N , L A I t l N T Q t f l N L l l J 
* R E Y i G 0 R O O N . L A I ( T N 7 0 * B N L I I J 
•RUDOLPH* ( A A C N » B E R L » C E R N * L O I C * V I E K I I J P 
VAN APELDOORN,HARTING.HOLTHUIZEN* I I M S I I 
Vf4 C P E L D 0 O R < Y , H A R r r N G * ( < N S T * H E L 5 < L I V P * : T O M I 
CHAMATSU.HIROSE.KITAMURA.VAMAGITA I T O K Y I I 

PAPERS NOT REFERRED TO I N OATA CARDS 

> J P HERLO, G VRLLADAS (SACLAY) 
* F I R E S r O N E i G I N E S T E T | G 0 L D H R B E R , T R I L L I N G ( L B L I I J > 
» I S C 0 L I > B A U D * ( C E R N - I H E P BOSON SPEC) 
R . LEDNICKY I J I N R 1 
• C O L L E Y . j r i N E S . K E N V O N * I B I R M * B R U * * C E H N * M 0 N S I 1 J P 
* N A G Y , R E G L E " , B R A N O T * ( C E R N » K A M B * | P N * V I E M 
RUSHBROOKE.BAJA.ANSDRGEtCARTFR.NEALE ( C A V E M J P 
0 .SOT1P. I0U ( C E R N ) l JP 



Baryons 
N(1700), N(1710) 

206 

Data Card Listings 
For notation, see key at front of Listings. 

BACON 77 HC 1,2% 4 3 1 
HARRIS 77 •*P B U 9 1 8 9 
HOF HAW* 77 NP EL25 4 0 * 
B I E l M PHI I a 3 0 7 9 

ALSO 7ft PR l 3 * 5 0 + , 
CHAOUICK 7B PRD 17 1 7 1 3 
GOGGU 711 PL 7 9 B 1 6 5 

ALSO 77 PL 7 2 £ 261 
7R NP 6 1 * 3 3 6 5 

I0SCHOK Tp, NC 48A 3 9 5 
ALSO 15 BLOBEl 

H W L E N A n 7R 
BAKKEN 79 NC * 9 A + 6 5 
G0GG1 79 NP S 1 6 1 14 
LUCAS T9 PRD 1 9 4 3 

»BARNHAH,OORNAN.EASON<PCLLGCF t ( L O l U I J P 
+L I>6ATT I ,M0R1YASU. BINGHAM* (MASHtuCBI 
• IDSCHOK.SCHRODER.BLOBEL* ( e O N N * O E S V * M P I M I I 
+FESBEL. J L * T T E * V * f f U X H * » t f E S » F I U L * S L A C J 
flIELtBLESEHtFERBEL* I ROCH*FNAl*SLAC*NWeSI 
• C A « A O I L , C H A I O I J P « » . B A I L « M » (SLA C +C tT tLB L I U P 
*CAVALLI-SF-ORZA,CONTA+ ( C E f t N t P R V I I 
G 0 S G 1 , WANTOVANT , C A V A U I - S F D R 2 A * I CE«.N*PAVI ) 
• C t V A L L l - S F C R Z A . C O N T A * (CE*;N*P*.V11 
•SCHRODER.BLQBEL.FAANI * C BONN*HA<(B»MPIMI I J P 

NUHL£»M'*V .CA>U7nEl lS .F£HBELt l .«M» (ROCH»MCGH 
*JACOBSENtGENNOw* ILTSLIMSTDH+HELS+ApO) 
•CDNTA.FRATERNAL 1 , 1 1 V A N * I C E R N * P A V I * T R $ T 1 
R .H.LUCAS IJHU1 

N(1710) 1 * N H / Z U T 1 0 , J P « l / 2 * l 1 - 1 / 2 

T H I S RESONANCE I S HELL ESTA6LISHEI 

N * 1 / 2 I 1 7 1 0 > MASS ( " E V 1 

00NNACN1 6 8 ftVUE 
D R I 7 0 6 9 TVUE 
QUITO? 6 9 CNTR 
AT ED 7 0 IPWA 

OF ARCANE DIAGRAM 

SCHORSCH 7 0 OPWA 
WAGNER 7 1 tPMA 

OLUTIONS 
ALHEHEO 7 2 (PHA 
HICKS 7 3 MPWA 

PHASE-SHIFT ANAL 
«. LAMBDA PS ANAL 
K LAM P H O T O P R O 

K LAM PHOTOPRQ. 

GAM P-ETA 
I I OF H ICKS73 ARE fKClUOED IN LtSTtMiS. 
I C 2 . 6 R - S Q R M G 1 / W W I T H G FROM TABLE V I I . 

LANGBEIN 7 3 IPWA P| N-K S I G i S D L 1 
LRNGBE1N 73 IPWA PI N-K S IG .SOL 2 

r t T H P | * P TO K* SIG*»* OAT I. OF 

( 1 7 5 1 . 0 1 
1 1 6 4 0 . 0 1 I 1 J . 0 ) 
( 1 T 0 D . O 1 
( 1 6 4 5 . 0 1 

F R O " ENLR. DEP. F I T I 
1 1 7 7 0 . 0 ) 
I 1 8 0 9 - 0 1 
( 1 6 8 5 . 0 ) O R I 1 7 4 0 . 0 1 

THERE ARE 3 S I M I L A R S 
1 1 1 2 0 . I 

I ( 1 7 2 4 . I 
i ONLY STATES FROM TABLE ' 
? - ANO M ARE FROM SOLUTH 

1 1 7 8 0 . 1 
f 1 7 8 9 . I 

DEANS7S ANO LANGBEIN73 DISAGREE 
M I N N I K 7 7 AROUND 1920 MSV. 

1 1 4 7 0 . 1 KNASEL 
( 1 T 3 0 . OR 1 7 1 0 . LONGACRE 15 IPWA PI N TO 2 P I " 
( THE 2 SETS OF PARAMETERS »«E FROM «FT«JOS 1 AN0 2 OF LOVGAtOE 75. 

1 1 7 3 0 . 1 ATED 7 6 IPWA 
( 1 6 2 5 . 1 ( 1 0 . 1 8»nER 7 7 IPWA O P I 
1 1 6 5 9 . 1 BAKER 7 7 QPMA 0 PI 

THE TKQ FNTRTES FOR fl*«R 7 7 ARE FOR M tPUA USING THE B J W E L f l 
I E R D METhOO ' N D A CONVENTIONAL ENERGY-DEPENDENT A N A L Y S I S . 

( 1 7 2 0 . 1 LONG ACRE 7T IPWA PI N TO 2 P I N 
A l l L0NGAC»E7T PARAMETERS ARE FROM SOLUTION S 2 i EXCEPT FOR THE POLE 
P O S I T I O N UHJCH tS FRO** S3LUTIQSS S I AND C 

1 6 5 0 . TO 1 6 8 0 . 
I 1 1 7 7 1 . 1 

1 1 6 9 0 . 1 
< ITIO. I < « C . I 

1 T 2 3 . 9 . 
( 1 6 9 2 . 0 1 

1 7 0 0 . SO. 
* 1 6 9 5 . » 

8 / S 9 
6 / 6 9 

1 0 / 7 1 
IfTl 

6 / 6 9 
1 0 / 7 1 

1 / 7 1 

2 / 7 2 
9 / 7 3 
9 / 7 3 
9 / 7 3 

' T l KO LAP 1 1 / 7 5 

( LAM. 

B A K E R 7 8 DPKA n P I TO K LAM 3 / 7 9 
BARBOUR TR OPWA PHOTOPROD. 3 / 7 9 
BAKER 79 DPWA r PI TO ETA H 1 2 / 7 9 
C U I K O S K V / 9 IPWA N 1 2 / 7 9 
HOEHLER 7 9 1 2 / 7 9 
CRAWFORD no DPMA N P H O T O P R O D . 1 2 / 6 1 
CUTKGSKr nn IPWA TO P I H 1 / 8 2 
L1VANDS fln P I TO X SIGMA 1 / 8 2 
SAXON BO DPWA o p| TO K LAM 1 2 / 7 9 

AVERAGE MEANINGLESS (SCALE FACTOR • 

( 3 2 7 . 0 1 

o n . o i i 
(210.01 
(50.O) 

(445.01 
(2B0.O1 
i i 6 9 . o t a » < ; 

( 2 0 3 . 1 
( 1 3 0 . 1 
(130.1 
1 1 7 4 . 1 
1 1 6 5 . 1 OR < 
( 1 6 4 . 1 
1 1 6 0 . 1 

( 9 5 . 1 
( 1 2 0 . 1 

9 0 . TO 1 
1 1 6 7 . 1 

1 9 7 . ) 
( 1 0 0 . I ( 

1 7 1 0 1 W I Q I H ( H E V t 

DONNACHL 68 RVUE 
ORITO h-J RVUE 
O R I T 0 2 h'V CNTR 
AYED 7(1 |PH» 
0AU1ES Ml PVUE 
S : H O R S C H TO OP MA 
MAGNER 71 
ALHEHED 7? IPHA 
HICKS n MPHA 
LANGBEIN 73 IPWA 
LANGBEIN IA 
KNASEl fS DPHA 
LONGICRE /•> IPWA 
AYED 7ft 
PAKER ri IPWA 
BAKER OPWA 
LONCACRE IPHA 
BAKER m DP HA 
BARBOUR in DPMA 
BAKER OP HA 
COTKOSftr 7 * [RkA 
HOEKLER 7 9 1PHA 
CRAWFORD Rl> OPW» 
CUTKDSftY BO IPhA 
LTVANOS eo OPKR 
SAXON BO OPWI 

B / 6 9 
B / 6 9 

AM PHOTDPfiO 1 0 / T 1 
1 / 7 L 
6 / 6 9 

AH PHOTDPSO. 1 0 / T l 
P TO K LAUB 1 / 7 1 

P - E T i P 9/rs 
H-*. 51 G.SOL 1 9 / 7 3 
N-R S I G . S U L 2 9 / 7 3 

P TO KO LA" 1 1 / 7 5 
H TT 2 P I H 1 1 / 7 5 

1 1 / 7 7 
P TO K LAM. 1 /7B 

I / 7 H 
H TO ? P | K 11/77 

P TO K LAM 3 / 7 9 

PI N PHOTOPROO. 1 2 / 8 M 
PI N TO P I N 1 ' 8 2 « 
P I P 7 0 « 5 I6HA l / 8 2 < 

1 1 7 0 8 . 1 
1 7 2 0 . 0 « 171 

< 1 6 9 2 . I 
1690. ; 

1FAL P»R7 OF POLE P O S l I l D t * I M t Y ) 

LONGAtRE 75 IPWA P | N TO 2P1 N 
LONGACRE 77 IPHA PI N To J P I N 
eyrKosxr 79 IPHA PI N TD PI N 
CUTKOSKY BO 1"V.» PI N TO P I N 

H'UZmiO) -2i • I M A G PART OF PCLE P O S I T I O N (MEVI 1 1 / 7 5 

LOMGACRE 75 1PWA 
LONGACRE 77 IPWA 
CUTKOSKY 7 9 IPHA 
CUTKOSKV 8 0 IPWA 

» l N TO 2 P I N 
PI N TO 2 P I N 
PI N TO P I N 
PI N TO P I N Hi 

" EttSTK PCU R E S O U f (WEVI 

1 * 1 / 2 1 1 7 1 0 1 |MAG PART OF ELASTIC PCLE RESIDUE f H E V I 

CUTKOSKY 7 9 IPhA P I N TO P I N I 

l » l / 2 ( 1 7 1 0 1 PARTIAL OECAY MOOES 

| jjl: j | %i:?£%:i;; 

1 / 2 1 1 7 1 3 1 INTO N H H a . S - 3 / ! . P - H A V E 

DECAY MAS5ES 

14 V » l / 2 ( 1 7 1 0 l BRANCHING R A 1 I 0 S 

• 1 / 2 ( 1 7 1 0 1 INTO I P I N I / T O T A L 1 P I 1 
( 0 . 3 2 1 D0NNACH1 
1 0 . 1 4 9 ) AYED TO IPWA 1 / 7 1 
( 0 . 4 1 1 DAVIES 50L A 8 / 6 9 
( 0 . 2 ) ALMtHED 72 I P h i 2 / 7 2 
1 0 . 1 7 1 ATEI1 IPWA 1 1 / 7 7 
( 0 . 1 9 1 1 0 . 0 5 1 CUTKOSKY IPWA » l N I D » N 1 2 / 7 9 

0 . 1 Z 0 . 0 4 HOENLER 79 IPHA P I H TO P 1 1 2 / 7 9 
0 . 2 0 0 . 0 4 CUTKOSKY IPWA PI K TO P N 1 / 8 2 

• i£ MEANINGLESS (SCALE FACTOR • 1 . 4 1 

IPWA PI K TO P N 

• I / 2 I I T 1 0 I FROM P I Ti ( 0 K LAMRDA S Q R T I P 1 « P 2 I 4 / 7 5 
( 0 . 0 6 ) ( 0 . 0 3 1 ORITO PVUE 4 / 7 5 
1 0 . 1 6 1 0 f t 0 . 2 1 HAGNER P I - P TO K LAMB 4 / 7 5 
- 0 . 1 5 0 O.C?S OEVENISH 0 F t X E P T O ISP PEL 4 / 7 5 
1 0 . 1 0 1 KNASEl 15 OPWA 0 P I - P 10 D LAM 1 1 / 7 5 

( - Q . 0 5 ) ( 0 . 0 3 1 8AKER 0 P I - P TO 1 / 7 8 
( - 0 . 1 O I BAKER 0 P I - P TO LAM. 1 /7B 
( - 0 . 1 2 1 BAKER 7a C M 0 P I - P TO LA" 3 / 7 9 

T I E ( U N 0 E T E H * I N E Q 1 OVERALL PHASE OF ALL COUPLINGS FROM eAKER 9 3 / 7 9 
HAS BEEN CH4KGE0 TO AGREE WITH PREVIOUS Q N S . 3 / 7 9 

1 * 0 . 1 4 1 SAXON SO 0 P I - P TO LAH 1 2 / 7 9 
SUPERSEDES 8AKEH TB, 1 2 / 7 9 

• 1 / 2 ( 1 7 1 0 ) INTO (LAMBDA X I / T O T A L I P J ) 
( 0 . 0 0 3 I T O 0 . 0 6 5 RUSH (.f) T POLE * ESON. B / 6 9 

PARAHETRI IAT ION U S f O COUIO BE 1 " OAVDER Of DOVBL c t O U N f J V C 

• I / 2 H 7 1 0 I IKTC I N E T A ) / 1 0 T A L I P 3 I 
1 0 . 1 9 1 B 3 I K E 69 T POIF » RESON. 1 0 / 6 9 
1 0 . 0 9 1 ( 0 . 0 5 1 OEANS * 9 * p r i f * ESL.N- 5 / 7 0 
I 0 . D I 5 I 0 R 0 . 0 3 5 CABRERAS 70 T PQIF * ESCN. 5 / 7 0 

PARAMETRI IATION USED COULD BE I N DANGER OF DOUBLE COUNTING 

* t / z i i r i o i roc* c*"m PROTDN TO K L A M B D A S 0 » T I P 2 » P 4 ) 9 / 7 3 
1 1 . 0 0 2 7 ) 0 R I T 0 2 6 9 CNTR K LA" PHOTOBRD 1 0 / 7 1 
( 0 . 0 0 9 0 1 SCHORSCH K LAM PHOTOPRC. 1 0 / 7 1 
1 0 . 0 1 0 4 ) DEANS 72 MPUA 5 * " P-K L .SOL 0 9 / 7 3 

• 1 / 2 ( 1 7 1 0 1 FRO" GAMMA PROTON 10 ETA PHOTON S O R T I P 3 « O H 9 / T 3 

H*l/2tl?lOI FBC< C 

/ 2 ( 1 7 1 0 l FRO- P I N TO 1 

/ 2 ( 1 7 1 0 t FOCM P I N TO f-

; M A S 0 R T ( P 1 > P 9 I 
LANGBEIN 73 IPWA PI N-K S I G . S O L I 
LANGBEIN 7 3 IPWA PI N - * S I G . S C L 2 
OE»NS 75 DPWA P I N TO K SIGMA 

r SOLUTIONS. 
LIVANOS 8 0 OPWA PI p T O K SIGMA 

/ 2 I 1 7 1 0 J FPQM P I t 
U 9 . 1 B I 0 R > 0 . 2 B 
1 * 0 . 2 6 ) 

•3/2112321 01 
LONGACRE 75 I P I 
LONGACRE 77 I PI 

RHC1.S-1/2.P-WAVE 
LONGACRE 75 IPI 
LONGACRE 77 IPt 

I E P S I l O N 
LONGACRE 
LONGACRE 

S Q R T I ' P I O I 

N i l / 2 1 1 7 1 0 1 FRCM P I N TO ETA N 
K - 0 . 3 8 2 1 T C » 0 . 3 8 3 Ff 

liSES M ANO W OF AfEO 7 6 . NOTE 1 
' A T t O ! • ETA % OF AB3UT SO PCT, 
I ARLIER EXPERIMENTS. 

10.221 BAKER 

S Q R T ( D 1 ( p i ; ) 

0 1488 TD 1 » « Mfl* 

79 DPHA 0 P 1 -

Ql PHOTON DECAY • • • P L l G E V 

L / 2 U 7 1 0 ) INTO GAM P , H F L I C I T Y « 1 / Z IGEV»" 
0 . 0 2 2 0 . 0 5 7 

• 0 . 0 2 6 a.Qie 
- 0 . 0 1 4 0 . 0 2 1 

0 . 0 Z 2 
- O . O b B 0 . 0 2 4 

0 . 0 1 6 0.<?25 
• 0 . 0 6 Z 

1 * 0 . 0 0 5 1 
• 0 . 0 5 3 
+ • 0 . 0 0 1 0 . 0 3 9 

UPE3SE0E! BA OBOUR 76 

DEVENISH DPWA PI N PM010PRGD 
10QKHOUS 73 DPWA P I V PHO70P»CE 
OEVENIS? DPWA PI N PHOTOPRDD 
KNIES DPWA P| N P K O T Q B S O O 
METCALF OPWA PI N PHOT0.PRCC 
100RNOUS D P * * PI •i PHOTO P"CE 
CRAWFORD OPWA PI 
BARBOUR ' 6 DPHA P| N PHOTOPROO 
FELLER OPW* PI N PHDTQPRCD 2 / T 7 
BARGDUR PI N PHOTOPROD 3 * 7 9 

3 / 7 9 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
N(1710), N(1720) 

- 0 . 0 1 2 0 . 0 0 5 
0 . 0 1 $ 

MACE REANING E S s ' l S C H 

N * t / 2 I 1 7 1 0 I INTO GAM N 
- 0 . 0 2 8 0 . 0 6 T 
• 0 . 0 2 7 0 . 0 2 2 
- 0 . 0 6 0 0 . 0 6 1 

0 . O 2 T 0 . 0 1 5 
0 . 0 4 9 O . M S 
0 . 0 5 7 0 . 0 2 2 

- 0 . 0 2 0 D. 016 
( - 0 . 0 1 0 

0 . 0 4 5 
0 . 0 0 5 0 . 0 1 1 

o.ott 0 . 0 2 1 
- 0 . 0 1 7 0 . 0 2 D 
- 0 . 0 0 1 0 . 0 0 3 

CRAWFORD 

' 3 . 4 ) 

T Y - I / 2 <GE 

" DPMA CRAWFORD 

' 3 . 4 ) 

T Y - I / 2 <GE v*» 1 / 2 1 
DEVENISH DPMA 
MOORHOUS ' 3 DPMA 
DEVENI52 OP MA 
KN1ES 14 O P M A 

0PW» 
MOORHOUS OPMA 
CRAMFORD !•> OP MA 
BARBOUR 7 6 DPMI 
BARBOUR 79 DPWA 
ARRI OPWA 
ARAI «n DPWA 
CRAWFORD 
F U J I ! 

BD 
81 

DPMA 
DPMA 

t PHOTO F I T I 1 2 / 9 1 * 
H PHOTO F I T 2 1 2 / 8 1 * 
< PHOTOPROD. 1 2 / 9 1 * 

I N PMOTOPAOO. 
I N PHOTOPROD. 
[ N PMOTOPROO. 
I N PHOTOPROD. 
[ M PHOTOPROD. 
[ 'j PHOTOPROD. 
[ N PHOTOPROD. 
I N PHOTOPROD. 
[ - N PHOTOPAOD. 
t N PHOTO F I T 1 12. 
I N PHOTO F I T 2 12 
I X PHOTOPROD. 12, 
I N PHDTOPROD. 12, 

A2 AVERAGE MEANINGLESS I SCALE FACTOR • 

DONMACH1 6 9 PL 2 6 8 161 
ALSO 6 6 VIENNA 1 3 9 
ALSO 6 9 T H E S I S 

RUSH 6 8 PR 1 7 3 I T 7 6 

ROTKE 6 9 P» 1 9 0 1 * 1 7 
DEANS 6 9 PR I B S l " T 
0R1TD 6 9 LNC 1 9 3 F 
0 R I T 0 2 6 9 INS J 113 

AYEO 70 M E V CONE 
CARttERAS TO NP 1 6 9 35 
DAVIES TO NP B 2 1 3 5 9 
5CH0RSCH TO NP 6 2 5 179 

DEVENISH 73 PL 4 7 B 53 
H I C K S T3 PRO T 2 6 1 * 
LANG6EIN 7 3 NP 9 5 3 251 
MOORHOUS 7 3 PL * 3 B 44 

DEVENISH 74 NP 9 9 1 3 3 0 
D E V E N I 5 2 74 PL 5 2 B 2 2 7 
KNIES 74 PRO 9 2 6 B 0 
METCALF 74 NP B76 2 5 3 
MOORHOJS 74 PRO 9 1 

CRAWFORD 75 NP B 9 7 125 
DEANS 76 NP 9 9 6 9 0 
FELTESSE 75 NP B93 2 4 2 
KNASEL 75 PRO I I I 
LONGACRE 75 PL 5 5 B * 1 5 

ALSO 78 P*D 17 I 795 

AYEO 76 C E A - N - 1 9 2 1 
BARBOUR 76 NP B U I 359 
FELLER 76 NP B104 2 1 9 
BAKER 77 NP B I 2 6 3 6 5 
LONGACRE 7 7 NP B I 2 2 4 9 3 

ALSO 76 NP B I O S 365 

REFERENCES FOR N » l / 2 ( 1 7 1 0 1 

A QOWIACHIE, R G K1RS0PP. C LOVELACE I C E R H I l j e 
OONNACHIE RAPPORTEUR.S TALK IGLASI 
R G K I R 5 0 P P I E D I N I 
J E RUSH IUNIV ALABAMA) 

J C BOTKE I U C S B I 
S DEANS) J WOOTEN IUN IV S FLORIDA! 
S O R I T D . S SASAKI ( TOKYO-nSAKA» 
S ORITO I T H E S I S I (TOKYO) 

I AVED.P BAREYRE. G MILLET 

= MAGNER. C LOVELACE 

LYONS,MONTGONER" 

•-Hi" 
( L U N O . R U T G I I J P 

BAKER T9 NP 8 1 5 6 S3 
CUTKOSKV T9 PRO 2 0 2H39 
HOEHLER 7 9 H.NDBCOK OF 

ALSO 6 0 TORONTO CON 

CRAWFORD 
CUTKDSKY 
LTVANOS 
SAXON 

91 NP B I B 7 53 

DEANS 6 9 PR I T T 2 
DCNNArm 6 9 NP 1 0 9 43 
AYEO 70 PL 3 1 8 5^ 
rflNNIK 77 NP B128 t 

D E V E N t S H . R A N K I N . L V T H (LOUC»flONN*L A N C I I JP 
•OEASStJACOBS,LYONS* ICA«N*0RNL*5CUTH F L 1 . I 1 J P 
LANGBE I N . MAGNER (MUNICH) I JP 
HOORHOUSE, OBERLACK ( G L A S * L B l ) I J P 

DEVENISH,FROGGATT,MART IN (OESY.NORDITA.LOUC) 
D E V E N I S H , L V T H , R A N K I N (DESY.LANC.BONNI I JP 
KNIES.MODRHDUSE.OBENLRCK I L B l . G L A S ) I J P 
M J METCALF.P. L WALKER I C I T I I J P 
NOORHOUSE. OBERLACK,ROSENFELD ( GL15«L9L > I J ? 

R L CRAMFORD I G L A S I I J P 
• MITCHELL,MONTGOMERY, ' ISP LA. ALABAMAI U P 
*AVED.BAAEYRE.BORGEAUD.DAVID .ERNWEIN* ISACLI I JP 
• L I N D a U I S T , N E L S O N * ( C H I C.WUSl , O S U , ANL 11 JP 
• R O S E N F E L D i L A S I N S K N S M A D J * * I t S L , S L A C I I JP 
LONGACRE,LASIN5KI ,ROSENFELO* < L 9 L , S L A C I 

AVEO I T H E S I S t ISACL11JP 
I . H . S A M O U P . R . L. CI-AMFORO I ' .ASJIJO 
* F U K U S H I M A . H C R I K » M A , i « U I K A M A * ( N A G 0 Y A « ; ) 5 * K A l I J P 
• B L I S S E T . S . . 0 O D U O H T H . 6 R 0 C * E , HART* ( R H E L 1 I J P 
LONGICRFiOOLBEAU 1 S I C L I I J P 
OOLf lEAU.TRTANTIS .NEVEU.CAOIET ( S A C D I J P 

( R L * C 4 N 9 ) I I P 
(GLASl 

•BROWN.CLARK,DAVIES,DEPAGTEP.EVANS* ( R H E L 1 I J P 
•FORSYTH,HEKORICK,KELLY I C A R N * L B L ) I J P 

I - N SCATTERING. PHVS1K OATEN V O L . 1 2 - 1 
•KA ISER.KOCM,P IETA«t INEN /KARLSRUHE I J P 

i R.KOCH [KARLSRUHEI IJP 

TORONTO CONF 9 3 I . ARAI ITOKYI 
T 0 1 0 H T 0 CONF 107 R.L.CRAWFORD IGLASI 
TORONTO CONF 1? •FORSYTH,BABCOCK.KELLY.HENDRICK (CARN*LBL1 IJP 
TORONTO CONF 35 *BRT0N l COUTURES.KnCH0MSKI ,NEVEU I S A C L I I J P 
» B 1 6 2 5 2 2 * 9 A K E R . B E l L . B L I S S E T T , e L C C D M D R T H M R H E L * B R I S ) I J P 

F U J I l . H f A S H I I , tHATAi (TOKYI 

:FERPED TO I N DATA CARDS 

S R OEANS (L 
A DONNACHIE. R KIRSOPP 
*BAREVRE*V ILLET 
•TOAFF,REVEL.GOLDBERG.BERNY 

HIV S F L 0 R I 0 A 1 
( f . L A S * E O I N I 

ISACLAY1 

|N(1720) | N » 1 / 2 ( 1 T 2 0 , J P - 3 / 2 * ! M I / 2 | l 

!S RESONANCE I S MELL ESTABLISHEI 

15 N * 1 / 2 I I 7 2 0 I MASS ( N E V I 

i I 8 6 0 . 0 1 OONNACHI 6B HVUE 
I 1 B 6 1 . 0 I APPRO! LEA 69 CNTR 

SEE ALSO APL1N T ! 
1 1 7 6 6 . 0 1 AYED 70 IPNA 

FROM ENER. O f P . F I T OF ARGAND DIAGRAM 
( 1 6 4 4 . 0 1 DAVIES TO PVllE 
1 1 ( 0 0 . 0 1 WAGNER 

P13 RESDNATES ONLY I N ONE OUT OF 3 POSS ONS 
( 1 0 5 0 . 1 ALHEHEO 72 1PMA 
1 1 8 3 3 . 1 HICKS 73 HPMA 

ONLY STATES FROM TABLE V I I OF H1CKST3 UtE INCLUOED I N L I S T I N G S . 
I AND H APE F " 0 " SOLUTION C 2 . 9 R * S Q R T ( G I / U W I T H G FRO" TABLE V I I . 

1 1 8 5 0 . 1 KNASEL 75 DPWA 0 «»l- P TO KO LAf 
1 6 9 5 . OR 1 7 2 0 . LONGACRE 75 IPMA PI N TO 2P1 N 

'HE ? SETS OF PAPAHFTERS ARE FROM METHODS I AND 2 OF LONGACRE 7 5 . 

I 1 6 9 ' . I AYED 76 IPNA 1 1 / 7 7 
U ' . 1 ( 1 0 . I BAKER 77 IPMA 0 P I - P TO K L A N , 1 / 7 9 
I I . J . l 9AKER 77 DPNA 0 H - P TO K L A N . 1 ' 7 1 

IHE '40 ENTRIES F0« BAKER 7T ARE FOR AN 1PUA USING THE BARRELET 1 / 7 1 
[ £ k j METHOO AriD A CONVENTIONAL ENERGY-DEPENDENT A N A L Y S I S . 1 / T B 

> 1 7 5 0 , 1 LONGACRE 77 IPWA P] N TO 2 P | N I 1 / T 7 
i f LGNGACRE77 PARANETERS ARE FROR SOLUTION 5 2 . EXCEPT FOR THE MH.E I 1 / T 7 

P B I T I O N MH CM I S FROM SOLUTIONS S I ANO r i 1 1 / 7 7 
• 1 7 1 0 . TO 1 7 9 0 . BAKER IH OPWA 3 / 7 9 
• ( 1 0 0 9 . ) BARBOUR OPWA P I - N PHOTOPROD. 3 / 7 9 

I I T 4 0 . I CUTKOSKV P I N TO P I N 1 2 / 7 9 
1 7 1 0 , HOEHLER 7 9 IPMA P I N TO P I N 1 2 / 7 9 

( 1 7 9 5 . 0 1 CAAMFQAD flO DPMA PI N PHDTOPROD. 1 2 / 8 1 
CUTK05KY PI N TO P I N 1 / S 2 

( 1 6 9 0 . 1 SAXON 

FACTOR • 1 . 0 1 

8 0 OPWA 0 P I - P TO « LAM 1 2 / 7 9 

AGE MEANINGLESS (SCALE 

SAXON 

FACTOR • 1 . 0 1 

8 0 OPWA 0 P I - P TO « LAM 

15 N * 1 / 2 I I 7 ? 0 1 WIDTH I M E v 

1 2 9 6 . 0 0 1 00NNACH1 fiR RVUE 9 / 6 9 
( 1 9 2 . 0 1 ATED 7D IPMA 1 / 7 1 
( 4 4 9 . 0 1 DAVIES 70 SOL A 6 / 6 9 

SOL B G I V E S 2 / 7 3 
( 2 2 0 . 0 1 MAGNER IPUA P I - P TO K LAMB 1 / 7 1 
( 3 0 0 . 1 ALMEMED 7? IPWA 2 / 7 2 
( 2 5 0 . 1 H I C » 73 MPMA GAM O - t j t P 
( 3 2 7 . 1 KNASL-L DPMA P I - P TO KO LAM I 1 / T 5 

1 1 5 . DR 1 5 0 . IPUA P I N TO 2P1 N 1 1 / 7 5 
( i i r . i AYEO 76 IPNA 1 1 / 7 7 
1 2 0 & . t ( 5 0 . 1 BAKES 77 P I - P TO X LAW. 1 / 7 8 
1 5 0 0 . 1 BAKER 7 7 P I - P 1 0 K LAM. 1 / 7 8 
( U O . ) TT IPMA P I N TO 2 P I U 1 1 / 7 7 
3 0 0 . TO 4 0 0 . BAKER DPMA (1 P I - P TO K LAM 3 / T 9 

1 2 6 5 . 1 BARBOUR IB DPMA P I - N PHOTOPROD. 3 / 7 9 
1*4 T . 1 9AKER DPMA II P I - P TO ETA N 1 2 / 7 9 
( 2 1 0 . ) I S O . 1 CUTKOSKY T9 IPMA PI N TO P I N 1 2 / 7 9 

1 9 0 . 3 D . HOEHLER IPMA P | N TO P I N 1 2 / 7 9 
( 3 0 B . O I CRAMFORD DPMA PI n "••OTOPROO. 1 2 / 8 1 ' 

1 2 5 . T O . C U T K O S K * PI N TO P I N 1 / 8 2 ' 
1 1 2 0 . 1 SAXON BO DPMA 0 P t - P T J K LAM 1 2 / 7 9 

THE MASSES QUOTED 

AL PARI 0 F P01E POSIT ON ( K E Y ! 1 1 / 7 5 

LONGACRE 
LQNGACRE 
CUTKOSKY 
CUTKOSKY 

75 IPMA 
TT IPMA 
T9 IPMA 
8 0 IPhA 

I N TO 2 P I N 
I N TO 2 P I N 
I N TO P I N 
1 N TD P I N 

1 1 / 7 5 
l l / T T 
1 2 / 7 9 

1 / 9 2 

I 7 2 D 1 - 2 * | M B G • kHT OF PCLE POSIT ION I M E V I 

135. 0» 123. 

15 N*l/2(17201 PART 

1/2117201 IMO PI N 
1 / 2 ( 1 7 2 0 1 INTO LAMBDA 
1 / 2 U T 2 0 ! I M O N ETA 
1 / 2 ( 1 7 2 0 1 INTO N P I P I 
L / 2 ( 1 7 2 0 1 INTO GAM P.HEL I C I T Y - 3 / 2 
: / 2 ( 1 7 2 0 l I M D GAM P . H E L I C I T Y - I / Z 
; / 2 l l 7 2 0 l INTO GAN N.HEL I C I T Y > 3 / 2 
. / 2 I 1 7 2 0 I *NTO GAM N.HEL I C I T Y - 1 / 2 
. / 2 I 1 7 2 D I INTO SIGMA K 
. / Z U 7 2 Q I INTO N R W 0 . S - 1 / 2 . P - M A V E 
[ / 2 ( 1 7 2 0 ) INTO N fiHO,S-3/2,P-W«VE 
; / 2 l l 7 2 0 l INTO N * 3 / 2 I 1 2 3 2 I P I , P - M A V E 
1 / 2 ( 1 7 2 0 1 INTO H EPSILON 

LONGACRE 
LONGACRE 
CUTKOSKY 
CUTKOSKY 

75 IPMA 
77 IPHA 
79 IPMA 
BO IPMA 

P I 
P I 
P I 

N TO 2P 
N TO 2P 
N TO P I 
N TO P I 

N 
U 

1 1 / 7 5 
1 1 / 7 7 
1 2 / 7 9 

1 / 8 2 * 

AL PART OF ELASTIC PGLE RESIDUE (MEVI 

CUT KO S K Y 
CUTKDSKY 

79 IPMA 
8 0 IPWA PI 

N TO P I 
N TO P | 

N 1 2 / 7 9 
I / B 2 * 

NAG PART 0 F ELASTIC PCLE RESIDUE I H E V I 

CUTKOSKY 
CUTKUSKY 

79 {PUA 
90 IPWA 

P I N TO P I 
N TO " I N 

1 2 / 7 9 
l / 8 2 » 

RTIAL DECAY MODES 

DECAY MASSES 
1 3 9 * 9 3 8 

1 1 1 5 * 4 9 T 

15 N * l / 2 ( 1 7 2 0 > BRANCHING RATIOS 

R l N * l / 2 ( 1 7 Z O I I M O I P I N l / T G T A L ( P I I 
R I 3 1 0 . 2 1 1 DDNNA(HI 6 9 RVUE 

TC IPMA 
R l 4 1 0 . 4 0 1 0 I V 1 E S TO RVUE 
R l 7 . 3 . 2 5 ) ALMFKFO 7? IPMA 
R I ( 0 . 1 * 1 AYED ' 6 IPWA 
R l ( 0 . I S ) 1 0 . 0 5 1 CUTLOfKY 71 IPMA PI 1 TO P I N 1 2 / 7 9 
R l 0 . 1 4 0 . 0 3 HOEHLER IPMA PI N TO P I N 

/ 6 8 
/ 6 9 

/ 7 1 

P | 0 . 1 0 0 . 0 4 CUTKOf.KY 9 0 IPWA P I N- l / 8 2 > / 6 8 
/ 6 9 

/ 7 1 
R l AVERAGE MEANINGLESS (SCALE FACTOR . l . D I 

/ 6 8 
/ 6 9 

/ 7 1 
R2 N » l / 2 « 1 7 Z O ) INTO 1 LAMBDA K l / T O T A L 
B.2 6 ( Q . 0 1 4 1 T 0 0 . 1 6 RUSH T POLE 

/ 7 1 R2 9 PARAMETRI IATION USEO CDULO BE I N DANGER OF OOUBLE COUNTING 

H3 N - t / 2 1 1 7 2 0 1 INTO I N E T A ) / T O T A L 

t R3 B 1 0 . 0 3 6 4 1 90TKE 6 9 MPWA T POLE • RESON. 1 0 / 6 9 
» J 9 ( 0 . 0 0 3 1 1 0 . 0 0 3 1 OEANS 6 9 MPMA T POLE ' R E 5 0 N . • 5 / 7 0 
A3 9 I 0 . 0 3 0 I O R 0 . 0 9 4 CARRERAS 7 0 HPhA T POLE ' RESON. 5 / 7 0 

/ 7 5 « 3 8 PARAMFTRI2AT10N USED COULD BE I N DANGE' OF DOUBLE COUNTING 
/ 7 5 
/ 7 5 



Baryons 
N(1720). N(1990) 
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Data Card Listings 
For notation, see key at front of Listings. 

N * I / 2 U 7 2 O I F U ' A "BOA S 0 P M P 1 * 
1 0 . 1 2 1 WANNER I IPNA P I - P TO K LAME 

DEVEHISH T D I S P RE 
1 0 . 1 3 1 KNASEl 5 DPWA 0 P I - P TO KO LAK 

( - 0 . 0 6 ) BAKER 7 IPWA 0 P I - P TO K L A N . 
( - 0 . 0 9 ) BIKER 7 D P M Q P I - P TO K LAN. 

BAKER 8 0»WA 0 P I - P TO K LAH 
THE ( U N D E T E R M I N E D OVERALL PHASE OF ALL OLIPKNGS FROM B •. : « 7 8 
HAS SEEN CHANGED TO AGREE l |TH PREVIOUS DNVENTIONS-

( - 0 . 1 1 1 SAVON BO OPWA 0 P I - P TO K LAM 
SUPERSEDES ! AKER 7 8 . 

N M / 2 I 1 7 2 0 I F RCM GAMMA PROT ON TO K LAMBDA 5 Q R T M P 5 P 6 I * P Z ) 

DEANS 7? PRO 6 1 9 0 6 
OEVENISH 71 PL 4 7 B S3 

1 / T 8 HICKS 

DEVENTS? PL 5 2 B 2 2 7 
KNIES 7 * °RD 9 2 6 8 0 

1 2 / 7 9 HETCALF r* 

9 / ' 3 CRAWFORD 71 
DEANS 7-> I P 8 9 6 9 0 
KNASEL PRD 11 1 
LONGACRE 75 PL 5 5 8 4 1 5 

9 / 7 3 ALSO rs 

N» 1 / 2 < 1 T 2 Q I FROM P [ N TO K SIGMA 
( 0 . 0 5 1 1 T 0 0 .OB7 DEANS 75 CPKJ 

RANGE GIVEN I S FROM FOUR BEST SOLUTIONS. 
0EAK575 DISAGREES MITH P I * P 70 K* SIGMA* DATA 
AROUND 19ZQ M £ v . 

N * I / 2 1 1 7 2 0 1 FRO" P I H TO 

(•0.171 
/2UT20I t 

a N H 0 . S - 1 / 2 . P - W A V E 
LONGACRE: 75 1PWA 
LONGACRE TT 1PHA ITs'si 

0 N H 0 t S - 3 / 2 , P - W 
LONGACPE 

AVE 
77 IPWA ™v,'r,i"„, 

0 N * / ? ( I 2 3 2 I P ] . P 
LDNGACRE 

- • A V E 
77 IPWA "".',"",i"-< 

a •* PSILON 
LDNGACRE 7 7 IPWA ""JITS'!.. 

0 ET 
BAKER T9 OPWA Tl',-'TVo CT 

1 1 / 7 5 
1 1 / 7 5 
1 1 / 7 7 

15 N » l / 2 ( 1 7 2 0 ! PHOTON 1 

f AMPLITUDES. SEE ' 

i * i / z i i 7 ? o i INTO GA« 

( . 0 . 0 8 6 ) 
1 .122 

0 . 0 9 4 
0 - 0 3 4 
0 . 0 3 2 
0 . 0 2 5 
0 . 0 1 2 

0 . 01B 
0 . 0 1 2 

. 0 4 7 
» 0 . 0 5 * 
• 0 . 1 1 1 

SUPERSEDES BAkEOUl 
3 . 0 5 1 0 . 0 0 9 
0 . 0 7 ] 0 . 0 1 0 
0 . 0 3 6 0 . 0 5 0 

i:E° 

CRAWFORD BO 0 

I N PHDTOPRDQ. 2 / 7 4 
I N PHDTOPRUO. 4 / 7 5 
I N PHOTOPROD. 2 / 7 4 
I N PHOTDPROD. 2 / 7 * 
I N PHOTOPRQD. 1 / 7 6 
1 N PHOTOPRDD. 1 / 7 6 
[ 0 PHTPRO.^CL 1 1 2 / 7 9 
10 PHTPRD.SOL 2 1 2 / 7 9 
[ - N PHOTOPROO. 3 / 7 9 

3 / 7 9 
I N PHOTO F I T 1 1 2 / 8 1 * 
[ N PHOTO F I T 2 1 2 / 8 1 * 
[ N PHO'OPRDO. 1 2 / B I * 

AVERAGE MEANIOGLESS I SCALE FACTOR * Z - l > 

• (17201 INTO CA> 

-0.006 
O.O 

-O.oib 
(-0.060) 
*0.034 
0.000 

-0.063 
-0.05B 
-0.011 

0.106 
0.057 
0.030 
0.022 
0.016 

0.015 

. H E L I C I T Y * 3 / 2 IGEV*" 

AVERAGE MEANINGLESS (SCALE FACTOR ' 2 . 0 1 

"S 

'II' 

DEVENISH 73 DPWA 
DEVENIS2 74 DPWA 
KNIES 74 DPHA 
METCALF 74 DPWA 
CPAMFORD 75 0PW1 
BARBOUR 76 DPUA 
AZNAURVA) 7 7 OPWA 
AZNAURVA* 77 DPUA 
BARBOUR 7 8 DPWA 
ARAI 8 0 O P M 

SO OPWA 
CRAWFORD 

' 2 . 0 1 

Y - l / 2 I C 

90 DPWA CRAWFORD 

' 2 . 0 1 

Y - l / 2 I C E V » * - l / 2 
DEVENISH 73 DPWA 
0 E V E N I S 2 74 OP HA 
KNIES 74 DPHA 
METCALF 74 DPWA 
CRAWFORD 75 DPMA 
BARBOJR 76 OP HA 
BARBOUR Tfl OPW.A 
ARAt SO OPWA 

80 DPWA 
CRAVFORD 8 0 DPWA 

PHOTOPROD. 2 / 7 4 
PHDTOPROD. 
PHOTOPROD. / 7 4 
PHOTOPROO. 
PHOTOPROD. 
PHOTOPROO. / 7 6 
HTPRD.SOL 1 / T 9 
HTPRD.SOl 2 1 / 7 9 
PH0T0PR03 . / 7 9 
PHOTO F I T 1 / 8 1 
PHOTO F I T 2 1 / f i l 
PHOTOPftOr1. 

3TOPR0D. 2 / 7 
TOP ROD. 
TQPROD. 
TOPROD. 2 / 7 
TOPROD. 1 / 7 
TOPRCD. 1 / 7 
T O W J B . 3 / T 
TO F I T 1 2 / 8 
TO F I T 
TOPROD. 1 2 / 8 

AVERAGE MEANINGLESS (SCALE FACTOR • 

N * 1 / 2 ( 1 T 2 0 ) ISTO GAM N , H E L l C I f * 

- 0 . 0 8 3 0 . 0 9 0 
- 0 . 0 0 8 0 . 0 2 5 

0 . 0 0 . 0 4 4 
- 0 . 0 3 8 0 . 0 1 5 

O 0 . 0 4 6 I 
• 0 . 0 5 1 0 . 0 5 1 
- 0 . 1 3 9 O . 0 3 9 
- 9 . 1 3 4 0 . 0 4 4 
o. oie 0 . 0 2 8 

OEVENISH T3 OP DA N PHOTDPRDD. 2 / 7 * 
0 E V E M S 2 T * OPWA N PHOTOPROD. 4 / 7 5 
KNIES 74 DPWA N PHOfOPROO. 2 / 7 4 
METCALF 74 OPWA N PHOTOPROD. 
CRAWFORD 75 DPWA N PHOTOPROO. 1 / 7 6 
BARBOUR 7 6 DPWA N PHOTOPROO. 1 / 7 6 
BARBOUR 7B OPWA - N PHOrOPROD. 3 / 7 9 
ARAI BO DPtiA 1 2 / B I 

BO DPMA N PHOTO F I T 2 L 2 / B I 
CRAHFOSO BO DPWA PI 1 PHOTOPROD. 1 2 / B I 

AVERAGE MEANINGLESS (SCALE FACTOR • 

DCNNACHl 68 PL 2 6 B 161 
ALSO 6 8 VIENNA 139 
ALSO 6S THESIS 

RUSH 6B PR I T 3 1 7 7 6 

60TKE 6 9 PR 1 6 0 1 4 I T 
D U N S 6 9 PR 1 0 5 1 7 9 7 
LEA 6 9 PL 29B 5B4 

REFERENCES FOR N * 1 / 2 I 1 7 2 0 ) 

A DONNACHIE. R G K I R S C P P . C LOVELACE I C E R N I 1 , 
OONNACHIE RAPPORTEUR,S TALK IGLASI 
R G K1RS0PP I E O I N I 
J E RUSH ( U N I V ALABAMA! 

J C BOTKE 
S OEIN$> J WOOTEN 
LEA.OADESfWAROtCOMAN.i 

IUCSB) 
( U N I V S FLORIOAI 

IAMEL.BRISTOL.OAf tE ) 

12 NP B *0 1 5 7 • LOVELACE I t U I D . P ' j r C I I J P 
DEANS.JACOBS. L'ONS,MONTGOMERY (SOUTH F ( . A . ) I J P 
D E V E N I S H . R R N K 1 N . I ' . I H (LDUC+RONN»tAVC I I J P 
*OEANS. JACOBS. L V O N ' * I CARNtORV • iuUTH T L A . H J P 

DEVENISH.FROCGATT.MARTIN K D E S V . N O R D I T l . i O U C I 
0 E V E 1 I S H , L * T H . R A N K I N ( O E S V . I ^ i C . B O N N H J P 
KNIES,NO0RHDUSE,3BERl.ACK I L 9 L , G L i . i M J » 
U J METCALF.R L MALKEP ( C 1 T I I J P 

I L CBAWFDOD ( G L A S I I J P 
>M1TCHELl .M0NTGQ»E1Y. * ( S F L A . A L A B A M A ! I J = 
>L INDUUIST ,NELSONt I C H I C . W J S l , O S U . I V U I J ' 
>ROSE ' IFELO.LASINSKI .<HA0JA* ( L 9 L . S L A O I J P 
.ONGACRE.LASINSKI .POSENFELD* ( L S L . S L A L ) 

BARBOUR 76 f 

L 0 " ° : : ^ ; : z :\s "i 

HOEHLEt 79 "ANOBOOK OF P I - N 

ALSO 80 IORONTO CONF 3 

A O i l BO IORCNTO CONF 9 3 
CRAHFOHQ 80 l ( » Q M O C0>1F 101 
CUTKDSKY 80 IOWONTC CONF 19 
S A ( - N 8 0 NP B162 52? 

71 NP B32 253 
76 PRO 13 3027 
77 "*P B12B 66 

AVEO ( 

>AKOPIlV*BaGDASAI 
» 3 L l S ; E r , B L O 0 D K 0 0 T H , J 
LONGACRE. D0L8I 
OOLBE*U ,TP IANT IS . r jEV£ 

ISARYAN f(P 
IDKORTH.AOC 

( S A C L U J P 

1UNIV S F L r P I O O l 

* C 0 M A N , G I 8 S 0 N , G I L M 0 R E * » 
E . H A . G . L . SHAW 
• I 0AFF .REVEL.GOLDBERG. BERNV 

••"-EL 

N(1990) 

( 1 9 B 3 . 0 I 
( 1 9 9 S . ) 

JHERE H A * . AB 
( 2 0 0 0 . 0 ) 

SFE ALSO APL I N 
( 2 0 0 0 . I 

I ( I 9 T 0 . ! 
I ONLY STATES 

' 2 1 1 9 9 0 ) HASS ( " f V I 

D0NNACH1 
KIRSOPP 

IN 15 - O O N N A C " ! . 2 

6 8 PVUi " H A S F - S H I F T ANAL 
6B RVUE PHASE SHIFT ANAL ; 

iKIPSOPP EYEBALL F I T C f K N : I 
69 CHTR o | - P E L A S I I C 

kHE FRO' 

4 L » E H F L 72 IPWA 
HICKS 73 PPWA C 

TABLE V I I OF HICKS73 ARE INCLUDEO I 
SOLUTION C ? . R R - S O R T ( C ) / r i WITH G FROM I 

( I 9 6 0 . I LANGBEIN 
NOT SEEN IN SOLUTION ? OF LANGBEIM73 
DEANS75 AND LANGBEIN73 DISAGREE WITH PI< 
M I N N I K 7 7 AROUND 1920 MEV. 

1 2 0 4 9 . 1 AYEO 
1 1 9 9 9 . 1 BARBOUR 
1 1 9 7 0 . ) ! B 0 . ) CUTKDSKY 

2 0 0 5 . 1 5 0 . HQEHLER 
( 2 0 1 3 . 0 ) CRAWFORD 

1 9 7 0 . 5 0 . CUTXDSKY 

P I * ( -« S IG .5GL I 

2 / 7 2 
9 / 7 3 
9 / 7 3 
9 / 7 3 
9 / T 3 

P 10 K* S I G A« DATA OF 1 / 7 8 
1 / 7 8 

T6 IPWA 1 1 / 7 7 
78 OPWA P - N PHOTOPPOD. 3 / 7 9 
79 IPWA P N TO P I N 1 2 / 7 9 
7 9 IPWA P N TO P I N 1 2 / 7 9 
BO DPWA P N PHOTOPRGD- 1 2 / B I 

AVERAGE MEANINGLESS ISCAlE FACTOR • 1 . 0 ) 

1 2 2 5 . 0 1 
( 2 5 0 . 1 
( 2 0 0 . ) 
1 3 0 0 . I 
( 1 7 0 . I 
( 1 1 9 . 1 
( 2 1 6 . 1 
< 3 2 5 . I 

WIDTH (MEVI 

DONNACH] 6B RVUE 
KIRSOPP 6 8 RVUE 
ALMEHEO 72 IPWA 
HICKS 7 3 MPWA 
LANGBEIN T3 IPWA 
AYED 7 6 IPWA 
8ARB0UR 7B DPWA 
CUTHOSKY 7 9 IPWA 
HOEHLER 79 IPWA 
CRAWFORD 8 0 DPWA 
C U T K O S K Y BO IPWA 

e / 6 9 
°HASF SHIFT ANAL 1 0 / 0 9 

2 / 7 2 
GA» P-ETA P 9 / 7 3 
PI N-K S I G . S O L I 9 / 7 3 

1 1 / T 7 
P I - N PHOT0PR00. 3 / 7 9 
PI « TO P I N 1 2 / 7 9 
P | N TO P I N 1 2 / 7 9 
PI N PH07OPR03- I 2 / 8 1 * 
PI N TO P I N 1 / 8 2 * 

;RAGE MEANINGLESS ISCALE FACTOR • 1 . 0 ) 

l * l / Z ( 1 9 9 0 l REAL PART OF POLE P O S I T I O N (MEV1 

CUTKOSKY T9 IPWA PI N TO PI 
CUTKOSKY 8 0 IPWA P| N TO PI 

I OF POLE P C S I T I t 

P I N TO P I N 

IRT OF ELASTIC POLE RES1DUF I n E V I 



Data Card Listings , 
For notation, see kev at front of Listings. 

Baryons 
N(1990), N(2000), N(2080) 

1 * 1 / 2 1 1 9 9 0 ) r K * G PART OF ELASTIC POLE RESIDUE IMEVI 

P l t l T U L DECAY MODES 

1*1/21 
1*1/21 
l* l /2( 1 9 9 0 1 I 

1 9 9 0 1 1 
1 9 9 0 ) I 
1 9 9 0 ) 1 

i sisttb:;::;;! 

DECAY MASSES 
1 3 9 * 9 3 8 
9 1 8 * 1 3 9 * 1 3 9 
9 3 9 * 5 * 8 

I M S * 4 9 7 
0 * 9 3 8 

l * l / 2 U 9 9 0 ) INTO ( P I 

•{ 1 9 9 0 ) BRANCHING H 

11/TOTAL 
K IRSO»P 
ALMEHEO 
AY ED 
CUTKOSKY 
HOEHLER 
CUTKOSKV 

C B R V U E 
T2 1 P M 
T6 1PWA 

:E. 
AVERAGE MEANINGLESS 

N * I / 2 ( 1 9 9 0 I INTO 
a ( 0 . 0 2 ) <o 
a P A R A M E T R I I A T I O N 

SCALE FACTOR ' 1 . 0 1 

N E T A I / T O T A L 

S Q R T I ( P 5 « P 6 M 

10IDN TO ETA PROTON SORTI ( P 5 » P 6 M 

. 5IGMA SQPTIP1*P9> 
LANGBEIN 73 IPWA 01 N-K S I C . S D L t 
OEANS 75 DPWA P I N TO K SIGMA 

BEST SOLUTIONS. '.ill! 
I LAMBDA 

DEVENI5 I 
SAXON 

S Q R I ( P l * P * ) 
7 * 0 F I X E D T D ISP REL 
80 DPHA 0 0 1 - P TO K LAM 

1/21 1 9 9 0 1 PHOTON DECAY 

. i r U D E S , SEE " I N I -

""•-raT"' 

. / 2 I 1 9 9 0 ) INTO GAM U, 

BARBOUR 
BARBOUR 
CRAWFORO 

BARBOUR 76 0 
BARBOUR 78 D 
CRAWFORD 90 0 

BARBOUR 
BARBOUR 
CRAWFORD 

HELICITY*3/2 (GE 
BARBOUR 
BARBOUR 
CRAWFORD 

i OPMA 
I OPWA 
) DPMA 

PI N PHOTOPROD. 
PI-"* PHOTOPROD. 
PI N PHOrtlPBOD. 

PI N PHOTOPROD. 
»I-N PHOTOPROO. 
PI N PHOTOPROD. 

(•I H PHOTORRGD. 
PI-N PMOTOPROD. 
P| N PHOTOPROD. 

"I N PHOTOPROU. 
PI-N PHOTOPROD. 
Ol N PMOTOPROD. 

1/76 
1/T6 
3/79 

REFERENCES t 1*1/2119901 
; KIRSOPP, c LOVELACE (CERN)IJI 

69 PL 298 58* 
ALMEHED 
DEANS 
HICKS 
LANSBEIN 

BARBOUR 
BARBOUR 
8A*ER 
CUTKOSRY 
MDEHLE1 

»LOVELACE I R U T G M J I 
0 E A N 5 . J A C O B S . IYrNS.MONTGOMERY (SOUTH PL A . I I J l 
• DEANS,JACOBS.LY1NS* (CARN»ORNL»SOUTH F L A . I I J I 
LANGBEIN.WAGNER ( MUNICH) 1 J l 

,CRAWFORD.P 

, CRAWFORD 

IRSONS 

7 9 NP B 1 5 6 93 
79 PRO 2 0 2B39 
79 WANDBCCK OF P l - N 

A L S O B O r oft or 

•BROWN,CLARK,OAVTESiOEPAGTER,EVANS* I R H E L I I J P 
•FORSYTH.HENDHICK.KELLY ( CARHH.BL I I J P 

SCATTERING. PHYST- OATEN V O L . 1 2 - 1 
• K A I S E R , K O C H , P I E i f l R I N E N /KARLSRUHE U P 
R.KOCM ( K A R L S R U H E ) I J P 

D TORONTO CONF 107 
D T3RCNT0 CONF 19 
J NP B 1 6 2 5 2 2 

l . L . CRAWFORD 
• FORSYTH.SABCCCt .KELLY,HENQ^ IC« 
• BAKER.BELL .BL ISSFrT .BLOOOWORTh h I ;»;:-« | j ; 5 

DEANS 
AYEO 
APL1N 

6 9 PR 177 2 6 2 3 
70 PL 3 1 8 5 9 8 
71 NP 8 3 2 2'.-
76 PRD 13 3 0 2 1 
77 NP B 1 2 8 tb 

PAPERS NOT REFER'EO TO I N 0A1 

S R BEAKS 
•BAREVAE.VILLET 
•COWAN,GIB SON.Gil MORE** 
E. MA.G. L. SHAW 
+TOAFF , RE VEL.GGLCiBERG, BEANY 

I U N I V S FLORIDA) 
ISACLAY) 

( R H E L . B R I S T O L ) 
( O R E G * U C I I I . 

N(2000) 
1 * 1 / 2 ( 2 0 0 0 . J P - 5 / 2 » l 

1 2 1 7 5 . 1 
< 1 9 3 0 . I 
( 1 9 7 0 . ) 

NOT SEEN I N SOLUTION 1 OF 

1150. I 
1112.) 
II TO. I 

MASS (MEV1 

ALWEHED 
DEANS 
LANGBEIN 

.ANGBEI173 
AYEO 
HOE«LER 

[ . N G B E I 7 3 I P 
7 6 I P 

HDEHLER 7 9 I P 

. OECAY MOOES 

7 ( 2 0 0 0 ) IKTO P I N 
2 1 2 0 0 0 ) INTO LAMBDA K 
2 ( 2 0 0 0 ) INTO GAM P . H E L I C I 
2 ( 2 0 0 0 1 INTO GAM P . H E L I C I 
2 ( 2 0 0 0 ) INTO GAM N . H E L I C I 
2 ( 2 0 0 0 1 I H I O GAM N . M E L I C I 
2 ( 2 0 0 0 1 INTO K SIGMA 
2 ( 2 0 0 0 1 INTO ETA N 

1 * ] / 2 I Z D D 0 ) BPANCHIF 

"""!«»"" 

" 3 N * I / 2 ( Z Q D 0 1 FHCM P I N TO « SIGMA S 0 ° T | P I » P 7 I W J 3 
' 3 I ( 0 . 0 5 1 LANGBEI ' l 73 I P X * P I 1->. SIG.SC'L / W 7 3 
>3 2 ( Q . 0 2 2 ) OEANS 75 DPMA P| N TO « SIOHA 1 1 / 7 5 
13 2 VALUE GIVEN IS Fo CM SOLUTION I , NOT PRFSENT I N SOLUTIONS 2 . 3 , " . - 1 1 / 7 5 

ALMEHED 
DEANS 
LANGBE I N 
OEANS 

72 NP 8 * 0 157 
72 PftD 6 1906 
T3 NP 8 5 3 2 5 1 

REFERENCES FOB t 

SSSS|KSS«« 

ALSO 80 TORONTO CCNF 
; « I S E R . K G C H , 

/ l E S . O E P A O T E R . f V i 
I * OATEN V O L . 1 2 - 1 
ETAR1MEN 

I K E R . f l E L L . B L I S S E T T . e i t 

'EPS NOT REFERRED 13 1 

H A . G . L . SHAW 

N(2080)| I t N * l / 2 ( 2 0 B 0 . J P - - / 2 - ) t ' l / 2 

THERE IS SOME EVIDENCF THAT TWO RESONANCES EXIST I N 
T H I S HAVE BETWEEN IBOO AND 2 2 0 3 MEV I SEE CUTKD5KY 7' 
AND CUTKQSKV B O I . BOTH ARE L I S T E D HERE AWAITING 
INDEPENDENT CONFIRMATION OF THE LOWER "ASS STATE. 

I M / 2 ( 2 Q B ( "ASS I " E V ) 

OONNACrft 
D0NNACH2 
KIPSOPP 

' T I O N IS - O O N N A C H I , ? . 
APPROI LEA 

) RVUE PH.SF SHIFT A* 

l"csSS ' "S i t UlXl" 

L I S T I N G S . 

WHERE MAX. 

j l i l l.... ,„lE ,„ „ HI J'.EL, 
M AND W ARE FROM SOLUTION C 2 . B R ' S O R T I G I / W WITH G FROM TABLE V I I . 

MNGLESS (SCALE FACTOR • 1.01 



Baryons 
N(2080). N(2100) 
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Data Card Listings 
For notation, see key at front of Listings. 

l b N * l 2 ( 2 0 3 0 1 H IOTK ( " I f V 

( 2 9 3 . 0 1 DONNAtHI RVUE B / 6 9 
1 2 9 0 . 1 oaniiKM • n RVUE- 1 0 / 6 9 
( 2 * 0 . 1 MP.50PP 1 0 / 6 9 
( 1 5 9 . 1 ALMEHED IPWA 
1 2 2 * . 1 HICKS 7 1 9 / 7 3 
1 1 1 6 . 1 AVEO 1 1 / 7 7 
U 2 5 . 1 C U T K O S K Y f P M 1 2 / 2 9 
1 1 0 0 . 1 CUTK0SKY P I 1 r o P I n 1 2 / 7 9 

2 6 5 . * 0 . H D E H L E P 79 IPHA 1 2 / 7 9 
i s o . CUTKOSKY 1 / B 2 ' 
1 0 0 . C U U O S K Y 8 0 I P HA o i H D P I « 1 /BZ i 

( 2 * 0 . 1 SAXON 0PHA 1 2 / 7 9 

I / 2 I 2 0 B O I REAL PART OF POLE P O S I T I O N I 1 E V I 

CUTKOSKV 79 IPHA P i "J TO P| 
CUTKOSKV 7 9 IPHA PI N TO PI 
: U T K O S K Y eo I P H A P I N n P I 
CUTKOSKY BO IPHA ^ 1 N 10 PI 

AVERAGE MEANING! • 

- 2 * I M A G PART DF POLE 

I * AVERAGE MEANINGLESS ISCALE FACTOR • 

t OF E L A S U C PCLE RESIOUE IHEVI 

CUTI")SKY 79 IPHA 
CUTKOSKV 79 IPHA 
CUTKOSKY 80 IPHA 
C T m u : - * BO IPHA 

»ER AVERAGE MEANINGLESS I S C A l E FACTOR • 

[ ' 2 1 2 0 6 0 1 I«AG PAHT OF ELASTIC PCLE RE l . ' nUE IMEV) 

CUTKOSKV 
CUTK05XY 
C U T H O S H Y 
C U T K Q S K Y 

! • « AVERAGE MEANINGLESS (SCALE TACIOR " 

H A L DECAY MODES 

N * l / 2 ( 2 0 B O I I M O P I H 
K * 1 / 2 ( 2 0 B O > N P I P I 
H'lfH 20901 n ET* 9 3 9 * 5 * B 
N * l / 2 ( 2 0 8 0 1 LAMBDA K 1 1 1 5 * A 9 7 
( 4 * 1 / 2 ( 2 0 8 0 ) GAM P . H E L I C I T V * 3 / 2 
1 1 * 1 / 2 ( 2 0 8 0 1 GAM P . H E L I C I T Y - 1 / 2 
N * l / 2 ( 2 0 8 O ) GAM N . - 1 E L I C I T V " J / 2 
N * l / 2 1 2 D 8 0 > : N T I 3AH N . H E L I C I T Y ' 1 / 2 
N * 1 / 2 ( 2 0 B O > SIGMA K 4 9 3 * 1 1 8 9 

16 1 * 1 / 2 1 2 0 8 0 1 BRANCHING R ATIOE 

N * l / 2 1 2 0 8 0 1 I N T O ( P I N I / T O T A L 
3 ( D . 2 6 I DONNACM2 rVUE P H A S . S " ! 
3 ( 0 . 1 5 1 RVUE 
7 ( 0 . 3 1 ALMEMED IPHA 

( 0 . 1 0 1 AVEO IPHA 
L ( 0 . 0 6 ] . 0 3 1 CUTK05KV 79 
H J . 1 3 1 < • . 0 5 1 CUTKOSKY IPHA 

0 . O 6 . 0 2 HOEHLEft IPHA 
A 3 . 1 Q . 0 * CUTKOSKV 
B 0 . 1 * a . O T CUTKOSKY 8 0 "" PI N TO 

AVERAGE 1EAUINGLESS (SCALE FACTOR • 1 . 0 1 

8 0 "" 
N * l / 2 1 2 0 8 O I M O ( N E T A I / T O T A L 

B 1 0 . 1 OB 1 . 0 0 9 CABRERAS MP HA 
B P A R A M E T R I A I I * "=E0 CSJLf j i ; I N DANGER UF O0U8LE COUNTING 

N * l / 2 < 2 0 8 O t HQ« GAMMA PROTfN ID K L I H 8 D A 
( 0 . 0 0 7 0 1 OEANS 12 MPHA GAM P-K 

N * l / 2 ( 2 0 8 0 t s o n GAMMA PROTON TO ETA PROTON 
1 ( 0 . 0 0 3 7 1 HICKS 13 «PhA GAM P-ETA 

N * 1 / 2 ( 2 0 8 0 1 HCM P I N TO K i . G M A s a i i T i P i * P 9 i 
i ( o . o i ^ n o i . 0 3 7 DEANS 7"i 
2 RANGE GIVEN I S FRO" FOUR BEST SOLUTIONS 
2 OEANS75 O I S • GREES WITH P I * P TO K* S I C A * DATA i 
2 AROUND 1 9 2 0 " E V . 

1 " I F T - C E R N 1 1 0 / 6 9 
. 1 0 / 6 9 

2 / 7 2 
1 1 / 7 7 
1 2 / 7 9 
1 2 / 7 9 
1 2 / 7 9 

1 / B 2 * 
1 / B 2 * 

5 / 7 0 

9 / 7 J 

»™ 

N * I / 2 ( 2 0 B O t FROM P I K TO « LAMBDA S O H n P l ' P * ! 
( • 9 . 0 3 1 SAXON BO DPWA 0 P I - P TO K LAM 

COUPLING PHASE I S NEAR - " 0 DEGREES. T H I S I S THE D H L * 0 1 3 RESONANCE 
ABOVE THE N * 1 / 2 ( 1 T O O . 3 / 2 - 1 REQUIRED I N THE SAXDNBO A N A L Y S I S . 

N * l / 2 ( 2 0 B O I FROM P I H TO ETA N S Q R T I P 1 * P 3 I 

1 2 / 7 9 
1 2 / 7 9 
1 2 / 7 9 
1 2 / 7 9 

1 / 2 1 2 0 8 0 1 PHOTON DECAY A M P L ( G E V » » - l / ? l 

PI 

I U PH0TDPRO3. * ' T 5 

» « _ , ; . 4 / 7 5 

t N PHOTOPROD. A / 7 5 

OONNACHI 68 PL 2 6 B 161 
0DNNACH2 66 VIENNA TJ9 
K I R S O P P 6B T H E S I S 

LEA 6 9 PL 2 9 B 5 E * 

%Z° 

MEsr;.w.;!s:r;.!.'»"«;s;;' 
LEA . O A D E S . H R D . C O H A N , * P H E L . B R I S T O L . 0 A R E 1 

B L ARRER1S, A DONNACHIE IOARE.MGHS) 

:E!r:b;.tsi:"?ES!:siilsE'it::iij: 
It. C F A - N - 1 9 2 ! 

I0BOOK OF P l -

TORONTD CONE 

HISJISIffiKSS. • i s E ; i s»S 

DONNACHI 6 9 NP 109 * 3 3 
AYED 70 Pt J I B 5 9 8 
A P L I N 7 : 1 " B 3 2 2 5 3 
i A 76 PRD 13 JD2T 
J I N N l K 77 NP B 1 2 8 6 6 

• B R O H N . C L A R K , O A V I E S . D E P A G T E » . E V A N S * ( R H E L 1 I J P 
• F O R S r T H . H E N D R I C K , K E L L Y I C A R N » L B L 1 I J P 

SCATTERING. PHYSIK OATEN V O L . 1 2 - 1 
• K A I S E R . K D C H . P I E T A R I N E N /KARLSRUHE I J P 
R.KOCH I K A R L S R U H E U J P 

A R N * L 9 L ) I J P 

I E L * B R I S I I J P 

NOT REFERRED TO I N " A T A CARQ5 

I0SOPP I G L A S * E D I N 1 * B A « E r « E , v r L L e r 
« C 3 M A N , 0 I C S 0 N , G I L M 0 R E * * 
E . M A . G . L . SHAH 
• TOAFF,REVEL,GOLOBERl i , BERNY 

(SACLA1 

N(2100) 
T H I S HAVE ABOVE 1B00 MEV I S L I F T E D 

1 * 1 / 2 ( 2 1 0 0 1 MASS (MEVI 

1 2280.1 
1880. 
2180. 

76 I Pi 
79 I Pi 
80 I PI 

ALMEHEO 72 I P I 
AYED T6 I P I 
HOEHLER 7 9 I Pi 
tUTKOSKY 8 0 I P I 

3/72 
2/72 

11/7T 
12/79 

N * 1 / 2 I 2 1 D 0 1 REAL ' 1 OF POLE Pn 

<Y 80 I 

S I T 1 0 N I H E V I 

P I N TO P I t 

- 2 * I M A G PART OF "CLE 

OJTKOSKY 8 0 IPHA 

• C S I T I D N ( " E V I 

PI N la PI n 

1 * 1 / 2 ( 2 1 0 0 1 REAL PART O f ELASTIC 

CUTK05KY BO ' P H A 

P O L c RESIDUE I H E V I 

PI N T-] P I H 

1 * 1 / 2 ( 2 1 0 0 1 IM1 I OF ELASTIC I 

PARTIAL DECAY MODES 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
N(2100), N(2190) 

C N " 1 / 2 ( 2 I 0 3 I BRANCHING ' I A T I O S 

" ! • 

I M C ( P I N I / T O T A L 
ALWEHED 
AYCO 

0 . 0 5 HOEHLEB 
0 . 0 8 CUTKOSKY 

72 IPHA 
76 TPWA 
7 1 IPWA 
a o I P K » 

P I I 

PI N TO P 
P I N TO P 

I H 
I N i. 

N* l "%•%;« FPCH 0 | N TO K LAMBDA 
SAXON 

s 
e o r e n » 

Q H T < P I * » 2 I 
0 P I - P I t ) 

• " -
&;; 

HOEHLER 79 HANDBCOK OF P l - N 5 

ALSO BO TORONTO C O W 3 

REFtBENCES FOB N * l / ? l ? 1 0 0 > 

R It ROYCHDUDHURY.e H PBANSOEN ( D U P H I I J » 
•LDVELACE ( L U N O . B U T G H J P 
AYEO ( T H E S I S ! ( S A C L I I J P 

TEP.ING. PHYSIK DATEN V O L . 1 2 - I 
U S E R . K O C H . P I E T A K I S F N /KARLSRUHE I J * 
I O C " (KAP.LSRUHE1IJP 

76 PRO 13 3C2T 

PAPERS NOT REFERRED 1 0 IN DATA CARDS 

I . " A . G . I . S H A K ( O B E G U 

N ( 2 1 0 0 ) l " N*1/2(2ID0. JP.1/2*] 1-1/2 p 

112 N H / 2 1 2 1 0 0 ) MASS (MEV) 

E MEANINGLESS ISCALF FACTOR • l . o ( 

132 N » l / 2 ( 2 I O 0 l W I Q T f ( t -EV) 

AVERAGE MEANINGLESS I S O L E FACTOR * 1 . 0 1 

132 N * I / 2 ( 2 1 0 0 ) REM. P A ' T OF POLE P O S I T I O N ( M E V l 

* 0 . C U l ^ O . Y BO IPWA P I N TO P I N 

1 ! ? N M / 2 1 2 1 O 0 I - 2 M M A G PART OF POLE P O S I T I O N IHEVI 

2 * 0 . 8 0 , CUTKDSKY BO IPWA P I U T< P | N 

112 ' 1 * 1 / 2 ( 2 1 0 0 ) BEAL PART OF ELASTIC POLE RESIDJE (HEVI 

7 . CUTl-OSfY BO IPHA PI N TO P I N 

17? ' 4 * 1 / 2 ( 2 1 0 0 1 IMAG PART OF ELASTIC PCLE RESIDUE ( H E v : 

S > . C U I K f l S i Y BD IPWA P I 1 10 P i t 

.32 ' 1 * 1 / 2 ( 2 1 0 0 1 PARTIAL DECAY KDDES 

PI N*l /?(2100l If TO PI *> 

132 '1*1/2(2100) B«ANC"I"' RATIOS 

R l N » L / 2 ( ? 1 0 0 I INTO I P 1 N l / I O T A L C P U 
R l 0 . 1 O 0 . 0 * HOEHLER 7 1 IPWA P| N TO P I ' 
R l 0 . 1 2 0.03 COT<OS«Y HO IPtrA Pf II I'D "I I 

R l AVERAGE ME»N|KGIFSS (SCALE FACTOR • 1 . 0 1 

REFERENCES FOR N * l / 2 ( 2 1 C a i 

.HOEMLt * 79 HANDBOOK CF P I - N SCATTERING. PHYSIK OATEN V O L . 1 2 - 1 
* K A I S E R . < - 0 C I ' . P I E T A R 1 N E N /' 

ALSO BO TORONTO CONF 3 R . 1 0 C H It 

C U I K O S K * BO TORONTO CONF 19 *FORSYTH,8A8C0CK.KELLY ,HENDR ( C A R N * L B L ) I J P 

2100 UEV REGION - PRODUCTION EXPERIUENTS 
1*1/2(2100, JP« PKUDUCIION FXPEKI tCNTS 

RESONANCE-LIKE BUMP OBSERVED I N PP TO P I N R l * » A1 CERN 
ISO IDE KERRET T f c ) . THE ENHANCFMENT SHOWS UP WORE 
CLEARLY WHEN EVENTS CORRESPONDING TO TRAN5VERSAL DECAYS 
OF THE I N P I * ) SYSTEM ARE SELECTED. CONTRARY TO WHAT 
WCULD 8£ EKPECTED FOR A 01 FFRACT I V E - L I K E EFFECT. 

M * N * l / 2 ( 2 1 0 0 l MASS ( M E V l I P B O D . EXPER IMENT* I 

( 2 1 0 0 . 1 OE KEPPET 76 1SR * P I ' ) P I * IE • • ' i S G t V l / 7 ( 

I I * 1 * 1 / 2 ( 2 1 0 0 1 PARTIAL O E f A * HOOES (PROO. E X P . I 

OECAY " • ' 
. / 2 I 2 1 0 0 ) INTO P I N 1 3 9 * « 3 

OEKERBET 7b PL 6 3 B 

REFERENCES FOB N * l / 2 ( 2 1 O 0 l PhCO. EXPERIMENTS 

*NAGV,REGLER<6RANDT* (CERN*HANB*1PN»t f I E N I 

N(2190)| N * I / 2 I ? 1 9 0 , JP = 7 / 2 - l 1 - 1 / 2 

I H I S RESINANCE I S HELL E S T A B L I S M f C . 

71 N « 1 / ? I 2 9 0 1 HASS M f V I 

( ; i 9 o . a i OIDOENS 6 3 CNTB P I * - P TOTAL 
( 2 2 1 0 . 0 ) BVUE DATA * 0 1 S P PEL 
( 2 1 9 0 . 0 1 APRRO YONGSAWA 6 6 CNTB P I - P OSIG • Pt.L 

3 ( 2 2 6 5 . 0 1 D0HNACH1 h f RVLE PHASE-5MIFT ANAL 
( 2 0 0 0 . 0 1 APPBD LEA 6 9 CNTB B t - o E L A S T I C 8 / 6 9 

AN0EB5a^ i n MBS - P I - P TO P I - """S 
Hi IPWA 

6 FflOM ENEB. 
( 2 2 6 0 . 0 1 

OEP. F i t OF BGANO DIAGBA' ' 
TO -PWA S"ALL ANGLE P I - P 

1 5 0 . 0 1 AHALDI P P AT 2". GEV 1 0 / 7 1 
BBANSDEN DPUA 

( 2 2 0 0 . 1 BOYCHOUD ' 1 DPWfl 
7 ( 2 7 2 5 . ) ALHEHEO 7? IPKA 2 / 7 2 

( 2 1 9 0 . 1 OTT 72 HPt . * P I - P B-:MO EISTL 
M fPWA 

1 ONLV 5TA1E FRO" TABLE I I 01 H I C K S 7 3 i I t NCLUOEl IN L I S T I N G S . 
1 H A M < I t FPPH SOLUTION C 2 . i R ' S Q B T I G •H H I T M C ! Up" TABLE V I I . 9 / 7 3 

( 2 : O B . > ( 2 0 . ) ABE P * P - > P » X , J C B * PK 
AYED If, 

I 2 1 I 7 . J BARBOOR ; B P I - N PHCTOPPCD. 
2 1 4 0 . HENORT 7H HPhA 

I21<>0, ) BAUER P I - P TO ETA N 
1 2 1 5 0 . ) ( 1 0 0 . 1 CUTKOSHY PI N TO P I N 

7 1 * 3 . 1 2 . HQEMLEB r o P I •! TO P I N 
CBAHFORD HII B | N PHOIQPBDD. 

2 2 0 0 . T O . CUTKOSKY »u \i-Vi PI N TO P I N l / t . 2 . 

AVFHAGE "EA^ ;LFSS ISCALE FACTOR . 

(21B.0I 
275. 

1325.0) 
(239.01 
(ISO. I 
(193.1 
(2*3. I 
(220. I 

n o o . l t l o o . : 

l " I C 2 ( 2 I 9 0 l i f [ O f " ( « C V I 

OIOOENS 6 3 ( 
HOHLER 6 * I 

APPRO! Y0*OSAMA 6 b ( 
D0NNACH1 6B I 

76 IPWA 
7B OPVA 

ALMEHEO 
HICK5 
AYED 
BARBDJR 
HENDRY 
bAKER Ti DPHA 
CUTKOSKY 79 IPWA 
HOEHLEP 79 I P I . A 
CRAWFORD BO DPMA 
CUTKDSKY BO I P * A 
SAKON BD DPWA 

I ' 1 . 7 1 
IE * A S S r S OUOTFO. 

S1AL I ANGLE P l - i 

i ™ ; 

T OF POLE P O S I T I O N ( H E V I 

CGTKOSKY BO I P H A 

T l N « l / 2 ( 2 1 9 0 1 - 2 * 1 r OF POLE P C S I T I O N I - E V 1 

CUTKOSKY BO IPWA 

1 * 1 / 2 ( 2 1 9 0 1 « E * L PART QF ELASTIC 1 RESIDUE ( ^ E V I 

1 / 2 ( 2 1 9 0 1 I MAG PART OF ELASTIC PClE RESIDUE CHEW I 

I T I A L DECAY "ODES 

, /2(2190l INTO PI f-
1 / 2 ( 2 1 9 0 ) INTO LAMBDA K 
1 / 2 ( 2 1 9 0 1 I M O N P I P I 
I / 2 I 2 I 9 G I INTO GAM P . H E L I C 1 
1 / 2 ( 2 1 9 0 ) INTO GAM P . H E L I C I Y« 
1 / 2 1 2 1 9 0 ) I M O GAK N . H E L I C I 
1 / 2 1 2 1 9 0 1 INTO GAM N . H E C I C I Y ' 

9 3 8 * 1 3 9 * 139 

1 * 1 / 2 ( 2 1 9 0 ) INTO SIGMA « 

file:///i-Vi


Baryons 
N(2190). N(2200) 

Data Card Listings 
For notation, see key at front of Listings. 

N * 1 / 2 I 2 1 9 0 ) BRANCHING RATIOS 

iSili.. 
iSisi' 
H 

PPROX OIODENS 6 3 CNT* 
PPROX YOKOSAWA 6b CNTR 7 / . 

DONNACH] bB PVUE b / b 
AYED 7 0 1PM* n 
HULL 7 0 HPWA SHALL ANGLE P I - I n 
ALMEHED 72 IPWA 
OTT 72 MPWA 
AYED 7 6 I P h A 
HENDRY 7B MPWA P I N TO P I N 

1 CUTKOSKY 79 I P H I PI N TO P I N 
HOEHLEA 79 I P M PI N TO P I N 
COTKOSKV SO IPWA PI N TO B l N /az 

AVERAGE - E A N I N G l t S S fSCALE FACTOR • 

N > I / 2 I 2 1 9 0 I FPCH P I N TO K 5IGNA 
( O . O I 4 ) T O 0 . 0 1 9 DEANS 75 DPMI 

RANGE GIVEN I S FHCH FOUR BEST SOLUTIONS. 
0EANST5 DISAGREES WITH P | * P TO *.* SIGMA* DATA 
AROUND 1 9 2 0 HEV. 

SQRH(P4+P5|aP2) 

11/75 
11/75 
11/75 

1/78 

1 1 9 0 1 INTO C 

l » l / 2 I Z 1 9 0 l PHOTON DECAY AMPL(GEV< 

i H E L I C I T Y - 1 / 2 1 G E V * * - 1 / 2 I 
BARBOUR 7 8 OPKA 
CRAWFORD BO DPWA 

1 * 1 / 2 1 2 1 9 0 1 INTO GAM P . H E L 1 C I T Y - 3 / 2 I G E V * * - l / 2 ) 
1 + O . i e O I BARBOUR 7B DPWA 

1 0 . 0 8 1 1 CRAWFORD SO DPWA 

""•31:"°""" 
( - 0 . 1 2 6 1 

I I C I T Y - I / Z I G E V * * - 1 / 2 I 
BARBOUR 7B OPUA 
CRAWFORO 8 0 DPWA 

H E M C I T Y . 3 / 2 ' - l / Z I 
BARBOUR TB OPHA 
CRAWFORD BO DPWA 

OIODENS 6 3 PPL 1 0 262 
HOHLER 6 * PL 1 2 1 * 9 
YD* OS AW A 6 6 PPL 16 7 1 4 

DCHNACHI 66 PL 2 6 8 161 
ALSO 6 8 V IENNA 139 
ALSO 66 T H E S I S 

ANDERS3H 70 PRL 2 5 . 4 9 9 
ArEO 70 KIEV CONF 
HULL 7 0 PR 0 2 1 7 * 3 

AMALDI 71 PL 348 4 3 5 
BRANSDEN 71 NP B 2 * 511 

ALSO 70 NP B i t t M 
HOYCMOUD 71 NP B27 1 2 5 

ALHEHEO 72 NP 6 * 0 15/ 
OEANS 7Z PRO 6 1 9 0 6 
OTT 72 PL 42B 1 3 3 

ALSO 7 2 MCGILL TRESIS 
" I C l S 73 PPD 7 2 6 1 6 

" < ; < ; » : - : . „ , „ •sidssi: 
A DONNACHIE. « 
DONNACHIE R-l 
R G KIRSOPP 

,;2S?r;.EKt0,iL*" j | s ; ; , j ' 
LEA,DADES,WARD,C0WAN.4 l f l H E l , B « I 5 T 0 1 , D A R E I 

• B L E S E R . B l l E D E N , C O L L I N S * * (BNL .CARN) 
P AYEO.P BAREYRE, G V I L L E T ( S I C L ) I J P 
J H U H . R LEACOCK H S U ) 

* B I A N C A 5 T E L L I . n a s 1 0 > » I I SANITA ROHA+CFRN) 
• DGOEN ( D U R H ) I J P 
ROYCHaUDKURY.PERRlN.BRANSOEN ( DURUM JP 
P K ROVCHOUOHHRY.B H PRANSOEh I D U R H H J P 

•LOVELACE 
DEANS.JACOBS, L\ 
*TR1SCHUK,VAVRA, 

J .VAVRA 

ABE 
DEANS 
•veo 

BARBOUR 
HENORV 
BAKER 
CUTKOSKY 
HDEHLER 

S S III !!* 
7 6 C E A - N - 1 9 2 1 

) NP B I 4 1 2 5 3 

I L U N D . R U T G H J P 
5,MONTGOMERY ISOUTH F L A . I I J * 
1HARDS.* ( M C G I . S T L O , I 0 W A 1 I J P 

( K C G I 1 JP 
*DEANS.JACOBSiLYONS* (CARN*ORNL*SOUTH F L A . 1 I J P 

•ALSPECTOR.60MBERQWIT I * 
•MITCHELL,MONTGOMERY,• 
AVED I T H E S I S ) 

SAP BOURtCttAWFORO.P ARSONS 
ARCHIBALD W. HENORV 
• B R 0 M N , C L * R K , O A V t £ S , 0 E P A G T E R , E 
•FORSYTH,HENORICK.KELLr 

I R U T G . U P N J . F S U I 
I S F L A . A L A B A H A I I J P 

I S A C L I 1 J P 

(GLASI 
( 1 N 0 » L B L M J P 

1 * I R H E L 1 I J P 
f C A R N * L B L I I J P 

CRAWFORD 6 
CUTK05KY S 
SAKON 6 

1 HANDBOOK OF P I - N SCATTERING, PHYSIK DATEN V O L . 1 2 - 1 
• K A I S E R , K O C H , P I E T A R I U E N /KARLSRUHE U P 

J TORONTO CONF 3 P..KOCH (KARLSRUHE) IJP 

3 TORONTO CONF 107 R.L.CRAWFORD I G L A S I 
) TORONTO CDNF 19 * F OHS V T H,B IBCOCK,KE l LV . H FN O R I C K ( C A R N H . B D I J P 
> NP B 1 6 2 5 2 2 • B A K E R . B E L L , B L I 5 S E T T , B L O 0 i l W O R T H * l R H E L * B R I S M J P 

IPERS NOT REFERRED TO I A CARDS 

BARGER 6 b PPL 16 9 1 3 V BAftGER, 0 CL PIE I W I S C ) I 
CARROLL 6 6 PRL 16 20S *CORBETT,OAWERELL|HIDOLEHAS. * I R H E L . O X F I J -
CA3R0LL 66 ORL 1 7 1274 *CBRBETT,DAMERELL,MIODLEHAS. + I K H E L . O X f ) J -

ERRATUM CHANGING THE RATHER WEAK DETERMINATION OF J - L TO * l 1 2 - 1 
HORMANYO 6 6 PRL 1 6 7 0 9 KORHANYOS.KRISCH.OFALLON, * I H I C H . A N L l F 
BUSZA 6 7 NC 5 Z A 3 3 1 * D A V I S . D U F F , HE YH ANN. * 1L0UC.WE5TF1ELD) 
AYEO 7 0 P I 3 1 B 5 5 8 * B A R E Y R E , V I L L E T (5ACLAY) 
NA 76 PRO 13 3 0 2 7 E . H A , G . L . SHAW ( O R E G * U C I ) I J 
WINNIK 77 NP B1ZB 6 6 • TDAFF,REVEL.GOLDBERG.BERNY I H A I F I I 

N(2200)| 05 N*I/2I2230, •—•••'• [ D ^ 

OS N * l / 2 ( 2 2 0 0 1 MASS IHEY1 

4LNEHE0 72 I P I 

05 N - l / 2 1 2 2 0 0 1 WIOTH IMEtf l 

( 1 5 0 . > AL"EHEO 72 IPWA 
1 2 0 6 . 1 AYED 7b IPliA 

( 5 3 . ) BAKEP 7 7 OPWA 0 D I - P TO K L A N . 
3 1 0 . 5 0 . HOEHLEP 79 |PW» " i tj TO P I N 
4 0 0 . 1 0 0 . tUTKDSKY BO I P k t P! N TO P I N 

( 2 2 0 . 1 5»<DN 80 DPWA 0 " I - P I D K LAH 

05 N * 1 / 2 ( 2 2 Q 0 I REAL PART Of PCLE P O S I T I O N IMEV) 

2 1 0 0 . 6 0 . CUTKOSKY 80 IPWA PI 1 TO P I • 

05 N * l / 2 ( 2 2 0 0 1 - 2 * I " A G PART CT PCLE P C S I T I O N ( " E Y f 

? 0 . CUTKOSKV 8 0 I P k A P| N TO P I N 

05 N * l / 2 I Z 2 O 0 l REAL PART OF ELASTIC PCLE RESIDUt (HEM) 

1 7 . CUTK05KY BO IPWA P I N TO P I N 

C5 N * I / 2 I 2 2 0 0 > MAG PART OF ELASTIC PCLF RESIDUE I H E V I 

- 2 0 . 1 0 . COTKOSKY BO I P k A PI N TO P I H 

T IAL DECAY MODES 

1 * 1 / 2 1 2 2 0 0 1 I 1 T 0 P I N 
l * | / Z I 2 2 0 0 1 INTO LAM&DA 
1 * 1 / 2 1 2 2 0 0 1 INTO ETA 1 

1115. 49T 

C5 N * 1 / 2 I 2 2 3 0 I BRANCHING RATIOS 

1 / 2 ( 2 2 0 0 ) INTO 1 PI N I / T O T A I 
1 0 . 2 ) ILKEHEO 72 I I 
( 0 . 0 9 1 AYEO T6 I f 

0 . 0 7 3 . 0 2 HOEHLEB T9 I t 
0 . 1 0 3 . 0 3 CUTKOSK> ' SO 11 

1 / Z I 2 2 0 0 I FROM P | N TO LAM 50A K 
( - 0 . 0 6 1 BAKER 7T Dt 
( - 0 . 0 5 1 5AK0N 80 OF 

1 / 2 1 2 2 0 0 1 tROM P I N TO T» N 

2/72 
11/77 
12/79 
I/B2* 

t 0 PI- P 
SQRT(Pl*f 

79 DPWA 0 PI- P 

ALMEHED 
AYED 
BAKER ss~»iL 

TORONTO CONF 3 

76 PRO 13 3DZ7 

REFERENCES FOR N * l / 2 ( 2 2 0 0 ) 

•LOVELACE 
AVEO ( T H E S I S ) 
•BL1SSET.BLOOOWORTH,BROOHE,I /"iisiiis 
flps!̂ H^= ;̂::;;;: 
PAPERS NOT REFERRED TD I N DATA CARDS 

E . M A . G . L . SHAW ( D R E G * U C I ) I 

2200 UEV REGION - PRODUCTION EXPERIMENTS 
111 N * L / 2 I 2 2 0 0 , J P > 7 ) 1 * 1 / 2 PRODUCTION EXPERIMENTS 

WE L I S T HERE BUMPS OBSERVED I N T H E RANGE 1 9 0 0 - 2 5 0 0 M £ v . 

1 1 1 N M / 2 I Z 2 0 O I N ASS I K E V I ( P R O D . E X P . ) 

2 1 6 0 . 5 0 . A M I L D I KM 
2 1 2 0 . 3 0 . APPLE 7 7 SPEC * P P TO I P P I O I 1 / T 8 
2 3 6 2 . 2 0 . APPLE 7 7 SPEC * P R TO 

4 5 1 9 3 0 . 2 0 . SUG1HARA 7 9 HPC . 0 P I - P AT I 2 / T 9 
34 2 1 2 0 . 1 0 . SUGAHARA 

SEEN I N N « 3 / 2 1 1 2 3 Z ) P I >l (ND1 RHOt 
1 T 6 I 2 2 0 0 . SUGAHIP.A 4 . 5 GEV 1 2 / 7 9 
N * 3 / 2 ( 1 2 3 2 l RMO I S DOHI 1 I N T . 

FACTOR 

I D E N T I F I E D 

• T . 7 ) RAGE MEAN NGLESS 1 SCALE 

1 I N T . 

FACTOR 

I D E N T I F I E D 

• T . 7 ) 



Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
N(2200), N(2220), N(2250) 

APPLE TT SPEC i 
APPLE TT SPEC i 
SUGAHABA T9 f B C ( 

i ^SeS QUOTEO ABOvE-

» « L 0 1 * 1 " L 3 * 9 « 
APPLE TT L*JC 18 1 
SU&AMABA 79 1C 5 2 » 3 

REFEBENCES FOB N M / 2 I 2 2 0 U I 

* B i « N C & s r E i . i r . a o s i o , « * T r t i r i t i 
• A j H , CHENG. COYNE.GBOSSM«N» 
» s u i u K l i F u < c a w r , K » B E . N l C M i M i , 

.Hl*C£HH> 

I t FM 

N(2220) 
1 H I S BESONANCE I S MT I 

LED 
•JO N » 1 / 2 I 2 2 2 0 I MASS ( » E V I 

„ 1 2 7 0 0 . ) APPPQx. BUS2A 
AYED 70 " 

b 1 'OM F S E B . D E « . F IT OF ARGANO OlAC-BAM 
1 2 2 ^ 5 . 0 ) 70 MP 
I 2 ? " . 1 . 1 AVFJD 76 I P 

2 3 0 D - I 0 D . MENO°V T8 MP 
12JSO. 1 BAKFP. T9 CP 
1 2 7 5 0 . 1 LUTKOSKY 79 I P 

2 2 0 5 . 1 0 . H n E H l f O 79 f P 
2 2 3 1 . « 0 , C U I U C I S K Y 

r a c T Q " = l . o ) 

80 I P 

AVEflA RE MEANINGLESS ISCALE 

C U I U C I S K Y 

r a c T Q " = l . o ) 

i c N * I / 2 < 7 2 7 0 ) WIDTH IMFV) 

n / r r 
1 2 / 7 9 

AVff lAGE «t£A' 

B I OF POLE P O S I T I O N l « l 

I M / 7 I 7 2 Z O ) - 2 » 1 M A G c r O F P C L E P C S I I I G N r * E » i 

CuTKOSKY 9 0 I P I 

: ELASTIC PCLE BESIDUF |HEV 

m n s i Y g o I P U B 

1IAL DECAY MODES 

• INTO LAMBDA « 

I M / 2 I 7 7 2 0 I BBANCHIW. RATIOS 

WFNOBY T8 M P H A 
CUTKOSKV 79 | P J M 
HOEHLEB 79 I P k A 
CUTKOSKY 6 0 1PNA 

SMALL ANGLE P I - f 

AfESAGE HfMIHGtff-' (SCALE F l 

P I N 10 « S Q B T < P I * P J I 

S O R ( ( P I * P ? J 

;°KS:«£:N;cirs;' 

Ssss 
B156 SI 

1 20 2819 

ALSO BO. TOSOMTQ CO' 

AYED I T H E S I S I 

» B P O " ' J . C L A « K . O A V I E S t t 
* F 3 P . S Y T H , H f . N D R I C K . * E I 

i s c * i r E « f « ( C , punt* a*\ 
• C A 1 S E B . K 0 C M . P 1 E T A V I K 
B.KOCH 

: P A G T E B , E V * 1 S » 
LY I C l 
JW V O L . I 2 - 1 

a s p ' j H E i u p 

I B N * L B L M J P 

FEOBEO TO I N DAI 

• HAREYD.E.VILI 

* 
N(2250) 113 n»if?tfno. J P = 9 / ? - l 

IS WELL ES 

= 1 /2 G 9 
T " I S BESUNA't tE 

J P = 9 / ? - l 

IS WELL ES A f l L I S M E E . 

113 N « | / 2 I ? ? S 0 I MASS I1EU 

( ? l 3 J - t 
7 2 0 0 . 1 0 0 . 

i ? ? o o . > 
2 2 b B . I S . 
7? SO. SO. 11: ii t»I N TO o 

P I t TO B 
P I H TO D 

I N 
I "J 

111 
i / e ; 

AVERAGE MEANINGLFSS I S C A L t FACT 

11: ii t»I N TO o 
P I t TO B 
P I H TO D 

I N 
I "J 

i n ' i - U ^ I ? ? ^ ' ) ! , 
T S O . n o . 

m o - i 
1 0 0 . * 0 . 
<,80. 1 ? 0 . 

I B , 1 . 0 1 

7b IPMA 
Tfl * P k A 
79 I P k A 
TS> IPWA 
9 0 IPhA 

DJ « TO P 
P I H I D P 
B| 1 TO P 
PI 1 1 0 D 

1 '( 
1 U 
I •* 

AVERAGE MEANINGLESS I S C U E F A t t I B , 1 . 0 1 

7b IPMA 
Tfl * P k A 
79 I P k A 
TS> IPWA 
9 0 IPhA 

DJ « TO P 
P I H I D P 
B| 1 TO P 
PI 1 1 0 D 

1 '( 
1 U 
I •* 

i n N * I / ? I ? ? S O I DEAL PAPT OF POLE PCS] T IDN tMFV 

71 SO. ' • 0 . JKS 71 | PkA 
BO I Phf-

P I N 10 P I 1 
I 'J ",',ii. 

l / ? 1 2 ? S 0 1 - ? * I M 1 

It F L A S H ! 

T9 IPV.A 

' I 2 7 S 0 ) JMAC PAOT 

l / ? (?2^0l I MO ( ll 

i po iNCMINO B A I I O S 

6 IPWA 
B MPhA B| N TO » l 
9 IPHA PI N TO P I 

ININGLFSS I S t A L f F ACTUS = 1 . 0 1 

'SOI F " " " P I U TO « LAMBDA 

' 1 / J I 2 7 S O I I P C 

U / 7 9 AYEO 7 t C E A - S - H Z l 
78 P B L 4 1 ? ! 2 

J 2 / T 9 ALSO 90 n « O N i « co 
1 2 / T 9 

Ht*.ffi ;P B 1 5 6 91 
CUIKOS^Y 79 p « u .*c z a m 
HOFMLEB 71 ..ANDBCOK OF 

ALSO BO TOBCNFO CO 

CUIKOSKY 30 n a o M " e n 
SAirov no HP B I A 2 " 2 2 

I IN[ 

flfrfDf^CES F()» ' J « I / 2 ( 2 2 S 0 > 

AYEO I T H t S I S l 
AHCHIBAL3 H . HFNOBY 

) * B C " I B A L D U . HENOBY 

a a : : ! K r - , M

S S i i . 



Baryons 
N(2600), N(2650), N(2700). N(2800) 

Data Card Listings 
For notation, see key at front of Listings. 

N(2600)l / 21 2600. J P - l l / 2 - l I - 1/2 E3 
1 2 0 N * l / 2 ( 2 6 0 0 l MASS (ME l l ) 

- 2730 
2577 

1 0 0 . HENDRY 78 f P M » 
5 0 . H0EHLFR 79 I P h l ::; i s : 'i 

H AVERAGE HEM IM1LES5 ISCALE EACT0R • 1 . 1 1 

::; i s : 

120 N * l ' 2 ( 2 6 0 0 l W I 0 I " ( W f V l 

- 9 0 0 
* 0 0 

1 0 0 . MEMOBV 7B " P h i 
1 0 0 . MOEMLER 79 I P » A '! 3 IS :, ; 

- AVERAGE " E A - I N G L f S S (SCALE FACTOR • 3 . 5 1 

'! 3 IS :, 

120 N * l / 2 ( ? 6 0 0 l PARTIAL DECAY MCDES 

V 2 1 2 6 0 0 1 INTO P | « 

120 » J * 1 / 2 I 2 6 0 0 > BRANCHING PATIOS 

R I N * L / Z ( 2 6 0 O ) I N T O I P I i i / r o m i 
«i o . o s a . 0 2 H f n o f t r r e I * P I . A 
« 1 0 . 0 5 D . 0 1 "OFHLER T9 IPhA 

« t l AVERAGE U E A N I * ' G L E S S ISCALE FACTOR • 1 . 3 1 

1> 1 2 / 7 9 
PI N 1 0 P I X 1 2 / 7 5 
P I M O P I N 1 2 / 1 9 

REFERENCES f . / 2 I 2 6 0 0 I 

HENDRY TB PRL 4 1 ? 2 2 ARCHIBALD « . HENDRY U N D * L B L I 1 J P 
ALSO 6 0 TORONTO COHF 113 ARCHIBALD « . HENDRY I I N D I I J P 

HOEKLER 7 9 HANDBOOK CF P I - N SCATTERING! P H Y S K OATEN V O L . 1 2 - 1 
* K A I S E R . « C C H . P I E T A R I N E N /KARLSRUHE 1 J«-

• LSC GO TORONTO CONF 3 P.KOCH (KARLSRUHE M J P 

2650 UEV REGION - MISCELLANEOUS EXPERIMENTS 
72 1 * 1 / 2 ( 2 6 5 0 . 1 l - 1 / 2 PROOUCTJON EXPERIMENTS 

BDVCHOUDHUPY 71 C L A I M F I S 1 2 * 0 0 1 AND G [ 9 ( 2 4 0 0 l TO BE 
POSSIBLE RESONANCES. 6RAN5DEN 7 1 F IND THE POSSIBLE 
RESONANT CANDIDATES 5 1 1 1 2 5 2 0 ) AND H I 9 I 2 5 9 0 ) . RECENT 
P I N PWA'S ESTABLISH THE EXISTENCE CF A J P M 1 / 2 - STATE 
I N T H I S REGION. e i l T THE P O S S I B I L I T Y THAT THERE 
•RE ALSO OTHER STATES R E M A I N S . SEE THE M I N I - R E V 1 F U 
PRECEDING THE U AND DELTA L I S T I N G S . 

72 N * I / 2 ( 2 6 5 0 > NA55 1HEV) PROD. E> P . I 

1 2 7 0 0 . 0 1 
1 2 6 6 9 . 0 1 
( Z 6 0 0 . O I 
( 2 6 3 3 . 0 1 

2 6 4 9 . o 

APPftOK 

1 0 . 0 

ALVAREZ. 
HOHLEP. 
•IAHL1G 
BARGER 
CITRON 

6 * CNTR 
64 PVUE 
6 4 CSPK 
6 6 F I T •II? 

72 N « 1 / 2 I 2 6 5 0 I WIDTH (MEV) ( P P T O . E > p . ) 

1 1 0 0 . 0 1 
( 2 0 0 . 0 1 
( 4 7 5 . 0 1 

3 6 3 . 0 2 0 . 0 

ALVAREZ 
HOHIER 
BARGE* 
CITRON 

6 4 CNTR 
6 4 RVUE 
6 6 F I T 
6 6 CNTR 

TOTAL • CM EX 

1 2 N * l / 2 < 2 6 5 0 ) PARTIAL OECAV MOOES « m . EIO.I 

N * 1 / 2 ( 2 6 5 0 ! 
N * 1 / 2 ( 2 6 5 0 ) 
N* 1 / 2 1 2 6 5 0 ) 

INTO P I M 
INTO LAMBDA K 
I H t O N P I P I 'isT&T 

T2 • 1 / 2 1 2 6 5 0 1 BRANCHING PATIOS ( P R D D . EX! 

' 1 2 6 5 0 1 INTO ( P I N I / T O I A L 
! J * l / 2 ) * t P I N / T 0 1 A L ) MEASURED FOR 

1 0 . 4 5 6 1 ( 0 . 0 1 8 1 BARGER 
0 . 4 3 6 0 . 0 2 6 CITRON 

( 0 . 3 0 1 BARGER 
REGGE AMP.4RESDN. TO CALCULATE D I F . 

: R I T I C I S M OF T H I S M.ETHOO. SEE DOLEN hn. 
( 0 . 2 4 1 DIKKEN 6 7 RVUE USES K0R1ANY0S66 1 

ONLY KFSGNANCES TO CALCULATE O I F . CROSS SECTIONS AT ISO DEGREES 
( 0 . O 6 ) KORXANVOS 6 7 CNTfl R I - P AT 1 8 0 DEO. 1 

fM IS STATE 
6 6 PVUE TOTAL * CH EXC. I 
6 6 CNTR TOTAL CROSS-SEC- 1 
6 7 RVUE USPS K0RHANY0$67 ] 

. CROSS SECTIONS AT ISO DEGRE 

REFERENCE. --OR 1 * 1 / 2 ( 2 6 5 0 1 IPROD. E X P . ) 

BARGER 
CITRON 
B AUGER 
DIKMEtf 

64 PRL 12 T I O 
6 4 PL 1 2 1 4 9 
64 " P L 1 3 103 
6 6 PR I S l 1123 
6 6 PR 1 4 4 U O t 
6 7 • 1 5 5 1 7 9 2 
6T PRL 1 8 Tit 

• B A R - Y A K . K E R N . L U C K E Y . O S B O R N E . * ( M T T . C E A I 
S HOHLER, J GIESECKE fKARLSRUHE| 
» M A N N E L L l . S O 0 I C K S O N . F A C K L E A . > i A R D . * ( M ! T | 
V BARGER, N OLSSON I H I S C I 
* G A L B R » I T H , K Y C I A . L E O N T I C . P H I L L I P S . * ( B N L I 
V BARGER* 0 C U N E ( V I S C I 
f H OIKMEN I M I C H I 
KOIHANYOS. KP . I5CH. QFALLON. • ( H K H . A N L I 

atBfti NOT REFERRED tC I N DATA CARDS 

:::iii;ii!!! •OGDEN 
POYCHOUOHURY.PERHIN.ERANSDEN 
n K RQYCH0U0HUPY.1 H BRANSOEN 

I D U R H I I J P 
I 0 J R H 1 I J P 
( O J R H ) I J P 

N(2700) l ? l N » I / 2 I ? 7 0 0 . J P M 3 / 2 H ! • ! 

, / 2 ( 2 7 O 0 l "ASS (MEV) 

^ i l 

IRAGE MEANtNGLFSS I S C A l I f A C l O R • 3 . 5 ) 

1 2 1 ' J » I / 2 I 2 7 0 0 1 WIDTH 

HPfftSGE U E A M ^ G L E S S ( SCAl E I A C I O R • 3 . 5 1 

1 2 ] " J * 1 / 2 I ? 7 0 0 I "ART I At DELAY "ODES 

1 * 1 / 2 ( 2 1 0 0 ) I M O P I t 

121 N*I/2l270OI BRANCHING RATICS 
• I / 2 ( ? T O O ) I N I O ( P i t i n a m 

m AVERAGE " E A M N G L E S S ISCALT fACTOP 

C E f f B t N C f S FOR N * l / 2 ( J T r j | 

HENRfY T8 PRL 4 1 222 ARCHIBALD M. HENDRY 
ALSO BD TORCNIO CONF 113 ARCHIBALD u . HENDRY ! : N D I I J P 

HOEHLER 79 HANOBOOPt CF P I - N SCATTERING, PHYS1« OATFN V O L . 1 2 - 1 
* * » 1 S F H . " 0 C H . P I E T A B I ' J E N /RABLSRUHE U P 

ALST BO tORONTT Cn*F I P . K D C H (KARLSRUHE1IJP 

( I N D t - L B L l I J P 

N(2800) 122 N * 1 / 7 I 2 H O O , J P - 9 / 2 - ...» Qj3 
122 N » l / 2 ( 2 8 0 0 l " A S S ( " E V I 

2 7 9 2 . 1 3 0 . HQEHLEB T9 I P h l P I N TO P I N 1 2 / T 9 

122 N * l / 2 ( 2 B O O I WIDTH (MEV1 

2 * 0 . 1 0 0 . MOEHLER 7 9 I P I 

122 N M / 2 I 2 B C T I A i OECAY MCDES 

1 / 2 1 2 8 0 0 1 I M O F 

I 2 B D 0 ) BRANCHING RATIOS 

REFERENCES FOR N * I / 2 ( 2 8 0 0 ) 

HOEHLER 79 MATO6C0K Of P I - N SCATTERING, PHYSIK OATEN V O L . 1 2 - 1 
* K A I S E R , K 0 C H , P 1 E T A R I N E N /KARLSROHE U P 

ALSO BO TDRONTQ CDNF 3 R.KOCH (KARLSRUHE) U P 
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Data Card Listings Baryons 
For notation, see key at front of Listings.Jt{>3QQQ), N(3030), N,(3245), N(3690). N,(3755) 

> 3 0 0 0 MEV REGION - FORMATION EXPERIMENTS 

1?B N » 1 / 2 I > 1 0 0 0 I I M / 2 

Ml U S I HFR( L I / 2 RESONANCES WITH MASS GREATER THAN 
ABOUT 3 . 0 GfV KM (CM WAVE BEEN SEEN I N A SINGLE PARTIAL 
bAvE ANALYSIS ONLY. A l t . RESONANCES WHICH HAVE PEEN 
CBSERVED I N >1 ANALYSIS AT ABDLI THE SA»E MASS ARE 
GIVEN A SEPARATE L I S T I N G WITH THE APPRCPRIATE QUANTUM 
M J M B E HS-

128 >"l/2t > 1 1 0 0 l " A S S (MEVI 

" 3500 
" 3103 
" 4 1 3 0 

2 0 0 . 
2 0 0 -
2 0 0 . 

HENDRY 79 MPWI 
HENDRY T8 HPhA 

FACTOR • L S I 

PT N K i l l 1 2 / 7 9 

- AVERAGE "EAS mr LESS ISCALE 

HENDRY 79 MPWI 
HENDRY T8 HPhA 

FACTOR • L S I 

I 2 H S » l / 2 ( 3 0 3 0 1 WIDTH f M E V l 

H 1 6 0 3 . 
2 0 0 -
2 0 0 . 
3 3 0 . 

MEMORY 78 HP4.A 
HENDRY 7B MPi.4 
HENDRY 78 "PHA 

F A C ' f i n » I . ? > 

iiSSiii E 
M A V E N G E «FA> I N G L f S S ISCALE 

MEMORY 78 HP4.A 
HENDRY 7B MPi.4 
HENDRY 78 "PHA 

F A C ' f i n » I . ? > 

128 N * l / 2 t I f W l PARTIAL DECAY MDDES 

P I N M / ? ( > 3 0 0 0 ) I M C P I 1 l i t * O IR 

i?e N* I /? I 3 3 0 1 1 BRANCHING RATIOS 

« i N * i / 2 t > 3 0 
1 1 3 . 
R l 3 . 
S I 3 . 

0 3 ) 

ov. 
0 3C 

'"IE" 
/ I O T A L I 

"ENDPY TB "PwA 
HENDRY 78 PPKI, 
HENDRY TB MpfcA 

FACTOR - I . 0 1 

p | pi •< H I S \y,]% 
PI N N U T 1 2 / 7 9 
PI 1 N L 1 1 1 2 / 7 9 

61 AVERAGE MEA1 INCLFS5 ISEALE 

/ I O T A L I 
"ENDPY TB "PwA 
HENDRY 78 PPKI, 
HENDRY TB MpfcA 

FACTOR - I . 0 1 

FFERENCES FDR N » I / 2 I > 3 0 0 0 1 

ALSO BO TOO r;NT n CCNF M l 
" C H I B R I D W. MfNDRV 
RCHIBALD H . HENDRY "™;isi:i: 

N(3030) 
BUMPS 

i i - i / 2 P R P O U C T I O N r i P E R H t N i s 

73 K M / 2 1 3 0 3 0 1 

H>ON 66 CN1 
BVUE O A K 

7 1 N M / 2 1 3 0 3 0 1 WIDTH I M F V I I P R P D . f J t P . I 

1 * 0 0 . " I C I I « O N 6 6 CNTR 

. DECAY MOOES IPROO. E X P . I 

DECAY MASSES 

' | M 0 '.' "I PI 

I C H I N G PATIOS C P O O D . 

1 3 . 0 8 3 1 I0,C>16> 

P I ) 

. ,,,„ ' i f "Hi" E~LiiH: 

- E f t . t i i c r s FOR N M / 2 I 3 0 3 0 I IP I mo. EKP.I 

67 

PL 12 
1 5 1 
1*4 
I S ? 

149 

1 »r,aL8r»itH.MVC[itLE0'<tic,PHIL 
IKARLSRUHEI I 

1 H I SCI 
L I P S . • I B N L I I 

I U I S C 1 P 
IM fCHJ 

• " » s »m CEFEROtO TO W D i l i l CfcROS 

DOLEN 
6 7 " 164 

166 :sa s™""" 5; K R I S C H . OFALLON. • 
WORN. C 5CHWI0 

( H I C H . A N L I P 
I C U I 

N,(3245) 
BUMPS 

• / 2 I 3 2 4 5 . J P . PRODUCTION EXPERIMENTS 

EXISTENCE NOT CONCLUSIVEIY E S T A B L I S H E D . I - S P I N 
NOT DETERMINED. BUT T«E NARROW WICTH PRECLUDES 
I D E N T I F I C A r i O N M1TH THE I ' M i l 3 2 3 0 1 . 
C I T T E O FRO" T A B L E . 

' 2 1 3 2 4 5 1 MASS I M E V I I P H O D . F * P . I 

HORMANYOS 6 7 CNTft P | - P I f l O OEG EL 6 / 6 8 

14 • ( • / 2 I 1 2 4 5 1 M I D I " IMEV1 ( P R O D . E * P . I 

01 m LESS HORMANYOS 6 7 CNTP 6 / 6 B 

74 U* / 2 I 3 2 4 5 I PARTIAL DECAY MODES IPROD. E * P . ) 

O t t A Y MASSES 
P I n* / ? u ? 4 S i i - i r a P I N I « . 93R 

74 N» / 2 I 3 2 4 5 I BRANCHING RATIOS IPROO. f.*". I 

R l N * / 2 I 3 2 4 S 1 INTO I P I N I / T O T t L I P t l 
R l J I S NOT 1 N C I . N . FOLLOKlNC IS I J » I / 2 I » | P I N I / T O T A l 
R l 1 0 . 3 7 1 KOPMANYOS 6 7 CNTR 

REFERENCES FOR N» / 2 I 3 2 4 5 I IPROD. E * P . I 

KORMANYO A7 PP 164 l h 6 1 HIMMANYOS. K R I S C H , OFRLLCN, * I M | C M , A N L : F 

N(3690) 
BUMPS 

75 N » I / 2 I 3 6 Q 0 . J P * 1 1 - 1 / 2 PROOUCTIO'J EXPERIMENTS 

A BUMP SEEN I N THE IHVAPIANT MASS OF A V E " * C O M P L I 
CATED STA IE ' N * SEVEN P I S J , SC AS EVIDENCE FOB 
A NEW RESO-JANCf I T I S N3T CONCLUSlME. NOT INCLUDED 
I N T A B L E . 

IS N ^ l / 2 1 3 6 9 0 ) «ASS l - E V I (PROD. E « P . I 

1 0 . 0 BAPTKE 6 7 HBC • P I * P 8 PRONGS 

IS N » l / ? ( S 6 Q 0 1 K I D T H I M E V ] I P P O D . £KI 

• ^3 .0 3 0 . 0 PARTKE 6 7 HBC » 

1 * 1 ^ 2 ( 1 6 9 3 1 1 M 0 1 

l / 2 l 3 6 ' » 0 i PARTIAL DECAY MCDES IPRITO. F ' P . l 

DECAY MASSES 

&ARTKE 67 PL 24R 111 

REFERENCES FOR N " 1 / 2 I 3 6 9 0 > I P R U O . E x P . l 

« C * Y 7 E w S M . D A N Y 5 r . » ( C d A C O u . O R S A t l 1 

N,(3755) 
BUMPS 

76 H* / 2 I 3 7 5 5 , JP= I PROPUCTICN EXPERIMENTS 

A SMALL PEA* I N THE I P 0 PBARI INVARIANT «MSS FROM 
8 . 4 9EV/C P I * P TO P | * P P PBIP EVENTS. AS EVIDENCE 
FOR A NEW RFSONANCE IT I S NOT CONCLUSIVE. OMITTED 

V FROM TABLE. 

/ 2 I 3 T ^ 5 I MASS <NEVI IPRITD. E X P . l 

EHRLICH 6 8 t-BC » P I * 

76 N* ^ 2 l 3 7 t S I WIDTH I M E V I IPROO. EXI 

4 3 . C 2 0 . 0 EHRLICH 6 8 HBC * 

N« / 2 I 3 T 5 5 I PARTIAL DECAY MODES ( P R C O . E > P . ( 

' / 2 I J 7 S S I INTO P I * P P PBAR 

REFERENCES FOR H* / 2 I 3 T 5 S I <PROD. E K P . l 

FhRLICH 6S PRL 2 0 6 8 6 R EHRLtCH.R J PLANQ.J B HHITTAKER IRUTGERS1 



Baryons 
A(1232) 
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Data Card Listings 
For notation, see key at front of Listings. 

S=0 1=3/2 NUCLEON STATES (A) 

|A(1232) | .22, 
T H I S R E S O N A N C E I S H E L L E S T A B L I S H E D . 
S E E C A R T E R 7 1 A N D C A R T E R 7 3 F O R P I N C R O S S - S E C T I C 
C A T A I H T H I S R E G T D N . 

3 PHASE S H I F T I 

3? N * 3 / 2 ( 1 2 3 Z > MASS (MEVI 

f I Z 3 4 . I ROPEH AS 
1 1 2 3 5 . 1 ALHEHED TZ 
( 1 2 4 3 . 3 1 ( 1 2 4 1 . 7 1 CHENO 7 3 F I T CARTER 71 

THE TWO ENTRIES ARE FROM TWO DIFFERENT PARAMETRI2.ATION5 OF THE 
RESONANCE CONTRIBUTION I D I n E P33 PHASE S H I F T . 

f 1 2 3 0 . 4 ) TSCHANG 73 F I T CARTER71 P 3 3 
( 1 2 3 1 . I AYED 76 IPWA 

1 2 3 3 . 2 . HOEHLER 79 IPWA PI N TO P I N 
( 1 2 3 1 . 6 1 CRAWFDRO BO DPwA PI N PHOTOPROD. 

1 2 3 2 . 3 . CUTKOSHY BO I PKA PI N TO P I N 

AVERAGE MEANINGLESS 1 SCALE FACTOR • 1 . 0 1 

1 2 3 6 . D 0 . 5 5 QLSSDN fc* RVUE » * TOTAL-SIGMA DATA 
M HPHA * * P I » P S I G . TOTAL 

1PW* » • P I N 8 B - 3 1 0 HEV 
1 2 3 1 . 1 0 . 2 » E D * D N I 7! DPWA * • P I N 7 O - 3 T 0 HEV 
1 2 3 0 . 9 0 . 3 Br IPhA • «• PI N TO " I N 

BC DPMA • * P I N 0 - 3 5 0 "EV 
] EXPERIMENTAL OUANTITY- SEE CAI TERT3 FOR COULOMB BARRIER CORRECTIONS 
2 EXPERIMENTAL QUANTITY- SEE CARTER71 FOR 

FACTOR * 4 . 6 1 

CDULOHB BARRIER CORRECTIONS 1 / 7 4 

AVERAGE MEANINGLESS 1 SCALE 

SEE CARTER71 FOR 

FACTOR * 4 . 6 1 

CDULOHB BARRIER CORRECTIONS 

BE RENDS 75 IPUA * CAM P TO P I MJC 4 / 7 5 
I S DPfcl P I N PHOTDPROD. 

aARBOUR If. DPWA P I N PHOTOPROO. 
4 1 1 2 3 1 . 2 ) 9 » R R n U * re C P M PI-N PHoropeoa. 
4 SUPERSEDES BARBOUR 7 6 . 

1 2 3 4 . 9 1 . * 

FACTOR 

NIROSHNIC 

» 1 . 9 1 

it * F I T PMOTOPOOO. 1 2 / 7 9 

AVERAGE " E » " I N G L E S (SCALE FACTOR 

NIROSHNIC 

» 1 . 9 1 

it * F I T PMOTOPOOO. 

ft*. RVUE 0 
CARTER n 0 P I - P S I G . TOTAL 

1 2 3 3 . B D . 2 REDR0N1 IB OPWA 0 P| N 7 0 - 3 7 0 HEV 9 / 8 2 ' 
1 2 3 3 . 6 0 . 5 KOCH an IPMA 0 PI N TD P I N 1 / 8 2 * 
! 2 3 2 . 5 0 . 3 

FACTOR 

M O E L L 

• 3 . 0 > 

HO OPWA 0 PI N 0 - 3 5 0 HEV 

AVERAGE MEANINGLESS ISCALE FACTOR 

M O E L L 

• 3 . 0 > 

HO OPWA 0 PI N 0 - 3 5 0 HEV 

37 N * 3 / 2 ( 2 3 2 1 K10TM ( H E V I 

6 5 OPMA • 10 PHASE SHIFT A N . 
( 1 2 9 . 1 ALMEKEO 7? I P H I 

3 1 1 5 2 . 2 1 1 1 4 5 . B ) CHENG 
TSCHANG 

73 
7 1 

F I T CARTER 71 
F I T CARTER71 P33 

( 1 0 9 . 1 Ih IPhA 
1 1 6 . 5 . 7 9 1PWA PI N TO P I N 

( 1 1 1 . 2 1 CRAHFORO Bl) DPUA PI N P H 0 T 0 P R 0 3 . 1 / 8 M 
1 2 0 . 5 . CUTR05KV BO I P M PI N TD P I N 

AKt«£C« MEANINGLE',5 (SCALE FACTDR • 1 . 0 1 

6 * PVUE • , 
2 1 1 1 . 1 1 . 6 CARTER Tl MPWA « • " l * P S I G . TOTAL 

n * • P I N 9 9 - 3 1 0 HEV 
PE0R0N1 tH OPKA * » P I N 7 0 - 3 7 0 HEV 
KOCH Rf> IPWA » P I N TO P I N 

1 1 3 . 2 0 . 3 

FACTOR 

U D E L L 

- 2 . 5 1 

ao * » P I N 0 - 3 5 0 HEV 1 / 8 2 * 

AVERAG1 MEANINGLESS (SCALE FACTOR 

U D E L L 

- 2 . 5 1 

ao * » P I N 0 - 3 5 0 HEV 

1 2 0 . 2 3 . 9 CRAWFORD 7 5 OP HA PI N PHDTOPROD. 
( I I T . 4 I BARBOUR 76 DPWA PI N PHOTOPROO. 1 / 7 6 

4 1 1 1 1 . 0 1 BARBOUR r« OPWA P l - N PHOTOPROO. 3 / 7 9 
1 3 1 . 1 2 . 4 HIR0SHN1C 7 9 • F I T PHDTOPROD. 1 2 / 7 9 

AVERAGE MEANINGLESS (SCALE FACTDR • 2 . 4 ) 

1 1 9 . 6 2 . 4 65 RVUE 0 
U 4 . T 3 . 0 CARTER HPUA 0 P I - P S I G TOT. 
1 1 7 . 1 0 . - ) PE0R0N1 rt\ DPMA 0 PI N 7 0 - 3 7 0 HEV 3 / 8 2 ' 

nn I P M 0 PI H TD P I N 1 / 8 2 " 
1 2 1 . 3 0 . 4 

FACTOR 

U D E L L 

• 4 . 3 1 

ao DPWA 0 PI N 0 - 3 5 0 HEV 

AVERAGE MEANINGLESS 1SCALE FACTOR 

U D E L L 

• 4 . 3 1 

ao DPWA 0 PI N 0 - 3 5 0 HEV 

3 3 ( N * O I - I N * * * MASS DIFFERENCE I HEV1 

R ( 0 . 4 5 1 1 0 . 6 5 1 6 5 RVUE 
R REDUNDANT WITH DATA I n MASS L 

2 1 . 3 1 . 9 rt nrvt >< P I _ P sic. rorAi 
1 1 . 4 0 . 4 CARTER M 1PHA P I N 6 8 - 3 1 0 HEV 

P ( 2 . 7 > 1 0 . 3 1 REDRONl 70 DPWA P I N 7 0 - 3 T O HEV 
P USING P I * - 0 AS HELL. PEDRONI 6 DETERMINE ( * * | + | H 0 - M + l / 3 « 3 / H 7 . 
P 4 . t * - 0 . 2 " E V . 

AVERAGE MEANINGLESS (SCALE FACTOR • 

33 I N * Q 1 - ( N * * * l WIDTH DIFFERENCE ( H E V I 

2 6 . 5 2 . 2 CARTER 7 1 H P M • * P H - P S I G . TOTAL 
1 10.3 1.3 CARTER 73 IP"A PI N B 6 - 3 1 0 REV 

6 . 6 1 . 0 PEORONI 7 8 D P M P I H T 0 - 3 7 0 HEV 

AVERAGE •(EAV INGLE S3 (SCALE FACTO* • 1 . 7 1 

1*3/2(121 ?! REAL PART OF "CLE P O S I T I O N (MEVI 

•i!it J 
1 0 . 73 

CAR1E0 71 
(IMEHE0T2 
ZERO TOJCIPY 

RE AVERAGE MEANINGLESS I SCAL 

Sag L I C T E N B 

OMB-BAREtlER-CORR 

75 - F I T C 

3 CARTER 73 P(-ASE 
( 1 2 1 0 . 5 I T O I I 2 1 0 . B 1 V1SAN 76 r * F I T 

FROM F I T S TD CAHIER 73 NJtLEAR PHASE S H I F T WITHOUT CDUl 
CORRECTIONS. 

1 2 1 0 . 4 0 . 1 7 Z I D E L L 79 t* F I T 
F I T TO Z I D E L L TH WUCLEAH PHASE S " I F T WITHauT COUlCf 
BARRIEP CORRECTIONS. 

1 2 1 0 . 7 0 0 . L 6 Z I D E L L 80 DPWA * . P| < 
F I T TC Z IOELL 8 0 NUCLEAR PHASE S H I F T S . 

CM9 BARRILR 

M D E L L 7B 

> AVERAGE tFANf lVGLfSS f S C A t E fiCfUn ' 1 . 6 ) 

H 1 2 0 1 . 2 . CAMPBELL 
l ? 0 6 . 9 « - 0 . t ) TO 1 2 l 3 . 5 t - l . 8 MIROSHNIC 

'«»:» 
0 F I T CARIEo 

ARTER 73 1 / 7 6 
IOELL 7 6 3 / 7 9 

0 - 3 5 0 HEV 1 / B 2 

I SCALE FACTO" 

r OF prLE P o s m r N IMEVI 

3 

ill:', 
5. 

MICHAEL 
BALL 
POG 
CHENG 
NQGOVA 
SPEARMAN 

6 7 
T2 
T2 F I I DELTA J3 

F I T CARTEH 71 
F I T ALMEHED72 
F I T 'ERO TRJCIF 

5 0 . 1 . 

Fac OR 

C U T H H S K Y 

' 1 . 0 1 

BU 

"" 
!M -4 1 0 I > | 1 

AVERAGE MFANINGI E S S - ( SCALE Fac OR 

C U T H H S K Y 

' 1 . 0 1 

BU 

"" 
!M -4 1 0 I > | 1 

C 
4 9 . 6 l:U BALL 

LICHTENB 
VASAN 

75 
75 » F I T CARTER T3 

F I T CARTER 73 
F I T CARTER 73 

\i',',\ 
1 5 3 . 0 1 VASAN 6 F I T CARTER 73 1/76 

0 . J 4 Z IDELL H F I T I I O E L L 78 3/V9 
V 4 9 . 6 1 

FAC OR 

ZIDELL 

= I . I ) 

OPUA " P I N 0 - 3 5 0 HEV 1/82* 

AVFRAGE U A N l W E ' s s ' t k A L E FAC OR 

ZIDELL 

= I . I ) 

OPUA " P I N 0 - 3 5 0 HEV 

5 3 . z. CAHP3ELL 76 » F I T PHOTOPOQD. 2/77 
5 5 . 6 * - I 0 TO 5 8 . 3 * - 1 . MIROSHNIC 4 * F I T PHOTOPHOD. 12/79 

u BALL 5 n ( | T CARTER 73 11/75 
U 1 . 7 5 LICHTENB S n F I T CARTER 73 

c 0 . 6 VASAN (l F I T CARTFR 73 

I W 0 . 2 
V O S I f 
Z I D E L L 

e 
R 

0 
n 

Fit CAOree 73 
F I T MOELL 7 8 3 / « 

Y 5 4 . 0 0 . 26 

FACTOR 

H O E L L 

' 3 . 4 1 

0 L>PWA 0 PI N 0 - 3 5 0 HEV 1/az* 
AVERAGE FACTOR 

H O E L L 

' 3 . 4 1 

0 L>PWA 0 PI N 0 - 3 5 0 HEV 

ITER 73 
FIT CA( IER 73 

3 3 N * 3 / Z 1 2 3 2 ) PHASE DF EL AST C POLE RFSIOUE ( R A D I A N S ! 

-£'.l' 0 . 0 2 
BALL 
CUTKOS*V 

73 
80 IPhA 

F I T OELTA 33 
PI N TO P I N 

::!:!il!;S - 0 . 8 3 3 
- 0 . B 3 O 

VASAN 
VASAN 

7 6 
76 

* F I T CARTER 73 
• F I T CARTER 73 

!:s:s::i;s - 0 . B 4 T 
- 0 . 8 5 6 

VASAN 
VASAN 

7 6 
76 

• F I T CARTER 73 
* F I T CARTER 73 

73 N*3/2I1232> 

INFORMATION Oh THE PHASE (AND M&GN1TU0E1 OF THE H M O / 2 1 HULTIPOLE 
AMPLITUDE POLE RESIDUE I S CONTAINED I M P L I C I T L Y I N TfE PAPER DP 
MIROSHUICHENKO 7 9 . THEY F I N D THAT THE PHASE I S CONSISTENT WITH 
BEING EQUAL TO THAT OF THE ELASTIC POLE R E S I U C E . 

1 2 / 7 9 
1 2 / 7 9 
1 2 / 7 9 
1 2 / 7 9 

33 N * 3 / 2 I 1 2 3 2 I MAGNETIC HOHENT (NUCLEAR MAGNETONS! 

7 1 T 0 1 * 6 . 7 1 NEFKENS 7B PI P TO P I P GAM 1 2 / 7 9 



Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
4(1232) 

33 N * 3 / 2 I 1 2 3 2 1 PARTIAL OECAV "DDES 

N * 3 / 2 I 1 Z 3 2 1 INTO N P I 
• ( • 3 / 2 1 1 2 3 2 1 INTO N G1HHA 
1 * 3 / 2 1 1 2 3 2 1 INTO H P I P I 
N * 3 / 2 ( I 2 3 2 I INT-) GAM NUCLEON. H E L t C t T V * 
1 * 3 / 2 ( 1 2 3 2 1 r n i O GAM NUCLEO". H E L I C I I V -

/ 2 
tz 

A T I O * 

NT) 
6 6 RVUE 
T l IPWA 

76 IPWA 
79 IPWA 
BO IPWA 

j q 

33 1 * 3 / 2 1 1 2 3 2 1 BRANCHING 

1 * 3 / 2 1 1 2 3 2 1 INTO <N G A M M A I / ( N P I > (PERC 
0 . 5 5 0 . 0 2 DAL1TZ 
0 . 5 3 0 . 0 2 5 BERENDS 

/ 2 
tz 

A T I O * 

NT) 
6 6 RVUE 
T l IPWA 

76 IPWA 
79 IPWA 
BO IPWA 

AVERAGE MEANINGLESS (SCALE FACTOR • 1 . 0 1 

1 * 3 / 2 1 1 2 3 2 1 0 INTO ( 1 P I I / T O T A L 
2 ( 0 . 9 9 1 CARTER 

1 1 . J AVEO 
I 1 . 1 HOEHLER 
1 1 . 1 CUTKDSKV 

/ 2 
tz 

A T I O * 

NT) 
6 6 RVUE 
T l IPWA 

76 IPWA 
79 IPWA 
BO IPWA 

TOTAL 

1 * 3 / 2 ( 1 2 3 2 1 PHOTON DECA1 

' AMPLITUDES, SEE M I N I -

- 1 ** 0 . 0 1 4 
- 0 0 . D 0 6 
- 0 38 0 . 0 0 4 

0 . 0 0 6 
O . 0 0 1 

30 0 . 0 0 2 
1 - 0 391 

- 0 . 0 . 0 0 * 
- 0 . 0 . 0 0 2 
- 0 . 1 3 9 0 . 0 0 2 

,:;• ::;, O.OOT 

H : ts 

H E U C 1 T V - 1 / 2 I C E V * » - 1 / 2 1 
DEVENISH 73 O P " Ft N PHOTOPROO. 2 / 7 * 
•inoRHOus 7 3 OP*A P I 1 PHOTQPROD. 2 / 7 3 
KHIES 7 * DPkA PI N PHOTOPROO. 2 / 7 * 

P I N PHOTOPROD. 2 / 7 * 
HOORHDUS 74 D P * * P( 1 PHOTOPROD. 2 / 7 * 
CRAWFORO 75 OPWA PI H PHOTOPROD. 1 / 7 6 

75 OPWA P l - N PHOTOPROD. 
T6 OPNA P| N PHDTOPROD. 1 / 7 6 

FELLED 76 DPWA PI N PHDTOPROD. 2 / T 7 
AZNAURVA* PtO PHTPRD.SOL 1 2 / 7 9 
AZNAURVA) 7T OPWA P I O PHTPRD.SOL 1 2 / 7 9 

Tfl 0»WA P I - N PHQTDPROO. 3 / 7 9 
NOELLE P I - N PHOTDPROD. 1 / 8 0 
S ING N * l . 10 FROM NOELLE 7 8 . 1/BO 
ARA1 8 0 OPWA PI N PHOTO F I T 1 2 / 8 1 ' 

P I M PHOTO F I T 1 2 / 8 1 
CRAWFORD BO OPM* PI 1 PHOTOPROO. 1 2 / 8 1 * 

RAGE MEANINGLESS (SCALE FAC OR > 3 . * l 

1 * 3 / 2 1 1 2 3 2 1 NTO GAM NUCLEON, H E L I C I T Y - 3 / 2 
- 0 . 2 6 2 0 . 0 1 5 0 E V E 1 I S H 73 
- 0 . 2 5 9 0 . 016 HOORHOUS 73 
- 0 . 2 5 3 0 . 0 0 2 RNIES 7 * 
- 0 . 2 5 * 0 . 0 0 7 METCALF 7 * 
- 0 . 2 6 1 o.oot MOORHOUS T * 
- 0 . 2 * 8 0 . 0 0 2 CRAWFORD 75 

I - 0 . Z 5 3 RRIVETS 7 5 
( - 0 . 2 5 1 BARBOUR T6 

0 . 0 0 3 
- 0 . 2 5 5 0 . 0 0 2 RZNRURVAN TT 
- 0 . 2 5 6 0 . 0 0 2 AZNAURVRN TT 
- 0 . 2 7 1 0 . 0 1 0 BARBOUR TB 

( - 0 . 2 * 7 NDELLE 7 8 
CONVERTED Tt OUR CONVENTIONS USING H - 1 . 2 3 2 

- 0 . 2 6 * 0 . 0 0 2 
- 0 . 2 6 1 . 0 . 0 0 2 ARA1 8 0 
- 0 . 2 * 7 0 . 0 1 0 CRAWFORD BO 

DPWA 
OPWA 
OPWA 
CPWA 
DPWA 
DPWA 
OPWA 
OPMA 

P| N PHOTOfHDD. 
PI N PHOTOPROD. 
P | H PHOTOPRDD. 
P| N PHOTOPROD. 
P I N PHOTOPROD. 
PI N PHOTOPROD. 
P l - N PKOTQPROO. 
P I N PHOTOPROO. 
P I N PHOTOPROO. 
P IO PHTPROiSOL 1 
P IO PHTPRD.SCL 2 
P I - N OHOTOPROO. 
P I - N PHOTDPROD. 

L10 FROM NOELLE T 8 . 
PI N PHOTO F I T 1 
PI N PHOTO P I T 2 
PI N PHOTOPRDO. 

2 / 7 7 
1 2 / 7 9 
1 2 / T 9 

3 / T 9 

F MEANINGLESS (SCALE FACTOR - 2.81 

REFERENCES FOR N*3/2(»232l 

< WRIGHT. B T FELD 

CONTAINS REFERENCES TO EAI 

MICHAEL 6T PR 1 5 6 1677 
BERENOS 71 NP B30 5 75 
CARTER '* NP S26 * 4 5 

ALHEHCD 7? NP B40 157 
5 ALL // P U 2 8 1 1 * 3 
POG li PL 3 9 B I C 3 

M PRD 7 2 7 8 9 
CARTER l\ NP B5B 3 7 8 
CHENG Ti PRO T 2 2 * 9 
DEVENISK n PL * T B 5 3 
MOORHDUS 71 PL 4 38 4 * 
NOGOVA n NP B61 4 * 5 

ALSC it NP B61 * 3 8 
ALSC n NP B65 5 4 * 

TSCHANG 73 NP 8 5 9 * * 5 

r* PP.D 9 2 6 8 0 
METCALF r* NO 8 7 6 253 
'OORHOUS 74 PRO 1 1 
SPEARMAN 74 PRO 1 0 1660 

BALL 75 PRO 11 l l ? l 
BERENDS 75 HP 8 8 * 3 * 2 
CRAWFORD r\ NP 8 9 7 1 2 5 
It R IVETS IS SJNP 20 * ? 0 

ALSO 7 * SJNP 19 112 
LICHTENB }•> LNC 12 6 1 6 

ATEO 76 C E A - N - 1 ^ 2 1 
BARB0U4 76 NP B i l l 358 
CAMPBELL 76 PRO 14 2 * 3 1 
FELLER 76 NP B I 0 4 219 
VASAN 76 NP 8 1 0 6 535 

ALSO 76 NP 6 1 0 6 5 2 6 

AZNAURVA 77 EF 1 - 2 6 * 1 5 T I - 7 T 
BARBOUR 78 NP B L * t ?53 
NEFKENS 78 PRD I B 3 9 1 1 
NOELLE 78 PTP 6 0 7 7 8 

7B NP A300 321 
78 INC 21 1 * 0 

MICHAEL I A H E L I 1 J P 
•WEAVER ( C E A . M I T . T U F T I 
' W I L L I A M S . RUGG. BUSSEV. DANCE (CAVE.RHEL) 

•LOVELACE ( L U N O . R U T G H J P 
•CAMPBELL.LEE.SHAW I U T A H , B O I S . U C I t 
SOQlNGtBAf tTELS, * (OESY*L&l.*ef lA.* l *CER.H*HELSH JP 
BALL .LEEiSHAU l l ( A H + U C D I J F 
CARTER.SUGG,CARTER ICAVENDISH*OM;EN MARY I I JP 
CHENG.LICHTENBERG ( I N O ) I J P 
D E V E N I S H , A A N K I N . I Y T H ( L 0 U C * 8 0 N W L A N C 1 I JP 
MQORHDUSE, OBERLACK I G L R S * L B I I I JP 
N O G O V A . P I S U T U P SLOVAK ACAO SCI .COMENtUS U I I J P 
N O G O V A , P I S U T » M P SLOVK ACAO SCI .COMENIUS U I I J P 
NOGOVA, P J S U T K I P SLOVK ACAO SC1.C0NENIUS U I I J P 
TSCHRNG.PRRKINSON t F L O R t G A I N E S V I L L E I U P 

KNlES,MDORHOUSE.OB£ftLACK ( L B L . G L A S M J P 
W J METCALF,R L WALKE* I C I T 1 I J P 
KOORHOUSE,OBERLACK,ROSENFELO ( G L A S * L B L I I J P 
T 0 SPEARMAN I T F I W T Y COLLEGE . D U B L I N ) 

J S 6ALL .R L COBLE I U T I H I I J P 
8ERENDS.0ONNACHIE I L E I D . M C H 5 1 
R L CRAWFORD ( G L A S t U P 
* H I R O S H N I C H E N K 0 > N I K [ F C I R 0 V , S A N I N + ( H T E V M J P 
KRI V E T S , N I K I F O R O V , SRNlN .SHALATSK! I ( K I E V ) U P 
D B LICHTENBERG ( I N D I I J P 

AYEO ( T H E S I S ) ( S A C L I I J P 
I . M. BARBOUR.f i . L . CRAWFORD ( G L A S I I J P 
CAMPBELL,SHAW,BAIL ( 8 D I S » U C I • U T A H I I J P 
»FUKUSH1HA,HOR1KAWA,KAJIKAUR4(NAGOVA*OSAKAIIJP 
S . S . VASAN ICARN1 IJP 
S . S . VASAN ICARNI1JP 

•AKDPOV.BAGOASARVAN (YEREVAN PHVSICS I N S T . I I J P 
SANBOUR. CRAWFORD.? ARSONS I G L I S ) 
•ARHANi8ALLACH,GL0DIS ,HADDOCK* I U C L A 4 C A T H I I J P 
P . NOELLE (NAGO) 
•GABATHULER,DOMINGO,HIR7+ ( S I N . G R E N . K A R L . H I J P 
V . S . Z 1 D E L L , R . A . A R N 0 T , L . 0 . R 0 P E R ( V P I ) I J P 

*AND8C0R OF P I - N SCATTERING. PMCSI t OATEN V O L . 1 2 - 1 
.AISFR.KCCl 

R.KOCH 
MIROSHN: N H O I N I X I F O R O V , S A N I H 

CRAWFORD C 
CUTlCOSKV ( 
KOCH ( 
2 I 0 E L L t 

1 0 7 

MP 

TORONTO CDNF 93 
TORONTO CO 
TORONTO CO' 

• 3 3 6 331 
D21 1255 Slgsss 

^ED TC I N 0 * 1 

DCNNACHI 6 8 P I 2 6 8 1fc: 
FONDA 73 PRD 8 J > J 
HENVEV T* PR D9 3 0 2 
DLSSON T * LNC 10 333 
P F E R 7 * NP 9 7 3 166 
SUZUKI 74 NP B 6 8 4 1 3 

GANENRO 75 SJNP 22 522 
NISRO 75 NP BB4 2 0 1 
GANENKD1 76 SJNP 2 * 2 8 * 
GANENK02 76 SJNP 2 * 54*. 
I A 6 E V 76 SJNP 2 * 7 0 

/ 'ABLSRUHE 1JP 
(KARL SRUHE) U P 

(KHARKOVI IJP 

"SSSB 

( C E R M 
R I E S T E ' I R S r i U P 

l " ( C H ) ( J B 
f C E S N I I J O 
( 8 0 N N I 

(T0KYQ1 

m R l V E T S . M I R 0 S H 1 1 C M E N ! C O . N I K l F 0 » 0 V * I K I E V I I J O 
N I G R O . S P I L L A N T I N I . V A L E N T E (PAD0 .FRAS1 
• K R I V E T S . M I R O S H N I C H E W a . N I K I F D B O H * I K I E V J 1 J P 
•GORBENKO.KRIVETSiKOLFSNIKDV* ( X IE v l U P 
/ A B E V . t U I N E T S O V . S T U f O V ( T « S n ) U P 

PAPERS NOT 1 

DONNACHIE.LOVELACE, ' 
FONDA,GHIHAftOI.SHAW 
HENrEV.KANE 

1232 UEV REGION - PRODUCTION EXPERIUENTS 
8 1 N * J / 2 ( 1 2 3 2 . J P " 1 / 2 * 1 1 - 3 / 2 PRODUCTION ?KPE« I 

41 1 * 3 / 2 1 1 2 3 2 ) "ASS (HEV) (PROD. E » P . I 

I 2 1 F . 8 . ANDERSON TO HH5 P I - " 7 0 P I - UPS 2 / 7 1 
1 2 2 7 . 0 7 . 0 E L L I S 71 CNTR 

N C l U D f S 

"MS O P 3 . 7 GEV/C 

S C A L F FArTQB nF I . O I 

t O / 7 1 

1 2 2 2 . 7 5 . 3 AVERAGE IERRDR 

71 CNTR 

N C l U D f S 

"MS O P 3 . 7 GEV/C 

S C A L F FArTQB nF I . O I 

1 1 2 3 2 . 0 ) ( 6 . 0 1 FEBRD-LU 65 H8C t * Ktf TO K l P P I , 
1 1 2 3 6 . 0 1 DEANS 66 RVUE H P U P TOTAL 7 / 5 6 
1 1 2 3 3 . 4 1 1 4 . 4 ) GIOAL 6 6 DP.C n D 0 1 0 1 N I N N 1 Pl 7 / 6 6 
( 1 2 2 * . 0 I 1 2 . 0 1 HABER 70 DEC K-D TO * BOO(P) 7 / 7 0 

L 2 3 6 . C 2 . 0 COL TON T2 HftC , , DP TO o l * P H m i l 
1 2 2 6 . 0 2 . 0 C3LTC1N 72 HBC 1 1 TO B I , P I - O P 
1 2 2 2 . 0 72 HEC • . TO P 1 * P I - P I 0 P P 
1 2 2 6 . • 2 . 0 tCH TOM 7? HBC • t TO r l , P i - P i - p , j 

( 1 2 3 1 . ) 1 3 . 1 LEWIS 73 HBC * , K. P TO < P 2 P | 
1 2 1 9 . 5 . LICHTMAN 7 * HBC t * P U P TO 3 P I p 
1 2 1 3 . 3 . LICHTMAN 7 * f B C • * » I - P 1 0 J P I P 

( 1 2 2 * . 1 5 . TD 1 0 . BBAUN2 T5 PC PP.AR P AND D . 5 . 7 M / 7 5 
1 2 2 4 . TO 1 2 2 B . AIMERTON 76 HBC B3A" P 5 . 7 GEV an 

2K 1 2 2 6 . 3 . GC7GG12 78 I S P <> 90 i n DELTA P P I 
SO 1 2 2 5 . 2 . APFLDOORN 79 HPC , t o'fAP P T . 2 G f V / C 1 2 / 7 9 
0 0 1 2 2 3 . 3 . A L I E N BO fee • • rw P TO « u - P P I * 
NEGLIGIBLE ACKGRDU'ID. 

HCLUDES CAtE FACTDB Of 2 . 5 1 1 2 2 5 . 6 2 . 1 AVERAGF (FOPOP HCLUDES CAtE FACTDB Of 2 . 5 1 

1 2 2 * . TO 1 2 3 0 . 60AUN1 75 HBC "BAR P 5 . T 1EV 1 1 / 7 5 
1 2 5 6 . 1 5 . APPLE * » P 1 0 P ( N P I , ) I / 7 B 

NOT SFEN I N P P TO P ( P P I O ) . I / 7 P 

1 2 3 1 . 1 1 . COOPER 1- HBC • O P CF "T 
( 1 2 3 0 . 1 BRAUN1 75 HBC PBAR P 5 . 7 GEV 
( 1 2 2 0 . 1 5 . TO 1 0 . BPAUN2 75 BC PEAR P AND D . 5 . 7 1 1 / 7 5 

( 1 2 4 1 . 3 ) ( 5 . 1 1 GIDAL 6 6 OBC 
1 2 3 4 . 0 5 . 0 COLTON 72 HBC - Tfl P | . P | - d - P N 

7 . 9 

E l ( N * - l - ( N * » » ) 1ASS OIF 

6 . B GIOAL 

FEREr.CE-

6 b CBC 

MEV1 ( P R C D . E I B . I 

3 . 1 OAK HMO 

NCLUOES 

P I * - N TO o | » P I - ' J 

CALF FACTOR nF l . C J 

2 / B 2 * 

6 . 2 2 . 8 AVERAGE (ERROB NCLUOES 

P I * - N TO o | » P I - ' J 

CALF FACTOR nF l . C J 

61 N * 3 / 2 ( I 2 3 2 I WIOTH l«EV ( p R r o . ftp.) 

1 1 5 . 5 . ANDERSON TO «*"5 _ p , - p T n S [ . J.H5 2 / 7 1 
1 0 5 . 0 7 . 0 E l l l S 7 1 CMIR •MS PP 3 . 7 M V / C 
1 4 1 . 1 1 . "U5GRAVE 75 HBC K* P TD * P I H 1 1 / 7 5 

115^2 ;.;• 
( 1 2 5 . 0 1 U O . 01 

( 1 2 4 . 0 ) 1 1 4 . 0 1 
( 1 2 0 . 0 ) . 0 . 0 1 

1 1 5 . 0 1 . 0 
I 2 T . 0 5 . 0 
1 2 2 . 0 1 . 0 
1 0 6 . 0 7 . 0 

( 1 4 6 . 1 I I D . I 
1 6 6 . 1 4 . 
1 3 4 . 7 . 

( 1 1 0 . ) 1 0 . TO 2 0 

iGE (ERROR INCLUDES SCALE FACTOB O F 2 . 0 1 

F E R R 0 - L U 2 65 »BC * • 
DEANS 6 6 PVU 
GIOAL 6 6 OBC 

9 6 . TO 1 1 3 . 

HABER 70 OBC 
COLTON T2 HBC 
COLTON 72 Hf i t 
CDLTON T2 HBC 

72 HBC 
LEWIS 73 HBC 
LICHTMAN 74 HBC 
LICHTMAN 7 * HBC 
6BAUN2 75 PC 
* THE*. TON 76 HBC 
G0GGI2 7 8 I S P 
APEL00OR> 79 HEC 
ALLEN 8 0 HBC 

E (ERRnR INCLUDES 

BRAUNI 75 HBC 
APPLE 77 SPEC 

COOPER 7 * HBC 
BRAUNI 75 HBC 
BRAUN2 75 EC 

GIDAL 6 6 DPC 
: I L T O N 72 HBC 

7 / 6 6 
7 / 6 6 

D TO * BOOIP) 7 / 7 0 
TD P l . B N TCEV 1 / T 3 

D P U P I - P P 1 /7 3 
1 / 7 3 
1 / 7 3 

» TO * 0 2 P , l / 7 b 
•P TO 3 P I P 4 / 7 5 
-P TO 3 P | P * / 7 5 
IR o A*JD D . 5 . 7 1 1 / 7 5 
»R P 5 . T GEV 2 / 7 7 
rn OELTA P P I 1/BO 

«B P 7 . 2 GEV/C 1 2 / 7 9 
P in i i i - P P I * Z / B 2 * 

FACTOR OF 2 . 4 1 

IR P 5 . 7 GEV 1 1 / 7 5 
' TO P I N P I * ) 1 /7B 

http://BARBOUR.fi
http://FEREr.CE-


Baryons 
A(1232), A(1550), 4(1600) 
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Data Card Listings 
For notation, see key at front of Listings. 

vehWitlh *GH M«J/?II232) IPROD. EXP.l 

FEftRO-LU t i l NC 3 6 1 1 0 1 
D f l N i 6 6 PREPR1N1 
GIPAL 6 1 PR 1 « 1 i ? * l 

ANDERSON 7(1 PRL ? 5 6 9 9 
MABEB / I NP 17E 2 8 9 
U l f S / I PRL ^ 7 4 4 2 
COLTOS up 0 6 95 
LEWIS ' i NP B 6 0 2 3 3 

COOPER J * UP B 7 9 2 5 9 
U C H T M A H 74 NP 8 9 1 31 

SRAUN1 75 NP 9 9 5 4 4 ] 
8SAUV2 7* NP 3 9 5 5C3 
MuSGRAVE lb NP BBT 3 6 ' 

ATHLSION It, •IP 9 1 0 3 381 
APPLE LtC 1 8 167 
GOGGI; 7H •IP 6 1 4 3 3E5 
IPELDDOR NP B 1 5 6 H I 
ALLEN HI) NP 9 1 7 6 269 
0AKHNO HI PL 1 0 * 8 ?3 

»LEXA"»E 73 NP 9 5 ? 2 2 1 
SEAUPRe n NP 9 6 6 93 

ALSO 7 * PL 5 1 B 1BT 
B1HERI0N f> NC 3 0 * 5 0 5 
SIBACHMA 7*. 'iP B9B 1 3 0 
WALTER r« If-il C3 6 9 
1ALAND eo IP-it C3 1ST 

f E R R O - L U 7 Z I , 
5 R DEAN5. » 
H 5 l f > A L , » « 

(CERNI 
(VANDERBtLTI 

CLRLl 

»BLES£R.SL!EDEN.COLL I N S * * ( B N L . C A R N I 
• S H A P I R A , M E R R H . L , H O N A R I * * ISAflRE COLLI 
tMAGLICH.NOREM.SANN.ES. SILVERMAN ! » U T G I 
E COLTON, A KIRSCHBAUK I L B L I 
* A L L E N . J A C O B S . D A T I Y S I . I S L A M * ( L O W C * L O t C * C a E F ) 

•GERBEf t .HAURER.MICHAtCNiSCHlBY* I 5 T H B , L P N P I 1 
• GEfi9EP. ,MAUHER.MlCHALDN,SCHlBY* I S T R B . L ° N P > I 
• PEETERS.SCREINER.WHIT fCRE.YUTA I A N L I 

ATHERTON.FRENCH.SKURA.BCHM* I C F R N t P R A G l l 
•AS".CHENG.COVNE.GROSSMAN* | P R I N * P A V I A I 
• C A V A L L 1 - S F O R Z A . C 0 1 T A * ( C E R N t P A V I l 
VAN APELDOOI lN .HARr iNG. I -OLTMUI IEN* ( A t s T I 
• 9 L I E T S C H A U * (A«CH*BQNN*CERN*HPIM*0»FJ 
•nOPTEV.HRAVTSOV.LOBACHEV.t lAKAROV* H E M I 

PAPERS NOT REFERRED TO I N DATA CARDS 

ALEXANDER.BENARY*(TEL-AV1V*HEI0ELBEI>G*DESYI 
lAACH^BERl^BDNNtCERNtNDAKtPENWH-OffOl l 

BERLAND.HABER.HODOUS.HUL512ER.* I M I T I I 
BERLANO.HABEB.HODOUS.HULSI IER. * ( M i l l I 
ATHERTON.BAR-NIR.FRENCH.5KUP.R* ( C E R N t P R A G I I 
STRACHNAN.f lRAUN.GERBEft .MUKEH* ( L P V P » s r S 8 M 
• BECKER * i aE Rt>AAC H *C ER N *SER P*SA C L»V l EN I 
*P01RET»(MDNS4-SERP*SACL*AlKA-RTA«MO5LI*BELG) 

4(1550) 1*3/211550. JP=I/2*J 

110 1/21 15501 MASS tMEYI 1 1 / 7 7 

(1550. ( tOHGMCBf 77 IPWA PI N TO 2PI N 11/77 
ALL LCIGACPF.TT PARAMETERS ARE FROM SOLUTION S 2 . EXCEPT FOR T H E P D L E 1 1 / 7 7 
POSIT ION W H I C H IS FROM SOLUTIONS S I AND C t . 1 1 / 7 7 

( 1 5 7 5 . 1 BAR'IHAW BO IPWA • * P| H TO 2 P I N 1 2 / 7 9 
( 1 5 0 6 . C I CRAWFORD 90 DP I t * PJ N PHOIOPROD. 1 2 / B 1 * 

CRAVFORD BO DPW< 

I N TO 2 P I N 
I 1 TO 2 P ! N 
[ U PHOTOPROO. 

110 N " 3 / 2 ( 1 5 5 0 ) REAL PART OF POLE P O S I T I O N ( M E V I 1 1 / 7 7 

1 5 5 3 . LONGACRE 77 IPWA P I N TO 2P1 N 1 1 / 7 7 

H O N * 3 / 2 H 5 5 0 I - 2 * l * A G PART OF POLE POSIT ION I MEVI 1 1 / 7 7 

1 0 5 . CR 1 0 4 . LONGACRE 77 IPWA o] M TO 2 P | N U / 7 7 

™ E ™ r 
OECAY MASSES 

1 3 9 * 9 3 8 
1 2 3 2 * 1 3 9 

9 1 8 * 7 6 9 

110 N * 3 / 2 ( 1 5 5 0 1 BRANCHING RATIOS 

N * 3 / 2 ( 1 5 S 0 I F"CM P I H TO N * 3 / 2 I 1 2 3 2 ) P I S 0 f t T ( P l * P 2 l 
( • 0 . 1 1 1 LONGACRE TT 1PWA PI N TO 2 P I 

0 . 1 3 0 .O5 8ARNtfAM 9 0 IPWA • » P I N TO I H 

1 1 5 5 0 1 F B C P I t | 
I + 0 . 0 8 1 

0 . I T 0 . 0 5 

I R H Q . S - 3 / 2 
LONGACKE 
SttRfMA* 

r»3Y2f I 5 S 0 I PHOTON DECAY A M P M G E V 

I PHOTOPROO. 1 2 / B 1 * 

REFERENCES FDR N » 3 / 2 ( 15501 

LONGtCBB 77 IP 8 1 2 2 4 9 3 LOVGAEAErDOLBEAU 
ALSO 76 NP B108 3 6 5 OOLBEAU.TP.IANTI S.NEVE'J.CAOt ET 

SARNHAM BO NP B16B 2 4 3 BARNHAM.GLICKMAN.MIER-JEDRIEJOUICZ* 
CftAWFORO BD TORONTO CONF 107 R.L.CRAUFORO 

A(1600) I » 3 / Z I 1F-O0. J P » 3 / 2 * I : • 3 / 2 

RECENT ANALYSES INDICATE AT LEAST ONE P33 RESONANCE 
l \ THE 1 ^ 0 0 - 1 9 9 0 * E V R E G I O N , ALTHCUGH THERE I S SOME 
DISAGREEMENT OH I T S M I S S AND W1DT1-. | h A D D I T I O N TO 
THE STATE L I S T E D . THE ANALYSIS OF BARNfRM 80 I S 
CONSISTENT WITH THE PRESENCE OF ANOTHER P33 RESONANCE 
fcfTH MASS 1 6 0 0 HfV AND WIDTH 8 0 HEV. 

1EE ALSD THI 1 * 3 / 2 1 1 9 2 0 . J P - 3 / 2 * ! L I S T I N G S . 

IASS IMEW1 

DDNNACH2 
KIRSOPP 

IPTION I S - 0 0 N N A C H 1 . 2 , 

( 1 6 6 0 . t 
1 9 0 0 . < 

IE 2 SET- OF PARAMETERS . 

6B RVUE P H A S . S H 1 F T - C E R M I 
6B RVUE PHASE SHIFT ANAL 1 
IRSOPP EYEBALL F I T CERN 1 I 

AYED 70 IPwA 
AGRAM 

ALMEHED 72 IPWA 
LONGACRE 75 IPUA PI N TO 2 P I U 1 

E FROM METHODS 1 AND 2 C * LOVGACRE 7 5 . 1 
kYED : tPXA 

< 1 5 6 0 . I LONGACRE TT IPWA » I H TO ? P I N 
ALL ICNGACRE77 PARAMETEhS ARE FROM SOLUTION S 2 . EXCEPT FOR THE POLE 
POSIT ION WHICH I S FROM SOLUTIONS S I AND C I . 

1 1 6 4 0 . ) (5 0 . 1 CUTKOSKV 1 9 IPKA « I N 1 0 f [ N 
1 5 2 2 . 1 3 . HOEHLER 7 9 IPWA P I N TO PT N 

1 1 6 9 0 . 1 BARNHAM SO IRWA + * P I N TO 2P1 N 
1 6 3 0 . 5 0 . CUTKOSKY BO IRWA P I N TO " I N 

I2/T9 
1 2 / 7 9 
1 2 / 7 9 

1 / B 2 * 

AVERAGE MEANINGLESS I SCALE FACTOR • 1 . 5 1 

( 2 8 1 . 1 
1 2 4 0 . t 
1 4 9 8 . 0 1 
l ? 2 0 . I 

3 0 5 . OR 3 0 0 . 

KIRSOPP 6B PVUE 
AYEO 7 0 IPWA 
ALMEHED 72 IPWA 
LONGACRE 75 IPWA 
AYED 76 IPWA 
LONGACRE 7T Iff* 
CUTtOSHY 7 9 IPWA 

1 A S . 5 H I F T - C E R M 1 0 / 6 9 
44SE S H I F T ANAL 1 0 / 6 9 

1 / 7 1 
2/72 

I N TD 2 P I N 1 1 / T 5 
1 1 / 7 7 

t N fi ZPt ti 11/77 
[ N TO P I N 1 2 / 7 9 

1 2 / 7 9 
1 2 / 7 9 

J / 8 2 » PI V 7 0 P I N 

19 N A 3 / 2 M 6 I 

19 N * 3 / Z I 1 I 

EAL PART OF POLE POSI T ION ( M E V I 1 1 / 7 5 

LONGACRE 75 IPKA 
LONGACRE 7 7 IPWA PI H TO 2 P I N 1 1 / 7 7 
CUTKDSKY 79 IPWA PI N TO P I N 1 2 / 7 9 
CUTKOSKY 80 IPWA 

. 
IRT OF PCLE PCSIT ] 

LONGACRE 75 IPWA 
I N TO 2 P I N 

I N TO P I N 

11/77 
12/79 
1/62* 

N « 3 / 2 ( l 6 Q D I REAL PAPT OF ELASTIC PCLE RESIDUE (MEVI 

3 /21 l d O O ) I "AG PART DF ELASTIC PCLE RESIOUE IMEV) 

. DECAY "ODES 

! 1 1 6 9 0 1 
' 1 1 6 0 0 1 
• 1 1 6 0 0 1 
! I I 6 0 O I INTO * 

IT.TO PI N 
INTO K 5IGMA 

3 / 2 ( 1 2 3 2 ) P1 .P -WAVE 
3 / 2 ( 1 2 3 2 1 P I . F - W A V E 

INTO H R H D . S . I / 2 . P - V A V E 
INTO N R H O . S - 3 / 2 . P - W A V E 
INTO N » l / 2 ( 14401 P I 

10) BRANCHING R 

1 3 9 * 93B 
4 9 3 * 1 1 B 9 

1 2 3 2 * 1 3 9 
I ? 3 2 * 1 3 9 

3 / ! U ( . 0 0 l INTO ( P I 
1 0 . 01 
1 0 . 0 . 1 
( 0 . J51 
CO. 1 
1 0 . 11 
1 0 . 01 1 0 . ( H I 
O . Z ! 0 . 0 6 
O . I B 0 . 0 4 

[RSOPP 
AYEO 7 0 IPtrA 
ALMEHEO 72 IPMA 
AYED 7 6 I P k A 
CUTKOSRV 7 9 IPMA 
WOEHtefi 7 9 1PW* 
CUTKDSKY SO IPWA 

AVERAGE MEANINGLESS (SCALE FACTOR • 1 . 0 ) 

N O / 2 1 1 6 0 0 1 INTO I K S I G M A l / T O T A L I 
( 0 . 0 0 0 0 2 1 0 0 LESS FEUEHBACH TO RVUE 
ASSUME MASS. W I D T H , X IELAST1 OF D0NNACH1E 6B 
MOOEL USeC MAY OOUBie C0UM7. 

D0NNACH2 6 6 RVUE P H A 5 . S H I F T - C E R N 1 1 0 / 1 
PHASE SHIFT ANAL IO/IS 

1/71 
2/72 

lt/77 
12/79 
12/79 

http://tMAGLICH.NOREM.SANN.ES
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
4(1600), A(1620) 

FOUR 

N * 3 / ? ( 1 6 0 0 ) F«CM " I N TO I 
< 0 , 0 0 4 M O 0 . 0 * 2 

RANGF GIVEN I S FRC 
DEANS75 DISAGREES 
ARQLMD 1 9 2 0 " E V . 

N * 3 / 2 I 1 6 0 0 ) FRCM " I 1 TO N' 
1 - 0 . 3 6 1 0 " - 0 . 3 0 
1 - 0 . 3 * 1 

r CONSIDER T H I S 

SICK* 
DEANS 

BEST SOLUTII 
• S I C * A * 0 * 1 * OF H I N N I K 7 " 

BH 
< 0 . 3 I 

IT TO LONGACRE 75 1PI 
1 0 . 2 1 1 

It* F I T TO NOVDSELLER 78 
iSSUHES THE H I S S IS NEAR 

- 0 . 2 4 0 - 0 5 
Hf C O A L I N G SIGN5 INHERE 

.HANGED TO AGREE WITH THE 

• 3 / 2 ( 1 2 3 Z > P l . P - U A V E S Q R T I P 1 * P 3 > 
LCNGACRE 75 IPHA P I N TO 2 P | N 
LCNGICPF ?? IPtIA *t N TO I f I * 

COUPLING TO BE HELL DETERMINED. 
NOVOSELLE 7S IPUA P| N TO 2 P I N 

ft, PHASE I S HEAR - 9 0 DEGREES. 
ttOVOSELLE 7 8 IPHA P I N TO 2 P | N 

PUA, PHASE I S NEAR - 9 0 DEGREES. T H I S F I T 
1900 HEV. 

BARNHAM BO IPHA * • P I N TO 2 P | N 
0ETERHINED1 OF BARNHAM 7 9 HAVE BEEN 
CONVENTION OF L0NGACP.E 7 7 . 

11/TS 
t l / 7 5 
11/75 

1/78 

B 
12/79 
12/79 
12/79 
12/79 

tr, CBOM P I N TO N 3 / 2 1 1 2 3 2 1 P I 
LONGACRE •F-,r?L. " , ; I T ; J ' ! » , 

s??s FOC" P I N TO H R H 0 . S - 1 / 2 . P -
LONGACRE " " „„ ""J'rTS'i.. 

s:;i *PQM P I N TO N R H O . S - 3 / 2 . P -
LONGACRE ™n .p». s " ; ! " * ; s ' ! . i 

5.°?i FRO- P I N TO N« 
. 0 4 

1 / 2 ( 1 4 4 0 1 P I 
BARNHA* .o „». iru'irx;., 

19 N * 3 / 2 ( I 6 0 0 1 PHOTON DECAY A N P L I G E V * * - l / 2 > 

' AMPLITUDES. SEE H I N 

1 * 3 / 2 1 1 6 0 0 ) I M O GAH NUCLEON. 

9 . D 0 . 0 2 0 
•}. 01B 
0 . 0 1 4 
0 . 0 3 0 

0 . 0 0 5 0 . 0 2 0 

AVERAGE MEANIhGLESS 1SCA 

N * 3 / 2 I I 6 0 C 1 I 1T0 GAH 
0 . 0 6 6 

O.OCfl 0 . 0 * 6 
0 . 0 2 ? 
0 . 0 3 3 

0 . 0 0 . 0 1 5 
0 . 0 * 2 
0 . 0 3 T 

0 . 0 0 0 0 . 0 4 5 
0 - 0 2 0 

H E L I C I T V M 2 I C E V * * -
DEVEN1SH 73 DPHA PHOTOPROD. 2 / 7 4 
DFVENIS2 74 DPkA PHOTOPROD. 
KNIES 7 * DPHA PI N PHOTOPROO. 2 / 7 4 
HETCALF 74 DPMI PHOTOPRDD. 2 / 7 4 
FELLER 7 6 OPHA PHOTOPRDD. 2 / T 7 
AINAUP.YA* PIO HTPRO.SOL 
AZNAURYAfi 7 7 DPkA PIO HTPRO,SOL 1 2 / 7 9 
BARBOUR 7B DPH4 P | - N PHOTQPROD. 
CRAWFORD BO DPhA PHOTOPRDD. 1 2 / B I 

AH NUCLEON, H E L I C M ! 
DEVENISH DPHA 
DEVENIS2 T4 
KHIES 74 
METCALF 7 * OPHA 
FELLER Tf, DPkA 
AINAURVAI. 17 OP HA 
AiNAURYAfc DPUA 
BARHOUR TH OPWA 
CRAWFORD 8 0 DPHA 

4 PHDTOPROD. 2 / 7 4 
1 PHOTOPROD. 4 / 7 5 
J PHOTOPRDO. 2 / 7 4 
4 PHOTOPROD. 2 / 7 4 
1 PHDTOPROE. 2 / 7 7 
PHTPRO.SOL I 1 2 / 7 9 
PHTPRD.SOL 2 1 2 / 7 9 

J PHOTOPROO. 3 / 7 9 
1 PH0T0P1QD. 1 2 / B 1 * 

iG[ HEANINGLFS5 (SCALE FACT' 

~ ' 6 9 V£",l " ' 

Hi: 70 
72 
73 

KIEV rrjNF 

W£" 74 

PL 5 2 E 2 2 7 

NO 9 7 6 ?«3 

~s; 75 
75 
78 s,;l; ;L 

F E " E . 
76 
76 5";";i"!, 

ALSO 
7T 
76 

;."•}»»"" 

- • s s 7B 
79 

**P 3 141 253 

SSS" T9 
79 

PRO 2 0 2P.39 
HANDBCOK OF P l - N 

ALSO BO TORONTO CONF 3 

EB 8 0 

80 
^ H N T Y C C V to 

TORONTO CDNF 11 

REFERENCES FOR N * 3 / 2 I I 6 0 0 I 

DV'J»*CH1E OAOPO'TeuP'S T » I K 

« ATEO.P 9AREYRE. G V l t L E T 
FEUERBACHERtHOLLADAY 
*LOVELACE 
D E V E N I S H . R A H K I N . L V T H 

D E V E N I S H . L V T H I R A N K I N 
KNIES.HODRHOUSE.OFJERLACK 
U J METCALF.R L WALKEP 

I S A C L I I J P 
(VAMDERBILTI 

( L U N D . R U T G I U P 
I L 0 U C * B O N N » L A M t I I J P 

I 0 C S Y . L A N C 9 D N N I I J P 
I L B L . G l A S I l J " 

( C M I I J P 

tMITCHELL.HONTGPHERY. * I S F L A . ALABAMA 11JP 
t R O S E N F E L D . L A S I N S K I . S H A C J A * I L 6 L . SLACI U P 
LDNGACPE.LASINSKI .ROSENFELD* I L B L . S L A C ) 

*AK0POV,6AGDASARYAN {YEREVAN PHYSICS I N S T . I I J P 
LONGACRE.DOLeEAU I S A C L I I J P 
OOL BE AU.T R IANT IS . N EVEU . C A O I ET ( S A C L t t J P 

BARBOUR.CRAWFORD. 
D. E . NOVOSELLER 
0 . E . NOVOSELLER 

I G L I S I 
I t i t T E C H I I J I 
ICAL T E C H ) I J I 

tFORSVTH.HeNDRICK.KELLY I C A R N * L 9 L ) I J P 
SCATTERING. P H Y S I * OATEN V O L . 1 2 - 1 

* K A I S E R . K O C H , P I E T A R ! N E N /KARLSRUHE I J > 
R.KOCH IKARLSRUHEUJP 

BARr iHAH,GLICKHAN,H|ER-JE0f tZEJOWICI» I L O I C I 
K.L.CRAHFORO (GLA5) 
4 F 0 R 5 V T H . B A B C 0 C K . K E L l v . t - E N 0 R I C K ICARN*LBL) I JP 

PAPERS NOT REFERRED TO I N DATA CARDS 

' B A R E Y R E . V I L L E T 
*CASHMORE 
4rOAFF,REVEL>GOLDBERGieERNY -"Ei, 

A(1620)| 8 2 N * 3 / 2 I 1 6 2 0 . J P - l / 2 - l 1 - 3 / 2 I b . 

T H I S RESONANCE I S -ELL ESTA9L ISHED. 

8 2 N * 3 / 2 I 1 6 2 0 I HA< 

WHERE CROSS SECI 

5 „ir ; 5 s: : I T OF I IGAND OIA 

DEVLIN 65 C-*TR 
BAP.EYRC 6 8 RVUE 

ION IS GREATEST - EYEBALL 
DO NN AC H I 6 8 RVUE 
AYEO 70 IPUA 

PHASE-SHIFT ANAL I 

r ANAL 6 / 6 8 

7 0 PVUE 

75 1PKA 
° l H PHOTOPROD. 
' I N TO 2 P I N 
E L0KGAC4E 7 5 . 

DAVIES 
ALHEHEO 
CRAWFORD 
LONGACRE 

IE FRQK METHODS 1 
AYED T6 I P M I ] 
BARBOUR 76 OPMA PI U PHOTOPROD. 

I I 5 B 0 . I LONGACRE 7 7 IPHA PI N TO 2 * 1 N I 
L LDNGACRE77 PARAMETERS ARE FRO" SOLUTION S 2 . EXCEPT FOR THE POLE I 

POSIT ION hHICH I S Fl " - - " "• " "-
1 1 6 6 2 . I 

SUPERSEDES BARBOUR 1 

I 1 6 1 7 . 
< 1 6 2 0 . ) 

1 6 2 2 . TO I 6 B B . 
1 6 2 5 . C<* 1 6 0 0 . 

<E 2 SETS OF PARAMETERS * 
t l t > 2 3 . l 

I 1620.1 
1 6 1 0 . 

I 1 6 2 0 . ) 
I 1 7 1 2 . 8 
I 17B6 .71 

1 2 0 . I 

< 2 . l 

DNS S I AND C I . 1 1 / 7 7 
BARBOUR 7S OPtiA P I - N PHOTOPRCO. 3 / 7 9 

3 / 7 9 
CUTKOSKY 79 IPMA H TO » I V 1 2 / 7 9 

7 9 IPMft i 1 2 / 7 9 
BARNHAH SO IPMA • * ; 1 2 / 7 9 
CHEW BO BPkA t* , P TO P I . P 1 / B 2 * 
CHEW BO BPtiA ** o " !?_?••» 1 / B 2 « 

EP0R1S T H S31 RESONANCES AT SOMEWHAT HIGHER HASSES THA^ 
OTHER ANALYSES. BOTH ARE L lSTEO HERE. LA9ELED A AND B 'OR LOWFR 

10 HIGHER STATES. 
1 1 6 5 7 . 0 ) CRAUFORD HO DPHA P| N PHOTOonOC 

1 6 2 0 . 2 0 . CUTKOSKY BO I P H * <>l N TO P I 1 

AVERAGE MEANINGLESS I SCALE FACTOR • 1 . 0 1 

N > 3 / 2 ( 1 6 2 0 l I IOTH 1MEVI 

1142.0) 
1141.01 
1140.I 

125. TO 214. 

1 1 6 1 . 1 
1 2 4 6 . 1 
1 1 2 0 . 1 

DAVIES 
ALHEHED 
CRAUFQRP 
LONGACRE 
BAP.SOUP 
LONGACRE 
BARBOUR 
CUTtCOSKY 
HOEHLER 
CHEW 8 0 EPHI 
CHEW 8 0 B P M 
CRAWFORD 8 0 OPHI 
CUTKOSXY 8 0 I P h l 

E MASSES CUOTED. 

6 8 RVUE 
6 8 PVUE 
70 I P W 
7 0 RVUE 
72 IPHA 
75 CPUA 
75 IPKA 
76 IPHA 
7 6 D P M 
7 7 IPUA 
7 8 OPUA 
7 9 IPWA 
79 IPHA 
BO IPHA * 

• - S ANAL SOL * 

J PMOTHPRGD. 

4 PHOTDPROO. 

AVERAGE MEANINGLESS I SCALE FACTOR • 

1 * 3 / 2 ( 1 6 2 0 1 REAL PART OF PrLE P f l S I T I O N I M E V ) 

( 1 5 9 3 . 1 
1 5 7 5 . CR 1 

( 1 5 0 7 . 1 
1 6 0 0 . 

1 1 9 . OP 1 2 8 . 

LONGACRE 
LONGACRE 
CUTKOSKY 
CUTKCSKY 

I N TO P I N 

1 * 3 / 2 1 1 6 2 0 1 - 2 * I H A G PARI OF PCLE POSIT ION ( H E V ) 

LONGACRE 75 I P H * P I N TO 2 P | N 
LONGACRE 7 7 IPHA PI t | Tfl 2P1 N 
CUTKOSKY 7 9 IPHA Pt 1 TO P I N 
CUTKOSKY 6 0 IPHA P I N TO P I N 

I / 2 I I 6 2 0 ) REAL F 

J O / 2 1 1 6 2 0 ) INTO P | N 
J . 3 / 2 ( 1 6 2 0 1 INTO N P| P I 
* * 3 / 2 ( 1 6 2 0 ) INTO GAH NUCLEON, H E L 1 C I T ' 
( • 3 / ? l ! 6 2 0 > INTO N * J / 2 I 1 2 3 2 J P I 
1 * 3 / 2 ( 1 6 2 0 ) 1KT0 N RHO 
1 * 3 / 2 ( 1 6 2 0 1 INTO N R H 0 , S - 1 / 2 , S - H A V E 
1 * 3 / 2 ( 1 6 2 0 ) INTO H R H 0 i S > 3 / 2 . 0 - W A V E 
1 * 3 / 2 ( 1 6 2 0 1 IKTO N * l / 2 < 1 4 4 0 1 P| 

1 / T b 
1 1 / 7 5 
1 1 / 7 7 

3 / 7 9 
1 2 / 7 9 
1 2 / 7 9 
1 2 / 7 9 

. T I C PCLE RESIDUE (KEVJ 

( • 3 / 2 ( 1 6 2 0 1 1NAG PART OF ELASTIC PCLE RESIDUE ( H E V I 

CUTKOSKY 79 IPHA PI N TO " I 1 I 
CUTKOSKY 90 IPHA PI N TO P I N 

1 * 3 / 2 ( 1 6 2 0 ) PARTIAL DECAY MODES 

1440* 139 



Baryons 
A(1620), A(1700) 

Data Card Listings 
For notation, see key at front of Listings. 

N » 3 / 2 1 1 6 2 0 1 BRANCHING P 

C M N ) / T D T » l 

(3.28) 
(0.351 
10.321 
10.251 

: MEAN I I 

0 . 0 3 

JUESS (SCALE FACTOR > l . 5 > 

OONNACwl 6 8 RVUE 
7 0 1 P M 
TO RVUE P-S 

ALMEHEO 72 IPHA 
7 6 IPHA 

CUTKOSKY 7 9 IPHA PI N Tn 
HOEHLER 79 IPMA i n 
CHEK I D GPMA Til 
CHEW BO EPMA • " I * P TO 
CUTKOSKY 8 0 IPHA 01 u TO 

N * 3 / 2 ( 1 6 2 0 > FROM P I N TO N * 3 / 2 M 2 3 2 t P I S Q R T ( P 1 * P * > 
( » 0 . * 0 ) O R * 0 . « 0 LONGACRE 75 IPHA P I N TO 2 P | N 
( • 0 . 3 9 ) LCNGACRE T7 IPHA P I N TO 2P1 N 

(ONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 
• 0 . 3 3 0 . 0 6 BARNHAN BO IPHA + • P! N TO ZP1 N 

THE COUPLING SIGNS (WHERE DETERMINED) OF BARNFAM BO HAVE BEEN 
CHANGED TO AGREE WITH THE CONVENTION OF LONGACRE 7 7 . 

a / 6 9 
2/72 
11/77 
12/79 
12/79 
L/B2* 
1/B2* 

12/T9 
12/79 
12/79 

-0 .*O O.YO 

J . S - 1 / 2 . S - W 
LONGACRE 
LONGACRE 
6ARHHA* l islHsi: 

6 2 1 * 3 / 2 ( 1 6 2 0 1 PHOTON OECAY A K P L I G E V " 

7 0 GAM NUCL G E V « - l / 2 t 
0 . 0 3 3 OEVENISH 71 DP HA P I N PHOTDPROO. 2 / 7 * 

H E O H l l 7 1 * FWO P10 PM70PRCO 2 / T * 
* 0 . 0 9 0 0 . 0 7 4 NOQRMOUS 7 1 DP HA « l H PH0TOPROD. 2 / 7 3 

0 . 0 1 7 7 A DPWA PI N PHOTOPROD. A / 7 S 
0 . 01S DP HA PI H P HO f OP ROD. 2 / 7 * 
0 . 0 3 8 METCALF 7 * DPWA P I N PHOTOPROO. 2 / 7 * 

0 . 0 7 8 0 . 0 6 6 HOORHOUS 7 * DPWA P I N PHOTOPROO. 2 / 7 * 
4 0 . 0 * 4 O.Q27 CRAHFORO 75 OPUA PI N PHOTOPRCD. 1 / 7 6 

DPWA P I - N PHOTOPRDD. 1 / 7 8 
( • 0 . 0 5 5 1 BARBOUR 7ft OPHA PI N t 'HOTOMOO. 1 / 7 6 
- 0 . 0 0 5 0 . 0 1 6 FELLER 7*i OP HA PI N PHOTOPRC-D. 2 / 7 T 
- 0 . 0 1 4 0 . 0 3 0 RZNAURVATi II pPWA P10 PHTPRO.SOL 1 1 2 / 7 9 

o.oao 0 . 0 1 4 AZNAURVA* n DP HA P10 PHTPROfSOL 2 1 2 / 7 9 
• 0 . 0 3 4 0 . 0 2 8 BARBOUR TR 0PWA P l - N PHDTOPROD. 3 / 7 9 

0 . 0 0 7 ARAI OPWA PI N PHOTO F I T 1 1 2 / 8 1 
ARAI OPW* P I N PHDTO F I T Z 1 2 / 8 1 

0 . 0 2 1 0 . 0 2 0 CRAWFORD OPHA P I H PHOTOPROO. 1 2 / 8 1 
0 . 1 2 6 0 . 0 2 1 TAKEO* 9 0 QPUA P I N PUOTOPROD. 1 2 / 8 1 

A l AVERAGE MEANINGLESS (SCALE FACTOR - 2 . 9 1 

D E V L I N 65 PAL I * 1 0 3 1 

BAHEYRE 6B PR 1 6 5 1T31 
0CNNACH1 6S PL 2 6 B 161 

ALSO 6B V I E t N A 1 3 9 
ALSO 6B T H E S I S 

ALMEHED 72 NP B * 0 157 
DEVENISH 73 PL 4 7 B 5 3 
HENM1I 73 P I * 3 B 79 
MOOAKOUS 73 PL * 3 B 4 * 

OEVEUlSZ 7 * PL S2C 227 
KN1ES 74 PRO 9 Z 6 8 0 
HETCALF 74 NP B76 2 5 3 
HOORKDUS 7 * PRO 9 1 

CRAWFORD 75 NP B 9 7 ' 2 5 
KRIVET5 75 SJNP 20 4 3 0 

ALSO 7 * SJNP 19 112 
LQNGACRE 75 PL S5B 4 1 5 

ALSO 7 8 PRO 17 1 7 9 5 

REFERENCES FOR N * 3 / 2 ( 1 6 2 0 1 

T J D E V L I N . J SOLONDN.G BERTSCH (PRINCETON) 1 

o BAREVRE. C 6 R I C H A N , G V I L L E T I S A C L A Y H J P 
A OONNACHIE. R G K I R S O P P . C LOVELACE ( C E R N I I J P 
OONNACHIE RAPPORTEUR'S T I L K IGLASI 
R G KIRSOPP I E O I N I 

•LOVELACE I L U N D . R U T G H J P 
O E V E N I S H , R A N K I N , L Y T H (LOUC*BONN+LANC>IJF 
H E M H I . I N A G A K I * ( K Y O T O + S A G A t K E K ' T O K V l l i t 
H0ORH0U5E. OBERIACK I G L A S + L B L H J F 

O E V E H l S H . l Y T H . R A t H l l N (OESY.LAHC.Sf lHN) ! . }? 
KNIES.HOORHOUSE.OBERLACK ( L 8 L , G L A 5 H J P 
M J H E T C I L F . R L WALKER ( C I T ) I J P 
M O D R H O U S E . O B E R L A C K . R O S E N F E L O ( G L A 5 * L B L ) I J P 

A(1700) 10 N » 3 / 2 ( 1 T 0 0 . J P - 3 / 2 - 1 1 - 3 / ? I \j, 

[ H I S RESONANCE I S WELL ESTABLISHED 

I G L A S M J P 

IYED 7 6 C E A - N - I S Z 1 
1 ARBOUR 76 NP B U I 358 
: E L L E * T6 NP 6 1 0 4 219 

AZNAUftV* 77 E F I - 2 6 4 I 5 7 I -
LONGACRE TT NP B I 2 2 4 9 3 

ALSO T6 NP B10B 3 6 5 

R L CRAWFORD 
* M I R O S H N I C H E N K O . N t K I F O R 0 V * S A N I N * 
K » l V E T S t N I K | F O R 0 V , S A N ] N , S H A L A T S K I I I K IEV I U P 
• A O S E N F E L D . L A S I N S K I . S H A D J A * ( L B L . S L A C I I J P 
LONGACftE.LASlNSKt,R0SE.NFEL0+ ( L B L i S L A C l 

AYEO ( T H E S I S 1 I S R C L 1 I J P 
I . N . BARBOUR,R. L . CRAWFORD ( G L A S 1 U P 
*FUKUSHINA,HDR1KAUR,KAJIKAMA*(NRG0YA*0SAKA)1JP 

*AKOP0V<SAG0RSA*.VAN (YEREVAN PHYSICS I N S T . I I J P 
LONGACNEiDOLBEAU ( S A C L ) I J P 
D O L B E A U . T R I A N T I S . N E V E U . C A D I E T ( S A C L I I J P 

BARBOUR 7B NP B U I 2 5 3 BARBOUR.CRAWFORD,PARSONS (GLAS) 
CUTKOSKY 79 PRO 2 0 2 8 3 9 +FORSYTH.HENDRICK,KELLY ( C A R N + L B L H JP 
HOEHL£R T> HANDBOOK OF P I - N SCATTERING* PKYSIK OATEN V O L . 1 2 - 1 

• R A I S E * . K O C H , P I E T A R I N E N /KARLSRUHE U P 
ALSO 80 TORONTO CONF 3 R.KOCH ( K A R L 5 R U H E I I J P 

ARAI BO TORONTO CONF 9 3 I . ARAI ITOKYI 
8ARNHAN SO NP B168 2 * 3 BARNHAH.GL U K M A N . H I E R - J E D R Z E J C M I C Z * ( L O I C I 
CHEH 8 0 TORONTO CONF 123 D.N.CHEW I L 8 L 1 I J P 
CRAWFORD BO T M O K T D COHF 1 0 1 R.L .CKAVFORD t G L A S I 
CUTKOSKY BO TORONTO CONF 1 9 »F0RSYTH,BABCOCK,KELLYtHENDRICK ( C A R N * L B L I 1 J P 
TAKEDA 8 0 NP 8 1 6 8 I T T A K E O A , A R A I , F U J I I , I K E O A . I W A S A K I * ITOKYI 

PAPERS NOT REFERRED TO I N D A T I CARDS 

CAARUTHE 6 0 PRL * 3 0 3 P CARRUTHERS (CORNELLI 1 
D E V L I N 6 2 PR 1 2 5 6 9 0 T J D E V L I N . B J MOVER. V PEREZ-NEN"?Z U R L ) I 
HELLANO 6 * PR 1 3 * B 1 0 6 2 *OEVLIMiHAGGE*LONGOtHOYEft ,UOO0 I L R L ) I 
9AAEYRE 65 PL LB 3 * 2 + BRICHANt S T I R L I N G . V 1 U . E T t S A C L R Y H J P 
JOHNSON 6 T UCRL-LT6B3 THESIS C H JOHNSON I L R L ) 
O M N A C H I 6 9 NP IOC 4 3 3 A O0NNACH1E. R KIRSOPP I G L » S * E O I N » 
AVED TO PL 3 1 6 59B * B A R E V R E . V I L L E T ISACLAY) 
8CNLEK TO NP 17B 3 3 1 «CASHNORE I U . OXFORD) 
DEANS T3 NP 8 9 6 9 0 *PHTCHELL.HOHTGCMERV.* ISFLA, ALABAMAHJP 

• • • * • • • * • • • • * • « • * • » * * • » • » • 

10 N * 3 / 2 ( 1 T 0 0 -RSS C E V I 

3 ( 1 6 9 1 . 0 1 OONNACH1 6B PVUE P H A S f - S H I C T ANAL 8 / 6 9 
6 ENER. O E P . F I T OF ARGAND D AGRAH 
4 I 1 6 4 9 . 0 t D R V I t S 7 0 OVUE D-S »N»L S1L A 
7 ( 1 7 3 0 . 1 ALMEHED 72 IPHA 2 / 7 2 

1 6 1 2 . TO 1 6 2 4 . 75 DPHA B| N PHOTOPBOD. 1 / 7 6 
( 1 0 . 1 G i l DOS 75 H6C n » I . P TO • ! • 2P I 1 / 7 6 

L m s . OR I b B O . LONGAC"E T5 t P H * P) N 1 0 2«M U 1 1 / 7 5 
L THE 7 SETS Or P»BAHETE»5 A E FROM METHODS 1 AND 2 OF 10NGRCBE 7 5 . 1 1 / 7 5 

1 " 2 3 . 1 A»ED 76 I PWA 1 1 / 7 7 
1 1 6 2 9 . 1 BARBOUR 7 6 CPWA PI N PHDTOPRCD. 1 / 7 6 

8 1 1 6 0 0 . 1 LONGkCRF T7 IPWA P I N TO ? P | t 1 1 / 7 7 
8 ALL L0«iGACRF77 PARARftEOS ARE FRO" S O L U T E 5 2 . EUCEPT F 0 * THE POLE 1 1 / 7 7 
8 POSIT ION HH CK I S FRDM SOLUTIONS SI AND C I . 1 1 / 7 7 

1 1 1 6 2 9 . ) 
5 SUPERSEOES RIABOUR 7 6 . 

BARBOUR 76 OPHA P I - S o-OTOPROD. 3 / 7 9 

1 1 7 3 0 . 1 1 3 0 . ) CUTKOSK.Y 79 1PWA Pt M TO P I V 1 2 / T 1 * 
HOEKLER ) 9 IPWI Pt N TO P I N 1 2 / 7 9 

•) ( 1 6 5 0 . ) BADNHAN BO 1PWA . * P I N TO ? P ( t , 1 2 / 7 9 
( 1 7 1 8 . 4 1 ( L 3 . I ) ( 1 3 . CHEW BO PPW* * • P I . P TO P ! » P 1 / 8 2 * 
( 1 6 2 2 . 0 ) CRAWFORD 80 OPWA PI N PHITTPROD. i < / e i 

1 7 1 0 . 3 0 . CUTKDS«Y BO 1PM* PI « TO PI N 1 / 8 2 " 
1 1 7 2 3 . ) LIVUNOS BO DPWA " I o TO ". S IG"A 1 / 8 2» 

Sl'ERAGE HE1NINGLESS 1 SC»l E FACTOR - 1 . 0 ) 

3 ( 2 6 4 . 0 ) 
b ( 2 5 B . O I 

10 N « 3 / 2 I 1 T D 0 WIDTH I R E V I 

00NNACH1 
AYEO 

6 8 RVUE 
70 IPWA 1 / 7 1 

4 ( I B B . 0 1 DAVIES TO PVUE SOL A e / 6 9 
ALMEHED 72 |PWA 2 / 7 2 

2 1 0 . TO 26 B. CRAWFORD 75 OPWR PI N PHOI OPROD. 
( 1 8 0 . ) ( 3 5 . ) 1 2 0 . GAIDOS 75 HBC * » P I » P TO N« 2 P I 1 / 7 6 

L 1 9 0 . OR 2 * 0 . LONGACRE 75 1PWA PI N TO 2 P | N U / T S 
1 1 9 2 , ) AYEO 76 I PWR U / T 7 
1 2 2 2 . 1 BARBOUR 7b DPW* PI N PHOTOPROO. 1 / 1 6 

W 8 1 2 0 0 . ) LONGACRE 77 IPWA P | 1 TO 2 P | N 1 1 / 7 7 
5 1 2 1 6 . ) BARBOUR 78 DPWA P I - N PHOTOPBCD. 3 / 7 9 

1 3 0 0 . ) 1 1 0 0 . ) CUTKOSKY 79 IPWA PI N TO P I " 1 2 / 7 9 
2 3 D . 8 0 . HOEHLER 79 IPHA PI N TO P I N 1 2 / 7 9 

1 ( 1 6 0 . 1 BIRNHRM HO IPWA • • P I N TO 2 P | N 1 2 / 7 9 
1 1 9 3 . 3 ) 1 2 b . 1 CHEH BO RPHb n P I * P TO P I * ° i / 8 2 « 
( 2 0 9 . 0 ) CR1WF0RD BO DPWA P I t PHOTOPDOO. 1 2 / 8 1 * 

2 B 0 . 8 0 . CUTKOSKY BO IPXA P I V TO P I V 
( 1 1 2 . 1 LIVANOS 

OR • 1 . 0 1 

8 0 OPWA PI P TT K SIGMA 1 / 8 2 * 

w VERACE MEIN1NGLESS (SCALE FACT 

LIVANOS 

OR • 1 . 0 1 

8 0 OPWA PI P TT K SIGMA 

SEE T H E NOTES ACCOORNYING THE MASSES QUOTED. 

10 N « 3 / 2 ( 17001 REAL PART OF POLE P O S I T I O N IMFV) 1 1 / 7 5 

RE < 1 6 8 1 . 1 LONGACRE 75 IPHA PI N TO 2P1 N 1 1 / 7 5 
RE 1 6 0 0 . OR 1 5 9 * . IDNGACRE 77 IPWA PI N TO 2P1 H 1 1 / 7 7 
RE ( 1 6 9 1 . ) CUTKOSKY 79 IPWA Pt N TO P I N 1 2 / 7 9 
RE 1 6 7 5 . 2 5 . CUTKOSKY eo IPWA P I N TO P I N 1 / 8 2 * 

I D N * 3 / 2 < 1 7 0 0 ) - 2 » I « A G PART DF PDLE P C S I T I O ' I (MEV) l l / T S 

I N ( 2 * 5 . 1 LONGACRE 75 IPMA PI N TO 2 P I N 1 1 / 7 5 
2 0 8 . OR 2 0 1 . LONGACRE 77 IPHA PI N TO 2 » I N 1 1 / 7 1 

1 2 9 2 . 1 CI'TKOSKY 79 IPWA PI N TO P I N 1 2 / 7 9 

'" 2 2 0 . 4 0 . CUTKOSKY 80 IPWA P| 1 TO P I N 1 / 8 2 * 

10 U * 3 / 2 I 1 T 0 0 1 REAL PART OF ELASTIC PCLE RESIDUE I X E V ) 

RER 1 2 4 . 1 CUTKOSKY 79 IPWA P I N TO P I N 1 2 / 7 9 
RER 1 2 . 3 . CUTKOSKY 8 0 IPWA P I N TO » t N 1 / 8 2 * 

10 N * 3 / 2 ( 1 7 0 0 ) INAG PART OF ELASTIC PCLE RESIDUE I H E V I 

l -P. 1 - 2 . » a m o 5 » Y 7 * IPWA PI N TO P I N 1 2 / 7 9 
IHR -*. 5. CUTKOSKY 8 0 IPWA PI N TD P | N 1 / B 2 * 

10 N * 3 / 2 I 1 7 0 0 I PARTIAL DECAY MODES 

N * 3 / 2 ( 1 T 0 0 > INTO P I N 
N * 3 / 2 ( 1 T 0 0 1 INTO N P I P I 
N * 3 / 2 ( 1 7 0 0 ) INTO K S I G N * 
N * 3 / 2 ( 1 7 0 O ) INTD GAN NUCLEON. H E l I C I T Y - t / Z 
N * 3 / 2 ( 1 7 D 0 ) INTO GAP) NUCLEOtti H E L I C I T Y - 3 / 2 
N * 3 / 2 ( 1 7 0 0 I INTO N » 3 / Z ( 1 2 3 Z ) P I 
N * 3 / Z ( I T 0 0 1 ( M O N * 3 / 2 ( 1 2 3 2 ) P I . S - W A V E 
N * 3 / Z ( 1 7 U i . l INTO N * 3 / 2 ( I 2 3 2 ) P I ( D - W R V E 
1 * 3 / 2 ( 1 7 0 0 1 INTO N R H 0 . S * 3 / 2 , S - W A V E 
N * 3 / 2 ( 1 7 0 0 l INTO N R H 0 t S - l / 2 t D - W A V E 
N R 3 / 2 M T O O I 'NTO N RHO. S - 3 / 2 . 0 - W A V E 

DECAY MASSES 

l i 3 2 * 139 
938 - 7 6 9 
93B. 7 6 9 

7 6 9 

N * 3 / 2 H 7 U " ) BRANCHING RATIOS 

1 * 3 / 2 ( 1 7 0 0 ) INTO ( P I t 

( 0 . 2 1 T 1 
1 0 . 1 2 1 
( 0 . 1 * 1 
( 0 . 1 7 1 
1 0 . 1 2 1 

0 . 2 0 
1 0 . 1 6 1 

0 . 1 2 

OONNRCHl 6 8 RVUE 8 / 6 9 
TO IPWA 1 / 7 1 

DA V I E S 7 0 RVUE 8 / 6 9 
AlttEHED T2 ItM 2 / T 2 

76 l *HA 1 1 / 7 7 
CUTKOSKY T 9 1PW* N 1 2 / 7 9 
HOEHLER 7 9 IPWA P I N TD " I U 1 2 / 7 9 
CHEW BO BPHA 1 / 8 2 * 
CUTKOSKY BO I»HA N 1 / 8 2 * 

AVERAGE MEANINGLESS (SCALE FACTOR • 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
A(1700), A(1900) 

1 * 3 / 2 ( 1 7 0 0 1 INTO I K S I G « A I / T O T A L ( P 3 1 
( 0 . 0 0 0 0 2 1 0 R LESS FEUERBACH TO RVUE P| 
•55UME HASS. W I D T H . * I E L « S T I OF ODIN»CHIE 68 
"DOEL USED WAV DOUBLE COUNT. 

LOKGACRE'T'T CDXSIDI 

3 . 0 * 1 

TO N * 3 / 2 I I 2 3 2 I P I . 5 - H A V E S Q R T | P I * P 7 I 
LONGACRE 7S IPUA P I N TO 2 P | ' 
LONGACRE 77 IPWA 01 N TO 2P ] t 

T H I S COUPLING TO BE WELL DETERMINED. 
SO JPWA ** PI 1 TO 2PI > 

( • 3 / 2 U 2 3 2 1 P I . O - W A V E 
LONGACRE 75 IPHJ 
LONGACP.E 77 |PWI 

1 1 / 7 7 

E 
J . S - 3 / 2 . S - H 

LONGACRE 
LONGACRE 

iVE S Q R T ( P l * P 9 1 
75 IPHA e i N TO 2 P | J 
77 TPHA D| t | TO ? P | • 

N * 3 / ? I 1 7 0 0 I FOCN P I N TO < S I C * 5 
1 0 . 0 0 1 1 1 0 0 . 0 1 1 DEANS 75 DPWA 

RANGE GIVEN IS FH CH FOUI" BEST SOLUTIONS. 
DEANST5 DISAGREES WITH P I * P TO K . S IGMA. DATA OF 
APOUND i q j o H f v . 

1 . 0 0 2 1 L IVANOS BO DPHA 

M * j / ; n r D i i Fpr ,» P I 

N * 3 / 2 ( 1 T 0 0 I PKOTON DECA1 

M O GAM N U t L E O N . K E L I C I T Y - I / . CCEV* 
O . 0 5 2 D E V E ' I I S " 73 DPWA 
0 . 0 * ? MOOSHOWS 73 DPWA 
0 . 0 2 9 DEVENIS? 7 * DP HA 
0 . 0 0 ' ' KNIES 7 * DPWA 
0 . 0 6 9 "ETCALF 74 DP HA 
0 . 0 ? S M.OORHOUS 7 * DPWA 

CRAWFORD 75 DPWA 
C O . 120 BAPBOJR 76 DPWA 

. 0 . 0 7 2 0 . 0 3 3 FELLER 76 DPWA 
• 0 . 1 * 7 AJNAUBVAF, 

0 . 0 1 3 A2NAURVA* 7 7 DPHA 
• 9 . 130 0 . 0 3 7 BARBOUR 78 DPWA 

GE I E A H INK ESS (SCA 

3 / 7 1 1 7 3 0 1 N IC GAH 
0 . 0 3 4 

• 0 . 0 2 2 o .os ; 
3 . 0 7 2 0 - 0 1 * 

0 . 0 0 9 
0 . 0 0 . 0 *1 

0 . 0 2 0 
0 . 0 2 * 

">. 067 
0 . 0 0 3 
O.0Q3 
0 . 0 3 6 
0 . 0 0 7 
0 . 0 0 7 

0 . 1 0 2 0 . 0 1 5 

CRAWFORD 90 DPWA 

NUCLEON, H E L I C I T Y - 3 / 2 ( G E V 

PHOTOOHCO. 2 / 7 " i 
PMOTOPRDD. 
PMOJOPROO. * / 7 5 

PKOTOPRCD. 
PHOTOOAOO. 
PHOTOCTOD. 
PHOTOPWOO. 2 / 7 7 
HTPRO.SCL 

PHOTOPROD. 
PHDTO M T 1 2 / B I 
PHOTO F I T 1 2 / B I 
PHOTOPROD. 

3EVEKISK 73 OPWA P[ N P H D T O P R { J D . 

«OOR"OUS M P| N PH010PROD. 
3EVEMIS2 r« DPWA P I N DHDTQPROD. 
KNIES DP HA PI N PHDTOPROO. 
1ETCALF DPWA P I n PMDTOPRDD. 
HOQRHOUS DPHA " 1 N PHDTOOROD. 
CRAMF3R0 DPWA P I N PMDT0P100 . 
BARBOUR DPWA P I H BMOTOPROO. 
FELLER DPWA P I U BHOTpPRGD. 
AZNAURVA? DPHA P10 PHTPRo.SOL I 1 
AZNAURVA" DP HA 0 1 0 PHTPRrj .SDL 2 1 
BARBOUR 7B DPWA P I - ' ) PHOTOPRDD. 

DPWA PI 1 PHOTO F I T 1 1 
Hi! DPHA P I N PHDTO F I T 2 1 

CRAWFORD BO DPWA 01 U OHnTOPRDO. 1 

AVERAGE MEANIKGLESS ISCALE FACTOR ' 

DCNNACH1 
ALSO 
ALSO 

6B 
SB 

PL 2 6 B 161 

V.WA "•' 
AYEO 
DAVIES 
FEUERBAC 

70 
TO 
70 zl^X 

ALHEMEO 
DEVENISH 
MOQRHOUS 

72 
73 

PL * 3 B * * 

D E V E M S 2 
KHIES 
HETCALF 
• OORHOUS 

7 * 
7 * 
7 * 

•KviH 
PRO 9 1 

C R A W F O R D 
OEANS 
GAIOOS 
LONG ACRE 

ALSO 

75 
TS 
75 

AYEO 
BARBOUR 
FELLER 

76 
76 sliKii: 

Ain*tinrt 
LONGACRE 

ALSO 

i t 
77 
76 

•»«%" 
BARBOUR 
CUTKQSKV 
MOEHLER 

7B 
79 
79 ™ L 

ALSO SO ro.cmo co>( 

ARAI 

CHEW 
CRAWFORO 
CUTKOSKV 
LIVANOS 

30 
8 0 
BO 
BO 
ao 
BO 
ill 

REFERENCES 0 " N * 3 / 2 ( 1 7 O 0 1 

A OONNACHIE 
D01NACHIE 
R G K1RS0PP 

R G K IRSOPP, C 
• P P O R T E U t ' S TALK 

LOVELACE Ei 
R AVED.P BA 
a DAVIES 
FEUERBACHER 

E V R t , G W i L l E I 

HOLLAOAV 1VANOE iiSi 
•LOVELACE 
D E V E I I S H . R A N K I N . L I ' T H 
HDORHOUSEi OBERLACK 

D E V E N I S H . L Y T H . R A N K I N 
K N I E S > H O 0 R H O U S E I O B E R L « C K 
H J METCALF.R L WALKER 
HOORHOUSE.OBERLACK.ROSENFELD 

R L CRAWFORO 
• MITCMELL.HONTCCHERV, . I 
GA IDDS<HILLER 
• R a S E N F E L D t L A S I N S K t . S K A C J A * 
L O N G A C R E i L A S l N S K I . R O S E N F F l O * 

AYEO ( T H E S I S 1 
1 . •*• B A R B O U R . n . L . CRAkFORO 
4 F U K U S H 1 M A . H 0 R I K A H A . K A J I K A H A . I 

LONGACRE,DOLBEAU 
O O I B E A U , T R I « N T I 5 . N E V E CADIET 

SONS 

r:::;il 

<mS!J 

0 1 . . S I _ BARBOUR.CRAHFOR: 
•FODSVTH.HENDRICK,KELLY (CARN*L 

I SCATTERING. PHYS1K DATEN V O L . 1 2 - 1 
* K A I S E R , K O C M , P I E T A R I N E N /KARLSRUHE 
R.KOCH (KARLSRUHE! I J I 

JP 

JO 

BARNHAH.GLICKMAN.HIER-JEORZFJOWH 
) D.M.CKEU 
' R . I .CRAWFORD 

.FORSYTH.BABCDCK.KELLY.HENDRICK 
.6AT0N.C0UTURES<K0CHaHSI> I ,NEVEU 

W N . L B L M J P 

OCNNACHI 6 9 HP IOB « 3 3 
AVEO 70 PL 3 1 B 5 9 8 
BOWLER TO I P 17B 3 3 1 

PAPERS NOT REFERRED TC, I N DATA CART>S 

A OOSNACHIE. R K1RS00P I G L A S ' E O I N ) 
» B A R E Y R E , V l l l I T I S A C L A T I 
•CASHHORE ( U . O IFOROI 
• TDAFF . REVEL. GOLDBERG. BERNY C H A I F M 

A(1900)| ) • N " 3 / 2 ( I 9 0 0 , JP= 

[ U S EFFECT I S 5FEN 

/ ? - ( 1 - 3 / 2 

I N BOTH E L A S T I C 

33 ' t " 3 / 2 ( 1 9 0 0 t MASS { " U V I 

2 1 1 9 2 3 . ) 73 IPHA 
2 ( 1 B 7 3 . I LANGBEIN n 
2 OEANS75 AND LANGHEI173 O I S l TO K . S I 
2 WINNIK77 Afl •jNO 1920 MEV. 

1 2 0 0 1 . 1 ib IPHA 
1 I B 5 0 . 1 ( 3 5 . ) IPHA 

190 B . 3 0 . 
1 1 9 1 B . 5 1 1 2 3 . 1 CHEH HO SPHA . . 
I 1 R 0 3 . 0 ) CPAWFDPD HII 

l n i a . ^ 0 . BU IPWA 

AVERAGt " E A N I N f . ESS (SCALE FACT 

BU 

2 H A D . 1 

••IJ * < » 1 / 2 I I 9 0 0 J WIDTH ( K E V l 

9 / 7 3 

S 1 G . S 0 L 1 9 / 7 3 
S I G . S O L 2 9 / 7 2 

•* TO P | t 1 2 / 7 9 
1 TO P | *l 1 2 / 7 9 
» TO P | * P 1 / B 2 * 
1 PHOTOPRDO- 1 2 / 8 1 * 

9 / 7 3 

- « S I G . S D L 9 / 7 3 
- t S I G . S C L 

TO P I 1 
TD •>! N 
TO P | » P 
PHOTIPROO. 1 2 / E , 

1 / 2 1 1 9 0 0 1 PEAL I PT OF PCLE PCS! T ION 

30 * I * 3 / 2 ( I 9 ( >PT OF PCLE PCS1T! 

1 * 3 / 2 ( 1 9 0 0 1 |W1 

N'S/PIIIOOI 1\ 
N*3/2I 19001 I". 

-30 N » 3 / 2 i l 9 0 0 1 B P A N C I N C » A T I F S 9 / 7 ' 

^ • 3 / 2 ( 1 1 0 0 1 F U t l P I \ TO K ! S Q R < ( P | * P 7 1 9 / 7 3 
( 1 . 1 1 1 LANGB1IN 73 IPHA P I N - 1 S I I •,.SOL 1 9 / 7 3 
( 1 . 1 2 1 LAXGBEIN 73 IPHA P I N-K S K i . S D L ? 9 / 7 3 
( 0 . 0 7 6 1 o f A N - ; 75 DPWA P I N TC K SIGHA 1 1 / 7 5 

VALUE GIVEN !S FRCH S O U H C I N 1 . Nrrr P R E S E N I I N S O L U T I O N 2 , 3 , .*. 1 1 / 7 5 

^ • 3 / 7 ( 1 9 0 0 1 | M 0 I P 1 N I / T 0 T 1 l » l l 
1 0 . 0 8 1 76 IPHA 1 1 / 7 7 
( 0 . 0 8 1 ( 0 . 0 3 1 CUTKOSKV 79 1PHA 01 N TO 01 I •* ! 2 / 7 9 

0 . 0 8 0 . 0 * HOEHLER 79 IPWA B I N TO PI 1 N 1 2 / 7 9 
1 0 . 2 8 1 CHEW 90 fiPHA . » P I . O TO PI I .O 1 / 8 2 * 

0 . 1 0 0 . 0 3 CUTK05KY 

OB * 1 . 0 1 

80 IPHA I>1 M 10 PI ! N 1 / 6 2 * 

.AGE MEANINGLESS ISCALE FACI 

CUTK05KY 

OB * 1 . 0 1 

80 IPHA I>1 M 10 PI ! N 

3D N * 3 / / U 9 0 0 l PHOTON DECA Y A « P L ( G E V * * - 1 / 2 1 

. ' 9 ? . 0 ! " ? " ! " ™ . " ? " : " U ? " O N orc« A - O L M U D E S . SEE " * T N I -

REFERENCES FOR N * 3 / 2 M 9 C Q 1 

H H T ^ M H ' ' ' 0 " " ' " 



Baryons 
A(1900), A(1905) 

Data Card Listings 
For notation, see key at front of Listings. 

ALSO 8 0 TORONTO CCNF 3 

*FOASVTHiHENSAICKtKELLV 
SCATTERING. PHVSlK OATEN VOL. 

• K A I S E R . K O C H . P t E T A f t t N E N 
R.KOCH 

( C A R N * L B L I I J P 

CHEW SO TORONTO CONf 123 D.M.CHEW I L B D I J P 
CRAWFORD SO TORONTO COW 107 R.L.CRAHFORD I G L A S I 
CUTKOSKY BO TORONTO CONF 19 •FORSVTH,BABCOCK,KELLY.HENDRICK ( C A R N t L B L I l J P 

TT NP B12B 4 6 

PAPERS NOT REFERRED TO I N OATA CARDS 

»TOAFF,REVELfGOLDBERG.BEANY C H A 1 F I I 

A(1905)| 1 N « 3 / 2 I 1 9 0 5 , J P = 5 / 2 * t T - 3 / 2 I 3 5 I 

H I S RESONANCE I S HELL ESTABLISHED. 

CUTKOSKV 8 0 F I N D S A HIGHER MASS F35 RESONANCE I N 
ADDIT ION TO T H I S STATE. BOTH RESONANCES ARE 
L I S T E D HERE. 

11 N « 3 / 2 ( 1 9 0 5 l MASS ( N E V I 

( 1 9 1 3 . 0 1 D0NNACH1 
( 1 8 3 7 . 0 1 AVED 

FROM ENER. O f . F I T DF ARCAND DIAGRAM 
7 0 IPMA 

PHASE-SHIFT ANAL fl/69 

( 1 8 * 1 . 0 ) 
f 1 8 7 5 . 1 

1 8 9 0 . t 
( 1 8 9 0 . I 
1 1 8 9 0 . I 

0ERNSTS ANO 

D A V I £ 5 
ALHEHED 7 2 IPHA 
NEHTANI T2 DPVA 
LANGBEIN T3 IPWA 
LANGBEIN T3 IPHA 

.ANGBEIN73 01SAGREE WITH P I * P TO K* 
•=• WINKIKTT AROUND 1 9 2 0 MEV. 

L 1 8 7 0 . OR 1 8 3 0 . LONGACRE 75 IPHA 
L THE 2 SETS OP PARAMETERS ARE FROM METHODS 1 AhO 2 I 

1 1 8 6 9 . I ftVEO T 6 IPWA 
( 1 8 8 5 . 1 1 2 7 . 1 CUTKOSKV T 6 IPMA 

a 1 1 8 9 2 . 1 BARBOUR 7 8 OPHA 
1 1 9 2 0 . 1 1 3 0 . 1 CUTKOSKY 7 9 [PWA 

1 9 0 5 . 2 0 . HOEHLER T9 IPHA 
I I 7 B 7 . I 1 6 . 1 I S . 7 1 CHEW 8 0 BPWA • • 
I l B H D . O t CRAWFORD 8 0 OPHA 

A 1 9 L 0 . 3 0 . CUTKOSKV 8 0 IPHA 
B 2 2 0 0 . 1 2 5 . CUTKOSKY 8 0 IPHA 

AB CUTK05KV BO FINOS A HIGHER MASS F35 RESONANCE AS HI 
AB T H I S MASS R E G I O N . BOTH ARE L I S T E D HERE. LABELED 
A8 AND HIGHER MASS STATES. AWAITING CONMRNATH ~ 

1 1 8 6 9 . 1 LIVANOS BO OPHA 

i i ™ ; 

e/69 
2/72 
9/73 
9/73 
9/73 
1/71 
1/7H 

11/75 
11/75 

FOR 

l-N PKOTOPROO. 

»I«P ro PI*P 
»1 N PH0TOPR0D. 
HI N TO M X 
01 N TC PI N 
LL AS THE ONE IN 

A AND B FOR LOWER 
I1GHER STATE. 
TO X SIGMA 

AVERAGE MEANINGLESS [SCALE FACTOR • 1 . 0 1 

11 N * 3 / 2 ( I 9 0 5 | H I D T H IWEVI 

( 3 5 0 . 0 1 
( 1 9 8 . 0 1 
1 1 3 6 . D 1 
( 2 5 0 . > 

2 7 3 . TO : 
( 1 8 0 . 1 
( 1 + 0 . 1 

2 5 S . C» 
1 2 5 5 . 1 

0ONNACH1 6B KVUE 
kYEO 

OAVIES 
ALMEHED 
MEHTAN1 
LANGBEIN 
LANGBEIN 
LONGACRE 

( 6 6 . 1 ( 2 * . l 
1 1 9 3 . 0 1 

* 0 0 . 1 0 0 . 
4 0 0 . 

1 2 5 5 . I 
1 2 5 . 

tVEO 
CUTK05KY 
BARBOUR 
CUIKOSKY 
HOEHLER 
CHEH 
CRAWFORD 
CUTKOSKY 
CUTKOSKV 
LIVANOS 

70 T 
7 0 RVUE 
72 IPHA 
7 2 OPWA 
73 IPWA 
73 IPHA 
75 IPHA 
76 IPHA 
76 IPHA 
7B OPHA 
79 IPWA 
79 IPHA 
8 0 BPMA t 
BQ OPHA 

l-K S I C , SOL 1 
l-K S I G . S O L 2 
I f O 2 P I N I 

i PHOTOPROD. 

P I N TO » P 
P t * P TO P J * P 

: P H A 
4 PMOTOPRCO. 

:si: 

I I N * 3 / 2 I 1 9 0 5 I REAL PART OF POLE P O S I T I O N (MEV1 

( 1 8 1 3 . I 
( 1 B 2 5 . I 
( 1 8 6 5 . I 

I B 3 0 . 
2 1 5 0 . 

LONGACRE 75 [PWA 
CUTKOSKV Tft IPHA 
COTKOSKV |PHR 
CUTKOSKV BO IPHA 
CUTKOSKY 8 0 IPHA 

RE AVERAGE MEANI1GLESS (SCALE FACTOR . 3 . 0 ) 

( 1 9 3 . 1 
( 2 5 0 . 1 
( Z 6 6 . I 

- 2« |MAG PART OP PCLE P C 5 I T I D N (MEV1 

LONGACRE T5 IPHA PI N TO 2 P I H 
CUTKOSKY 76 IPHA 
CUTKDSKV 7 9 IPHA PI N TO P I N 

CUTKOSKV BO IPHA "I N TO PI H 

!i;IL 
JlNGLESS (SCALE FACTOR • 

( • 3 / 2 ( 1 9 0 5 1 REAL PART OF ELASTIC PCLE RESIDUE (HEVI 

51 CUTKOSKV 7 6 IPHA 
CUTKOSKY 7 9 IPUA PI N TO P I N 
CUTKOSKV BO IP*.A PI N TO P I N 
CUTKOSKY HO I P 1ft P I N TO P I N 

RER AVERAGE MEANINGLESS (SCALE FACTOR • 

N » 3 / 2 ( 1 9 0 5 1 IMAG PART OF ELASTIC PCLE RESIDUE ( H E V I 

CUTKOSKV 7 6 IPHA 
CUTKOSKY 7 9 IPHA 
CUTKOSKY BO IPUA 
CUTKOSKV 8 0 IPWA 

PI N 1 0 P I N 1 2 / T 9 
PI H TO P I N 1 / 8 2 * 
PI N TO P I N 1 / 8 2 * 

1 AVERAGE MEANINGLESS (SCALE FACTOR « 

11 N«3/2(1905» PARTIAI OECAV MOOES 

N * 3 / 2 ( 1 9 0 5 ) INTO P I H 
N * 3 / 2 U 9 0 S I INTO N PI P I 
N * 3 / 2 ( 1 9 D 5 > INTO K SIGMA 
N » 3 / 2 U 9 0 5 > INTO N * 3 / 2 ( 1 2 3 2 > P I 
N * 3 / 2 ( 1 9 0 5 ) ISTO GAM NUCLEOH. H E L I C I T V - 1 / 2 
N * 3 / 2 ( L 9 0 S 1 INTO GAM NUCLEON. H E L I C 1 T V - 3 / 2 
N * 3 / 2 I 1 9 0 S I INTO N RHO 
N * 3 / 2 ( I 9 D 5 I INTO N - 3 / 2 1 1 2 3 2 1 P I . P - W A V E 
N * 3 / 2 ( 1 9 0 5 ) INTO N » 3 / 2 ( 1 2 3 2 1 P I . F - W A V E 
N « 3 / 2 ( t 9 0 S » INTO N R H O , S - 3 / 2 . P - W A V E 

1 2 3 2 * 139 

3/2(19051 I NTO (PI 
10.161 
(0 .1*7 
(0 .201 
( 0 . IB) 

(0 .1*0) 
(0 .151 10.02) 
0 .15 0.02 

(0 .11 ) 
0.08 
0.07 

3 / 2 1 1 9 0 5 ) RANCHING RATIOS 

I N I / t O T A L I P 1 I 
0ONNACH1 6 8 RVUE 

TO IPWA 
OAVIES TO RVUE SOL 

7 2 IPHA 
AVED 76 IPUA 

OB) CUTKOSKV 7 6 IPHA 
2 ) CUTKOSKV 7 9 IPWA P I H 
2 HOEHLER 7 9 IPWA P I H 

6 / 6 9 
2 / 7 2 

1 1 / 7 7 

AVERAGE MEANINGLESS (SCALE FACTOR • 1 . 7 1 

N * 3 / 2 ( l 9 0 5 t INTO ( K S I G M A 1 / T 0 T A L I P 3 ) 
1 ( 0 . 0 0 6 ) O f t LESS FEUERBACH 70 RVUE 
I ASSUME HASS. W I D T H . X I E L A S T I DF DONNACHIE 6B 
1 MODEL USED MAY DOUBLE COUNT. 

4A K I M P I N l / T O T A L * * ^ 
KAL"US 7 0 DPWA 

TO N » 3 / 2 < 1 2 3 Z > P I 

N * 3 / 2 H 9 0 5 I FRC" P I N TO I 

-Has-".-

PI P TO * • S I G » 

TO <M*P10P 

SIGMA 
LANGBEIN 
LANGBEIN 
DEANS 

BEST SOLUTIONS. 

73 IPHA 
73 IPHA 
75 OPHA "'lis/, 

- 0 . 1 2 ) 0 " - 0 . 2 0 
1 . 1 1 ) 
TO LDNGACBE 75 IP t 

rSELl t 78 (P i 

';;;"B£iih"T: 

N» 3 / 2 d 9051 :H P I N TO N RHO.S>3 /2 .P -HAVE 
BIOS - 0 . 3 3 LONGACRE 7 5 l> 
61 NOVOSELLE 78 l> 
I ) TO - 0 . 3 3 NOVOSELLE TS 11 
NOVOSELLEt 7 8 I P H A . PHASE I S NEAB < 

I TO 201 
I TO Z P | 
I TO ZPI 

1 / 2 1 1 9 0 5 ) PHOTON DECAY H M O L ( G E V » « - 1 / 2 ) 

: ; : S l l 

1 E L I C I T V - 1 ' IGEV" 

0 J 2 
0 . O 3 1 

•Is:: 
8 SUPERSEDES 

0EVEN1S2 7 « DPHA 
KNIES 7 * OPHA 
METCALF 7 * OPHA 
CRAHFORO 7 5 OPHA 
BARBQUR 7 6 OPHA 
AINAURVAN 7 T OPHA 
AINAURVAN 7 7 DPHA 
BARBOUR 7 6 OPHA 
ARA1 8 0 OPHA 

AR«I 8 0 OPHA 
CPAHFORD BO DPHA 

PHOrOPRGD. v / 7 5 
PHOTOPROO. 
PHOTDPRDD. ? / T * 
PHOTQPHUD. 1 / 7 6 
PHOTDPRDD, 
HTPRO.SCL 1 
HTPRO.SOL 2 1 7 / 7 9 
PHOTOPROO. 
PHOTO F I T 1 
PHOTO F I T 2 1 2 / 8 1 . 
PHOTOPADO. 1 2 / B I . 

AVERAGE MEANINGLESS ISCALE FACTOR > 

N * 3 / 2 U 9 0 5 ) INTO GAH NUCLEON. H E L I C I T Y - 3 / J (GEV« 
o.o7a 

- 0 . 0 2 2 
- 0 . 0 2 8 
- 0 . 0 2 1 

1 - 0 . 0 1 3 ) 
- O . 0 9 * 
- 0 . 1 0 1 
- 0 . 0 5 5 

AZ AVERAGE ' 

O.O07 
O.0Q6 
o.oss 

1LESS (SCALE FACTOR • 

DEVENIS2 7 * DPHA PI N »H0TOPRCD. * / 7 5 
KNIES OPHA PI N PHOTOPROD. i n \ 
METCALF DPHA PI N PHOTOPRLD. 2 / 7 * 
CRAHFORD 7S " I N PHOTOPRCD. 1 / 7 6 
BARBOUR Th OPHA P I N PHOTOPROD. 1 / 7 6 
AZNAURYAA 77 » I 0 PHTPRO.SCL 1 2 / 7 S 
AZNAURVAr n DPUA PTO PHTPRD.SOL 1 2 / 7 9 
BARBOUR in DPWA P l - N PHOTOPROD. 3 / 7 9 
AAA I no OPWA PI N PHOTO F I T 1 2 / 6 1 
ARAI PI N PHOTO F l l 1 2 / B I 
CRAWFORD 8 0 OP HA " I N PMOTDPROD. 1 2 / 8 l « 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
A(1905), A(1910) 

00NNACH1 6 8 PL 2 6 B t « l 
ALSO 6B VIENNA 139 
ALSO 6B T H E S I S 

AVEO 70 KIEV CONF 
DAVIES 70 NP B 2 1 3 5 9 
FEUERBRC TO * 
KALNUS 7 0 P oi IB2* 

REFERENCES FOR N » 3 / 2 ( 1 9 0 5 1 

X OONNACHIE. R G < I R S 0 P P . C LOVELACE ( C E R N ) I J P 
OONNRCHIE RAPPOP-EUR'S TALK I G L A S ) 
R 0 KIRSOPP CEOIN) 

It AVEOiP BAREVRE. G V ILLET t S A C L U J P 
A DAV16S ( G L A S I 
FEUERBACHER*MOLL' >»Y IVANDE>«8tLt t 
G KALHUS, G 6 0 R R S A N I , J LOUIE I L R L I 

5 3 * 
ALNEHEO 72 NP B4I 
HEHTANI 72 PRL 2 1 

LAKGBEIN 73 I P B53 2 * 1 
DEVENIS2 7 * PL 5 2 6 Z2T 
* N I E S 74 PRD 9 26BO 
METCALF 7 * NP BT6 Z53 

CRAWFORD 75 I P 9 9 7 125 
DEANS 75 NP B96 9C 
LONGACRE T5 PL 5 5 B 4 1 5 

ALSO 7 8 PRO I T 1795 

AYED 76 C E A - N - 1 9 2 1 
BARBOUR T6 NP B i l l 358 
CUTKOSKV T6 PRL 3 7 4 4 5 

ALSO T6- 0XF1RO CCNF. 
A2NAURYA 77 E F 1 - 2 6 + I 5 7 1 -

8ARB0UR TB NP 6 1 4 1 253 
NOVOSELL TB NP B13T 5C9 

ALSO TB NP B13T 4 4 5 

•LOVELACE 
• F U N G , KERNAN. SCHALK. 
LANGBE1N.WAGNER 
O E V E N I S H . L Y T H , R A N K I N 

I L U N D . R U T G M J P 
IUCR +L8L> 

I M U N 1 C H I I J P 
( D E S Y . L A N C i B O N h H J P 

R L CRAWFORD ( r . L A S H J P 
• MITCHELL. ' •ONTGWE AY,4 I S F L A . A L A B A M A I I J P 
+RDS E NF E L O.LA SI N ' , -U , SK A tU A » I L B L . S L A O I JF 
LONGRCRE.LAS1N5> .«OSENFELD* ( L B L . S L A C i 

AYED ( T H E S I S ) ( S A C L M J P 
I . P). BARBOUR." . CRAWFORD ( G L A 5 1 I J P 
CUTKOSKY,HENOR! K E L L Y ( C R R N + L B D U R 
CUTKOSKY.HENDR1C* .CHAD* I C A S N t L B L * 6 * [ SI U P 
*AKQP0V<BAG0A5A-»' ' iN (YEREVAN PHYSICS I N S T . I I J P 

BAAR.OUR.CRAWFOAD.>= ARSONS 
D. E . NOVOSELLER 
D . E . N0V0SEUE>> 

•KELLY 
OATEN V O L . 1 2 - 1 

SRINEN 

CUTKOSKY 79 PRO 2 0 2 8 3 9 *FD«.SYTH.HENDRI< 
HOEHLER 79 HANDBOOK OF P l - N SCATTERING. PHYSI -

»KAISER.K0CH,P1E1 
ALSO BO TORONTO C O W 3 R.KDCH I 

ARAI BO TORONTO CONF 9 3 I . ARAI 
CHEM BO TDROKTO CONF 123 O.K.CHEW 
CRAWFORD 80 TORONTO C O W 10T R.L.CRAWFORD 
CUTKOtKV BO TORONTO CONF 19 tFURSYTH.SR8C0CK.KELLY,HENDRICK 
L1VAN0S BO TORONTO C O W 35 + B A T 0 N . C O U T U R E S . * i X H 0 H S « t . N E V E U 

CGLAS) 
( C M . T E C H M J P 
(CAL T E C H I I J P 

I C A R N * L B L I I J P 

• • - & 
IPERS NOT REFE* 1 TO I N DATA CARDS 

A(1910)| 12 N O / 2 1 1 9 1 0 , J P - I / 2 H 

THTS RESONANCE I S HELL EST" L I5HED. 
E3 

12 : i 9 i o i IASS ( " E V I 

:RDM ENER 
( L91 
t1900.I 
( L 9 8 0 . ) 
( 1 9 5 0 . t 

DEANST5 Al 
W1NNIKTT . 

I 1 7 8 9 . I 
I 1 9 4 0 . I 
I 1 7 9 0 . t 

ALL LONGACRE 
POSIT ION WHU 

( I B 9 9 . I 
( 1920.1 

iesa. 
11715.21 
(I7T8.4> 
< 1960.11 
12121. ' 

D0NNACH1 
AYED 

O f P . F I T OF ARGAND DIAGRAM 
OAVIES 
ALMEHEO 
LANGBE1N 
LANG8EIW 

i LANGBEIN73 OISAGREE WITH P: 
OUND 1-920 HE 

P I N-K S IG .SOL 1 
P I N-K S I G . S D L 2 

• SIGMA* OATA OF 

2 / 7 2 
9 / 7 3 
9 / 7 3 

1 3 0 . 
AYED t, 
CUTKOSKV fi 
LONGACRE T 

PARANETERS ARE FRO* SOLUTII 
IS FROM SOLUTIONS S I AND L 

BARBOUR 
CUTKOSKV 
HOEHLER 

, EXCEPT FOR THE POLE 

I P I - N PHOTOPRQD. 

CHEW 

CHEW 
CHEN 

CHEW 8 0 REPORTS FOUR RESONANCES I N THF 
HERE LABELED A - 0 . 

( 1 9 2 1 . 0 1 CRAWFORD 
1 9 1 0 . 4 0 . CUTKOSKV 

< 1 9 3 0 . 1 LIVANOS 

. 0 1 

80 BPWA 4 
30 BPMA 4 
6 0 BPUA • 
40 8PWA 4 

80 DPWA 
80 IPHA 
SO OPMA 

TO PI H 12/79 
TO PI N 12/79 
TO P I . P 1/B2* 

I/B2* 
1/B2* 
1/B2> 
1/12* 
t/B2» 

12/ai* 
!?r'« . 1/82* 

WINGLESS (SCALE FACTOR • ] 

( 2 9 0 . 1 
( 2 0 0 . 1 
( 1 9 0 . I 
( 1 7 0 . 1 

m 
1 2 2 2 . > 

WIDTH (KEif ) 

00NNACH1 I 
AYED 
DAW IES 
ALMEHEO 
LANGBEIN ' 
LANGBETN 
AYEO 
CUTKOSHY 
LONCACKE 
BARBOJR 
CUTKOSRY 

CRAWFORD SO 0 
CUTKOSKY 80 I 
LIVANOS SO 0 

P I N-K S I G . S O L I 

[ N TO 2 P I h 
l -N PHOTOPROD. 
t N TO P I N 

8 / 6 9 
2 / 7 2 
9 / 7 3 

1 / 0 2 * 
1 / 8 2 * 
1 / 6 2 * 

L 2 / B I * 

12 N * 3 / 2 I 1 9 1 0 I NFAL PART DF POLE POSIT ION I H E V I 

( 1 3 6 3 . ) ( 1 5 . I 
I T 9 2 . OR 1 B 0 1 . 

( 1 9 7 1 . > 
1 8 8 0 . 3 0 . 

CUTKOSKY 7 6 IPWA 
LDNGACRE 7T IPHA 
CUTKOSKV T9 IPWA 
CUTKQ5KY eO IPHA jSii':" 1 1 / T 7 

1 2 / 7 9 
1 / 8 2 * 

-IMAG PART OF "CLE P C S I T I O N ( H E V ) 

* 9 
( Z O O . I 

( 3 4 . J 
1 6 5 . 

4 0 . 

CUTKOSKY 76 IPWA 
LONGACOE 77 IPMA 
C TKOSKY 7 9 IPWA 
CUTKOSKY BO IPHA 

P I N TO 2 P I N 
P| N TO P I H 
PI 1 TO P | N i. 

12 N P 3 / 2 M 9 1 0 I REAL PART OF ELASTIC PCLE RESIDUE I M E v l 

5 ;:::;, < 5 . 1 

1 0 . 

CUTKOSRY T6 IPWA 
CUTKOSKY 79 IPMA 
CUTKOSKY HO IPWA 

PI N TO P I N 
PI N TO P I 1 r». 

12 N « 3 / 2 ( 1 9 1 0 l IHAC PART OF ELASTIC POLE RE5 IDU6 1KEWI 

: «i: ! ( 5 . 1 CUTKOSKY 76 TPWA 
CUTKOSKV 79 IPUA 
CUTKOSKY 8 0 IPWA 

P| *! TO P | N 
PI N TO P | N E. 

I PARTIAL DECAY MODES 

DECAY ••ASSES 
NTfl 1 3 9 * 9 3 8 
N l f l 9 3 8 * 1 3 9 139 

N N K I K 5IGNA 4 9 3 4 1 1 B9 
1 2 3 2 * 1 3 9 

P6 
N ;; i : : i !s: N10 

NTO r-RSJS- H E L I C 1 T Y . 1 /2 0 * 93B 
9 3 8 * T 6 9 

K 3 
6 

- - M . KTO 

»••«•""» RANCH! Mi 

AYEO 

PATIOS 

6 9 *VUE 
70 IPWA 

I P 1 1 

S! 4 
T !S:SV, DAVIES 

ALMEHEO 
TO RVUE 
72 IPHA 

SOL A 

AYEO 7 6 IPWA 
( 0 . 2 2 5 1 1 0 . 0 2 5 1 CUTK0SK1 7 6 IPWA 

1 0 . 0 4 1 CUTK05K1 7 9 IPW* P! N TO PI N 
. 0 6 HOEHLER 7 9 IPWA PI N TO PI N 

CHEW 8 0 BPWA • * P I * P TO 
h CHEW 8 0 8PWA * * P I * P TO P I * P 

CHEW BO BPWA • » P I . P TO 
0 8 0 fPWA • • P I * P TO 

AVER 

. 0 3 CUTKOSKY 8 0 IPWA PI N TO 

HI AVER GE MEANINGLESS (SCALE FACTO 

CUTKOSKY 8 0 IPWA PI N TO 

R2 N 3 / 2 ( 1 4 1 0 ) hTO IK S I G H A 1 / T Q AL ( P 3 J 
(O .OOBICR LESS 'EUEABACH 70 PVUE 

ASSURE HASS. W I D T H , K E L A S T ) Of OONNACKIE 6 8 
MODEL USEC HAY DOUBLE COUNT. 

1 * 3 / 2 ( 1 9 1 0 1 F"C» P I 'I TO K SIGHA 5 
( O . l l l LANGBE1N 73 IPWA 
1 0 . 1 5 ) LANGBE1N 73 IPWA 
( 3 . D 8 Z I T 0 0 . 1 B 4 DEANS ?5 DPWA 

RANGE G I V E N IS FRCP. FOUR BEST SOLUTIONS. 
( - 0 . 0 1 9 1 LIVANOS SO DPWA 

K 3 / 2 I L 9 I 0 I FROM P I N TO H P 3 / 2 M 2 3 7 I P I 5 

N » 3 / 2 I I 9 1 0 I ">C* P I N TO H R H O . S - 3 / 2 SI 
( - 0 . 2 9 1 LONGACRE 77 IPWA 
( - 0 . 1 7 ) NOVOSELLE T8 IPWA 

EVIDENCE FOR THIS COUPLING 15 KEAK. SSE NOVOSELLEI 
COUPLING ASSUMES THE "ASS I S NEAR 1R20 " E V . 

1) 9 / 7 3 
STC,SOL ; 9 / 7 3 
S I G . S G L 2 9 / 7 3 

) K S I G - A 1 1 / 7 5 
1 1 / 7 5 

) K SIGNA l / 8 2 < 

3 / 7 9 
1 2 / 7 9 
1 2 / 7 9 

12 N P 3 / 2 I 1 9 1 0 1 PHOTON DECAY AMPLfGEV 

l * 3 / 2 ( 1 9 I 0 > INTO GA* NUCLEON, H E L I C I T Y - 1 / 2 t 
o.ooo 0 . 0 2 5 
0 . 0 1 0 0 . 0 1 Z 

- 0 . 0 3 2 0 . 0 6 5 
- 0 . 0 0 9 0 . 0 1 3 

1 - 0 . 0 3 1 1 
* 0 . 0 4 0 0 . 0 1 3 
» 0 . 0 3 9 0 . 0 1 2 
- 0 . 0 35 0 . 0 2 1 

•ERSEOES Bl IRBOUR 71 
- 0 . 0 1 2 0 . 0 0 5 
- 0 . 0 3 1 0 . 0 0 4 
- 0 . 0 0 5 0 . 0 3 0 

0EVEN1S2 74 [ 

• DPWA 

i DPWA 

• PHOTOPROD. 
4 PHOTOPROD-
4 PHOTOPRDD. 
1 PHOTOPRCD. 
t PHOTOPROD. 
PHTPRD.5LL 1 1 

CRAWFORD BO E 

P I - N PHOTOPROO. 

PI N PHOTO F I I I 
P I N PHTJTO F I I i 
P I N PHOTOPRCD. 

1 2 / 7 9 
3 / 7 9 
3 / 7 9 

1 2 / B 1 P 

MEANINGLESS (SCALE FACTOR • 

!;:r:?HH 

AYEO 76 C E A - N - 1 9 2 1 
8ARBOUR T6 NP B U I 35B 
CUTKOSKY 7 6 PRL 37 6 4 5 

ALSO T6 OXFORD CCNF. 

REFERENCES FOR N « 3 / ; 

* AYED.P B » * F Y R E . C 
A DAVIES 
FEUERBACHER*HDLLADA1 

D E V E N I S H . L Y T K . R A N K I N 
KN1ES.M00RH0USE.0BERLACK 
W J NETCALF.R L WALKER 

AYED I T H E S I S I 
I . M. BARBOURiR. L . CFAk 
CUTKDSKY.HENDRICK.KELLY 
CUTKDSKY.HENDRICK.CKAO* 

•-•sffi:E5;i5 

I S A C L I I J P 
( G L A S 1 I J P 

I C A R N * L B L I I J P 
i » L B L « B R I S > I J P 



Baryons 
A(1910), A(1920), A(1930) 

Data Card Listings 
For notation, see key at front of Listings. 

AZNAURVA 77 E F 1 - 2 6 * 1 5 7 1 - •AKOPOV.BAGDASAPVAN IYEPEVAN PHY 
LONGACRE 17 UP B [ 2 2 « 9 3 LONGACRE,DDLBEAU I S . C L U J -

ALSO 76 NP B10B 365 0 3 1 BEAU. T R t A N T I S . N E V F U . C A D I ET I S A C L I I J P 

BARBOUR TB HP B l + l 2 ! 3 BARHOUR.CRAHFORO.PARSONS 
NOVOSELL Tfi HP B 1 3 7 5 0 9 0 . E . NOVOSELLER ICA l T E C H U J P 

ALSO 7H D. E . NDVOSELLER ICAL T E C H I I J P 
curKOS*' PRD 20 zeai • F O K S V T H . H E N D R I C * . KELLY ( C » R N * l B L H J P 
HOEHLER >H HANDBOOK cr P -H SCATTERING, PHVSrtC OATEN V O L . 1 2 - 1 

•Kf t lSER,KOCH,P1ETARIWEN 
ALSO HO TORONTO CONF i R.ttQCH KARLSRUMEMJP 

no TORONTO CONF 9 3 ] . ARAI 
CHEW HO TORONTO CONF I / 1 D.M.CHEW I L B L I I J P 
CRAWFORD 8 0 TORONTO CCNF m i R.L.CRAWFORD IGLAS1 
CUTKUSKV fin TORONTO CONF i i *FOR.5YTH,BABCDCK.KELLV,>-EN0R!CK 
L IVRNDS BO T D R C M O CONF 35 •BATON,COUTURES,KOCHOWSKI,r<EVEU 

PAPERS NOT REFERRED TC I N D A T A CARDS 

65 PR 1 ) 1 B«33 CARA.YANNDPOUL0S.TAUTFEST.WILLMANN ( 
I R I I A L WAVE ANALYSIS OF P I * P TO SIGMA* X* 

TQ PL 31B S 9 8 *9AR£YR.E*VILLET I S ! 
7 7 NP B1ZB ( 6 *TOAFF,REVEL,GCLDBERG.BERNv I 

|A(1980)| l " 3 / Z ( 1 9 2 0 , J P « 3 / 2 * 1 ED 
EARLY ANALYSES FOUND EVIDENCE FOR A P 3 3 B E S O N A N C E NEAP 
2 1 6 0 MEV". THESE MAY HAVE BEEN CONFUSION WITH OTHER 
RESONANCES I N THAT REGION CSEE L I S T I N G FOR N » 3 / 2 I 2 1 6 0 1 1 . 
RECFNt ANALYSES F I N D THE MASS I S CLOSER TO ; ° 2 0 " F V . 

I1T 3 / 2 1 1 9 2 0 ) MASS (MEVI 

1*160.1 K /SSDPP hB DVill 
( J I 2 0 . ) ROVCHOUD 71 DPWA 
1 2 1 5 0 . 1 A L M E M E O 72 IPWA 
( 1 9 8 0 , 1 I A 1 C B E I N 73 IPuA 

NOT SEEN IN SOLUTION 2 OF LANGBEINT3 
DEANST5 AND LANGBEIN73 DISAGREE WITH P I * P TO <• SIGMA 
M I N M K 7 7 AR^L-ND 1923 MEV. 

M 9 6 3 . ) ( 6 0 . 1 ;UTKDSKY 79 IPWA PI : 
1B68 . 1 0 . HOEHLER 79 IPWA P| < 

( 1 1 5 5 . 1 1 1 3 . I CHEW 8 0 EPWA n P | * I 
1 2 0 6 5 . 1 1 1 3 . 6 ) ' 1 2 . 9 1 CHEW BO PPWA * • P | * l 

C*EW BO REPORTS Two P 3 ; I E S U N A N C E S I N I H I S PASS REGION. 
1. ISTF0 HERE, LABELED A A'. •• B FOP LOWER AND HIGHER STflTI 

l<t?t. 8 0 . CUTKOSKY 8 0 IPWA P I • 
I 1 9 0 * . I LIVANOS 8 0 DPWA m t 

N-K S IG .SPL 1 

1 0 / 6 9 

I'M 

(VERAGE « T A N I f . G l ? S S (SCALE FACTOR = l . 0 > 

i;i: . i 

'B i 
,E: 01 

> 

'71 1 9 2 0 ) WIDTH (MEV 

KIPSOPP 6B RVUE 
• L " E H E D 72 IPWA 
L I N G f . E I N T3 |PWA 
CJIKOSKV 7 9 IPWA 
HOEHLER 79 IPWA 
r.MEW 8 0 BPW* 

BO BONA 
LIVANOS 80 OPWA 
CUTKOS"Y 80 IPWA 

1ASE SHIFT ANAl 

N-K 5 I G . S C L I 

M h G l f S S (SCALE FACTOR = 

: pcif Pusitn'i 

1RT OF P C l t P O S I T I O N I H E V l 

I OF ELAS1IC PCLE RESIDUE IMEVI 

s '--',v: CUTKOSKV 79 IPWA 
CUTKOSKY BO IPWA 

PI tl TO P I N 
PI N TO P I N ",',ll 

117 N » ? / 7 ( 9 7 0 1 ' HAG PART OF ELASTIC PCLE RESIDUE l"EV 

T. 1 - 7 7 . ) 
- 1 2 . 1 

CUTKOSKV 7 9 IPWA 
CUTKPSKY eo IPWA 

P I '1 I D » l 1 
P I N 10 P I N •V,lh 

', ::;;;:;ss: i:s 
• l * 3 / ? l 

P I N 
K M ' . M 

9 2 Q I n «P ' At DECAY "ODES 

DECAY MASStS 
1 3 9 * 9 3 9 
' . 9 3 * 1 1 8 9 

,- •1 • i/ 71 9 7 0 1 i " A N I H I N G PA I K '• 

> '"""\7.°l,'-'° ( P I N l 

. 0 " . 

TOTAL 

FACTOR 

<[RSOPP fcS HVUE 
ALMEHEO 72 IPkA 
CUTKOSHY 79 IPWA 
HCJFHLER T9 IPWA 
CHEW BO BPWA * 
CHFW BO PPhA . 
CUTKCSKV BO IPWA 

• 1 . 0 1 

PHASE S « I F T ANA 

f l N TO " I N 
PI N TO O I N 

t P I * o TO <>I*P 
4 P I . B TO » t * » 

PI 1 TO P I N 

1 2 / 7 9 

• n u a m i w E n ISCALE 

TOTAL 

FACTOR 

<[RSOPP fcS HVUE 
ALMEHEO 72 IPkA 
CUTKOSHY 79 IPWA 
HCJFHLER T9 IPWA 
CHEW BO BPWA * 
CHFW BO PPhA . 
CUTKCSKV BO IPWA 

• 1 . 0 1 

PHASE S « I F T ANA 

f l N TO " I N 
PI N TO O I N 

t P I * o TO <>I*P 
4 P I . B TO » t * » 

PI 1 TO P I N 

( 0 . 0 4 B 1 7 O 0 . 1 2 O 
flA»*GE GIY'ti IS rfG* fOW BES 

- 7 . 0 « 9 ) 

SIGMA « 
LANGBEIN 73 IPWA 
OEANS T5 OPWA 

LIVANOS SO CPWA 

R T ( P I * P 2 > 1 2 ^ 7 9 
P I N-K S I C . S O I I 9 / 7 3 
P I H TO i SIGMA 1 1 / 7 5 

ALMEHEO 72 NP B40 1ST 
LANGBEIN 73 NP B53 2^1 
DEANS 75 NP B96 9 0 

ALSO BO rORDNIO CDNF 3 

CHEW BO TORONTO CONF 123 
CUTKOSKY 8 0 T3R0NTO CONF 19 
LIVANOS 8 0 TORONTO CONr 35 

REFEftENCES FOR 1 > 3 / 2 ( I 9 2 C 

R G KIRSQPP 
R K SDYf KDUDHUBY.a H BPAr 

•LOVELACE 

t C A R N ' L B L M J P 

»i.t|tj|i| 

A(1930) 
RESONANCE I S W^LL ESTABLIS . -EC. 

1? 1*3 /21 ] H O I "ASS (MEVI 

( 1 9 5 * . 01 
I 1 9 7 0 . ) 
I 1"5Q. 0 1 APPi 

SEE A l t ' ] » P L I * TO 
WHERE MAX. AB5CRPTI0N 

OX LEA 

O r N N A C H I , 2 , 
( 2 2 0 O . I AL«EHEO 
( 1 9 6 0 . ) LAf E I N 

NOT SEEN I N SOLUTION 1 OF LANGBEIN73 
0EANST5 AND L"NGBEIN73 DISAGREE WITH PI 
WINNIKT7 AROUND 1 9 2 0 ME 

><..! ( 1 9 2 5 . 1 1 2 0 . 1 
( 2 0 7 4 . 1 
1 1 9 3 U . ) ( 2 0 . 1 

Iia t . 
1 1 9 1 0 . 1 ( 1 5 . > 
I 2 " D 0 . 0 1 

1 9 * 0 . 3 0 . 
1 I 8 8 V . 1 

GE MEANING ESS (SCALE 

AY ED 
CUTK0SK1 

6B RVUE PHASE-SHIFT ANAl 
6B PVUE PHASE SH]TT ANAI 
t 9 CNTR P | - P ELASTIC 

URSOPP FYEBALL F I T CERN I 
72 IPWA 
73 IPWA SI N-K SIG.SOL , 

I * P TO K* S IGMA, DATA ?r 

76 IPWA 
TB DPuA 
7 9 IPWA 

eo PPWA * 
6 0 OP-A 
9 0 IPWA 
8 0 DPWA 

4 P H 0 I 0 P R O 3 . 

V 7 0 "t N 
> TO P I * " 

V PHOIOPRCD. 

' TU V SIGMA 

( 1 0 0 . ) 

( 9 0 . ) 

D0NNACH1 
KIPSOPP 6 6 PHASF SHI=T ANAL 
ALMEHED ' ? IPWA 2 / 7 2 
LANGBEIN 01 N-K S I G . S C L 2 
AYED 76 1 1 / 7 7 
CUTKOSItY Th IPWA 1 1 / 7 7 
BARBnuP °l-t PHCTOPROD. 
CUTXQSKY IPWA 01 N TO P I N 1 2 / 7 9 
HDEHLER 01 N TO P I N 
CHEW HO . » ! • . . TO P 1 * P 
CRAWFOPO "t N PHOTOPROD- WW 
CUTICOSKY HL' P| N TO P| N 1 /B2 . 
LIVANOS t'O LOhA PI P TO * SIGMA 

13 N * 3 / Z ( 1 9 3 0 ) REAL PARI OF P r i £ P O S I T I O N I I ! 

I H 6 0 . ) 1 1 5 . 1 
( I 9 0 B . I 

1 6 9 0 . 7 0 . !E! i ; sIIS :\•mi\: 

CUTKOSKY 76 IPUA 
CUTKOSKY 79 IPWA oi s TO P I • 
CUTKOSKV 8 0 IPWA >l N TQ P I . 

13 N * 3 ^ 2 I 1 9 3 0 I 9 ' A L PART OF E L ' o T K PCLE RESIDUE trl 

1 3 . I C ' . H K O S K V 76 IPWA 
CUTKCSKV 79 IPWft PI 1 TO P I N 

7. CU7K0SKY B0 IPWA » I * I D » | « 

1 1 / 7 7 
1 2 / 7 9 

I / B 2 ' 

13 N * 3 7 7 ( 1 9 3 0 ) 1*AG PART OF ELASTIC PELE RESIDUE 1 MEV I 

( - 1 5 . I ( f t . I CUTKOSKY 76 IPWA 

V * 3 / Z ( 1 9 3 1 | PARTIAL DECAY HOOES 

i£;ii"""" 



Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
4(1930), A(l940), A(1950) 

13 • 3 / 2 ( 1 9 ) 0 ) BRANCHING RATIOS 

\l'MV \°:liV 

0ONNACH1 
KIRSOPP 
ALMEHEO 

I I 
0 . 1 4 0 . 0 * 

AVERAGE MEANINGLESS I SCALE FACTOR • 

N * 3 / 2 I 1 9 J 0 ) INTO ( K S I G N R I / T O T A I 

6 0 RVUE 
6 8 RVUE 
7 2 1PWA 
7 6 IPWA 

CUTKOSKY 76 IPWA 
CUTKOSKY 79 IPWA 
MOEHLER 79 IPWA 
CHEW 80 BPWA * 
CUTKOSKY BO IPWA 

2 . 0 1 

, 1 0 / 6 9 
. 1 0 / 6 9 

2 / 7 2 
1 1 / T T 
1 1 / 7 T 
1 2 / 7 9 
1 2 / 7 9 

1 / B 2 * 
1 / 8 2 * 

( 0 . 0 1 3 1 1 0 . 0 1 1 FEUERBACH TO PVUE PI » TO K» S I G * 7 / T O 
ASSUME MASS, W I D T H , H E L A S T ) OF DONWACHiE 68 
MODEL USED MAY DOUBLE COUNT. 

K * 3 / 2 ( 1 9 3 0 l FRCM P I N TO « SIGMA S « R T ( P l * P 2 l 4 / 7 3 
1 0 . 0 8 1 LANGB61N 7 3 IPWA P I N-K S I G . S D L I 9 / 7 3 
1 0 . 0 1 9 ) 1 0 0 . 0 3 5 DEANS 75 DPVA PI N TO « SIGMA 1 1 / 7 5 

MANGE G I V E N I S FROM FOUR QEST SOLUTIONS. 1 1 / 7 5 
( - 0 . 0 3 1 ) LlVRNOS BO DPMA PI P TO R SIGMA 1 / 8 2 * 

13 N * 3 / 2 I I 9 3 0 I 

N * 3 / Z ( I S 3 0 > INTO GAM NUCLEON. 
• 0 . 0 0 3 O . 0 1 6 

( - 0 . 0 B 5 ) 
- 0 . 0 6 2 0 . 0 6 4 

SUPERSEDES BARBOUR 7 6 . 
- 0 . 0 3 8 0 . 0 * 7 

PHOTON DECAY A N P L I C E V " 

AMPLITUDES, i 

H E L 1 C I T Y . 1 / 2 I G E V * » -
CRAWFORD 75 OPWA 
BARBOUR 7 6 DPWA 
BARBOUR 7 6 OPWA 

C'AWFDRO 80 DPWA 

AVERAGE MEANINGLESS (SCALE I (TOR • 

1 * 3 / 2 ( 1 9 3 0 1 INTO GAM NUCLEON, H E L 1 C I V T - 3 / 2 ( G E V * * - l / 2 > 
- 0 . 0 1 0 0 . 0 3 2 CRAWFORD 7 $ OPWA P I N 

1 * 0 . 0 6 6 ) BARBOUR T 6 OPWA P I N 
W . 6 W 0 . 0 5 * BARBOUR 1 8 DPVA P I - N 
- 0 . 0 2 3 0 . 0 1 0 CRAWFORD BO DPWA PI H 

PHOTOPROO. 1 / T 6 
PHOTOPROD. 
PHOTOPROD. 

3 / 7 9 
P H C T O P R O D . 1 2 / B H 

I / T 6 
PHQTOPROO. 1 / 7 6 
'HOTOPROO. 1 / 7 6 
" taTOPROD. 3 / 7 9 
=H0T0PRO0. 1 2 / 8 1 * 

,2 AVERAGE MEANINGLESS I SCALE FACTOR • 1.01 

DOKNACHt 
K1NS0PP 

6 8 
6B 

PL 2 6 8 
THE S I S 

161 

FEUEREAC 
ALMEMED 

6 9 
TO 
72 

PL 2 9 6 
NP L6B 
NP 9 * 0 

5 ( * 
85 
1ST 

LANG8EIN 73 NP 6 5 3 2 5 1 

CRAWFORD 
DEANS 

75 
75 

NP B9T 
NP BC6 

125 
9 0 

AYED 
BARBOUR 
CUTKOSKY 

ALSO 

76 
76 

76 

C E A - N -
NP B l l 
PRL 37 
OXFORD 

9 2 1 
35B 

6 * 5 
CCNP. 

BARBOUR 
CUTKDSKV 
HOEHLER 

78 
7 9 
79 

NP 6 1 * 1 253 
PRD 2 0 2 8 3 ? 
HAND6C0K QF P 

ALSO SO TORONTO CONF 

CHEW 
CRAWFORD 
CUTK05KV 
LIVANOS 

SO 
6 0 
8 0 
8 0 

TORONTO CONF 
TORCNTO CONF 
TORONTO CONF 
TORONTO CONF 

OONNACHI 
AY£D 
A P L I N 
WINNIK 

6 9 
7 0 

77 

"*P 1 0 8 
PL 3 I B 
NP 8 3 ; 
NP 8 1 2 

4 3 3 
598 
253 

6 6 

REFERENCES FOR N * 9 / 2 ( 1 9 3 0 > 

LEA.OAOFS.WARO.CDWAN,* 
FEUERBACHER4H0LLADAY 
•LOVELACE 

LANGSE1N.WAGNER 

' " « , , 

RVEO I THESIS I I S A C D t . 
I . M. BARBOUR,ft. L . CRAWFORD ( G L A S 1 I . 
CUTKOSKY,HENDHICK,KELLY I C A H N * L B L I I . 

9 CUTKOSKY.HENDRICK.CHAO* ICARN»LBL*B»t S I I . 

BARBOUR .CRAWFORDtP ARSONS (GLASI 
•FORSYTH,HENDR1CK.KELLY I C A R N * L 3 L > I . 

- N SCATTERING* PHYSIK DATEN V O L . 1 2 - 1 
t K R I S E R . K O C H . P I E T R R l N E N /KARLSRUHE I . 

3 R.KOCH ( K A R L S R U H E I I , 

1 2 3 O.M.CHEW I L B L l l . 
I D T R.L.CRAWFORD IGLASI 
19 »FORSYTH,BRBCOCK.KELLY.HENORICK (CARN»LHL 1 1 , 
35 »BATON, COUTURE S.KOCHDWSKI.NEVEU I S A C L I 1 . 

PAPERS NOT REFERRED TO I N OATA CARDS 

A DONNACHlE. R KIRSOPP (GLRS*EOINJ 
*BAREYRE»V!LLET (SACLAV) 
t C O U A N . G I B S O N . G I L H O R E * ' I H H E L . B R I S T O L I 
•TOAFF,REVEL.GDLOBERGiBERNY ( H A I F I : 

^ " " E 

1 * 3 / 2 1 1 9 4 0 1 MASS (MEVI 

136 N » 3 / 2 ( 1 9 * O I WIDTH I H E V I 

136 N * 3 / ? ( I 9 4 0 1 REAL PAST OF POLE P O S I T I O N I M E V I 

1 0 1 0 . 1 0 0 . CUTKDSKY 3 0 IPWA P| N TD PI 

136 N * 3 / 2 ( 1 9 4 0 ) - 2 * | M A G PART OF POLE P C S I T 1 0 N I M E V ) 

6 0 . CUTROSKY 8 0 IPWA P I N TO P I N 1 / ( 2 * 

136 N « 3 / 2 ( 1 9 4 0 l REAL PART OF ELASTIC 

5 . CUTKOSKY 80 IPWA 

PCLF RESIDUE I 

»l »l 10 »l • 

136 N » 3 / 2 ( 1 9 4 0 1 [HUG PART OF ELASTIC ( 

5 . CUTKOSKY 8 0 IPWA 

136 N » 3 / 2 1 1 9 * 0 1 PARTIAL DECAY w _-S 

P I N * 3 / 2 ( 1 9 * 0 I INTO P I N 

1 3 6 N * V 2 U 9 4 Q l W W t K U t RATIOS 

R l N * 3 / 2 ( 1 9 * 0 ) INTO I P I N I / I J T A L I 
R l 0 . 0 5 0 . 0 2 CUTKOSKY 80 IPWA 
R l 1 0 . 1 9 . CHFU 6 0 BPWA < 

REFERENCES FOR N * 3 / 2 ( I 9 * 0 ] 

; SESIOUE iwv 
I ' I TO P I N 

ECAY MASSES 

A(19S0) „ „.„„„„. ,..,„., ,.,„ |fV 
H I S RESONANCE IS WELL ES?ABLIS»FC-

H YOKOSAMA 6 6 CNTR P I - P DSIG * PLL T / 6 6 
C IQTfJ.O) B A R F " _ C 6 8 RVUE PHASE-SHIFT ANAI 

M WHERE CROSS SECT! IN I S CREAK ' - EYEBI .L F I T 
1 1 4 * 0 . 0 ) OONNACHI t

1 RVUE PHASF-SHIFT ftSil 
7 0 PHA 1 / 7 1 

UFP. F I T OF .RGAND DIAGRAM 

J 1 1 9 3 5 . 0 ) 
( 1 9 f 0 . O I ( 3 0 . 0 1 

DAVIES 
KALMUS 

TO RVUb 
TO OPWA 

P-S ANAL SDL A 
OHO TO K . S I O * 

a/b/ 

M 
7 

I 1 9 3 0 . 1 
< 1 9 2 5 . 1 

HOYCHOUD 
•LMEHED 

71 DPHi 
7 2 I P h i i'Ai 

ME"TANI P I « p r o p t i P t Q P 
1 9 2 5 . LONGACRE 75 IPWA p | N t o ? p | n 

THE 2 SETS •. 1 H FPTM METKOOS 1 AND 2 Of L O W i O E 7 5 , 
( 1 9 2 6 . 1 AYFD 
1 1 9 * 5 . ) ( 7 . 1 C U T K O S " ' 11/T7 

H I 1 9 1 2 . 1 BAPBOU= P I - N PHOrOPRCD. 

[J 1 1 9 5 D . I "V CUTKDS^Y 
HQFHLfB " I P " 

PI N TO P I N 
PI N TO PI -J V/A 

1 1 8 5 5 . 1 0 . C"EM eo BPWI • • P I » P 7 0 «»t»e 
1 1 9 0 2 . 0 1 C"AWFDRO PI ft PHOI^PROO. 

JJ 
AVE 

1 9 5 0 . 1 5 . 

« a 

CUTKOSKY 

• 2 . 2 1 

PI N TO P I <i 

" AVE RAGE MEANINGLESS (SCALE « a 

CUTKOSKY 

• 2 . 2 1 

PI N TO P I <i 

P3 N * 3 / 2 I 1 5 0 I D I H IMEV 

u t l T O . O ) OUKE 65 CNTR 7/',6 
YQKOSAWA 

( 1 8 0 . 0 1 BAREYRE 6t) PVUE 11/67 
3 ( 2 2 1 . 0 ) 

( 1 9 7 . 0 ) 
( 2 2 1 . 0 ) 

00NNACH1 
AYEO 
OAVIES ; s ; : : ; SOL A Xll 

( 3 0 0 . 0 1 ( 6 0 . 0 1 KAI.MUS 
ALMEHED T2 ! P H A 

7 1 3 * i n 26A MEHTAN1 

u 2 3 5 . OR 
( 2 3 T . > 
1 3 0 5 . ) 

2 * 0 . 

( 4 0 . ) 

LONGACRE 
AYED 
CUTKOSKY sis Pi 1 TO ? P I N ii;!; 

H 1 1 9 8 . 1 BARBOUO P l - N PHOTOPBOD. 
1 6 0 . 1 CUTKOSKY 7 9 IPWA p i N TO P I '1 12/79 

2 2 * . 1 0 . KOEHLER PI N TO P I N 
( 1 5 7 . ? ' 1 2 2 . 1 1 CHEW t P l * P TO P I * P 
( 2 2 5 . 0 ) CRAWFORD BO OPWA ol N PHOIOPROD. 12/81. 

w 3 * 0 . 5 0 . 

AC nn 

CUTKOSKY 

- 1 . 0 1 

Bl N TO P I U 

H RAGE MEANINGLESS (SCALE AC nn 

CUTKOSKY 

- 1 . 0 1 

Bl N TO P I U 

SEE THE NOTE S ACCOMPANYING Hb MASSES QUOTED. 

83 P J * 3 / 2 ( 1 9 5 0 R EAL PART OF PGLE P O S I T I O N ( M E V ) 11/75 

RE LONGACRE T5 IPWA Pi N TO 2 P I N 11/T5 
RE ( 1 9 1 5 . » VASAN2 F I T »YED 76 
RE 
RE 

11895. 1 
( 1 R » 2 . 1 

f l O . I CUTKOSKY 
CUTKOSKY 

7 6 IPWA 
7 9 1PWA Pt '1 TO P | N 12/79 

RE 1 8 9 0 . 1 5 . CUTKOSKY 8 0 IPWA B( N TO P I N 1/82* 

8 3 N * 3 / 2 ( I 9 5 0 -2* IMAG PAOT OF PCLE P C S I T I C N ( H E V I 11/75 

IM ( 2 5 8 . 1 LONG A C E 75 IPWA P | N TO 2 P | N 11/75 
( 2 2 0 . 1 VASAN2 7 6 F I T BYFD 7 6 
( 2 6 0 . 1 ( 2 « . l CUTKOSKY 7 6 IPWA 11/77 
( 2 4 S . > CUTKOSKY T9 IPWA Pi N TO P I 1 12/T9 

I M 2 6 0 . * 0 . CUTKOSKY 8 0 IPWA Pi H TO P I N 

8 3 N * 3 / 2 I H 50 « EAL PART OF ELASTIC PCLE RESIDUE ( X E V I 

RER ( 6 . 1 CUTKOS<¥ Tb , = « ( . 
RER CUTKOSKY 79 IPWA P| U TO P I N 12/79 
RER * 2 . 7- CUTKOSKY 80 IPWA PI N TO P I N 

__ 



Baryons 
A(1950) 

226 

Data Card Listings 
For notation, see key at front of Listings. 

[ DF ELASTIC POLE RESIDUE CMEV1 

CUTKOSKY 79 IPWA 
CUTKOSKY BO 1PWA 

t l N * 3 / 2 l l 9 5 0 l PARTIAL DECAY MODES 

3 / 2 1 1 4 5 0 1 I M O P I H 
3 / 2 U 9 S 0 I I"dTQ SIGMA K 
3 / 2 ( 1 9 5 0 1 ISTO N * 3 / 2 ( 1 2 3 2 1 I 
3 / 2 U 9 S 0 I INTO Y * 1 U 3 8 5 1 K 
3 / 2 1 1 9 5 0 1 INTO N * 3 / 2 I 1 2 3 2 I « 
3 / 2 ( 1 3 S O t I h l O NEUT«OH P I * ( 

iTO N * 3 / 2 U 2 3 2 1 f 
ID GAM NUCLEON, 
TO GAM '1UCLE0N, 

J*3/2( 
' •3 /2119501 
-•3/211=1501 
1*3/211950 
i*3/2t 1950 

:fE:£?:!:r 
s s i — r a i l ™ 

9 3 8 * 7 6 9 
1 2 3 2 * 1 3 9 
1 2 3 2 * 1 3 9 

0 1 N * 3 / 2 ( 19501 BRANCHING P. A T I OS 

2 1 1 9 5 0 1 I •dTO PI N I / T O T A L 
( 0 . 4 1 ) D W F 65 CNTR 
< 0 . * 1 
1 0 . 5 1 1 

APPRO* YOKOSAWA 
BAP EYRE 

6 6 CNTR 
6(1 P.VUE 

< D . 3 B 6 > DONNACM] 6 6 BVUE 
I 0 . 4 S 6 ) TO IPHA 
1 0 . 5 1 1 0 A V I E 5 TO PVUE 
1 3 . 4 1 ALNEHEO T2 I P k A 
I G . 4 M AYED T6 JPkA 
1 0 . 3 9 6 1 f n 0 1 0 ) CUTKOSKY 7 6 IPtaA 
[ 0 . 4 0 1 H I CUTKOSKV T9 1PWA 

0 . 3B II MOEMLEP 79 I P I . A 
CHEW 80 PPhA 

1. 39 0 04 CUTKD5KY 

' 1 . 0 ) 

BO IPUA 

« ( A t 1 SGI <,.; SCALE *AC7TJ 

CUTKD5KY 

' 1 . 0 ) 
THI I I C T E S ACCOMPANYING TH "ASSES O lXHEO. 

VF«Y ENERGY DEP 

'ffli 

. 7 1 (SIGMA * I * I P I N ) / T 0 T A L » " 2 1 
BORPEANI 6B HBC 

1 0 - 0 0 3 1 FEUEPBAC-* TO RVUE 
; * . , M I O T H , X E L A 5 T ) OP D O W A C H I E 6 8 
: "AY DOUBLf COUNT. 

" . 0 0 ! 3 KALHUS 70 OPWA 

1*3 /21 12321 P I 

F » r « P t N 
73 IPHA PI N-K S I . . S D L 1 

LANGBEKI 73 IPWA PI N-« S I .SDL 2 
I I " 0 . 040 DFA>|S 75 DPMA 5IGKA 

is f°c» Q U " BEST SOLUTIONS 
1 I ' J W E I ' J \ DISAGREE WITH P I Of 

ObND I **20 « f / . 

t o r ; - P I •! TO N » 3 / 2 I I ? 3 2 I P I . -HAVE 
<io - o . 3 J I W I W I I S IPHA PT N TT 2 

NOVDSELLE 78 1PMA I N 

I D NtYCSELLER 

PHASF I S NEAR - 6 0 DFGREES. 
NOVOSELlE ' 8 IPHA P I N 1 

I . PHASE I S "EAR - 6 0 DECREES* 

1 0 , S « 3 / 2 . F - W A V E S O R T I P I * ! 
L C G A C P E ' 5 IPHA P I H 1 
NOVOSELLE 78 IPUA P I N 1 

PHASE I S « e * » 1 2 0 O t & f t E E S . 
NOVOSELLE ' 8 IPVA P I N 1 

I , PHASE I S NEAR 120 OEGREES. 

3 / T 9 
3 / 7 9 
3 / 7 9 

I PHOTON DECAY I 

U Q (JAM N U C l E O N . M E l K l l 

,:?:;;5' 

if 
0.025 
0,012 
0 . 0 2 9 

RAGE MEANINGLESS ISCA 

N * 3 / 2 I 1 9 5 0 ) I •.TO GAM 
- 0 . 0 8 0 
- 0 . 0 7 8 0 . 0 1 0 

0 . 0 9 3 
I - O . I B O I 

- 0 . 0 3 8 
1 - 0 . 0 6 5 1 

- 0 . 1 6 O 
- 3 . 1 6 9 0 . 0 1 5 
- 0 . O 7 5 
• 0 . 1 C I 

- 3 . \ O T 0 . 0 0 5 
- 1 . 0 8 2 

DEVENIS? ' 
KNIES I 
METCALF 1 
KOORHOUS ' 
CRAWFOPD ' 
BAPBOUR ^ 
AINAIJRYAN 1 
AZNAURYAN 7 
BARBOUR. 1 

NUCLEONi H E L f C I T Y . 3 / 2 I G E V « -

t PHOTOOHOD. 
y PHQTOPPCD. 
I PMOTOP«0D. 
| PHQTQBRQO. 

PHOTOPROD. 
^ PHOTC 

PHTPRD.SOL 1 
PMT°P.O,SCL 2 

it PHOTOPPOD. 

D E V E W S 2 
K N I E S 74 

OPWA 
DPMA 

METCALF 14 DPhA 
MOOBHOUS 7 * PPHA 
CRAWFORD 75 DPMA 
BAB9CWK Tfc 
A2NAURYAI I t DPUA 
AZNAUB.YAI 
BAPBOU* 18 OPHA 

1 / 7 6 
1 2 / T 9 
1 2 / T 9 

3 / T 9 
3 / 7 9 

PHOTO F I T I 1 2 / f l I * 
PHDTO F I T 2 1 2 / 8 1 * 
BHnTODPOD. 1 2 / 8 1 * 

I H PMQTQPROO. 4 / T S 
I N PHOTflPPCD. 2 / 7 4 
I H PHOTOPPbD. 2 / T 4 
I N PHOTOPRCO. 2 / 7 * 
[ N PHOTOPRDD. 1 / 7 6 
I H PMOTDP»0D. 1 / 7 6 

10 PHTPRO.SOL t 1 2 / 7 9 
[O PHTPRO.SOL 2 1 2 / 7 9 
l-S PHOTOPRDO. 3 / 7 9 
: H PHOTO F | T 1 1 2 / B l * 
[ U PHOTO P I T Z 1 2 / 8 1 * 
[ N PMOTOPRDD. 1 2 / 8 1 * 

iRAGE «CA'MW>LESS I5CALE FACTQO . 

BAR EYRE t 
BDRREAKl t 
DCNNACH1 t 

ALSO 6 
ALSO b 

DAVIES 1 
FEUERBAC ' 
KALHUS 

65 PHL 15 4 6 8 
6 6 PPL 16 7 1 4 

6 8 OP 1 6 5 1 7 3 1 
6B UCPL 1 8 3 5 0 

PL 2 6 B 1 6 1 
VIENNA 139 
T H E S I S 

K IEV CONF 

OEFERtWCES FOR ' * * 3 / 2 l l 9 5 0 l 

* JONES. K E M P . f i ' R P M Y , P R E N T I C E , • I P H E L . O r F H . 
t-SUWA, H I L L . E S T E P L I N G . BOOTH ( A X L . C H I O I , 

P SAREYftE. t B B I C H A N . C V I L L E T I S A C L A Y U . 
BORREANI .KALHJS ' L » L 1 

A DONNACHIE. P G X I R S D P P . C LDWE11CS I C t « N I I . 
D0NNACH1E RAPPORTEUK'S TALK I G L A S I 
R G KIRSOPP I E 0 I N 1 

tYEO. 1 BA^EYI 

t 0 2 1 

RCYCHOUD 71 MP 8 2 7 125 

! NP B 4 0 157 
'. PRL 29 1634 
3 NP B 5 3 2 * 1 

k PL 5 2 B 2 2 7 
; PRO 9 2 6 8 0 
• I P BT6. 2 5 3 
'. BRD 9 I 

A DAVIES 
FEUE>6ACHER*H0LLAUAY 
G KALHUS, G B0RREAN1, 

R H ROYCHOUDHURY.B H 

l / I LLET 

J LOUIE 

RRANSOE^ 

( S A C L d J P 

ALHEHED 
MEHTAHI 
LANGBEIN •"sSi:: 

CRAWFORD ' 
OEtNS i 
L C t i G A t P l 1 

BAR8DUR 
CUTKOSKY 

ALSO 
VASAN2 

', NP B9T 125 
5 NP 6 9 6 " 0 
5 PL 5 5 B 4 1 5 
9 PPD I T 1T<)5 

h C E A - N - 1 9 2 1 
I. NP B i l l 358 
5 PRL 3 7 645 
S OKFOPC C C N F . 4^ 
i NP B 1 0 6 526 

I E P \ - 2 6 4 ( 5 1 ) - 7 1 
) NP B 1 4 1 253 
9 MP B137 509 

0 E V E N I 5 H . L Y T H , R A N K I N 
KNIE5 .H00RHOUSE'OBERLACK 
* J « E T C A L . r . n I « i l n E 9 
M 0 0 R H O U 5 E ( D B E R L « r K , R r S E N ' 

R L CRAWFORD 
• I I T C H E L L . M O N T G a X E R Y . * 
* R O S E N F E I . 0 . L A S I N S K | . S H A D J A > (LB1 
LONGACRE.LASINSKI ,ROSENFELD< <L61 

AYEO I ' M E S I S I 
I - H . B«BBQUR,R- L . CCAMORD 
CUTKOSKY.HENDRIC* .KELLY (CA> 
C u r K O S K Y . H E N D R I C . C H A O t I C A P N K B I 

HIOPDV.BAGDASAP' 
IB80UR.CRAMFQQD 
. E. MOVOSELLFR 
. E . NDV05ELLEP 

ALSO 8 0 TORCNTO CO'/F 3 R . ^ P C H 

I 80 TORONTO C C W 9 3 I . ARA I 
( 80 TOROhTO CONF 123 0 . M . C H E 
(FnRD 80 TORONTO CONF 107 P . L . C R A 
tDSKY 80 TOPONTO CONF 19 fFDBSYT 

63 NC 27 7 2 4 

f F D B S Y r H . B A e C O C K . K E l L Y . l - E N O R I C K 

PAPERS NOT REFERRED 10 I N DATA ( 

G HOHLER. G E6EL 

J£Tt 

H E L U N O 
HOHLER 
HOLLAOAY 
JOHUSCH 
DCNNACHl 
AYEO 
AYEO 

i PL 3 1 8 598 
PRIVATE CCM' t tTN. 
ADC CONFERENCE 
>IP B 1 2 B 6b 

IYSON 
P A U I / I L . C LOVELACE 
*DEVL IN ,HAGGE,LONGO.MOYEP, i 
G H O H L f B , J GIESECKE 
M G HOLLAOAY 

i C * JOHHSON 
A D O N N A C I E . R RlRSDPP 
. 6 A R E Y B E . V I L L E 1 
AY£D, BAHEYPE 
AYEO.BAPEYOE 
« TOA=F, REVEL, GOLDBERG, HEPN1 

0 0 0 
U O t C I I J P 

I L ° L I I J 
! * A R L S R U 1 E J I 

( V A > 1 0 E » B I L I ) 
I L ° l ) 

( G L A S ' E O I M 
ISACLAYI 

I S A C L I I J P 

1950 UEV REGION - PRODUCTION AND <r„ EXP'TS 
1 - 3 / 2 PB0DUCT10*J L<PE» 

L 9 2 2 . 0 ) APPPO>: COOL 5 6 f N T R 
1 " 1 2 . 0 I t t 5 . 0 l e « I S S O H h \ t w i n 
1 1 0 0 . 0 1 ( 9 . [ 3 1 D E V L I N 65 ENTB 
2 0 P 0 . 0 I 1 1 2 . 0 1 YOON 6T HBC * 
H M S BUHP I S NOT SEEN 8Y CHUNG bf l Al 3 . 2 GEV/C 
1 8 6 0 . 0 ) CDLTON 
1 8 9 5 . 1 1 1 5 . 1 CDLLEY T4 HBC » 
1 B 9 0 . I 5 - TO 1 0 . B»«UN? 75 BC 
1 B B 1 . ) 1 6 . 1 CUUNG 75 HpC 1 
T PH06ABLE JP ASSIGNMENT I S 7 / 2 * . 
1BB0. 1 1 1 0 . 1 GAIDOS 75 H&C * 
I B M . 1 ( 2 2 - 1 i E " A N Y 7B HPC * 
T SIGNAL I S SEEN I N THE P P H SPECK 
I . P J * p | . F I N A L STATE 
1 8 4 9 . TO 1 8 9 3 . iE**ANY 
H OTHtR N P I , H P I » 1 M O 5 1 G » » K CHANNELS 
1 8 6 0 . 1 1 3 0 . 1 APELOOOPN T9 HBC * 

' . 3 r.iv/z 3 / 7 9 

3/79 
;tv/c I'M iiV/C il'M 

: 1O50I WIDTH (HEVI 

(180.0) 
1230.) 
1120.1 

C 1 2 1 9 . 1 
( 1 B D . I 

6 540 t ?05 .1 

:LLEY 

]TE5 ACCOMPANYING 1 

74 HPC 
75 BC 

IHUNG 75 HBC 
JAtODS 75 HBC * • P 
i l H A N Y 78 HBC * • P 
[E«ANY 78 HBC * • PI 
1PEL0D0RN T9 HBC * * B! 
; MASSES QUOTED APDVE 

>1*P TO N * 2P1 1 / 7 6 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
A(1950), A(2150), A(2160). A(2200) 

•J*J/7M<»Si)l IMC " I v 

2117321 d 

• I * 3 / ? ( I 9 ' J D I l * ' 1 \ i U T * O N P I - » H 
> ' 2 ( I J 1 2 I " I " I i 

ZYJAZV, 'Z 

A' *L" [ 'VG B A ' I r S ( P B 0 3 . F ' O . t 

1 * 3 / 7 ( 1 9 * 0 1 !*• 

. 3 / 2 t l » 5 9 l IK 1*3/2112371 " I I 
S 7 HPC " ! - » 1 . 6 S I 

» i » i ' / I O T A L * * ? 

0 . 0 1 3 ' V U f • P | > I 

1 * 3 / 7 ( 1 9 ' tat* ( P H / | B | 1 

1*3/7119591 | » i n I N*1/7I 12 3? I HH0l/[fI Ml (P5I / IP1) 

" IS I "ILL 

' . r F N 

i / ? m i o i i 1 . 1 

'•""is.;;- -!,: 
SSL-"!!*!! (PI "I ' 

i /? t i?32i HHOi/rniAL I P C . I 
Y1DN 6 f HBC • 
HOGG 11 3 TO HPf. OP i o 1 J P ] | f m i ) 

UTd PH PlDl /TOr i l I PC! I 
I l l ' W Y TR "PC * • o | . o ] o . • ( GEV/L 

' ( P I •* « P I P I M i P 9 > n p i « P 9 i 

HIE' ";"€" :ril!!";Hi'i;! 

"JC 19 2 13 

BG&GILi) 
COL TON 
CCLLEY 7* NP B 6 9 2 0 5 

ALSO 
GAI3DS 

15 No R 9 5 S C ! 
" I 5 7 6 3 8 * 
PFO 12 69? 
BBD 12 7 5 t 5 

ALSO 
A L S O 

73 

75 

'IP S I 17 3<S 
NP 9 1 31 ?*,» 
P»3 | 7 7S16 
NB B | b b H I 

D E U T S C H M 75 •JP B 9 9 39 7 

" 'ZiJB,, 
C 0 L l . e ¥ , n i l 0 , J D B E S , M N S O N , « ( | L N f , « I B I R M ' G L A S I I 

| | l | ^ iH- l ;F;^aE§| ; ! : 

A(2150) 1*3/7.(7150, JP-1 /2 -1 1*3/2 

CUTKOSKV SO IPWA P I N TO P I H 
CHEW BO EPWA «•• P | * P TO P [ * P 
CHEW 90 BPtiA *•* P I + P TO P I * P 

« N C E S I N T H I S MASS REGION LABELED 

1 * 3 / 2 ( 2 1 ^ 0 1 ViJDTH 

'UTHOSKV 8 0 JPHA PI U TO P I I 
CHEW 80 BPVA • *• ° I » P TO P I » f 
CHEW BO 6PKA * * P|»P TO P [ * l 

' OF POLE P O S I T I O N IMEV1 

IY 8 0 I P W PI N TO f 

1 :7 N O / 2 1 2 1 5 0 1 - 7 * I " A G OflPT Of PCLF P C H I I ' I ( " f v l 

8 0 . CUTKOSKV 8 0 IPfcA ° ! -J I G » t '1 1 / S 2 * 

N * 3 / Z ! 7 1 5 0 ) fcE«l P « r O f E L A S T K P f L F B [ S I D J < I f l V I 

I D . r u T K Q S n v 80 I P k A PI N TO =1 N 

137 N O / 2 1 2 1 5 0 1 IHAG PACT OF F L A S t l t . P Q U B fS lOUS ( K f v i 

6 . C U T K C V f 80 IPhA PI -J 10 P I N 1 / B 2 * 

1 * 3 / 2 ( 2 1 5 0 1 PABTIAL DECAY " 0 D 1 5 

3ECAV "ASSES 
PI N*3/2I2150I IMC PI •• 

137 N*3/2(21SQ1 BPANCING SAIIOS 

1 * 3 / 2 ( 2 1 5 0 1 H I D | P | N I / I 0 1 A L 
0 . 0 8 0 . 1 ? C l I I K O S K * 80 | P i 

( 0 . 4 1 1 CHfW »0 KP1 
1 0 . 3 7 1 CHEW 10 EPk 

P| ' I TO P| 'J 1 / 8 2 * 
B |K> TO " I t * 1 / 6 2 * 
P U P TO P I * P 1 / 8 2 * 

REFERENCES FOR N O / 7 1 7 1 5 0 1 

A(2160) N*3/2(? l ( 1 = 3 / 2 

Y ANALYSES FtlUNP FVIQENCE FOP A RESONANCE 
. i c . » I H I S MASS I N THE P33 PARTIAL H A V E . T " F S t 
^ P E S L I I S ARE MOM INCLUDED K I T H THE L I S T I N G r-u» 
7 fc*3/2U9J0. J P * 3 / 2 * 1 . I N A D D I T I O N , BOYCHnuaHU 1 1 ' 

F I N D POSSIBLE EVIDENCE FOR P 3 I . 0 3 3 . A^D D35 
OESO^ANCES IN T H I S MASS ' E G I O M . I N A S I - I L A O At, 
••RANSDEN 71 FOUND SAME EVIOENCfi FCR S 3 1 . D 3 3 . A*. 

i I N T H I S REGION, VOH S C H l I P P E 72 SUGGESTS A G 3 9 . A PRfi 
I S CBSERVED I N P I * P 6ACKUARD SCATTERING AT 2200 " H r 5 

)UAL INTESFERENCE MODEL ANALYSIS OF MA 75 FINOS SIGNAL 
AND D 3 S . B U I MOT FOR C-39. 

•) N * 3 / 2 ( 2 I 6 0 I »ASS ( « E V 1 

£ ( 2 1 9 6 . 1 ( 4 6 . 1 ( 4 1 . 1 REV 7 * MPHA 
BAKEB 74 AND HEY 74 F I N D NEGATIVE PARITY ( S P I N U 

. . P | . P 180 UEG LS 10 
V D E T E f i M I N F D I . 

9 N * 3 / 2 ( 2 1 6 0 l M ID1H I M E V I 

" 1 3 0 2 . 1 1 1 4 3 . 1 HEY 74 MP»A n b | * P 180 11C CS 10 

9 N * 3 / 2 I 2 1 6 D I PARTIAL DECAY MODES 

P I 
PZ 

N * 3 / 2 ( 2 l t a i INTO P I 1 
N » 3 / 2 ( 2 I 6 0 I INTO K SIGMA 

DECAY MASSES 
1 3 9 * ° 3 B 
4 9 3 * 1 1 8 9 

R l 
R l 

9 N * 3 / 2 I 2 1 6 0 I BRANCHING RATIOS 

N * 3 / 2 I 2 1 & 0 ) INTO ( P I N I / T O T A L ( P I ) 
1 0 / 

ALSO 75 PRO I t 1777 

OCNNACH! 6 9 NP 1 0 8 4 3 3 
BP.ANSDEN T l MP 8 2 6 5 1 1 

ALSO 7 0 NP 6 1 6 4 t l 
ROYCHOUD T l NP 9 2 7 125 
VON SCHL 72 INC 4 7 6 7 
BAKER T4 PRL 3 2 2 5 1 
MA 7b PRO I I I B 3 2 
M INNIK 7 7 NP B 1 2 3 66 

iik=iLi=ii* 
PAPERS NOT REFERP.E0 Tl? IN D A T I 

A OONNACHIE.H KIOSOPP 
+OGDEN 
NOYGHDUDHURY.PERRlN.eRANSDEN 
R K RDVCHDUOHURY.a H ERANSOEK 
VON SCHLIPPE 
BAKER*EARTLY.PRETAL.PRUSS. f - (F 
MA.5HAH 
*TOAFF,REVEL.GOLDBERG,BERNY 

IGLAS*E3IM 
I D U R H 1 I J P 
t D J R H I I J P 
( D U R H ) I J P 
1LQMCHJP 

l A L . t • L . N D A H I P 
( U C S B . S L A C I I J P 

I H A I F I I 

A(2200) 

2 2 B 0 . 
( 2 2 0 0 . I 

2 2 1 5 . 
2 2 0 0 . 

135 N * 3 / 2 ( Z 2 0 0 . J P -

N * 3 / 2 ( 2 2 0 0 l MASS (MEV) 

I . HENORV 
CUTKOSKV 

I . HOEHLER 
I . CUTKOSKY 

PI H TO P I N 

AVERAGE MEANINGLESS I SCALE FACTOR • 1 . 0 1 



Baryons 
4(2200), 4(2300), A(2350), 4(2400) 

Data Card Listings 
For notation, see key at front of Listings. 

135 N » 3 / 2 ( 2 2 0 0 t MlDTH (MEVI 

u 
4 0 0 . 

( 3 5 0 . 
4 0 0 . 
I S O . 

1 5 0 . 

1 0 0 . 
1 0 0 . 

HENORV TB MPHA 
CUTKOSKY 7 9 IPHR 
HOEHLER 7 9 IPHA 
CUTKOSKV 6 0 IPHA 

OR • 1 . 0 ) 

3 III • 

1 / 8 2 * 
1 / 8 2 * 
1 / 8 2 " 
1 / 8 2 * 

M AV ERASE MEAN NGLESS (SCALE F I C T 

HENORV TB MPHA 
CUTKOSKY 7 9 IPHR 
HOEHLER 7 9 IPHA 
CUTKOSKV 6 0 IPHA 

OR • 1 . 0 ) 

3 III • 

RE 
RE 

1 2 0 4 4 . 
210 0 -

1 3 5 N * 3 / 2 I 2 2 0 0 ) 

5 0 . 

REAL PART OF POLE P O S I T I O N (NEV 

CL-TKOSKV T9 IPNA P! N TO P 
CUTKOSKV 6 0 IPHA PI N TO P ; 1 / 8 2 * 

1 / 0 2 * 

t * 
3 4 0 . 

1 3 5 N * 3 / 2 I 2 2 0 0 ) 

eo. 

- 2 « I H * C PART OP PCIE 

CUTKOSKY 7 9 1PHA 
CUTKOSKY SO 1PRA 

PCSI 

P I 

PCLE 

PI 
P I 

T I O N (MEV) 

N TO " I N 
N TO P I N 

RESIDUE (MEV) 

N TO P I N 
N TO P I N 

1 / 8 2 * 
1 / 8 2 * 

1ER 
<t EH 

1 2 . I 
3 . 

1 3 * N « 3 / 2 ( 2 2 o a > 

5 . 

REAL PART OF ELASTIC 

CUTKDSKV 7 9 IPHA 
CUTKOSKY BO IPHA 

PCSI 

P I 

PCLE 

PI 
P I 

T I O N (MEV) 

N TO " I N 
N TO P I N 

RESIDUE (MEV) 

N TO P I N 
N TO P I N 

1 / 8 2 * 
1 / 8 2 * 

1K» 
1 W 

I - T . ) 
- e . 

135 N*J/2tS2O0l 

3 . 

IMiG PART OF ELASTIC 

CUTKOSKY 79 IPHA 
CUTKOSKY BD IPHA 

POLE 

PI 
P I 

RESIDUE 

N TO » I 
N TO " I 

I M V l 

N 1 / 8 2 * 
1 / 8 2 * 

PL N * 3 / ? C 2 2 O 0 

135 N * 3 / 2 ( 2 7 0 0 ) 

1 I M O P I N 

PARTIAL DECAY MODES 

DECAY MA 
1 3 9 * 9 3 8 

SSES 

135 N*3/Z(2200) I :HING RATIOS 

1 * 3 / 2 1 2 2 0 0 1 INTO I P I N I / T O T A L ( 
0 . 0 9 0 . 0 2 HENDRY 71 P P H * 

( 0 . 0 5 1 CUTKOSKY 7 9 IPHA 
0 . 0 5 0 . 0 2 HOEHLER 79 IPHA 
0 . 0 6 0 . 0 2 CUTKOSKY BO IPNA 

R l AVERAGE MEANINGLESS (SCALE FACTOR » 1 . 0 1 

REFERENCES FOR N * 3 / 2 ( 2 2 0 0 1 

HENDRY 78 PRE * 1 2 7 2 ARCHIBALD M . HENORV 
ALSC BO ID ' .CNTO CONF 113 ARCHIBALD N . HENORY 

CUTAtOSCV 79 PRO 2 0 2 9 3 9 'FORSYTH.HENORICK,KELLY 
HOEHLER 79 HANOBCOK CF P I - N SCATTERING. PHYSIR OATEN V O L . 1 2 - 1 

• K A I S E R , K O C H , P I E T A R I N E N /KARLSRUHE U P 
ALSO BO TORONTO CONF 3 R.KCCH IKARLSRUHEt lJP 

I C A R N » L 9 L I U P 

CUlKOSKY SO TORONTO CONF 19 iVTH.BABCOCK,KELLY. HEN0R1CK I C A A N t L B L H 

| 4(2300) | 123 N * 3 / 2 ( 2 3 0 0 i J P « 9 / 2 » I El 
123 N « 3 / 2 I 2 3 0 0 1 MASS (MEVI 

2450 
2217 
2 2 0 4 . 
2400 

I O 0 . 
S O . 

5 1 1 3 . 6 1 
1 2 5 . 

HENDRY 
HOEHLE* 
CHEN 
CUTKOSKV 

• 1 . 4 ) 

73 
79 

8 0 

MPNA 
IPHA 
BPHA • • 
IPHA 

P I N 
Pi N 
P l + P 
P I N 

TO 
TO 

TO M 1 2 / 7 9 
1 2 / 7 * 

1 /B2 
1 /R2 

MEANINGLESS (SCALE FACTOR 

HENDRY 
HOEHLE* 
CHEN 
CUTKOSKV 

• 1 . 4 ) 

73 
79 

8 0 

MPNA 
IPHA 
BPHA • • 
IPHA 

P I N 
Pi N 
P l + P 
P I N 

TO 
TO 

TO M 
123 N * 3 / 2 I 2 3 0 0 1 H DTH [MEVI 

5 0 0 . 

( 3 2 
4 2 5 . « I" 

HENDRY 
HOEHLER 
CHEH 
CUTKOSKY 

7 8 
7 9 
BO 
6 0 

MP HA 
(PHA 
BPWA *• 
IPHA 

PI H 
P I N 
P l + P 
P I N 

TO 
TO 
TO 
TO ¥. 

1 2 / 7 9 
1 2 / 7 9 

1 / 1 2 
I / B 2 

MEANINGLESS (SCALE FACTOR 

HENDRY 
HOEHLER 
CHEH 
CUTKOSKY 

7 8 
7 9 
BO 
6 0 

MP HA 
(PHA 
BPWA *• 
IPHA 

PI H 
P I N 
P l + P 
P I N 

TO 
TO 
TO 
TO ¥. 

23 N » 3 / 2 ( 2 3 0 Q I RE T O F P O L E P O S I T I O N I N E W I 

C U T K O S K Y 8 0 I P H A P I N T O P I N 1 / 1 2 * 

123 N * 3 / 2 ( 2 3 0 0 ) - 2 * 1 M A G PART QF PCLE P O S I T I O N (MEV) 

4 2 0 . 1 6 0 . CUTKOSKY 8 0 IPHA P I N TO P I N 1 / 1 2 * 

123 N * 3 / 2 I 2 3 0 0 ) REAL PART OF ELASTIC PCLE RESIDUE (REV) 

4 . CUTKOSKV SO IPHA P I N TO P I N 1 / 1 2 * 

123 N * 3 / 2 ( 2 3 0 0 l IMAC PART OF ELASTIC P C I E RESIDUE (MEW I 

5 . CUTKOSKY BO IPHA P| N TO * t N 1 / 1 2 * 

i ; 3 N * 3 / 2 I 2 3 0 0 I PA«T I I 

4 * 3 / 2 1 2 3 0 0 ) INTO P I N 

123 N * 3 / 2 ( Z 3 0 0 I BRANCHING RATIOS 

1 * 3 / 7 1 2 3 0 0 1 INTO ( P I N I / T O T A L ( P I ) 1 2 / 7 9 
0 . 0 8 0 . 0 2 HENORY TB MPHA P I N TO P I 1 1 2 / 7 9 
0 . 0 3 0 . 0 2 HOEHLEH 74 IPHA P I N TO P I N 1 2 / 7 9 

1 0 . 0 5 1 CHEW 8 0 FPHA M P |»p TO P I * P 1 / 8 2 * 
0 . 0 6 0 . 0 2 CUTKOSKY SO IPRA PI H TO P I N 1 / B Z * 

R l AVERAGE MEANINGLESS (SCALE FACTOR • 1 . 3 1 

REFERENCES FOR N * 3 / 2 ( 2 3 0 0 l 

HOEHLER T9 HANDBOOK OF P I - N 

ALSO SO TORONTO CONF 3 

4(2350)| „, 1 / 2 ( 2 3 5 0 . J P « 5 / Z - I 1 - 3 / 2 

134 N » 3 / 2 ( 2 J 5 0 ) MASS (MEV1 

AVERAGE HEANINSIESS ISCALE FACTOR • 1 . 0 1 

134 N * 3 / 2 ( 2 3 S 0 I MlDTH (MEV) 

3 0 0 . T O . 
4 0 0 . I S O . 

AVERAGE MEANINGLESS I SCALE FACTOR > 1 . 0 1 

134 N * 3 / 2 ( 2 3 5 0 ) REAL PRRT OF POLE P O S I T I O N I MEV) 

2 4 0 0 . 1 2 5 . CUTKOSKY BO IPHA P I N TO P I P 

134 N * 3 / 2 ( 2 3 5 0 ) - , * * I M A G PA«T OF POLE P O S I T I O N ( - E V I 

1 5 ' . CUTKOSKY 8 0 IPHA PI N TO P I N 

114 N * 3 / 2 I 2 3 3 0 I REAL PAPT OF ELASTIC PCLE RESIDUE ( R E V I 

I T . CUTKOSKY BO I P b a P I N TO P I N 

134 N * 3 / 2 I 2 3 5 0 I IHAG PART DF ELASTIC f>CLE RE 5 1 it JE I MEV I 

1 0 . CUTKQ5KY BO IPHA PI N TO P I N 

L34 N * 3 / 2 ( 2 3 5 0 ) PARTIAL DECAY MODES 

P I N I 3 / 2 I 2 3 5 0 ) INTO P I N 

134 N * 3 / 2 ( Z 3 S O I BRANCHING RATIOS 

N * 3 / 2 l 2 1 5 0 1 I M O ( P I N ) / T O T A L •P 11 
0 . 0 4 0 . 0 2 HOEHLER 79 IPHA P I N TO P I ' 
0 . 2 0 0 . 1 0 CUTKOSKY SO IPHA P] N TO P I I 

I I AVERAGE NEANIRCLESS (SCALE FACTOR • L . O ) 

REFERENCES FOR N * 3 / 2 ( 2 3 5 0 l 

HOEHLER T9 HANDBOOK CF P I - N SCATTERING. PKYSIK OATEN V O L . 1 2 - 1 
* K A I S E f l , K O C H , P I E T A R t N E N /KARLSRUHE I J P 

ALSO SO TORONTO CONF 3 R.KOCH (KARLSRUHE) U P 

CUTKOSKY SO r O R O M C CONF 19 »FORSYTH,BABCaCK.KELLY>HENDRICK I C » f t N * L 6 L l I JP 

14(2400) j . „ N * 3 / 2 ( 2 4 0 0 . J P - T / 2 + 1 1 - 3 / 2 

133 N O / 2 1 2 4 0 0 ) MASS (REV) 

AVERAGE MEANINGLESS (SCALE FACTOR • 1 . 0 ) 



Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
A(2400), M2420) 

I t ! • • • • 1 / 7 1 7 * 0 3 1 V I O I * - (MEVI 

i . n o , r . j T < o s i c v so I O I 

. • J I N C l M S l / H I r i c i T " 1 .01 

P I -I I / B 7 * 

m ' n 3 / ? ( ? * o o i w f » i P A R T n * P I I L E R O S I H O H , H F V > 

1 0 0 . CUTKOWY 1 0 I P * A B[ V TO 01 N 1 / R 7 * 

i / ? < ? * 0 3 ) - ? • ! • " » ( . P A R I o i p r u p t i i i i n - i I M E V I 

1 1 1 N * 3 / ? f 7 * 0 0 1 RIAL PART riF ELASTIC P f L F HFSIOUl ( M £ H 

1 1 . CUTKOSKV 8 0 TPhA " I N TO P I N 1 / 8 3 * 

i * V ? W . 0 O l I K W i RAMI flf H A S H ! l > t U R F M D U F l « F « l 

C U K O S K Y 8 0 IPfcA " I *J IQ P I *J 

l " 1 1 * 3 / 7 ( 7 * 0 0 1 PARTIAL DECAY -mOES 

" 1 V * 3 / ? . ? 4 0 r : i I N T P I ' 
OK AY " A S S t S 

i « * t * 3 / ? t ? < > o o i B R A N C H I N G R A T I O S 

i * 3 / ? l ? * 0 0 t I M D | P | N I / I O T A L < P I I 
J . 0 7 0 . 0 * M O f M l f q 19 IP I .A " I r 
J . T B 0 . 0 * CLITKOSKY DO l P h » P| ' P I N 1 / 8 2 * 

» 1 AVE " H I E I f L A U I N G A ' S S (SCALE H C T O B - 1 • ' 

HDIMIFB 70 HANDBCOK c r 

ALSO SO T I R O ' I I " ffi 

C U I K ' I S K Y 80 T O P L M " 1 cc f t 

•l-'t SCATTERING, PHYSIK RAT1N V O L . 1 2 - 1 

3 «;»« i" 0 C H-"" w , , , i" ffi^!,:S 

A(2400) 1-3/2 | G 

1 ? * f l « 3 / 2 t ? * 0 0 1 MASS (WEV! 

AYED 76 IPWA 1 1 / 7 7 
HFNDRY 78 MPrfA B | N TT 0 | N 1 2 / 7 9 
HOFMLER 79 1PWA P I N TO P | •! 1 2 / 7 9 
CUIKOSKY 80 IPWA P I H I » P | 1 1 / 8 2 * 

AVERAGE HEAH I M FACTOR * I . B > 

1 ? * N * 3 / 7 l ? * O 0 l WIDTH M E V I 

3 3 3 . 1 0 0 . 

'AGE MFANINGLESS (SCALE FACTOR - 1.1 

AYED 76 IPhA 1 1 / 7 7 

CUTKOSKY 8 0 IPHA P I N TO P I N l / 8 2 » 

l?«t • . • 3 / 2 . 2 * 0 0 1 » £ « . PfUt I OT P O l t P C S I T I D M (MEI/1 

7 7 6 1 . ( . 0 . CUTKOSKY 80 IPHA PI V I D " I ' 

1 2 * H * 3 / 2 ( 2 * 0 0 l - 7 * I H A G PAR I OF POLE P C S H I O ' l ( l E V l 

1 6 0 , CUTKCSKY 8 0 IPHA P I N TO P I N 1 / e i 

I I * N * 3 / ? I 7 * 0 0 I °FAL P A B t OF ELASTIC PCLE RFMOUF ( K E v l 

* . rUT<IOS«.V 6 0 IPfcA 01 N TQ P I H 

1 2 * N * 3 / 2 I 2 * O 0 l IMAG PART Of ELASTIC PCLE RESIDUE (HEVJ 

3 . CUtKOSKV 8 0 IPHA PI N 1 0 P I N 

N * 3 / ? I 7 * 0 0 I PARTIAL DECAY MOOES 

N * 3 / 2 ( 2 * O O I I H D P I N 

1 * 3 / 2 ( 7 * 0 0 1 B R A I C I ' K " . » i » H " . 

1 /217-0 (31 I M F ) | P | N l / l a ? i t 

0 . 0 - i 0 . 0 3 
O . O i 0 . 0 7 

HFNORY 78 1 

AVERAGE « E A T | | N O L E S S (SCALE F A C I C = 1 . ' 

OFFFRFNCFS I ) / 7 l 7 * < 

•VHD l b U » - * l - l « ? l AYED ( T H E S I S ! I S A C L I I J P 

HOt r t lFR 75 HANDRtOK O F "J-U S f A I T F R I M O . P M Y S K D A I f N v T L . 1 7 - 1 
. < A l ' , F R , f t f ; r w . P I E r A P I ' J £ N / ' A P L S P J » £ I J B 

ALSO BO TOBCSTO t r i ' l ' 5 O.HOCM H A P l S P ' J H f J I J P 

| A(2420) | R, , , , . , - i n "311 
TSOSA'ICF is > 

e C I H ROYCHipjOHJRY 7] AND "MANSDEN 71 i t t A P O S S I B l f 
RESCNAM F3S I** 1H IS MASS REGIT* , . I'J A C J U I r N F I O A N -
11 U N O A BESO' lAN l » 3 3 A I 2 t 0 0 KEV. 

I « 3 / 7 I 7 * 2 0 1 "ASS IMFV 

IYFO 70 I P . 

; 
1 

FROM ENEP 
( 7 * 0 0 . 1 
1 7 * 0 0 - 1 
1 7 * * 0 . 1 
( 7 * 0 * . l 
1 7 3 9 2 . 1 

2 * 0 0 . 

O F " . > I I 

1 6 1 . 1 REY 
A Y f D 

T l yPKA 
71 CPKA 
/ ? " P k » 
7 * HPhA • 
7fe IPHA 
' 8 KPHA 

0 P I - P B1W0 F L S I t 
• PI * 0 | 9 0 DFO L ' 

P I •< n P I •( 
1 1 / 7 7 
1 2 / 7 9 

2 * 1 6 . 79 I P h A » l N TO P I -i 1 2 / 7 9 
1 2 1 5 9 . 1 CHE- 30 EPWA • 1 /B2 

* .V 

7 * 0 0 . 1 7 4 . 

», F A t 0 » = \ . 0 ) 

8 0 IPtaA PI H t o P I ' I 1 / 8 2 

M .V HAGl K 4 A H I a i " ; s ( s c », F A t 0 » = \ . 0 ) 

8 0 IPtaA PI H t o P I ' I 

1 

( 7 0 2 
4 5 0 

1 ( I f . 

1 0 0 . 

2 1 !£ 

AYEO 

HOE HL F R 
CHEW 
CU'KOSKY 

fACTOR - 1 .71 

76 
7B 
79 
3 0 
eo 

PhA 

PHA 

PbA 

PI >1 
B[ -i 
R H P 
P I •( 

TO 

10 

0 DEG 

• 1 '1 

P I 'J 

LS 1 0 / 7 * 

\l'M 
1 2 / 7 9 

AVER. AGE MFAI INGLES ' . ( CALE 

AYEO 

HOE HL F R 
CHEW 
CU'KOSKY 

fACTOR - 1 .71 

76 
7B 
79 
3 0 
eo 

PhA 

PHA 

PbA 

PI >1 
B[ -i 
R H P 
P I •( 

TO 

10 

0 DEG 

• 1 '1 

P I 'J 

LS 

8<i H 3 / 7 ( * ? 0 1 REAl PABI f l F PHIF POSI ION («F V! 

?3 tO 1 0 0 . CUTKOSKV 30 P*A PI f l ED P I H 1 / B 2 * 

. » ~ 3 / ? ( * 7 0 1 - 7 « 1 « A G PA" T 0 ( PCLF P S I I 1 0 N " f v i 

* 7 0 1 0 0 . CU7KC .<Y SO PMA PI H 10 » I 1 1 / 8 7 . 

1 * 3 / 2 1 2 * 7 0 1 "EAL PART ^ ELASTIC PCIE RESIDUE ( M E » I 

L U ' t O S K Y BO IPtaA o j N T l P I 1 

N * 3 / 2 ( ? * 2 0 l I«AT, PAftT OF ELASTIC P C I F RESIDUE (MEVI 

. U CJ1KQSHV 8 0 IPMA RI H I D P I M 

8 * N » 3 / 7 ( 7 * 7 D » PARTIAL DECAY "DOES 

DECAY " A S J E S 

.. »«,»»»• ..•»c»t«,1 RATIOS 

N » 3 / ? I Z < > Z 0 1 [ N I O I P I N I / 1 0 I A L P i t 
6 ( 3 . M i l ftVFO 70 IPHA 1 / 7 1 
I I O . . I O i l 72 NPHA 0 P l - P 8KUD EL S i t 2 / 7 3 
1 ( 0 . 1 5 T I l O . O ' O I I 0 . 0 S ! I « F » T * MP HA * P I * p l e a DEG C 1 0 / 7 * 
1 HEY 7 * O E T E . M I N I S I J H / ? 1 J ( ONLY, UE M AVE D I V I D E D ev t>. 1 0 / 7 * 

I O . 0 S I .YEO 7 b IPHA 1 1 / 1 T 
0 . 1 1 0 . 0 2 KENOHY 7B MPlj.» PI N TO o 1 2 / 7 9 
0 . 0 « 0 . 0 1 5 K O E M . E . 7 9 IPHA PI t TO P U 1 2 / 7 9 

C 0 . J J 1 CHE» . P | * P TO P 1 / 8 2 * 
O . O B 0 . 0 3 C i m o s r . 80 IPHA P I H TO P 1 / B 2 * 

. « . « E - . ; . ; , ™ ; H i - . « ; L E p . ™ . . , . . , 

80 IPHA P I H TO P 



Baryons 
A(2420), A(>2500), A(2750) 

Data Card Listings 
For notation, see key at front of Listings. 

AVED TO K IEV CONF 

REFERENCES FDR 1 * 3 / 2 ( 2 4 2 0 1 

R AVEO.P BAREVRE, G V t L L E T ( S A C L ) I J P 

BKANSDEN T l HP B 2 6 5 1 1 
ALSO TO NP B 1 6 4 t l 

ROYCHOUD 71 NP B2T 1 2 5 
DTT 72 PL 4 2 B 1 3 3 

ALSO 7 2 HCGILL T h E S I S 

REV 74 PRL 3 2 9 0 S 
ALSO 74 PRL 3 3 2 5 0 
ALSO TS P"D 1 1 1T7T 

AYED 7 6 C E A - N - 1 9 2 1 
HENDRY 7 8 PRL 4 1 2 3 2 

ALSO 8 0 TORONTO CONf : 
HOEHLER 7 9 HANDBOOK OF P I -

ALSO SO TORONTO CONF : 

BELLAMY 6 7 PRL 1 9 4 7 6 

AYED TO PL 3 1 E 5-iB 

•DGDEN ( D U R H I I J P 
ROVCHOUDHUftVtPERRINiSRAHSDEH ( D U R H M J P 
R K ROVCHOUDHURV.B H PRANSOEN ( D U R H I U P 
• T A I S C H U K , V A V R A , « I C H A R D S . * I P C G N S T L O , I O x * I t JP 
J . VAVRA ( K C G I ) JP 

R E V . L E N N O X , P O I f t I E R . P R E T Z L <NOAM»MPIH) IP 
R E V . L E N N O X . P O I R I E R . P R E T Z L ( N D A M * R P J M I I P 
LENNOX,PQtRlER,REV*SANOER* I N O A M * f N A L * A N L I I P 

AVED I THESIS I I 5 ACL 1 U P 
ARCHIBALD W. HENDRV I I N O * L B L H J P 

13 ARCHIBALD M. HENDRY ( I N D I I J P 
1 SCATTERING. PHYSIK OATEN V O L . 1 2 - 1 

+ K A I S E R , K O C H . P I E T A R I N E N /KARLSRUHE U P 
ft.KOCH (KARLSRUHE) U P 

PAPERS NOT REFERRED TO I N OATA CARDS 

•BUCKLEY.DOBINSON. * ( M E S T F I E L D . L C U C I JP 

*BAREYRE*V ILLET (SACLAV) 

2 4 2 0 MEV REGION - PRODUCTION AND a- EXP'TS 
N*3/2I2420. JP. I 1 - 3 / 2 PRODUCTION EXPERIMENTS 

RECEDING THE » AND OELT A L I S T I N G S 

6 9 1*3/212' >0t MASS [HEV> ( P R D L . 

1 2 3 6 9 . 0 ) DIODENS 6 3 CNTR 
( 2 5 2 0 . 0 1 1 4 0 . 0 ) ALVAREZ 6 4 CNTR 
( 2 4 4 0 . 0 1 HOHLER 64 RVUE 
( 2 * 0 0 . 0 1 APPROX UAHLIG 64 OSPK 
( 2 4 5 2 . 0 1 BARGER 6 6 RVUE 

USES REGGE A M P . * R E S O N . TO CALCULATE D I F . CROSS SECTIONS 
FOR C R I T I C I S M OF T H I S METHOD. SEE DOLEN 6 1 . 

2 4 2 3 . 0 1 0 . 0 CITRON 6 6 CNTR P I * P TOTAL 

P I * P TOTAL 
PI PHOTOPROO. 
OATA • O ISP REL 
P l - P CH EX 
TOTAL • C M EX 

T 180 DEGRE 

6 9 N * 3 / ? [ 2 4 2 0 l KIDTM (REV) I P P O O . FX( 

1 2 0 0 . 0 ) DIOOENS 6 3 CNTR 
( 2 * 5 . 0 ) HOHLER 64 RVUE 
( Z T 5 . 0 ) BARGER 6 6 RVUE 

3 1 0 . 0 2 0 . 0 CITRON 6 6 CNTR 

N * 3 / 2 ( 2 4 2 0 ) < 

N * 3 / 2 ( 2 4 2 0 ) INTO P I N 
N » 3 / 2 ( 2 4 2 0 l INTO SIGMA K 
N * 3 / 2 ( 2 * 2 0 l I M O N « 3 / 2 ( 1 2 3 2 1 I 
N * 3 / 2 ( 2 4 2 0 ) INTO NEUTRON P I * I 

. DECAY MODES I PROD. E X P . ) 

69 N * 3 / 2 ( 2 4 2 0 l BRANCHING RATIOS (PROD. EXP 

1*3/2(2*201 INTO I PI r 

1 0 . 1 6 3 1 
U5ES ONLY RESGNANCES 1 

1 0 . 0 6 1 

( P l l 
DIDDENS 6 3 CNTR ASSURING j 
C ITRON 6 6 CNTR ASSUMING J 
8ARGER 6T F I T ASSUMING J 
DIXMEN 6 7 F I T ASSUMING J 

H A T E D I F . CROSS SECTIONS AT 1B0 C 
KORMANVOS 6T CNTR ASSUMING j 

N * 3 / 2 I 2 4 2 0 ) I 1 T 0 I P I N ) * I N E U T R O N P I * P I * ) / ( T 0 T A L " 2 ) 
( P l * P 4 l 

0 . 0 1 9 5 0 . 0 0 4 B GALLOWAY 6B RVUE 

OIOOENS 63 PRL 1 0 2 ( 2 
A l V A R E I 64 PRL 12 T I O 
MOXIFS 64 H 12 1 4 9 
HAHLIC 64 PRL 1 3 103 
BARGER 66 PR 151 1123 
C ITRDN 66 PR 1 4 4 1 1 0 1 

REFERENCES FOR N * 3 / 2 ( 2 4 Z 0 I IPROO. E X P . I 

* J E N K I N S , K V C t A , R ILEY IB'JLl I 
•BAR-YAM,KERN,LUCKEVtOSBORNEt • ( « I T , C E A ) 
G MQHLER, J GIE5ECKE (KARLSRUHE) I 
• MANNELLI .SaDICKSON.FACKLER.UARO. * ( M | T 1 
V BARGER. M OLSSON t W I S C ) 
• G A L B R A I T H , K V C I A , L E 0 N T I C , P H I L L 1 P S < • IBNL1 I 

BARGER 6 T PR 155 1742 
OIKMEN 6 7 PRl 1 8 T ( 8 F H OIKHEN ( M I C H ) 
KORHANVO 67 PR 1 6 4 1 6 6 1 KORMANVOS. K R I S C H , OFALLON. * I M I C H . A N L I P 

K F GALLOWAY ( I N D I A N A ) I 

PAPERS NOT REFERRED TO IN OATA CARDS 

BAACKE 6 7 NC 5 1 * T i l J BAACKE. M W E R T I KARLSRUHE.DRSAYJJ-
0OBROU3L 6 7 PL 2 4 B 2 0 3 OOBROMOLSKI.GUSKOVtLIKHACHEV, * (DUBNAI P 
DOLE*) 6 1 PR 1 6 4 176B R OOLEN, 0 HORN, C SCHM1D 1 C I T ) 

F INAL VERSION OF CATA USEO I N MAHLIG 6 4 . I N CONJUNCTION WITH 
CITRON 6 6 TOTAL CROSS 
COMPLEX ELASTIC SCATT RING AMPLITuOE AT 0 DEGREES. 

>2500 MEV REGION - FORMATION EXPERIMENTS 

127 • 3 / 2 O 2 S 0 0 I 1 * 3 / 2 

ME L I S T HERE 1 - 3 / 2 RESONANCES H I T * MASS GREATER THAN 
ABOUT 2 . 5 GEV MHICH HAVE BEEN SEEN I K A SINGLE P A » M « 
HAVE ANALYSIS ONLY. ALL RESONANCES MHICH HAVE SfE-J 
CB5ERVE0 I N > l ANALYSIS AT ABOUT THE SA"E RA5S ARE 
GIVEN A SEPARATE L I S T I N G MITH THE APPRCPRIATE QUASTuM 
LUMBERS. 

L27 H • 3 / 2 ( > 2 5 0 0 l MASS (HEVI 

M 2 8 5 0 . 1 5 0 . HENORV 78 HPhA 
3 2 3 0 . 2 0 0 . 7 9 MPtaA 
3 3 0 0 . ZOO. HENOHV 
3 T 0 0 . HENORY MPMA 

M 4 1 0 0 . 3 0 0 . 

FACTOR 

HENDRY 

• 2 . 3 1 

7 8 MPUA 

" AVERAGE MEAN NGLE5S (SCALE FACTOR 

HENDRY 

• 2 . 3 1 

7 8 

127 N * 3 / 2 ( >2SO0) MIDTH MEV) 

¥ 
HENOflY KPHA 

100 D. 3 0 0 . HENORV 7B MPMA 
1 1 0 0 . 3 0 0 . HENORY 78 KPWA 
1 3 0 0 . 4 0 0 . HENDRY MPhA 

n 1 6 0 0 . 5 0 0 . 

FACTOR 

HENDRY 

> 1 . 0 ) 

7fl MPhA 

- AVERAGE MEANINGLESS ( SCALE FACTOR 

HENDRY 

> 1 . 0 ) 

7fl 

12/79 
12/79 
12/79 

127 1 4 * 3 / 2 0 2 5 0 0 1 PARTIAL DECAY "OCES 

N * 3 / 2 ( > 2 5 0 0 ) INTO PI N 

1 2 7 N * 3 / 2 I > ; 

N * 3 / 2 O 2 5 0 C ) INTO ( P I N l i 
O.Ob 0 . 0 2 
0 . 0 4 5 0 . 0 2 
0 . 0 3 0 . 0 1 
0 . 0 2 5 0 . 0 1 
0 . 0 1 B 0 . 0 1 

AVERAGE MEANINGLESS (SCALE ( 

I BRANCHING RATICS 

HENDRY 
HENDRr 
HENDRY 

HENORY 

- 1 . 0 1 

REFERENCES FOR N * 3 / 2 I > 2 5 C 

A(2750) 125 N * 3 / 2 ( 2 T 5 0 . J P * l 3 / 2 - | 1 - 3 / 2 

I 2 S N * 3 / ? ( 2 7 5 0 l MASS (NEVT 

AVERAGE MEANINGLFSS I SCALE FACTDH « 1 . 1 1 

125 N * 3 / 2 ( 2 " i 0 > MIOTH (MEV) 

5 0 0 . 1 0 0 . HENDRV 71 
3 S 0 . 1 0 0 . HOEHLER 7' 

AVERAGE MEANINGLESS (SCALE FACTOR ' 1 . 1 1 

125 N * 3 / 2 ( 2 T 5 0 > PARTIAL DECAY XGO£S 

N * 3 / 2 l 2 7 5 0 l INTO P I N 

ICHING RATICS 

'•—'H'°tzr°'" 

REFERENCES FO" N * 3 / 2 ( 2 7 ! 0 ) 

HENORY 78 PRL 4 1 2 2 2 ARCHIBALD H . HENDRY U N O « L B L H J f 
ALSO 8 0 TORONTO CONF 113 ARCHIBALD U . HENDRY ( I N U H J t 

HOEHLEA 7 9 HANDBCOK OP P l - N SCATTERING. PHYSIK DA1EN V O L . 1 2 - 1 
t K A I S E R . K O C H . P I E T A A I N E N /KARLSRUHL I J f 

ALSO 8 0 TORONTO CONF 3 R.KOCH (KARLSRUHE) U P 
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Data Card Listings Baryons 
For notation, see key at front of Listings. A(2850), 6(2950), A(3230), EXOTIC NUCLEONS 

A(2850) 
BUMPS 

' O D U C M I N H P i ' l l l ' l T S 

TAL DECAY "ODES I 

i » 3 / 2 I ? S 5 0 1 I V 
139* \>1' W 

i /2 iza50i i v 
U H / ? J ' I ' 

lo.zz*! 

• 3 / Z I 2 K 6 0 I BRANCHING o 

• TAI ) MS ASURfO 

46 C N t o 
67 FVUI 
CROSS S ! r 

; I T Y . A L S D F I N D J = 9 / 2 0 " W F . 

i 1*1. J1/aT 

. P"l 13 |03 

K M E V T9R 
C B R O U Q L 

h f l * h 

E" r-. 

;* PRL 33 
ALSO F5 PRO 11 

REFERENCES FOB ' t » 3 / 2 ( ? B 5 0 l <PRUO. E X P . I 

0 HCJMLEH. J GIESFCKE I t f t R l ^ P ' J -
f M W E L l I . S C D I t K S O N i F A C K L E R i t t A f t D i • M l 
BARDAOV*-OTw|U0HSKA.OANYSZ. • ( n l ° S i 
v e a " c E R . " O L S S O U ( w i : 
• G A L B R A t T H . K Y C I A . L E O H T I C , P H I L L I P S , * 19 ' 

V n t f t C E R f 0 C L I N E 
F N OIKHE ' I 
DOBRnwOlSK l .GUSI tOV.L I f cHACHE* 
KOftKANWJS. K R I S C H , Qt ALLOW, 
H A L M P S E N . JACDBSEN 
R e Y . t E N N O X . P O I M F R . P P E T Z L 
R f Y . L E N N O X . P D I R I F R . P R E T n 
L E N N O X , P O I R I E R ^ P F Y . S A k D f R t 

SKE:: 
ERS NO> REFERRED TC 1 

16CKS 67 NC 5 1 A J BAACKE. « rVERT ( K i R l S R U H E . f i ' 
R DOLEN, 0 HORN. C SCHPIO 

; 6 6 »* 1 6 6 1515 H A HAHLIC- , [ MANNELLI M I T , ! 
NAL VERSION OF CATA USED I N WAHLIC 6 4 . I N CONJUNCTICN M M " 
IRON (A TOTAL CROSS SECTIONS, T H I S CHARGE EXCHANGE D A I * GIVES 
>*PLEX E L A S T I C SCATTERING AMPLITUDE AT 0 OEGRFFS. 

A ( 2 9 5 0 ) 1Z6 NO/ZI2950. JP-]5/z«, 1-3/2 K. 
:21s. 

126 > > « ? / 2 ( 7 9 5 0 l HASS ( " E V I 

2 9 5 0 . 1 0 0 . HENORV 
7 9 9 0 . 1 0 0 . HtlEHLER 

A V E R A G E ' H E A N I N G I E S S ( S C A L E F A C T O R - l . a i 

126 1 1 - 3 / 2 ( 2 9 5 0 1 H I D I H ( - E V I 

7 0 3 . ZOO. MINOR* 78 Mpl 
3 3 0 . 1 0 0 . HOEWLER 79 I P I 

AVERAGF MEANINGLESS ISCALE FACTOR • 1 . 7 1 

1 Z * M « 3 / 2 ( 2 9 5 0 l PARTIAL DECAY HCDES 

" 1 N » 3 / Z I 2 9 S 0 I I N ' 

176 N»3/2<! 1ANCHING RATIOS 
•(•3/2129501 INTO IPI NI/TOTAl (Pll 12/79 

O.03 0.01 HENOOr 78 HPWA PI N 10 »l N 1Z/T9 
0.0* 0.02 HOEHLER 79 1PHA PI N TO PI N 1Z/TV 

AVERAGE MEANINGLESS (SCALE FACTOR ' I.01 

REFERENCES FOP ' : ( 2 9 * 0 ( 

ALSO BO TORCNTO CQNF J H.KOCH 

B5 N « 3 / Z O Z 3 0 , J 

" 6 ' H V 2 ( 3 2 3 0 I <* ASS IHEU 

CITRON 
Off 

1 - 3 / 2 PPCDUCTIC. 

I P P C D . E * P - » 

t 6 f * n P I . 
74 " P h A *• P I . 

IOTA 
113 

A(3230) 
BUMPS 

B5 N « 3 / Z O Z 3 0 , J 

" 6 ' H V 2 ( 3 2 3 0 I <* ASS IHEU 

CITRON 
Off 

1 - 3 / 2 PPCDUCTIC. 

I P P C D . E * P - » 

t 6 f * n P I . 
74 " P h A *• P I . 

IOTA 
113 

« W 5 

X ( 3 7 3 O . 0 
* ( » ? 9 6 . t 

B5 N « 3 / Z O Z 3 0 , J 

" 6 ' H V 2 ( 3 2 3 0 I <* ASS IHEU 

CITRON 
Off 

1 - 3 / 2 PPCDUCTIC. 

I P P C D . E * P - » 

t 6 f * n P I . 
74 " P h A *• P I . 

IOTA 
113 

T / 6 6 
EG CS 1 0 / 7 * 

1/21 32301 W I O I M 1 - f V I I P » r O . E ' 0 . 1 

1 / 7 1 3 2 3 0 1 PARTIAL DECAY MODES 1 P B C 0 . r i o . l 

DFrAV -ASSES 
t 1 1 1 . 9 3 9 

S3B« [ *<» , ( 1 9 

B6 N » 3 / ? I 3 2 3 0 I B«»NC»ING = 

I N L Y I J M / Z I 
1 I M H I f | N l / I O T A L 
1*1 " 1 N/T 'JTAL( HEASUBtO FOR T 

I P 1 1 

1 5 . o : t\ I O . Q I I BABGER H b 6 FVUF TC-TAl . » CH F * C . 
1 0 . 0 1 >i : I » R O N . * t N I B IOTAI . CBOS. SEC. 
1 0 . D: 11 T'l Q . l EABGER 6 7 C M B 'JSES *0OMA ' *YOSt * 

US.S » f . G E A « P . * B r S O N . I t ) CALCULATE O I F . CROSS SECTIO-IS < IT H O OEGFE 
FDR C R I I 1 C I I S " I f t i t s » ! I H O O . SEE OOLEN t . S . 

1 0 . Z ' 5) D I K - E N 1M3BMANYOS4.7 
'ESONANCES Tfl CALCULATE D I F . C RflSS SECTIONS AT ISO DEGPEES 

1 0 . * ' H 1 0 . 0 9 1 ( 0 . 1 3 1 "FY 7 * MPkA . t P I » I ' 1 9 1 niO CS 

REFERENCES FOR N * 1 / 2 I 3 Z 3 0 1 

1 . > ! Y C I A . L E 0 ' * I 1 C . I 

7 * PRL 32 90B REY-LENNnx . . P O I R I E R . P R I 
ALSO T* 3 ; 250 REY, LENNOX . P O I B I E R . P P I 
ALSO 75 11 1777 i t N N O n . p o n 

PAPERS NOT 

M E R . P E Y . S A t 

REFERRED T[ 

4ANY0 67 PR : 164 1661 "QRMANYOS, ^ R I S C H , 0F1 
• t l 6B PR 1 166 176B R DOLFN. 3 HORN. C SCt 

) A - 4 t » N A L * A N L I I P 

EXOTIC NUCLEONS 1400-1700 UEV REGION 

E M 1 4 0 0 - 1 7 3 0 . 

F l h D NO EVIDENCE FOR FXOT 1C U ' 5 / 2 1 PESCKANCES I It 

A 2 9 I 6 Z 7 . 1 2 . WRICE TO DB1 — x - 0 AT * . < 
A fOUR S . D . EFFECT 
C 25 1 4 0 0 . 1 2 . A S D I V A l ! 7 9 HBC »«+NP TO NP ' 
C CROSS-SECTICN I S DUCTED AS 2 ^ " t K R D B A R N S . DECAYS T O D E L T A * * e 

LGEV/C 3 / 7 1 

E X I 1 4 0 0 - 1 7 0 0 I WIDTH I H E V l 

70 DBC - - P I - P I - N PUMP 

E I C I 1 4 0 0 - 1 T Q O I CROSS SECTION L I H I I S IM1CRQBARN] 

i / 7 1 

2 / S 2 * 

BANNER 70 NP B I S 195 
"R ICE 7 0 ° L 3 3 B . 5 3 3 
A 6 D I V A L 1 7 9 SJNP 2 9 7 9 3 

71 PL 3*H 5 3 3 
71 SJNP 1Z 5 3 6 
71 PL 34B 42B 

REFERENCES FOR E X 1 1 4 0 0 - 1 7 0 0 1 

• C H E J E . H A N E l . r E I G E R . Z A C C O N E * I S A C L A t l 
*BERG.SAL ANT.HATERS.MEBSTER.WEINBERG I VAND1 
A B D I V A L I E U . B E S H L I U . G A 5 P A R T A N , G R U y i * I J 1 N R I 1 

PAPERS NOT REFERRED TD IN DATA CARDS 

• C A R N O N Y . G A B F I M K E L . G U T A V . H t l L E R . V E N t P J R D l 
tVOVENKO.GUSKGV.0OBRI ]VOLSKI I . +4 I J I N R t 
D JOHNSON ( A N D 

http://KiRlSRUHE.fi'


Baryons 
Z''s, Z0(1780) 
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Data Card Listings 
Fornotation, see key at front of Listing.. 

Note on the S - +1 Baryon System 

The evidence for S - +1 baryons was thoroughly 
reviewed in our 1976 edition, and has been 

2 •> 

reviewed more recently by Kelly and by Oades. 
In the last few years the results of several 

new experiments have appeared. In particular, the 
K n charge-exchange polarization data of WATTS 80 
(for references in this form, see the Listings that 
follow), the K n elastic polarization data of 
ROBERTSON 80, and the K?p •+ K^p data of CAMERON 78, 
ENGLER 78, and CORDEN 79 provided badly needed new 
constraints on the I - 0 KN amplitudes. 

Three new phase-shift analyses have been 
reported since our last edition- Energy-

L independent analyses were made by Martin and Oades 
in the 1-0 and 1-1 KN channels, and by WATTS 80 in 
the 1-0 and 1*1 channels simultaneously. CORDEN 82 
made an energy-dependent analysis of the 1-0 chan
nel. 

All analyses agree there is little real evi
dence for classical Breit-Wigner z resonances. 
The Argand diagrams for the POt and P13 amplitudes 
exhibit counterclockwise movement, but there are n? 
corresponding speed maxima. However, the parametr-
izations of MARTIN 75 and ARNDT 78 for the P13 
amplitude do have unphysical-sheet poles. The 
recent low-energy K p elastic polarization data of 
LOVETT 81 can be well described either by the 
analysis of ARNDT 78 (which used preliminary data 
of LOVETT 81), or by other analyses not requiring 
structure in the P13 amplitude. 

The multi-quark states predicted by Jaffe in 
the MIT bag model should be most easily observed in 
the KN system. Jaffe and Low showed that such 
multi-quark states need not appear as classical 
resonances in hadron-hadron scattering. Rather 
'they would manifest themselves as poles in the P-
matrix, which connects the discrete quark states 
inside the bag with the physical scattering states 
outside. De Swart et al. have predicted the low-
lying multi-quark states which might be seen in the 
KN channel, and Roiesnel (using the partial-wave 
analysis of MARTIN 75) and CORDEN 82 have found 
such P-matrix poles. However, the agreement with 
the predictions of de Swart et al. is not com
pletely compelling. 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
Z0(1780), Z0(1865), Z,(1900) 

I O E H S N O T ' tRED TO IV DA1A CARS;, 

LYNCH 7 0 DUKE 9 
M I R f t U 71 N - B 3 0 1<7 
son EN OR 0 7 2 2 

n 5oe w 
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Baryons 
Z,(1900), Z,(2150), Z^OO) 

Data Card Listings 
For notation, see key at front of Listings. 
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HALL TO DIKE 4 3 5 
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ADAMS T l PR D4 2 6 3 7 
SARNETT T l PL 3 * * 6 5 5 
EHRLICH 71 PRL 2 6 9 2 5 
UHITNORE 71 PR 0 3 1 0 9 2 
ADAMS 72 NAL PAPER 3 2 6 
CHARLES 72 PL 4 0 B 2 9 9 

ALSC 72 NAL PAPER 2B7 
OANYJZ 72 NP B4 2 2 9 
ADAMS 73 NP B66 3 6 
BARBER 73 NP B 6 1 1 2 5 
BARNETI 73 BRD B 2 T 5 1 
CHARLES 73 PURDUE CONF. 179 
BURNSTEI 74 O H D 10 2 7 6 7 
CAMERON 7 * HO e r e 9 3 
TOT A 74 NP 9B1 | S 9 
ABE 75 PRO 11 1J19 
ADAMS 75 NP BB7 41 
PATTON T5 PRL 34 9 75 
WATTS 8 0 PL 9 5 6 3 7 3 
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CARRERA1 TO NP B 2 3 5 2 5 
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Baryons 
A's and E's 

Mote on A*s and £ ' s 
* The number of established Y resonances Is 

still slowly increasing. In 1978 two A's and one £ 
were promoted to the Baryon Table, in 1980 none 

were promoted, and in this edition two A'S have 
been promoted. There remain, however, a large 
number of proposed but unconfirmed resonances in 
the Data Card Listings. Table I is an attempt to 
evaluate the status, both overall and channel by 
channel, of each Y in the Listingsj the evalua
tions are of course partly subjective. A blank 
indicates there is no evidence at all: either the 
relevant couplings are small or the resonance does 
not really exist. The Baryon Table includes only 
the well-established resonances (overall status 3 
or A stars). Any particular one of the question
able resonances may disappear with the next 
analysis, but there are probably many new reso
nances underlying those already established. 

Hone of the Y s proposed in the last few 
years couple strongly to the main 2-body decay 
channels NK, Air, and £TT, and thus they seldom 
appear in cross sections or invariant mass distri
butions. Rather, when the reactions KN •*• KN, 
KN -*• ATT, and KN •> In are partial-wave analyzed, 
some of the amplitudes are found to traverse small, 
more-or-less resonance-like counterclockwise cir
cles. The question in each case is: Is this 
really a resonance, or is it an Idle meander? Is 
the effect even real, or is it the result of imper
fect data and analysis procedures? 

I. Formation Experiments 

(by G.P. Gopal, Rutherford 
and Appleton Laboratories) 

Partial-wave analyses have been made mainly 
for the NK, An, and Eli channels, but there are also 
a few results for the =K, AOJ, and some quasi-2-body 
channels. The earliest analyses covered, in the 
main, rather narrow mass ranges, usually the range 
of a single bubble chamber experiment. Although 
the amplitudes obtained often did not join smoothly 
with those from other analyses of the same channel 
performed in neighboring mass ranges, they gave 
useful and fairly reliable information about the 
strongly coupled resonances dominating the middle 
of the ranges covered. The more recent analyses 
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covering much wider mass ranges have found that 
using these established dominant states as input 
provides extremely useful constraints in determin
ing the overall partial-wave amplitudes and thus in 
getting information about the less strongly coupled 
resonances. Besides covering wider mass ranges, 
some of the more ambitious analyses have treated 
several channels simultaneously so that unicarity 
constraints are automatically satisfied and only a 
single mass and width is obtained for each reso-

1-3 nance. The early multi-channel analyses 
Included the channels NK, An, and ZTT, and covered 
the only mass range (1500 to 1900 MeV) with data of 
relatively good statistical accuracy, nearly all of 
it from a single bubble chamber experiment. 

The amount of bubble chamber data has since 

above the range covered by that experiment, and 
there are now data with lower statistics up to 2500 
MeV. More recently, counter experiments have made 
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major contributions by measuring the K~p -*• K n 
total and differential cross sections at low ener-

9 -gies, the K p polarizations down to 1630 MeV for 
the first time, the K~p polarizations over the 
range 1700 to 1900 MeV with an order of magnitude 
increase in statistics, the pure I«l K~n elastic 

12 angular distributions from 1600 to 1800 MeV and 
from 1900 to 2300 MeV, 1 3 and the 180° K -p and 0° 
E~it+ differential cross sections from 1550 to 1900 

14 
MeV. There are also new data with good statis
tics on pure I-I K.p interactions in the ATT and, 
more importantly, the 2 TT channels- Finally, 
there are new K~n •* (£TT)~ data over the range 1750 
to 2200 MeV. All these new data provide sensi
tive tests of the overall correctness of existing 
competing partial-wave amplitudes. Some of the new 
data have yet to be incorporated into new analyses. 

In the following, we discuss the more recent 
partial-wave analyses, comparing them with each 
other and with the new data. 

The NK channel: The most recent analysis of 
19 this channel is an update of the old Rutherford 

20 Lab-Imperial College (RLIC 77) analysis. As was 
its predecessor, it is a conventional energy-
dependent analysis with the added constraint that 
the masses and widths of the resonances must be 
consistent with those determined In the inelastic 
channels analyzed previously — Air, £TT, A(1520)ir, 

£<1385)Tr, and NK (892). With good angular distri
butions now available at lower energies, the 
analysis goes closer to threshold: the range 
covered is 1470 to 2170 MeV. With the exception of 
the very high-statistics charge-exchange differen-
tial cross-section measurements (which are in 
serious disagreement with both the earlier and the 
latest high-statistics bubble chamber measure-

14 ments) and the backward elastic data, all the new 
NK data mentioned above have been included. As 
before, angular distributions (a total of 5110 data 
points) have been fitted directly. The new 
partial-wave amplitudes are not significantly dif
ferent from the old RLIC 77 amplitudes for this 
channel. However, the inclusion of the 1-1 K~n 
data has removed some of the uncertainties in the * 1-1 Y spectrum. 

The LBL-Mt. Holyoke-CERN analysis covers the 

narrower range of 1500 to 1940 MeV and also 
includes most of the new data. It is an energy-
dependent analysis using a unitary background 
parametrization in terms of scattering lengths. 
The cusp effects at the An and Zp thresholds are 
included by introducing a square-root singularity 
in the energy variation of the widths of the 
corresponding resonances. The inclusion of their 

g 
own high-statistics charge-exchange data — admit
tedly not in good agreement with bubble chamber 
measurements -- all but kills the less well-
established resonances. 

The University College, London (UCL) K-matrix 
22 energy-dependent analysis covers the range 1540 

to 2000 MeV. The NK amplitudes are consistent with 
those of the other analyses over the greater part 
of this range. However, at the low-energy end 
there are considerable differences, indicating the 
lack of strong constraints from the dominant D03 
A(1520) state — just below the range covered. The 
new K~n angular distributions and K _p polarization 
measurements are not very well described by the 
amplitudes from this analysis. 

These analyses, all below 2200 MeV, are com
plemented by the College de France-Saclay (CdF-S) 
energy-dependent analysis covering the range 2070 
to 2440 MeV. Besides the conventional polynomial 
parametrizacion of the background amplitudes, they 
also tried a more economical parametrization with 
constraints imposed from the duality hypothesis 
(that s-channel backgrounds come exclusively from 
the t-channel Pomeron exchange amplitude). With 30 
fewer free parameters, the results are consistent 
with the more conventional approach. 

The Zir channel: There are no new analyses of 
this channel. There is very little agreement, par
ticularly in the lower partial waves, between the 
amplitudes of the two multi-channel analyses 20,22 

The low energy K,p -*• Z TT data * are better 
explained by the RLIC 77 amplitudes than by the UCL 
amplitudes* At the higher mass end there is good 
continuity between the RLIC 77 amplitudes and those 
of the single-channel analysis of the CdF-S colla-
boratlon covering the range 2070 to 2440 MeV. The 
two strongly coupled resonances, D03 A(1520) and 
607 A(2110), lying below and above the mass range 
covered by the UCL analysis, clearly provide strong 
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Baryons 
A's and Z's 

constraints on the amplitudes* 

The AIT channel: This pure 1-1 channel, where 
simultaneous measurements of the polarization and 
differential cross section are possible, has been 
the subject of many wide-range energy-dependent and 
energy-independent analyses (for example, RLIC 
77,2° UCL, 2 2 Baillon-Litchfield,23 de Bellefon-

24 25 
Berthon, and Van Horn )- However, even the 
widespread use of the method of Barrelet zeroes has 
not helped to resolve the 1-1 Y spectrum — prob
ably because most of the 1*1 states do not couple 
strongly to the initial NK channel. 

Quasi-2-body channels: The RLIC group has 
made energy-dependent analyses of the A(1520)TT, 
1(1385)7% and NK (892) channels over the widest 
ranges for which data are available* The data are 
extracted from the appropriate 3-particle final 
states by making 4-variable fits to an incoherent 
superposition of quasi-2-body final states and 3-
particle Lorentz-invariant phase space. The qual
ity of the fits suggests a maximum model-dependent 
systematic uncertainty of 10%. The errors quoted 
on the Y couplings do not include this uncer
tainty. The Aw channel has been analyzed from 
threshold to 2440 MeV by the CdF-S collaboration. 

Figures: Argand plots of fifteen S"-l partial 
waves are shown In Fig. 1(a) through (k). The ana
lyses shown were picked for illustrative purposes 
rather than on the basis of our judgment of their 
quality. For the KN channel, we show the ampli-

20 tudes from RLIC 77 and from LBL-Mt. Holyoke-
21 CERN, and for the ATT and ZTT channels those from 

Errors OP masses and widths: Often the errors 
quoted on resonance parameters from partial-wave 
analyses are only statistical, and the parameters 
can change by more than these errors when a dif
ferent parametrization of the waves is used. 
Furthermore, the different analyses use more or 
less the same set of data, so it is not really 
appropriate to treat the different determinations 
of the resonance parameters as independent measure
ments or to average them together. In any case, the 
spread of the masses, widths, and branching frac
tions from the different analyses f.s certainly a 

better indication of the uncertainties than are the 
quoted errors. In the Baryon Table, usually a 
range reflecting the spread of values obtained is 
given rather than a particular value with error* 

For three states, the A(1520), the A(1820), 
and the 1(1775), there is enough information avail
able to make an overall fit of the various branch
ing fractions (see Sec VII B of the main text). 
It is then necessary to use the quoted errors, but 
the errors obtained from the fit are not to be 
taken seriously. 

II. Production Experiments 

Partial-wave analyses of course separate par
tial waves, whereas a peak in a cross section or an 
Invariant mass distribution usually cannot be 
disentangled from background and analyzed for its 
quantum numbers; and more than one resonance may be 
contributing to the peak. Results from partial-
wave analyses and from production experiments are 
generally kept separate in the Listings, and in the 
Baryon Table results from production experiments 
are used only for the low mass states. The 1(1385) 
and A(1405) of course lie below the KN threshold 
and everything about them comes from production 
experiments; and production and formation experi
ments agree quite well in the case of A(1520) and 
results have been combined. There is some 
disagreement between production and formation 
experiments in the 1600-to-1700 MeV region: see 
the £(1620) and 2(1670) notes for details. 

The most interesting recent resulc from a pro
duction experiment is the observation of a narrow 
hyperon of mass 3170 MeV decaying to multi-strange 
final states containing five or six particles 
(A/2KK + pions, HK + pions). The effect is seen in 
two high-statistics bubble chamber experiments 
studying K~p interactions at 6*5 and 8.25 GeV/c-
The statistical significance of the peak is about 
6*5 standard deviations, and the observed width is 
consistent with the experimental resolution* The 
modes with three strange particles possibly suggest 
an exotic (e.f,., qqqqq) state* 

References 
(see also the Listings) 
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Fig. 1(a). The L-I-2J - SOI and FOl partial-wave amplitudes for KK scattering in the elastic and Sir chan
nels. The lower plot for each amplitude is from RLIC 77, the upper plots for the elastic amplitudes are 
from ALSTON 78, and the upper plots for the ITT amplitudes are from MARTIN 77. In the Argand plots, the 
ticks are at integral multiples of 50 MeV, and the established resonances are shown at their nominal posi
tions [the SOl A(1405) is of course below threshold and is not shown]. The real and Imaginary parts of the 
amplitudes aa functions of energy are shown projected in alignment with the Argand plots. 
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Baryons 
A's and E's 
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Fig. 1(b). The L-I-2J » P03 and D03 partial-wave amplitudes for KN scattering ii. the elastic and ETT chan
nels* The lower plot for each amplitude is from RLIC 77, the upper plots for the elastic amplitudes are 
from ALSTON 78, and the upper plots for the Ei: amplitudes are from MARTIN 77. In the Argand plots, the 
ticks are at integral multiples of 50 MeV, and the established resonances are shown at their nominal posi
tions. The real and imaginary parts of the amplitudes as functions of energy are shown projected in align
ment with the Argand plots. 
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Fig. 1(c)- The L-I.2J - D05 and F05 partial-wave amplitudes for KN scattering in the elastic and ZTT chan
nels. The lower plot for each amplitude is from RLIC 77, the upper plots for the elastic amplitudes are 
from ALSTON 78, and the upper plots for the In amplitudes are from MARTIN 77. In the Argand plots, the 
ticks are at integral multiples of 50 MeV, and the established resonances are shown at their nominal posi
tions. The real and imaginary parts of the amplitudes as functions of energy are shown projected in align
ment with the Argand plots. 
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A's and E's 

.... WF1T) .... 
1 T M '-
!*•»-1 \ 
Cll«. I 

KN-KN F07 AMPLITUDE 

a, 

j. 
K N - T I E F07 AMPLITUDE 

iiruev «.*) unsT ot>v) 

KN-nE G07 AMPLITUnE 

MOOT (MlV) ttltCT (H»V) tmar (M<T} N U « IMOO 

Fig. 1(d). The L-T-2J - F07 and G07 partial-wave amplitudes for KN scattering In the elastic and ZTT chan
nels. The lower plot for each amplitude Is from RLIC 77, the upper plots for the elastic amplitudes are 
from ALSTON 78, and the upper plot* for the £TT amplitudes are from MARTIN 77. In the Argand plots, the 
ticks are at Integral multiples of 50 MeV, and the established resonance is shown at its nominal position. 
The real and Imaginary parts of the amplitudes as functions of energy are shown projected in alignment with 
the Argand plots. 
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i m i r IK.T) MriCT (*.v) 
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Fig. l<e)._ The L-I-2J - Sll partial-wave ampli
tudes for KN scattering in the elastic, Air, and J> 
channels. The lower plot for each amplitude is 
from RLIC 77, the upper plot for the elastic ampli
tude is from ALSTON 78, and the upper plots for the 
ATT and In channels are from MARTIN 77. In the 
Argand plots, the ticks are at Integral multiples 
of 50 KeV, and the established resonance is shown 
at its nominal position* The real and imaginary 
parts of the amplitudes as functions of energy are 
shown projected in alignment with the Argand plots. 

KN-nA Sll AMPLITUDE 
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Baryons 
A's and S's 
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Fig. l(f)._ The L-I-2J - Pll partial-wave ampli
tudes for KN scattering in the elastic, An, and LTT 
channels. The lower plot for each amplitude is 
from RLIC 77, the upper plot for the elastic ampli
tude is from ALSTON 78, and the upper plots for the 
An and En channels are from MARTIN 77. In the 
Argand plots, the ticks are at integral multiples 
of 50 MeV, and the established resonance Is shown 
at its nominal position. The real and imaginary 
parts of the amplitudes as functions of energy are 
shown projected in alignment with the Argand plots. 
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Fig* Ug)*__ The L-I*2J - P13 partial-wave ampli
tudes for KN scattering in the elastic. AIT, and ZTT 
channels. The lower plot for each amplitude is 
frcm RLIC 77, the upper plot for the elastic ampli
tude is from ALSTON 78, and the upper plots for the 
Air and £TT channels are from MARTIN 77. In the 
Argand plots, the ticks are at Integral multiples 
of 50 HeV [the 1(1385) ia of course below threshold 
and is not shown]• The real and imaginary parts of 
the amplitudes as functions of energy are shown 
projected in alignment with the Argand plots. 

IMUGT (H.V) 
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Baryons 
A's and I's 

KN-nl D13 AMPLITUDE 

Fig. Kh). _ The L-I-2J - D13 partial-wave ampli
tudes for KN scattering in the elastic, AIT, and £TT 
channels. The lower plot for each amplitude is 
from RLIC 77, the upper plot for the elastic ampli
tude is from ALSTON 78, and the upper plots far the 
ATT and Zr, channels are from MARTIN 77. In the 
Argand plots, the ticks are at integral multiples 
of 50 MeV, and the established resonances are shown 
at their nominal positions. The real and imaginary 
parts of the amplitudes as functions of energy are 
shown projected in alignment with the Argand plots. 
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Fig. 1(1)._ The L-I*2J - D15 partial-wave ampli
tudes for KN scattering In the elastic, Air, and ITT 
channels. The lower plot for each amplitude is 
from RLIC 77, the upper plot for the elastic ampli
tude is from ALSTON 78, and the upper plots for the 
ATT and ITT channels are from MARTIN 77. In the 
Argand plots, the ticks are at integral multiples 
of 50 MeV, and the established resonance is shown 
at its nominal position* The real and imaginary 
parts of the amplitudes as functions of energy are 
shown projected in alignment with the Argand plots. 
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Baryons 
A's and E's 
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Fig. l(j)._ The L-I.2J - F15 partial-wave ampli
tudes for KN scattering in the elastic, AIT, and ZTT 
channels* The lower plot for each amplitude is 
from RLIC 77, the upper plot for the elastic ampli
tude is from ALSTON 78, and the upper plots for the 
ATT and Sir channels are from MARTIN 77. In the 
Argand plots, the ticks are at integral multiples 
of 50 MeV, and the established resonance is shown 
at its nominal position. The real and Imaginary 
parts of the amplitudes as functions of energy are 
shown projected in alignment with the Argand plots. 
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r (MlY) tUttCT (H*V) 

KN-nZ F17 AMPLITUDE 

Fig. K k ) . _ The L-I-2J - F17 partial-wave ampli
tudes for KN scattering in the elastic, Air, and ETT 
channels* The lower plot for each amplitude is 
from RLIC 77, the upper plot for the elastic ampli
tude is from ALSTON 78, and the upper plots for the 
AIT and En channels are from MARTIN 77. In the 
Argand plots, the ticks are at integral multiples 
of 50 MeV, and the established resonance is shown 
at its nominal position- The real and imaginary 
parts of the amplitudes as functions of energy are 
shown projected In alignment with the Argand plots* 
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ALSTON 76 [JPWA KBAR ri E L A S T I C 1 , 
G3PA1 10 DPn» *BAB X ELASTIC 12 , 

? . 3 I 

* ^ 7 . CO. ? T I . " A R T I N 77 OPhA 
1 * 7 . 6 0 . 77 DP-A 

ALSTON 
1 1 4 . 0 ( 2 0 . 0 1 BO ofxt 

S I T THE V D I F S ACCOMPANY NO MASSES 0110 

c i c n - i . 7 i 

EO 

Cf - I A N INGLESS 1 SCALE F 

NO MASSES 0110 

c i c n - i . 7 i 

n P I S1G 
O T i l :s 

Hi l l IC-(NL 

U MUL 
E L * 
E1A 

UH1.L 
S M C 

snc 

t T I A L DECAY MODES 

' * 0 I 1 6 0 0 1 BRANCHING R A M O S 

,1'J1 INTO ( K B " N I / T O T A L 
I . ? * 0 . I S 
.:o(3SS SECJ1JV BliMP H I T H 

; t e i n T ? i f w * « U L I 
I / 7 I X - . 0 * SEEN et U 
U N 77 DPWA KE»» 

7 7 OPWft KBAB 
•ERSFDED BY COPAL BO. 

• A R I I N . P I D O C * . 
•40 6 1 2 6 ?66 - A R T I N . P I D C G C ' 
'"> 6 1 2 6 ?95 MARTIN .P I0COCK 
N P 6 l l 1 * 3E2 GDPAL.ROSS.k-AN 
PS D I B I f ? • • F V J F Y . P Q U i H D 
PHI 38 1007 ALSTON-GAHNJQST 

T » n w n CCNF 1 5 1 G . P . G O P A L 

A(1670) 
*EE » r t M I N I - O F V V E * ' 7 "F s r » R i W I H I 

I » l i » [ ' . t? ' (ANCL I " , u t i i C , r a B H ' - - E O . 

6 701 i t S S 1 

BERLEY 65 t-3C C " - 0 TO LA-
IHE BRANt« INC " M I C I M P l * " 9 D A F'Js 

S « * L L , T H E 5EC0N0 THAI |T I S LARGE. BECAUSE I f f s f j T M . ! ' I I 
THE I A * 3 D A F t * t t -RESHOLO. THE aPANt« [ * J& H i l l AFFECTS T«f i n « t 
OEPEKOENtE I F THE T O T * l rflDTH, AND THUS ALSO T " f R i s c N f i N T f ° a : 
METE 'S OBTAINEC BY F I T T I N G TO THE OATA. 

1 ( 1 6 6 3 . 0 1 1 3 . 0 1 « S « E N T - 1 6 8 "PC n ~< - K . ' 
; I 1 6 7 9 . O f 12.0> A P « F N I - 2 6B »*f a • " TO i l l 
I T», j A P P i B E M i 0 1 S r n E P » 1 C T BETWEEN rwESF B E S U H 1 I S P D O B B ? L * I 

5 E B I 0 U S . I « E E»RO«S GIVEN « E JUST 5 T » T I S T I t B L . T--F ' j-TSTE-.Bl 
EROORS THAT OESUlT F R C THE R F S T R I t T I W E "AC i f l T R l f f t l ICTJ FORCI--
THE o i R T | « L - K » V E A " P L I T U D E S »"E NOT INCLUOEO. * ' J 0 C»* i 9E l « a r t 

I 16T+.Q 1 5 . 0 1 ABHENT-3 6S --PC 0 " J l T l C H « ' c . 
tULTICHAf ,NFL » - * » L T S I S INCLUDES E L l S T I t 

l ' . p ? , 0 
11 -• 1. 0 

I 3 - 0 1 
I 1 . 0 1 Ei£ 

•-BC . A S 1 . C - . 

i'f'?r" 
I I S . 0 1 

i:i •its 
( s . a > 

I: 1 5 . 0 ) 

( ? C . Of 

- 5 6"> «-BC 
6 1 " f t f 1 EL AS 
6 9 H6C 11 
6 1 t-BC 
»0 f-BC 0 
71 BPhA 
7P I P - J •HK.T 
73 DPMI 0 « - o 

f T1 LHt.i 

ASI1C 

SEE T H F NPTES 1 C S ^ P A N Y l N f . 1 

1 1 1 5 . • 5 * ? 
H B ^ . 1 3 9 

1 3 1 * • 1 3 B 5 

. 

IE M M V L E S S 1SC»L FACTOR ' 1 . 0 1 

16<1 1 l « C « KBAR '1 NTO S I&HA P I S Q R T ( P 1 " P 2 I 1 / 7 6 
.It 0.01 T? 1PHA MULTICHANNEL 1 / 7 6 

. n l o . m T*, DPKA K-P TO P I S I C 1 2 / 8 1 
V I I SEEN 76 DPMA - 0 K- NUC TO S I C P I 

. J S I O " - 0 , 3 1 7 7 OPWA KB*R N HULTICHKL 1 1 / 7 7 

. 1 6 0 . 0 4 R L I C 77 DPMI KBAR N MULTICHHL 1 / 7 6 

i N I N G L f S S I SCALE FACTOR > 

REFERENCES FOR V » 0 l l 6 0 0 l 

ALSO 7o 0 l / < ' 

• 0 ( 16701 INTC IKBAD N /TOTAL 
t o . i * i 1 0 . 0 * 1 *R*«ENT-1 

9 . 1 7 « * f V T - 3 
0 . 1 * 1 0 . 0 *1 A R « E N T - * 

1 0 . 3 9 1 1 0 . O i l CONFORTO 
0 . 2 S K I M 

[ 0 . 0 6 1 
0 . 3 6 ( 0 . 0 3 ) 

1 0 . 1 5 1 MART 1 1 
1 0 . 0 3 1 

IMBAR N ) / T O r i | *P.OH S L I C 7 I S SUPERSEi 
0 . 1 7 O . 0 3 I ALSTON 
0 . 1 8 1 0 . 0 3 1 COPAL 

ETFECT 8ELCW R E ' I O K AN A t ZED. VALUE C 

6 8 * o OLD r: 

X - P . E l A S T . C F i ' 
« - M A T S I « A N A L . 
MULTICHANNEL 1 
F L K ' . - T - . B S i H / C 
«BAR N M U L l l C I M 1 

A 9 f B C 
6 1 t-BC 
T l HBC 
71 D P M 
7? IPMA 
73 T P M 
77 CPNA 
7 ' Cmi 

)£0 fl* COP«t 8 0 . 
78 C P « iBAP N ELASTIC 
BO DPWk « B I B 1 E L A S T I C 

r o . i e D O E S N O T 
I AFFECT F I T OR VALUES OF OTHER P A R A - E T E R S . 

T H I S I S THE DIAMETER OF THE CIRCLE I N THE ARCt.NO PLOT. IT U 
SUPERIMPOSED ON i LARCE BACKGROUND. 

» « 0 I 16701 FROM «.BAR U TO LA 
I ( 0 . 2 0 1 CR 0 . 2 3 

( 0 . 2 6 1 
1 0 , 2 4 1 
* 0 . J 0 1 0 . 0 5 1 

SEE THE NOTES ACCOMPANYING "ASSES QUOTED 

BDA ETA SO T ( P I * P 2 1 
BERLEV 6S H B t 
ARXENT- 6 9 VEC 0 9 / 6 » 
K t M r i DPHA K - " A T R | I ANAL. 3 / T l 
BAXTER 73 C P M a K- P TO NEUTRALS 10/T, 

http://ARCt.NO


Baryons 
A(1670), A(1690) 

252 

Data Card Listings 
For notation, see key at front of Listings. 

' • 0 1 1 6 7 9 } FRC" tepid « 
1 - 0 . 251 ( O . d M 
r - o . ? T i 
1 - 3 . 3 0 1 CO. 031 

•UBLI5HE0 S I C CHANGED 1 0 AGREE 

- 0 . 2 9 ( 0 . 0 3 1 
- 0 . 3 8 
- 0 . 2 8 ( 0 . 0 5 ) 
- 0 - 7 7 ( 0 . 0 2 1 
- 0 . 2 3 . 0 . 0 3 ) 
- 3 . 2 9 1 0 . 031 

1 - 0 . 1 3 ) 

V 0 I 1 6 7 0 I m c » K B A B N T 

A R - E 1 T - 2 6 8 M 8 C 0 TXO DATA 
ARMENT- 3 6 1 KBC 0 
ARUENT- 6 9 n e r 0 HEM DATA 

:E W I T H Y U N O 1 9 6 9 en NVENT10N (SEE > t « l 
BEPlFY 0 K-P 1 0 SIGMA PI 
GAL T I E " t i TO HBC 0 SIG P I .EDPMA 
K l U 71 D P M K - W A I R I X A N A L . 

73 D P M A 0 K- P TO NEUTRALS 
* - o 1 0 P I SIC-

L 0 N 0 3 * 75 HLBC o K - P r a s f c o P I O 
MEPP2 - 0 K- NUC TO S I G P t 
M A R T I N 7" DPMA <BAR N HULTILf iSL 
" L I C 77 DPWA K8AR N MULTICMNL 

1 ( 1 3 8 5 ) o •t S 0 B ' | P 1 » P * I 
PREvOST 74 DPwA 0 - « - N I D S 1 1 3 " 5 I P I 

BERLFY 65 BBL 
ARMENI -1 6 8 NP B' 
ARNENT-2 68 'IP Bi 

wiuts ARE overt? i 
ARM t N T - 4 6 9 NP H I * "51 
BEHLEY (.9 »L 30B 4 3 0 
G U T I f H I 70 31JKE 173 

CQNFGRTO 71 * 

REFERENCES FDR V * 0 ( l t ' O I 

• C-N^iOLLY. HART. « U " . S T O N E H l l L . • 1BNL1 U P 
ARMENTfHOS, B A 1 L L 0 N . • < C E R N , M E I O E L , S A C L A Y ) I J P 
APMENTEROS. B A 1 L L 0 N . * I t ; J N . « E I D F l . S A C l A y | I j e 

ARMENTEROS, B A I L L O N . * C- ; -RN.nEIDEL . S A C L A T 11 JP 

71 i ' J56 
A L S O r a 'JIJ-.E 161 

LANGBEIN 72 NP B4? 4 1 7 
BAXTER 73 NP 3 6 7 175 
HART T3 PURDUE C C W . 311 
KANE 74 L B l - 2 4 5 2 
PRIV05T 7 * UP B69 7 * 6 
L OHO ON . 5 NP BB5 2 8 9 

HEPPZ 76 P I I 
•IP 5 1 27 3 * ? 

ALSO 7? UP 6 1 2 6 766 
ALSO 77 NP 6 1 2 6 2E5 

* P B i l l 367 
ALSION 78 PR D I B 187 

PPL 35 1107 
GCPAL 8 0 1 0 * 0 * 1 0 C3 

PB | 5 2 11 4fe 
L .^O 3S« 

• L E V I S E I T l , L f t s i N S K l . . n B E » L A C t » » I EF I * " E I d I JP 
J K K IM I H A P v l U P 
J . K. HIM ( H A R V I I J ' 
*WAG'»ER I M P 1 M I 1 J P 
BAXTER,BUC«1NGHAM,CORBETT,DUNN.* I 0 * F 0 P 0 1 I J P 
• R ICE .S ACAS T OW. EU - I G . * ITENN*UCR«MASA*RUFF J I j s 
D . F . K A N f ( L 3 D 1 J P 
PREVDS1.BRRL0UTAUD.* [ 5 A C L * r E R N . H E l D ) 
L O N D O N . V U . B O Y D . * ( 8 M . C F M N . E P 0 L . 0 H S A . T 0 0 I I 

*BRAUN.GRIMM.STPOBELf . rHCL* ICERN«HE 1 1 . M P l m | J P 
• ARTIN.PIDCGCK.MODHHCUSE I L O ' . ' C ' G L A M I J P 
MARTIN.PIOCCCK ILOUC) 
M A R I 1 N . P I D C 0 C ( L O U C I I JP 
GOPAL,ROSS.VAN HORN.MCPCEPSC* ' ( i . o r C * R H E l l f J " 
• t E N N E * . POLL ARD. ROSS* (LBL tHTMD*CEHNI I J P 
R L S T O N - G A R N J 0 5 T , * E N N E Y ( L B L » M T * 0 * C E R N 1 I J P 

1 G.P.COPAL l O H F L I I J P 

>APER5 NOT REFERRcD ' I N DAI CA°D5 

A(1690) 

55 

Y " 0 l l t > 9 0 . J P « 3 / 2 - » C O 

1-E M I N I - R E V U E A ! THE START Of 1 

S PESONANCF I S WEIL ESTABLISHED, 

Y«D< 16901 MASS IMEV1 

1 1 6 9 6 . 0 1 < 3 . C 1 A d M j N I - 1 6B «BC 0 a » S l t C . C M EXCH 1 
1 1 6 6 1 . 0 1 ( 2 . 0 ) A R M E N I - 3 6 8 HBC 0 * " TO S I G H * P I 

1 6 B 1 . ( B . I B A R U E V 6 8 DBC 0 K-P AN3 K-D DAIA ; 
1 6 9 5 . 0 I * . 0 1 BUGC 6 8 CNT" 0 < - P , D TOTAL 

I I 6 9 T . 0 I 1 7 . 0 1 CDWORTD 6 8 f B C •> E L A S T I C , O E « H I 
IME * " 0 I 1 6 9 C I !S AT IMF EDGE OF THE E W * C Y REGION ANALVIED » " 

CClFCRTO. T«E SAM, 0A1A AS MElL AS 0TMEB5 E l T E N O I N G TO LOMER 
ENfPOIES ARE INCLUDEO I N AR*ENTEAOS I . 

i 1 6 9 1 . 0 1 2 . 0 1 A O M E N I - * 6 9 MEC 0 ELAS.CH t x C . t O 
A ANALYSIS INCLUDES OLO AND NEM OATA OF CHS COLLAB. 0 . 4 3 - . B CEV/C 
1 THE APPARENT DISCREPANCY BETWEEN T"E SIGMA P I AND OTHER RESULTS I S 
a PROBABLY NOT SEPtDOS. THE ERRORS GIKEN ARE JUST S T A T I S T I C A L . T H E 
A SYSTEMATIC ERRUBS 1MA1 RESULT FRQN THE R E S T R I C T I V E PAPAWETOIZATI CN 

• M * vE AMPLTTUJES A 0 ( •&! INCCUDEO. AHO CM BE LAASE. 
I*, 1 8 . 0 
1 6 6 9 . 0 
I T Q I . O 

2 . 0 1 

( 3.01 

1 6 7 0 . 

i 6 B 4 . 0 
1 6 9 2 . 
1 6 9 0 . 

LANGBEIN 

6 9 HBC 

6 9 HBC 
70 MBC 
71 HBC 
71 O P M 

• TO S I G O L E ? 
3 1 - P TO S1CMB PI 
) E L A S T I C . CM EXCH 
) SIG P I .EDPMA 
3 < - P , E L A S T . C E » 

R I > A 1 « L . 

9 / 6 9 
6 / 7 0 
9 / 6 9 

*ANE 
CARROLL 
" E P P 2 

73 DPM* 
74 OPHA 
7 ^ DPMA 
76 DPMA -

MULTICHANNEL 
3 K- P TO NEUTRALS 1 

E L * C X . . T - . B 5 £ V / C 
< -P TO P I S I G 1 
[ • I I TOTAL CS 

1 « - NUC TO S I G 
, 0 » 1 6 8 9 . " A f i T I N 77 DPMA KBAR '1 NULTICHNL 1 

1HE TMD ENTRIES FDR MARTIN TT CORRESPOND TO EXTRACTION CF r ! :0"VANCE 
PARAMETERS FRCM THE T - M A T R I X POLE AND FROM A E-H F I T , R t S P E C T I V E L Y . 
ANOTNER 3 / 2 - LAMBDA «> " 9 6 6 « V I S ALSO SUGGESTED B* MART1N77. 
8UT I S VERY LNCERTAIN. 

1 6 9 0 - 1 5 . 1 R L I C 7T OPWA <BAR N M U I T I C H M . 
1 6 9 7 . ( 5 . 1 ALSTON 78 D P M KBIR N ELASTIC 
1 6 9 0 . 0 ( 5 . 0 1 GOPAl BO OCWA KBAR H ELASTIC 

r * O I I 6 9 0 ) WIDTH (MEV1 

4 8 . . 1 5 . , 
4 0 . 0 < 7 . 0 I 

I 7 T . 0 I 1 5 . 0 1 
3 1 . 0 ( 7 . 0 1 
7 7 . G 
5 7 . 0 
7 8 . 0 ( 8 . 0 1 
8 5 . 0 I 1 0 . D I 
6 A . 0 ( 5 . 0 1 
5 5 . 
4 0 . 0 ( 1 0 . 0 1 
3 0 . ( 1 0 . 1 
8 b . ( 9 . 1 

ARMENT-1 hft HBC n OLD DATA 
• R M E N T - 3 6 f MBC (1 OLD DATA t l / 6 8 
BARTLEY 6H oec K-P I N O K-D DATA I I / 6 S 
BUGG c>m 
CONFORTO 6 8 HBC 0 SEE NOTE M APOvE 
ARHENT- * 6 9 HBC (1 ELAS.CH EXC.EO 
ARMENT-* hS HBC K-P TO S I G P I ED 
B6RLE» HBC 11 K-P TO 5»G*A P I & / 7 D 
BERTANIA 6 9 H»C 0 9 / 6 9 
C A L T I E R I TO SIC PI .EDPWA 
CONFORTO HBC K - f , E L A S T . C E X 
« ! M T} S P M N-HATRIA A N A L . 3 / 7 1 
IANGBE1N 7? IPHA MJLTI CHANNEL 1 2 / 7 2 
B A r t E " 73 DP HA « - P TO NEUTRALS 1 0 / 7 * 

73 OPWt E L 4 C X - . T - . B G E V / C 2 / 7 * 
KANE 74 DRM* K-P TO P I S I G l 2 / i l » 

' • 0 ( 1 6 3 0 1 1NTC S IG"A P I PI 
' • 0 ( 1 6 9 0 ) INTG » * 1 H ; B 5 I i 
' • 0 ( 1 6 3 3 1 I N ' C LA-BOA ETA 

" • 0 ( 1 6 ' •T J < ! ' • 

1HE SUM O F ALL T«E QUOTED BRANCHING D i T l - ' S I S " C * { 1-AN 1 . 3 
TWO-BCOY RATIOS ARE FC[>H P A D T I t l MAVE * N A L * ^ £ i . Af,3 I - L ^ . O - p S ' 
MW>E RELIABLE TFAK T H E I M R F E - B O P - RAT I ' JS . * . K - ap.E O f l : = - I M ^ 
BUMPS I K CROSS SECTIONS. Ct- I H f I A 1 T E R , 'HE S1&-A = 1 >\ *4*v i 
MD»E 5 I G t l F I C » - i T ITHE (OROR GIVEN FDR THf LAMBDA P I P I = t * m I 
REASON S L Y S M A L 1 1 - -ARDLY a s v CF T « i STG"S P I ? I OS ' . f C t * i p; 
Y - 1 I I 3 B 5 ) . FO" Tt-EN MINE TIMES AS MUCH l l « a r > E P I " | o t f i v ^ . J C 
REQUIRED. 

R l Y*C< 1 6 9 3 1 I N t f (HBAR N l / T OTA ( B ] 1 
R l 1 3 . 1 9 1 

1 0 . 2 ? ) 
( 0 . 0 3 ) A P « F V T - l 6 8 f-l 

".UGG bi CNT = 'i A S l j - J . j ' . . 1 * 1 / ^ 
R l 
R l " 1 3 . 2 2 1 

1:11 
( 0 . 3 3 1 
1 0 . 0 7 1 
( 0 . 3 4 1 

CONt-ORtr ^ s - f t 

B f e Y A v r A B O ' -ec 

0 S i t - . • ! ! - A t ! - . t 

0 
1 0 - 7 4 1 ( 0 . 021 t O M D R H ' 71 - f t 

EFFEt T I S AT [NO D I 0 G I " N A L Y ? E D . I M H , e r a : - I F i t r v i L ' J f " ' 1 -

!! 
•i 

3 
C 
c (KB A 

( 3 . 2 4 1 

( 0 . 3 5 ) 

H', 11 L i t " 

1 A \ G 5 E I * I Y2 I f - -

M A O I I N n r ° » a 
R L I t TT [PfcA 

I S " J P E R S ^ n o <s- CO 
ALSTON T8 C'Mfl 

PAL E 3 . 
' P A t -( t l « S T K 

• ! 
1 

Y«OI 1 
- 0 . 3 3 1 
- 0 . 3 6 1 

( 0 . 0 2 ) 
( 0 . 0 2 1 

1 0 S I G MA PI 
A R M E N I - 3 6 " "EC 
A t M E N T - - t><. HPC 

SCP1( i> l * i>? l 
3 C1D TATA 

R2 1 PUB, I ̂ HED SIGN CHAtGFD TT Ef n i l " L U \ ! ) l^t-l C M l C . T I t l l . 1 i F f I t ' l l 

s 

R2 

R2 

3 

-:S:!I 

is!!:,,. 
- 0 . 7 5 

( 0 . 0 1 ) 

liii! 
5EPLEY 6 ^ c p ( 
r . « H f » i 70 - B e 
« f n f jp-A 
LANGBf ! N T7 | P « S 
PA1TER Ti CPMA 
KBNI 74 CPM* 

ONIXJN 75 > - L « 
HEPP2 76 O P M A 
MABT1N 11 3 MA 
RL1C 77 fPhA 

3 •-" i n M G M i P I 
3 M ' , ? 1 . [ 1 P ^ A 

• J | ' 1 ' . 1 f l \ ! l 
0 * - 0 I " - J C J l t A l S 

— p T O P I M t 
3 • - c i t . S I : . - ; i 3 

* f l « - T ' C 1 " SK- [ 1 

R » Y»OI I 6 9 0 J fRCM « t « B •» 1 0 LAMBDA P I P I S C « ' ( P l » r i i 
H3 ( 0 . 2 5 1 0 . 0 3 ) BARTLEY he - D = f 0 LAM ?D1 ; p . . - . i n 
R3 B ONLY CROSS-SEC T K ' H DA 11 USEO. F-JHAMCEMfjl \ r l S f N ?Y P R f V T i T 71, 

R4 Y«0( 16901 FRCM KBAR N TO S I G A PI P I S C » ' H > | . i ' 4 l 
R4 ( 0 . 2 1 1 A B M E M - r o " • • D M 0 -<-\ 1 - ' , ' - , " 1 » I 

R5 Y * 0 ( 16901 FRC- 1 M 0 L H3DA E1A ' , C B I I J I . P , . I 

R5 0 , 0 0 PAJTiR 73 CPMA 3 •.- P 1 " -It ( T i l l ', 

R6 JAR N TD Y « l n e s i P I S - M A W ( S C R ( l P l * P 5 ) 
Rb • 0 . 2 T 0 . 0 4 PH£ MOST ?•. CPMA 0 - 1 -N TL - , » ! 3 = ' I F I 

iCSS FPP ' 

»R»ENT 1 6 8 NP SB 155 
BRMENT-2 6 8 1 ° B8 71b 
ARMENT-3 6B NP 8 6 2 2 3 
BARTLEY 6B RPV 2 1 1 1 1 1 
BUGS 6B r o l b s 1466 

ALSO 6 7 PR1 I B 6 2 
CONFORTO 6B NP BH 265 

ARKENT-* 6 9 UP B l 4 91 
BERLfcY 6 9 PL 30B 4 3 0 
BERT ANZ A 6 9 PR I T T 2C 36 

GAL T I E " I 7 0 OOHf 1 7 3 

ARMENTEBOS. B A I l L O r . . * I C f R N , " * I D E l . S A C l = * I I J ' 
ARUFNTEROS. B A I L L r * - . « t C F R N . * * 1 5 H , SA( LA» | I 
ARMENTEROS. BAf tCO%, * ( C f e*,"!l 3 E ( . SACl A H I J-
• C H U . D 0 W 3 . G R E E N E - . ( T U F T S . F 5 U . 9 ^ A N 3 H < . I 1 
* G U M O R E . « N I G H T , . I B I R M - C A K F - B - ' L ! 1 
D A V I E S . O O M E L L , * ( BIRM.CAVf , » - F l I I 
• MAR-SEN. L A S I N ^ K I . • I C « I CACO.-E I OE L I 1 Jl 

ufsiuiih!!;^;!:' 
(CFR ."EIOFI . 11 J-

B CCNFORTO 
M M 

ALSO 

71 UP 8 3 * 41 

70 At'lV 
LANGBEIN 72 NP 6 4 T 4 77 
BAXTER 73 NP 8 6 7 12 ' , 
XART 73 PURDUE CCNF 

v,',\ 74 L 8 L - 2 4 5 2 v,',\ PRE VOST 7 * NP B 6 5 2 4 6 

i 2 / e i » LONDON 75 NP <(-S 2 8 9 
CARROLL 76 PPL 3 1 8 0 6 
HEPP2 T6 PL 6 5 B 4 8 T 

77 •. 
ILSO TT A 6 1 2 b 2 6 6 
ALSO 77 NP 6 1 2 6 

RLIC 77 NP B119 3(2 
ALSTON TS PR 0 1 8 I B ? 

ALSO 77 PRL 3 9 10C7 
GORAi 8 0 TORONTO COW 159 

; M . . C E F R L A C " * 

•MAGNER ( - P I - 1 I J P 
BAX T E P . f l J C K l N r . H A - . c o t P I T T . DUNN. . l o « r c R L l l J P 
• R I C E , BACA S T O W , F U N G , » < T ( N N » U C R . M A S A » B U F M I J = > 
D . f . K A N E ( L B L I I J P 
RREVOSI .PARLOUTAUD.* I S A C L « C E R N * H I I E I 

LONDON.YU.BOYD.* ( B M L . C E R N . f P " L . O R S A , T P D | i 
• C H l A N G . K Y C l A . t l . M A I U F . P - I C H A ! ' IHN I I I 
• 8RAUN.GRIMM, S T « O B E L E . ( H 0 1 * ; C E R \ . H E 1 0 . M P I V I I J P 

M i » 1 1 - P1 DCOCK.MQORHOUSE ( 1 0 U C * G L A S I I J R 
M R R T ^ . P I O C O C K H O J t l 
MART1N.HDC0CK H 3 - J £ ! 1 J » 
GDPAL,ROSS.VAN H D R N . " t P » - f R 5 D N . | L 0 I C * R > - F L ) 1 JP 
• KENNEY POLLARD.ROSS* ( t 8 L » - f w n * C f O M I J P 
A L S T O N - G A R N J O S T . K E N N E Y ( l « L * M T H O ' C E R M I J P 
G.P .COPRl ( R T I U J P 

AMSTERDAM CONf 

PAPERS NOT REFERRED 10 I N DATA CA> 

• CHS COLLABORATION (CERN.L 

http://TEP.flJCKlNr.HA-
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Data Card Listings 
For notation, see key al front of Listings. 

Baryons 
A(1800) 

A(1800) ^ j j 

.•IGffl n <T J'j flLCIJ°3 Mi l" 

- • I f M J C 

r.,c ; .-n,:u I DUt : d , j p Si N H S ;i '.'£.', fw . - C M B ^ | > , . i i m LO'JlMJf* t i » r 70 

LiPD,l:C', ;• i J l t tT .n f 
OBI .ear.fr . ' w t t i 

(L1L 
CHCl ^i is LW'' HI [t. 

A(1800) 

I"F ' HOE'JM FOU t « I i ' . I f l l l t^ WtHfM CITJFIJSF9. 

u » n i a n i - r » I I , I M ".•JS.LYSE*, CO-IT M*J A POI M * I F . AN'J sn«Erc«E^ 
TW?, e j ' H I - i S S " . . v ia ix - , , jn«irj en.nr;cn'*.G " M i r s O P I M H F O I N TUT 
DIFFFHM *«eL*"i(S WS'V j«-FAl|.Y. "1(1 ALSO IMF. !•• 01 1600 ("01 U^r iNr , . 

'•01 IS09I He*,", <*fVI 

i i . m / j t . ' i i i 

CA.-lf'Cl;' 78 NO P14. 

A(1800) 
~ 7 I t MAS '11 »FUU|s'|3 I 

M B i » U ' n > , I*I m.[r. 77, 

" I f i " i l t t l M l f 

iESi AHMF'jt-tn TO HBC 0 EL*5ftC, CM fc« 6/70 

&ALTIF"M 7r) !-£( 0 511 P [ . I 0 " *a 7/70 

T !<-«•.( 1/76 

http://ear.fr


Baryons 
A(1800), A(1820) 

Data Card Listings 
For notation, see key at front of Listings. 

T l f H M 1 / 7 6 

ic? f - 3 i i B T o t hViWutr, P A T I O S 

0 1 c C J . O O I O . O I I t . i i t i-i L « 

o i C 1 K B * " ' 1 1 / 7 0 1 * 1 r " 0 1 o i l t TT 15 S U P F O ' O E O C v 

fit'[oisct^ FOB v»oneoQi 

" 1 I C TJ ' J " feUI It? r .DPAL.BDSS.YAN H B H I , " ( P . 
G O P A L bu n f c t . M ' - c o i l i%9 G . P . G O P A I 

" • " E H HPT RFFFUBI 0 I P I 

SRvASI 9Q 'JP H l ' i ?1T • C a c T E f i . C a l ) P l * N O . F I ' I ' I M J 

A(1800) 
BUMPS 

n * • •o i i t - o ' tRDUCI ION ( *P | -» I <4| 

I f i r r i u n T8 O B S F f m A *• STO. OEv . ENHANCEMENT ! ' , 
i J - O O B P I . » | - M i l l SBfTTPUM »POM T«E PEACtJON 

LAMBDA M < 0 1 -> [ * » E » H f M T I I C M . E N F P G I I S f i r 4 ? A»<0 6? C F V . 
T.tF « t » | ' i DECAY MODES » B D F » O TC ft r * l ( 1 3 l t * l 01 L-ia 
V I U S 6 1 ) P I ISEE l » l F M » ' 

tH ( I - ' , o | % I ' , v l E 5 T A 9 1 I S K I D . B U T -LI »jr | 
UBSEovEC. t « 1 1 ' ' W . I ' W K P O t t i u o H ) . 

11-1 " O I I S O O I MASS I M E / 1 IPfJt lD. 

I! IBOOI K 1 0 T " I - ! / 

' F W l l l I T ! , 

I I 1B131 I ' . l 
1 ( 1 8 0 1 1 111 
: I I B O D I ' . i 

l ) t t 4 i jq 

'•CI 19501 I T 

'•01 1901) Vi 

j Y»OI IBOOI BRANCHIM", 

( L A " B O A P i 0 ! l / I P I A l 
U1CKM, 

l « I I U H I P | I / ' " T A L 
L G C * « ' 

( T » I U 5 6 O I P T I / T O T A L 

l ' | f j r , IPPfJD. F H 

79 SPIC 0 PP tr 

L CC «•-«»'< 78 

P f F F " F N C E S FOR Y » a ( J U 1 0 ) I P R C O . E X P . I 

1 -01 • M E Y f » . P A N ! } E B . P ' ' - ' S T f O . S C ^ L E IN< I U C L * * ' . * C l ) 

• •< • " ****** ••***••-
: - . " 1 1 1 9 2 0 , 

•_EF " - F n p j i -

J P . 5 / 7 * 1 1*0 

B.EWIEK AT T H E 5TB ™ . 
A(1820) : - . " 1 1 1 9 2 0 , 

•_EF " - F n p j i -

J P . 5 / 7 * 1 1*0 

B.EWIEK AT T H E 5TB GJ ™ . 
: - . " 1 1 1 9 2 0 , 

•_EF " - F n p j i -

J P . 5 / 7 * 1 1*0 

B.EWIEK AT T H E 5TB ., ' ™ . 
I " 1 S STAIE IS W E l l E S ' » P L I HE1 M C ' l HE C.J0TE0 FP-
s r ; »S APE S T A l l S t K A L ONLY . I H { S V S I t - A l l FPPDB i OUl TO 
ICE P A H I t ' l l * B PABA- I JO\lk ION LSFO I-* T Kf P . « . « . AW[ 

WOT 'S 'S »1D T " T S RFASI '1 ME DO -JOT CA cm ATE WF IGI-T FJ Av iOBr .ES i f a 

\ i Y « o ( t e ? o i M A S S . . » . 

„ 1 » I 3 . 0 ( 2 . 0 ) APMFNT-1 hi f f i C 0 K P t o ^ I G I A P I B / 6 T 
1 9 1 6 . 0 1 4 . 0 ) BE L I HDBC 0 t ' . t r SIGMA P I 1 1 / 6 ? 
l e i ' . n 1 2 . 0 1 APMFNT-3 68 >-9C 0 f A ^ t C , CM FXCH 1 1 / 6 6 

( 4 . 0 ) 9UGG 6 8 TNTP 0 1 P. 0 T Q I M . 
B«1CMAN TO CNtB • I I t A t AM) CH EX 

" ISS3io u o . ' o ' COOL 
70 
70 ? : : : s r.-s;sM" 10/7?J 

G A L T I E P I TO OPfcA 0 K P TO i l G - i P I 

" "w*° 
t t . O I C0NFOP.ro 

< I M 
T l 
' 1 D P h * 

0 E S!K; 5i l f 3 / 7 1 
I J . 0 1 72 OP.A 0 K P I D P I ITC, 1 0 / T I 

S SUPERECEO BY * A'JE T 4 . 
1 8 1 6 . 0 1 3 . 0 ) LANGBEIH 72 I P . A • I T I C H A H N E I 1 2 / T J 

isn.o 1 2 . 0 ) « *NF DPhA P TO P | W G 1 2 / 8 1 
( 1 8 3 0 . 1 O E C L * . . TT fc M ' . 1 0 K3AB N 1 / 7 6 

,E . r S O N » « [ 
• . P F C H V E t r . 
1 - J I T I C H M . l / 7 t 
•. E l " S T I C 1 /7B 
N E l » S M C 1 2 / e n 
t . ff.tltOIJ 1 / 7 1 

i>o im?ot « i c i « »«(M 

!ii:ii 

0 P I SIC 
'. TO i i " 
J* y, I I H 

S T I C 
ITES »cca'^BA^Yl^5 «Ar, 

f«DI 1H21I tt 

f«0tm?3i I N 
f > o i i 9 ? a i i t 

1 IA I A - S O A 

E l l l - A R I L A l - S C C A Y M O D I : H R A N C H I N G F R A C T I O N S 

P I D ? P 3 P i P " , P t 

- . ' . 9 8 ' . . 1 1 4 } - - . O O P . ? 
- - 1 1 «wb - o ' 7 i . i t ? e - - . o ^ P T 
- . 1 9 5 4 . 0 1 5 1 - - 7 P 7 9 , ! 5 6 3 < ' . C 3 4 ' ) 
- . O t , * l . C 1 2 0 . 0 0 7 * - . ? ? ? ' . 1 1 * . ? . - . C O B S 
- . 0 * 0 1 - 1 7 0 0 . 0 0 * % - . I 6 7H . C C 6 . 0 Q 7 Q . - . 0 0 * 1 7 

JR i OUOTEC 9V I 

! ' ; SUPfOSEOfO R 

0 . 0 2 * AVER AGE. l E B H O " 
0 . 0 2 2 F * 0 « F I T t F 0 B n n 

r.BAB N NTD S IGXA P I S Q B K P f P ? ) 
5 . 0 1 6 7 F.PhA 0 K-P 1 0 SIGMA P I 

C»»>iGtD ! (E K I T H I 
1 . 2 3 0 . 0 2 5 P.ELL „ 7 DP».» 0 K-P TO SIGMA P I 

0 . 0 3 GAL TIER 
71 C.pti l K - H A t P K ANAL . 

7 / 7 0 
3 / 7 1 

1 - 9 . 2 6 9 1 1 0 . 0 2 7 1 72 rpw* o * P ta P I SIG 
a. as l A S & B E I ' l T2 I P K * >*JL11CHAHNEL 1 7 / 7 7 

1 0 . O i l 1.AW 7* DPHA K-P TO P I S I G 

,-,.„„. - 0 . 2 5 

AVER 

« A p . m 
PL IF. 

&GF (FfJHOP 

77 CPU* KflAP N H u l T I C - f f I L 
77 OPI . i KBAB N MULTICHSL 

IVCLUDES SCALE FACIOP OF 1 . 0 1 

1 / 7 6 

0 . 0 0 8 2 AVER 

« A p . m 
PL IF. 

&GF (FfJHOP 

77 CPU* KflAP N H u l T I C - f f I L 
77 OPI . i KBAB N MULTICHSL 

IVCLUDES SCALE FACIOP OF 1 . 0 1 
0 . 0 0 8 2 FRO" IT I f n f l O P INCLUDES SCALE FACTOR 0 * 1 . 0 1 

KBAR 1 0 F T * LAMBDA S 0 P I I P 1 « P * 1 
0 . 0 * 0 0 . 0 0 BADFP 

IT tEPP.0" 

73 WPKA 

INCLUDES SCALE FACTnP OF 1 .01 O.QSt, O . 0 Z 7 

0 . 0 0 BADFP 

IT tEPP.0" 

73 WPKA 

INCLUDES SCALE FACTnP OF 1 .01 

1 Y M M 3 B 5 I P| /TOTAL <P51 
0 . 0 5 

PRO* 

9IBGE 

I t lERBOK 

65 HBC 0 K-P TO L A " B | P I 

1MCLU0ES SCALE FACTOB W 1 . 5 ) 

7 / 6 6 

' * 0 : i o 3 * 0 . 0 2 9 PRO* 

9IBGE 

I t lERBOK 

65 HBC 0 K-P TO L A " B | P I 

1MCLU0ES SCALE FACTOB W 1 . 5 ) 

1 0 I A L ( P 3 ) 
HO CLEAR S GNAL ARHEXT- 66 HOBC 0 K-N TO S I C B I P I 

IHERE I S 1 SJGCESr lO OF A B U « P , EHOUGH TFJ BE CCNSIS IENT WITH 
0 F f t O I SIGMA » I DECAY 0 THE V * l 1 1 3 8 5 1 - - ABDUI 0 . 0 2 . 

http://C0NFOP.ro
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
A(1820), A(1830), A(1890) 

- 1 . 167 

1 0 . 051 
0 . 0 3 
O . 0 5 4 C 

VIRAGE 

R - F N T -

9 . 2 4 6 J . 0 * * A 

C 

VIRAGE (ERROR 

• 14 CMANGEO 

F-HAVE S O " ! 
J TS fPWA 0 • 
i PE I N ACCORO k 

H E FACTO" OF I 

REFERENCES FOB V « o ( l 8 2 a : 

A H M E N T - ? <sr ( I I I p 
BELL hi D B L 1 9 
ARMENI -3 6H NP 3 6 

BUGG 
68 NB Bfl 

" 1 1GB 

9R1CKAN TD PL 31 B 
& B | C N a N l 7(1 PL 1 3 6 
cooi 70 PR D l 
GAL TIER I 70 DUKE C 

CONFORTO 71 N P a j 
71 PRl J 7 

A I S C 10 DIKE 1 * 

» E L Y . K A L M U S . K E R N A N . L O U t F . S A H O L * M A . t i L R L 
IRMENTEROS, F LUTlt, • (CERN, HE IDEL .SACLAY 
IRMENTEROS. F I U 7 7 I . « ICFRM.HE t t lEL .SACLAY; 
» B BEL1 I L R L 
IRMENTEROS. flAUlON, • ( C E R N . H f t O E L .SACLAY 
IRMENTEROS. B i l L L O N . « f C E R N . - E I P F l . S i C L . Y l 

• *ERBO I U 7 7 . I . PERREAU.4 (CEPN.CAFN .SACLAY, 
. F t R R O - L U 7 7 l . L A G r . A U * (CERM 
• G i A C O N a n . K Y C I A . L i o N i i c . u . < ISM; 
1 B A R B A R O - G M . T I E B I I L R L I 

• L E V I S t T T I . L A S I N S * ] . , 

LANGBEI** 72 NP 9 
3A0ER 71 VC 1 
. ANE T4 L9L 
PREVOST 74 "IP a 

3ECLAIS 77 c e o 

ills!!! 
.AKfRON 78 NP B 

I D K K S O 6 * < 
1L L £ V 6 5 
i l l f i & H 6 6 I 

3 A P L 0 U T A U D . ' ( S A C l * l - E I D * C F R N . " H E l •CDEF1 
. . . « . N E U B L l 
i r v D S T . B A o i o u T A U D . f I S A C H C E B N • " € 1 0 1 

3 U C M P N . l O U V E L . P » T B V , S f C U I M O T . (CAEN •CERMI 
t r . L A S I 

IRTJN.P IOCDCK (L0UC1 
1 R U N . P I 0 C C C . " ( I O l d 
1PAL.ROSS.VAN HO0N,NrP>- !RS0N« (LD1C-•R«ELJ 
: E N N E V . P 0 L L » R 0 , R 0 S S . H B t . - f H D ->CE«h l 
STON-GARNJOST.KENNEY 1 LBL * " T HC •CERNI 

: P A N E K , G O B » L . f i A C O N . B U T l E R H D R T H . | R H E L . >iatc) 
P.COPAL 1 OHEL) 

IPERS 'JOT RFFrROED TC IN DATA CARDS 

>PE - 0 - OF O I L * K I S T C P I C A l INTEPEST -

l A M P E R i . l N . C R a H E . K E E F E . K f R I h . « ( L P L I 
B A H B A R D - G A I M F R I . A H U S S A I N . R D TB IPO ( L " L 1 

) D l C " S O N . " A N > t m i . F o | S C H . U A « L I G t H M I 1 HNL 1 1 
H 0 HDLLEY I L O L I J 
B I R M I N G H A M . G L A S G O t f . I . F . • OAF C O . 1UTHF P FORD 
• G I A C O H E L l l . K Y C I A . L E 0 N 1 IC.LUNDBY * I B N L I 1 
t H A R M S t N . L t V I - S F T T I . P F ' U A ? / . ! * IFF I , AM. I 
A n M E N f E R O $ . F E O P a - L U 7 7 M I CF.Rri .HFI D.SAC LAV! 1JP 
• HARMSFN. I A S I N S K I , • ( C H I C A G O . H E T O E L J I J P 
I A S I N S M , i f v l S E T T t . P P F 0 A / 7 I IC»TCAGO! JP 
• CHS COLLABORATION I C E R N » M L I D * S A C L I 

A(1830) 
r« f HfST EVIDENCE • 

M l « 7 . o ( 1 1 . 0 1 h i n e e n K-P TO S I G » » P I 
' . 1 1 0 T . 0 AP.ENTERL. be MBt n E L A 5 M C . CH E*CH 

: , IK?:? I 5 . 01 C^FORTO 
70 DP»A 
' 1 OPWA 

0 
0 

" - P TO SIG-"A P I 
E l A i T I C . Ct" EX tH 

; ' J??, ' .L-PFMCFO BY • 
:;* 71 DPMA 

72 DPWA 0 
H-MAFRIX ANAL . 
*.-0 TO B ! S IG 

1 8 1 0 . r. 7? IPHA W U l l K H A U N e i 
M . O I 74 DPt.A k - P tO P I S I G 

1 1 9 1 7 . r MARTIN 77 DPHA RBAB N MULI ICHNL 
1 THE- T-o i s i T7 CORRESPOND 10 E«TF ION OF RESONANCF 

11 POLE AND F OH A B-H T. Rf S P E C T t v E L r . 

no. i *LTC 7 7 OPXA KBAR N MULTICHNL 
BO OP»>A KBAB •( E L A S T I C 

FCI MAINLY I N If.MA P I , NHT 
30 FFFFCT 

" 
S EPB1B STA T I ' . T . O N L ' - ir. o n n o Q U E 10 P RTICULAB p H . A N I L . 1NCLUDE0 

iPMENTEPO 6B f B C 0 F L A S 1 I C . CH EXCM l l / M 
G A L T I E R I 70 OPUA 7 / 7 0 
cnNEomo 71 DPWA 6 / 7 
K I M 
X I « 71 DPWA 
KANE 1Z DPwA 1 0 / 7 
LANOBEIW 72 I P M A 1 2 / 7 
KANE 74 OBWA *-P TO P I S:G 1 2 / 8 
MARTIN 7 7 DPHA KBAR N - J L T I C H N L 
P L I C 77 OPMA 
G0PAL e o OPk* 

MASSES QUOTED 

lisiiilsi i:;l ;:?;"»:i, 

h.oi ( o . on ARHESTEFO 6B HBC 0 E L A S T I C , C E»C^ 1 1 / 6 8 
O . C J ( 0 . 0 2 1 B B I C H A M 70 DPWA S I G T O I . E L A S . C H E X 1 / 7 1 
0 . 0 5 ( 0 . 021 CONFOHTO 71 DP-A 0 E L A S T I C , CH EACH 

1 0 . 2 4 1 M M 71 OPMA K - K A T M * AMAL. 
0 . 10 1 0 . 0 3 1 LANGBEIN 72 IPHA MULTICHANNEL 

0 . 0 4 MARTI - , 77 DPHA <BAR H MULT ICHfL 
1 0 . 0 4 ) 1 0 . 0 3 1 RL1C 7 7 OP*A KBAR N " U L T I C H N L 

KBAS N I / i n i A l ;. FRCT P l I C T 1 I S SUPERSEDED n v GDPAL 8 0 . 
0 . 0 2 1 0 . 0 2 1 ALSTOH 78 OPHA KBAR U E L A S T I C 1 / 1 6 
O.OB 1 0 . 0 3 1 GOPAl BO DPHA KBAH t l E L A S T I C 1 2 / 8 M 

' 0 ( 1 8 3 0 1 FROM K6AR N 1 I N ' O SIGMA P I S 0 B T ( P l « P 2 l 
( - 0 . 1 5 1 ( 0 . 0 2 1 ARMENTERO 6 7 OPbA 0 « -P TO SIGHA P I 1 0 / T 4 

JBLISHED SIGN CHANGED FO A GREf MITH l\lUa 1969 CONVENTION ISEE TEXTI 1 0 / 7 4 

-S:!2 I 0 . O i l us,,., ;;SK: 
0 «-P TD SIGMA P I 
0 K-P TD SIGOA P I '!;;: 0 . 1 5 « |M 71 DPHA K - M A T R ! / ANAL . 3 / 7 1 

( - 0 . 1 3 1 1 «ASE 72 OPHA 0 K-P TD P I S I G 1C- /7 I 
0 . 2 7 I D . 071 L A N G B E ^ 72 IPfc« MJLT ICHA ' iNE l 1 2 / 7 2 

- 3 . 1 5 1 0 . 0 1 1 , A N E 74 FJPWA K-P TO P I S IG 1 2 / B I -
( - D . I 7 1 0 B " A P T I N 77 OP*A XBAO ' i MUITJCMNL 1 1 / 7 7 

- 0 . 1 7 ( 0 . 0 3 1 PL I t 77 DPHA KBAR N MULTICMNL 1 / 7 6 

. , . . . n » o , r . (B< 
0 . 020 

10 ETA LAMBDA S 0 R T I P 1 * P ' 
RADER 73 MPt,A I'Al 

' 6 J 
0 . 03 

014 
L IM 

»ccai 

r O Y » l l l J B 5 1 P I D-HAI/E S O P t ( P | » P 
PPEWOST 74 OPWA 0 - « -K TO 
CAMEBON 7B DPMA 0 « -P TO 

(T ON G-UAVE DECAV IS 0 . G 3 . IHE S I G ' 
ID H U H THE B A R T O - i - F i e S T CrflWENT 1 0 ' ( . 

t FACTOR ' 1 . 0 1 

S I I 3 B 5 I P I 1 0 / 7 4 
S U 1 4 5 I P I I / 7 H 

»> .VE..GF N i u t w i I S S n . l l 

r O Y » l l l J B 5 1 P I D-HAI/E S O P t ( P | » P 
PPEWOST 74 OPWA 0 - « -K TO 
CAMEBON 7B DPMA 0 « -P TO 

(T ON G-UAVE DECAV IS 0 . G 3 . IHE S I G ' 
ID H U H THE B A R T O - i - F i e S T CrflWENT 1 0 ' ( . 

t FACTOR ' 1 . 0 1 

REFERENCES FOB V « 0 ( I B 3 0 1 

lib: II ¥i£ 
G A L 1 I E R I 70 DUKE COVF 1 '", 

noTo 

ARMFNTEPOS, F - I U 7 2 I , t (CEP ' i .HE IDE t , 
R 3 BELL 
AB.MENTf.Ras. B A T L L O N . i ( C E R N . H F I D f l . 
»HARMSEN, L A S I N S K I , « I C - I C A G O , 

t f E B R D - L U 7 7 I , L A G N A U » 
A 1 A R B A R 0 - G A L T I E « 1 

i S A C L A y i i j p 

I C F B N I 
( L B L t l J P 

K I H 7 | PBL 2 7 356 
• LEMI S F I H , t A S I * I S K 1 . . 0 B E B L i C K « . 1 ( 1 

J . K. I l l 
D F 1ANF 
• HAGUE P 
• BAR! OUTAUD.t ( S A F I tl-i [ O f C E P ' H O H I 

I L B D I J P 

ALSO 77 
ALSO 

R L I C 
ALSTON 7H 

ALSO 77 
CAHERLX / 8 

» f l l V I l S T , B A B l O U T A U D , » I SI 

*AB I I *J, PIDCtX.K,M0OBHr>U5E 
l A a i i N . P i o c o c 
" A R I I N . P I D C O C " 
. O P A L , wr iSS, VAN HDBN.MCPHFfJSQM 
iKENNEY.POLLARD,BOSS* ( I 
ILSTON-GARNJOST.KENNEY ( I 
iF= A M « .COPAL .BACON. >4UMEB|fC!>1 

1PEBS NOT 

CH". r O L L A B I 

IEFERBEO IT IN O i l 

A(1890) 
•E J P - 3 / 2 * ASS1GN»ENT I S CONSISTENT HIT*-
' A I L A B L E OAIA I INCLUDING P 0 L A P I Z A T I O N 1 A 

AHMENTERO 6B DPUA 0 ELAST IC t CH fc*CH 1 1 / 0 8 
* B CNIR 0 K-D IQTAL 7 / b S 

BRICMAN 70 CNTR 0 IOTAL ANO CH EX 6 / 7 0 
B R I C A N I 0 S IGTOT.ELAS.CHEA 1 / 7 1 
CONFORTD 0 E L A S T I C . O LXCH 6 / 7 0 
Kit 71 OPHA K - M A l R t X A N A L . 3 / 7 1 
LANGf lE IN 7 2 I P M A "ULI1CHANNEL 1 2 / 7 2 
LEA 7 3 C P - A MULTICHNL H-MTRK 9 / 7 3 
HEMINGNA 7 5 DPWA 0 X- P TO KBAR U 1 1 / 7 5 
NAKKASYA 75 OPMA 0 K-P TO I A N . OHG. 1 / 7 6 
BACC1RI 7 7 IPHA 0 K-P TO L A " . 0 H & . 1 / 7 B 
MARTIN 7 7 DPHA KBAR U M U L I I C H M 1 1 / T 7 

r CORRESPOND TO EXTB, ACTION OF RESONANCE 
POLE AND Ft 10H A C-H f I T , RESPECTIVELY. 

R L I C 77 DPtiA KBAO U MUITICHNL 1 / 7 6 

*!:"0N I! ?!« KBAR N ELASTIC 1 / 7 6 

3 ( 1 9 0 0 . 1 
SEEN 

• I B 5 6 . OR I B & f l . 
•• THE THD E ' .TBIES FOR M, 
•• PARAMETEOS FRC» ThF !• 

1 9 0 0 . 5 . 
1 9 0 8 . 1 0 . 
1 9 9 7 . 0 ( 5 . 0 1 GOPIL HO DPhA KBAR N E L A S T l l 

THESE TWO ANALYSES GAVE THE FOT ASSIGNHENT, THE* CAVE TO RE 
DISCARDED IN V I E U OF CONFORTO TO AND BRICHAN1 7 0 

< GJE TO PARTICULAR P A R A H E T E R I i A I I O N USEO.ERPOB CAN BE LARGE 
POSSIBLE EFFECT KAINLl f I N SIGHA P I . HE TENTATIVELY L IST I T " E R E . 

! ONLY UNCONSTOAINED STATES FRnw TABLF I OF LEA73 ARE I N L I S T I N G S . 
I FOUND I N CNE OF T HO BEST SOLUTIONS. 

AVERAGE MEANINGLESS (SCA l 4 ) 

http://FtRRO-LU77l.LAGr.AU*
http://CF.Rri.HFI
http://AB.MENTf.Ras


Baryons 
A(1890), A(2000), A(2020) 

Data Card Listings 
For notation, see key at front of Listings. 

fco *«o( IB")OI mo TM (ME V I 

3 9 . 0 7 . 0 ABMENTtRr be DPHA 0 E L A S T I C , CK E * t r t 
• . 0 . 0 i o . o BUGG 6 8 CNTR 0 K-B ' D I A L 

2*.o 1 S . 0 e o i c M f i TO C I IB. 
3 7 . 0 1 0 . 0 8 " [ C H A N 1 7 0 DPt-t. 0 S IGTOT.ELAS.Cr< tX 
8 3 . 0 J O . 0 CONFORTO 71 DPHA 0 E L A S T I C , C « EX tH 

1 7 0 . J < | M 
1 2 5 . 0 ? 0 . Q LANGBEIN 72 JPhA MULT ICHA 'WEI 

1 3 2 1 . 6 1 LEA 73 DPWA " U L ' I C H U l K - H T M 
1 0 7 . 1 0 . HEMINGMA 75 OPM» 0 « • P m KBAR H 

1 1 3 0 . 1 0 » P TO L A I . DUG. 
1 9 1 . OR 1 9 3 . M 1 0 T I N 77 Df*hA KBAO N H U H ICHF.L 

7 2 . 1 0 . B L I C 77 UPhA •(SAB rj HUIT1CMM. 
1 1 9 . 

7 * . 0 
2 0 . 

( 1 0 . 0 ) 
A i s i r N 

90 DPMI 
KBAR N ELASTIC 
KBAR N ELASTIC 

t I H E N O T E S K . t o * p » n f i N G <* 

= ? . 8 I 

f!> 

HEANING £55 ( i C A L E FACTDB = ? . 8 I 

f!> 

6 0 Y * 0 ( I 8 9 0 I PAR I A I DECAY Mf'OI S 

OECAY "ASSES 
18901 I N C N « 9 M •538* * 9 3 
I B 9 0 I I N C 5 I G - A 01 1 1 8 9 * 139 
1B9DI I N o LA-BOA OMEGA I 1 1 5 < 7B2 

C V . 1 U 3 B 5 1 P I P- AVE 1 3 9 * 1 3 8 5 
I B 9 D I I M C Y * l ( 1 3 8 5 1 P I F - AVE 1 3 9 * 1 3 9 5 
1B9D1 INTO N K » ( 8 9 0 ) . P I * 9 3 9 * 991 

6 0 Y * O U B 9 3 > BRANCHING CAT OS 

0 ( 1 3 9 0 1 INTO IKPAP I I I TOTAL f P I 1 
T 0 . 1 2 0 . 0 2 ARMENTf» 6 8 «BC 0 E L A S T I C . C't 

I J . l « | P l - 0 , * 0 6 6 f . M B 0 
7 3 . 0 7 0 . 0 2 B B I C H A * 70 CNTR 0 TOTAL AND C I 

3 . 1 " . 0 . 0 2 BR I C A M TO DPKA 0 S l G T O l . f l A S . 
0 . 2 5 0 . 0 3 CONFORTD 7 | DPhA 0 E L A S T I C , CH 
3 . 3 7 0 . 0 5 

n . 3 ? i 
LAX&BEIM 
LEA 

72 |PMA -ULTICMAVNEL 
7 3 D"MA - J L T I C H N l *.-

0 . 2 * 0 . 0 * 7 5 DPHA 0 1 - H O K H S " 
I 0 . 3 6 I 0 B 0 . 3 * MABTIW 77 OPMA KBAB •) H U t l l 
1 0 . 1 6 1 1 0 . 0 2 ) R L K 77 OPHA XBAH N " U L I I 

C 77 15 SLIPERSf ED BY GCPAL BO. 
0 . 3 * 0 . 0 5 7B OPhA KBAB N ELASt 
0 . 2 0 1 0 . 0 2 1 GOPBL 80 DPWA KftBR N ELA51 

SEE IHE NEUES ACCOMPAN Y1P.G NASSFS O'JD 

FACTOR ' 2 . 9 1 

ED 

GE MEANINGLESS (SCALE 

Y1P.G NASSFS O'JD 

FACTOR ' 2 . 9 1 

0 11?!?'" 1?'? 1 0"' p 1/TOTAL ( P 7 1 
' FtOBABLY SEEN G A L T I E R ] b 8 C6C 0 ' 

( 0 . 0 3 1 CB L E 5 5 LANC-BEIN 7 2 I P M * > 
5 POSSIBLY 1 « I S BUMP SEEN AT 1 8 * 0 * " 1 0 MEW H U M A H1C1 

I S T « Y » 0 ( 1 8 3 0 l . «MICH DECAYS STRONGLY TO SlGi -A p [ . 
NARRCW * | 0 1 H HERE APGUES FOB ITS BEING T H F Y « 0 ( I B 9 0 I . 

i( I B ' 

H0.1510B *0.1* 
TO S IG i I PI 

HART I N 
R L I C 

LAMBDA OMEGA 

Y « 0 ( 1890 ) FUC" «6AR N INTO Y » l ( 
- 0 . 1 2 6 0 . 0 5 5 

S IGN CHANGED TO 8E | ' ( ACCORD h 

f * t > t 1«90 ) V » C - * e » o H 1 W 9 ' . K' 
- 0 . 0 7 0 . 0 3 

THE 5 I V J " E " ( I S CHANGED ( 
CC*JV£*JT!C«- J B P f B I J M I T i 

78 t lPhA K-W TO « * N 
BE- 1*1 ACCOBO V1T> 

BEfEOE' iCES FOB v * 0 l l » 9 O I 

APHENIEH06B M> 6 8 I 9 i «B.<(NTEBOS, B A I L L O N . * I C E " N , l - E I O F L . i A C L A * l i J P 
flU&G P« 16B 1*66 • G I L H O R E , K f K G H l , t I P H E L i B I B " . C A I » l 1 ! 
G U T I E B I 68 P B I 2 1 575 S A B e » p f > G i i n i R | . MATISC?., * I L B L . S L A t ) 

BBICMAN 70 PL 3 I E 152 • FEOBO L U 7 7 I . PERBEAU, * (CEPS.CAF S.S »CL AY 1 
BH1CMANI 70 PL 3 3 B 5 1 1 * F t a n o - L u i n . L * C N A i ' * ( C f t M 
CONFOBTO 71 » L E V I S £ W I , L A S I N S f t J . . U 6 E F L A C K " I f F U H E I O l I J P 
K I M 71 PHL 27 i i t J K . [ M ( H A B V ) I J P 

ALSO DUKE I t 1 J . « , I | < ( M A R v l t J P 
L M G E E I N « 

NP f ! * T 4 7 7 • WAG'IER C P I H t U P 

LEA 

T3 
SP Bbt 71 • HA f tHK .HQOBHOUS^* ( P H F I » L 0 U C < G I A 5 « A A B 1 - J S I I J P 

HEM1NG-A 75 KEHINGWAV.EtDFS.HARMS! N t (CEBN.HE ( 0 . H P 1 H 1 1 J P 
XAftKASYA ' 5 HP 6 9 3 as A . NAKKASYAH ( C F R N H J P 

• A B T I N T7 UP 6 1 2 7 5 * 9 M A H r i N . p i o c o c K . H r o B H O u s E I L O U C * G L A S I I J P 
ALSO •*<• 6 1 2 6 ?66 MABTiN.P IOCOCK (L0UC1 
ALSO NP 8 1 2 6 2 85 K A R r i W . P I D C O C K ( I Q J L I I J P 

R D C '(P 6 1 1 9 i t ? GDPAL.ROSSrVAN H0BN.MCP-ERSC1.4 I 1 0 I C * « H E I . I I J P 
ALSTON 7B P» 0 1 8 192 • KENKEY.POLLAPD.POSS> ( L 6 L t H t H O * C E " M I J P 

ALSO 77 PBL 38 1007 AL S TON-GAB NJOST.nENNEY ( L B L t M T H D ' C E R M I J P 
CAMEBDN NP B l * 3 199 * F B A > l ( i K , G 0 P A L . 6 A C O r i , B U T T E R l l O P T H * I R H E L « L 0 I ( . H J P 
CAMER0N2 NP B l * 6 327 • F R A N t » : , G O P A L , K A L H J 5 t M C P H t R S C N , * I B H E L * L 0 l c n JP 
GOPAL BO TOPQUTO CO'iF 159 G.P.GOPAL ( R < - E L ) I J P 

PAPEOS NOT HEFEBBEO I T I ' l 0A1A CAPOS 

b1 NP 6 3 S = : ABMENTEPOS. F - I W 2 I . • ICEOH.HE I O E L . S A C L A Y I U P 
CE 3 BY BRKEfcTEROS 6 8 AND CGUFORTO 6 B . 
6B NP 6B 2 6 i •HARMSEN. L I S I N S ' l . * ( C H I C A G O . H E I 0 F L 1 1 J P 
SEOFD BY C C F O B T O 7 1 . 

U1MD l i t B . L t V l V E 1 T I I R A P f C n t O R l t l F l ) 
71 NP 6 2 9 * 1 3 * A N 0 E « S D N , 6 O S N J A K O W I C . D A U M , £ R N Z . t ( C t S N l 
77 NC * 1 A 9 6 • P 0 U L A R D . K E V E L . 1 A L L I M * I S A C L ' C O E F l l J P 

I'Ztll * 

A(2000)| 
SEF M I N I - H t V H - l « l ' 1x1 * • t I S ! ! • . 

P O ' S I P L I J RE L I S T H£H< ALL THE &MPIGUOUL BFSLf 'ANI 
WITH A MASS ABO'JND 2 GEV. T M > PBr i cnSLD J W I T U - • • J " 
ABE 03 ( C A l M E P I 70 I N SIGMA P i t , D 3 » F * , P 3 . ; i 5 . " 0 
P H 0 1 IBBAr i nSTE ITEB 72 ! N LAMflfiA C F & A I . A-IO M 

(CAMF.fiai.2 78 1 ' . F . « * l . IMF F I B S I TuO Of l u r i s n i l ANALYSES SH^JLO 1 
BE C I K S n E B f 0 1PSCL E T E . 

1 2 0 1 0 . 0 1 1 3 0 . 0 1 G H M f » 1 1 70 01 
103 - . . T 1 1 9 7 1 . BBAH3t ,T ' 7 2 01 

HBAtjOSTI ' 72 Dl 
iBAMI -UPS QL.flT ED A f l i F«nt* T H R I LF BEST 
• IGHERI " ASS STATE PR ••AS J . L E . . 3 / 2 1 5 / i 

2 0 5 0 . 0 3 0 . 0 C A - E B O N ; ? 7 8 n 

' .10MA P I 7 / 7 0 

. -ASSES 2JDT13 

I ! Al Of ( AY MOPE *• 

' • 0 1 20001 I'.TC U fCAB 
' • C ( 20111 I N t n S l i M A m 
f * 0 ( 2 i a T i I I T G L A M I O A n u i 
f»OI ?mOI |MC S **M">QI. 
r*oi j a i o i i-Jir u • . • (8901, 

I U SI&HA PI 

• CI 71131 ' B L - «BA« 'I ( M O LA' 
( 0 . 1 7 1 TO 0 . 7 5 ( U » . I 
I ] . 0 * l 11 1 - 1 ^ !« • • . » . 1 

' 0 1 0 ) 1 » C " " B A t 

|A(2020) 
C I C I E B t M E N I B G | . 
^ r F D FflB I H ( STA 
i N r a i ' i s 

AL WAf l M A V ! REFN CBSEBV [ '< 
T B O T M A N M L S . lr. L I T C H M F I 

i T A I l " I S I S M H t l Y C^ P 0 S S 1 B I * 
' O L A O I Z A T I C N - F A S U t - E M t M A ' 1 . 7 8 * '".I 

STATE. 1 L I ' 7 ' CI NOT NEED IT IN E l I H f o • t l N o t P | SIGMA. 
K- NEU100N ASGDIAB [, T STU IP.U1 ] ON', ISCIUDEO J K I A I " . 77 SfF F" 
H O H t V E P . I H t S » i r 1 1 ' H E N E - DATA AD( I NC I , ' f [i \K r.PPAL " 3 A*. 
STATE 15 ' . I T C f S I ; | R ( 0 . E A C A ^ I 77 <t\tti.1 Su T P T V 1MIS ' . T A I I 

2T Y » O I 7 0 7 0 I " A S S I ' t v l 

1 7 0 7 3 , 0 1 1 7 0 . 0 ) & A H 1 E P 1 70 LPk-A 0 " - P T " ! [ ' , « P I 
1 2 1 3 0 , 1 ( 3 0 . 1 L I T C H F I E 71 [ P H A K-P I " KHAR S 
l l t < - 0 . t B^CCA«t 77 DPhA C « -P (O L A M . QM&. 
1 7 1 1 7 . 1 OECLAIS 77 OPhA K B A D a i o O A K -J 

L1TCMFIE 71 DP. 

I I A L OECAY COOES 

l « O I 70201 I ' lTC U RBAR 
r » 0 I 2 3 ; 0 1 INTO SIGMA P I 
1 * 0 ( 2 0 7 0 1 INTO LAHflDA OMEGA 

http://�
http://KENKEY.POLLAPD.POSS
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
A(2020), A(2100) 

27 V « O I 2 0 2 0 ) B U N C H I N G RATIOS 

7»OI2020> I * i I C (K8AR N I / T O T A L I 
1 0 . 0 5 1 1 0 . 0 2 ) L IT C H F1E 7L OPUA 
1 0 . 0 9 1 0ECLA1S TT QPUA 

7 DPHA 0 « - P TO L A " . ( 

REFERENCES FOR 1 

PAVERS NOT REFERRED TO I N DATA CARDS 

HEM INCH AY. FADE S.HARMSEN* ( C E A N . H E I D . M P t H I I J P 

A(2100) '•oinoo. J P - I / 2 - I 
r THE START OF 1 

T H I S ENTRY ONLY INCLUDES RESULTS FROM PART IAL-WAVE 
ANALYSES. PARAMETERS OF REARS SEEN I N CXOSS-SECTIONS 
AND INVARIANT-MASS D I S T R I B U T I O N S AROUND 71 DO HfV ARE 
GIVEN IN A SEPARATE ENTRY BELOW. 

( 2 1 2 0 . 1 
i ; o e o . i 
( 2 1 3 0 . I 
;no.i 
2100. 
?110.< 
1113. 

i l 1 2 0 . 0 1 
I 1 2 0 - 0 1 

I I S . ) 
| I 3 D . 0 I 
TO 2 1 5 * . 

H 1 1 2 . 0 1 
S SUPEKEOEO BY • 

1 1 0 . 0 1 

2 1 1 0 . OR 2 0 8 9 . 

2 1 1 0 . 

2 1 0 * . I 
2 QUOTED Pi 
I EACH HAS 

BUR GUN 
REACTirW I 
WHETHER • ' 
UNOBSEAtL. 

L I T C H F I E I 
t OAO»WETE 

UfJHL 
BURGUN 
BERTHDNI 
CALTIER1 
L I T C H F I E 
L 1T C K F I E 

S I C C A * I 
D E C I A I S 

6b HBC 
6 8 DPWA 
TO DPVA 
TO DPWA 

TS DPWA 
75 DPHA 
TT DPWA 
TT OPUA 

K-P CH EX 
0 " - P TO XI K 
0 K-P TO SIGMA P I 
a K-P to SICKA P I 

K-P TO KBAR H 
K-P TO S I G P I 

0 R-P 1 0 L A " . CNG. 
0 K-P TO PI S I C 

K-P TO P I S IO 
o K- P TO «sm N 
0 K-P TO LAM. DUG. 
0 K-P TO LAM. OKG. 

KRAR N TO KBAH N 
KBAK <1 MULTICHNL 

O K.6A.R. H TO KBAR H 
KBAR N FLA5TIC 

R L l C 
C I O . I BELLE ( O N T« D P k l 

I ( 1 0 . 0 1 GOPAL BO OPtil 
iRAMETERS CORRESPOND TO THE TWO BEST SOLUTIONS FOUND 
THE V»0< 2 1 0 0 ) AND ONE ADDITIONAL RESCNANCE I P 3 OR F 5 > . 
6 8 SEE A RESONANCE-LIKE FFFECT I N T H I S REGION I N T H E 
- P TO X I K. HOWEVER, AS THEY POINT OUT. IT I S NOT CLE 

I S MAINLY THE GOT Y * 0 ( 2 1 0 0 1 OR INSTEAD A SO FAR D THER 
i RESONANCE WITH A S P I N LESS THAN T / 2 . 
0 1 1 I s AN UPDATE OF BERTHONI 7 0 

• S QUOTED ARE RANGES FROM THREE BEST F I T S . 

I/TB 
12/91* 
11/25 
11/75 

« l ' • 0 ( 2 1 0 0 1 WIDTH I H E V I 

( 1 * 5 . 0 1 WOHL 6 6 HBC 
1 8 0 . 0 1 1 1 0 . 0 1 BURGUN 6 8 OPHA 
1 * 0 . 0 l t ; . D ) BER1H0N1 TO OPHA 

6 0 . 0 1 2 5 . 0 1 G A L T I E R t TO OPHA 
I 1 T 0 . 1 T Q O O O . l L I T C H F I E 71 DPHA 

LARGER VALUE CORRESPONDS TO PURE B.W. LOWER VALUE-

2 0 8 . " E 1 3 0 . 0 1 

2 * * . OR 30 2 . 

. CONSTRAINED B' 

TCHF1E 
BRANDSTE 
KANE 
KANE 
HEMINGWA 
NAKKASYA 
8ACCARI 
0ECLA1S 
RLIC 
BEILEFON 
GOPAL 
THf OATA. 

DPHA 
7? DPHA 
72 DPHA 

SS-
7 / 6 6 

1 0 / & 9 
1 0 / 1 0 

TT D P * * 
77 DPWA 
7B DPHA 
8 0 OPHA 

5ES THE NOTES ( 

1TIAL OECAY NODES 

K6AR H TO * B A « N 
KBAR U MULTICMNL 

D KBAR N TO KBAR N 
KBAR U ELASTIC 1 

IXEO TO THE RLTC 77 1 

DECAY HtSSLS 

5 KSSSIKHiKTta * U 1 5 * 782 
5 * B * 1 1 1 5 

V . 0 1 2 I O O I INTC N K t l i t o l , D3 WIVE 9 3 9 * 8 9 1 
C I WIVE 9 3 9 * R l l 

1 

<il Y ' 0 1 2 1 0 0 

»..,„..,;,rc ..... .,„ 
BRANCHING RAT 105 

6 6 HBC 
( P I I 

1 0 . 3 1 1 OAUH 6S CNI f l K-P ELA.P t . . S I G T 
0 . 3 0 1 0 . 0 3 1 L H O W I E 11 OPHA K-P TO API 
0 . 3 1 1 0 . 0 3 1 HEKINGUA TS OPWA 0 K- P TO Kl 

1 0 . 2 9 1 DECLAIS 7 7 OPHA (RAR N 
( 0 . 3 0 ) : 0 . 0 3 l RL IC TT OPUA KeAR U KUI riCHNL 

TT I S SUPERSEDED BY GOP IL 8 0 . 
BELLEFON TB CPMA 0 KBAR N TO CSAft N 

I 0 . 3 A ( 0 . 0 3 1 GOPAL 8 0 OPHA KBAR N ELASTIC 
VALUE SEEN I N TOTAL CR OSS S E C T I O N . 

KJB 

KBAR 1 • » 2 ) 
( 0 . 0 2 1 BEPTHO'll TO S IG 

. 0 . 0 * . 1 0 . Q 3 1 TO OPHA C * - o 
0 . 1 6 ( 0 . 0 5 1 L I I C H F I E T i rPHA ' 0 S I G 

( . 0 . 0 9 6 1 1 0 . 037 T? OPHA 0 K-P 
. 0 . 1 1 1 0 . 0 1 ) KBNf T * QPkA 

1 0 . 0 * 1 RL IC 77 CPWA KHAR 

KBAP N TO X K • P 3 I 
6 7 FVUE 

I O . O S I 1 0 . 0 1 1 BURGUN 6 8 DPHA 0 K-P T T i\ 
1 0 . 0 0 3 1 "JLLER 6 9 OOH* 0 

0 . 0 3 5 0 . 018 L I T C M F I F 71 OPWA 
AT ED BY L I T C H F I E L D T l , WHO IA«ES SOLUTION 

• 0 ( 2 1 0 0 1 FHOK KBAR N INTO LANBOA OMEGA SQPTIP • P * I 

1 0 . 11 BRANDSTE T2 EPHA C tr-P 
75 DPHA 0 K-P 
TT DPhA 0 C03 
77 OPHA 0 GG1 

BACCARI 7 7 OPHA 0 GG3 
NOTE THAI TVE 3 INTR E i T- TO BACCARIT7 APF FOR 3 D I F K * E N T uev 

• o i i t a a i Foe* -BAH N 10 E A LAMBDA S O P H " . P ^ I 

- 0 . 0 50 0 . 0 2 0 OAOER 73 XPWi 

• 0 1 2 1 3 0 1 FROM KR4R N INTO N K » ( 8 9 0 > . DJ HAVE S O P I I P • P61 
0 . 0 * CAHLHDN2 7B DPhA K-P I T * • * ! 

- O . C * 0 . 0 3 CA**ERQMZ 7t 
THE SIGN NEOE I S CHANGED TO I E I N ACCORD V 
CONVENTION. THE UP»ER L I M I T ON THE GJ rfA* 

SEE THE M I E S ACCOMPANYING MASSf 1. OUOIfO 

BERTHCM1 TO > 
GALT1ERI 70 [ 
L I T C H F I E 71 * 

BRANDSTE T2 • 

:FtnENCES 

i F I I H . * 

•BARLDUTAUO. . 

IR V * 0 I 2 1 O 0 ) 

SOL"! t , 

,?";!!:!; 
S I E ^ F N S n i (L= 

. H F I D E L . t l t l i 

t s*r L*t-eiD*rfi 

I NP B119 3 ( 2 

80 TDRONTH CONF 15 

• P O U L A R D . P E V t l . T A l l I N I -
. D U C H C N , L O U V £ l , P A T R Y , l t ( , U l N 
GOPAL.ROSi . VAN H W N . « [ P h E D S 
* (<FRIHON,B ILLO] B.BRUNf I * 
••FSANfK.GOPAL.KALMUS.MCPHIR 
0 ,P .GOPAL 

2100 MEV REGION - PRODUCTION AND a„ EXP'TS 

•EE 1 M I U t - P E V I F I TH[ S IAf 

21001 " IAS5 I H F V I IPROO. 

( 2 0 9 7 . 0 1 ( 6 . 0 1 BOt« 65 f i 
2 1 0 0 . 0 I 7 . 0 > BUGG 6 6 CI 

i!S:! ( S . a i 
no.oi 

BR1CMAS 
CDOl 

10 V 

1 2 1 3 5 . 0 1 ( 2 0 . 0 ) LJ 70 C 

•RCD. E X P . ) ;:«"::-£ 
J I 2 1 0 0 I PARTIAL OECAY HDDES (PROD. 

lii^i™.. 
i 5 • 0 ( 2 1 0 0 1 BRANCHING R 

!:S 5 ,o.o„ S??.„ 111 
' . * COOL 70 CI 

PROD. EXP .1 

I P 1 I 

I N I J P i l l 



Baryons 
A(2100). A(2110), A(2325), A(2350) 

Data Card Listings 
For notation, see key at front of Listings. 

6 5 PL I T 16s 

SUPERSEDED * 

REFERENCES FCR " 0 ( 2 1 0 0 1 (PP.CD. E X P . I 

•COOPER.FRENCH.K INSON, • (CERN.SACL / 

:H!s::s;:"'"sbisr:ii!!r!K: 

A(2110) 
RFR H0N1 7 0 F I N D E I T E B T O 5 O P 00% POSSIBLE N 

I H| M i P I «ANNfcL, 1 11 F05 S L I G H T L * PREFERRED 
I N IHE KBAP ', CHANNEI I T C H F I E I D T l SAME GROUP 1 
M « J O N I * 3 0 5 . AS USl M THE S T A T I S T I C S ABE MiK 
Ft- - TFR I N 1 ANNE 

LTHOUGH 1 ANF- NDS I N F l % EFFEC . THE UNUSUALLY BO a 
(NVAL DA F * PESO Pf tFTATI I N . HOWE EP R L I C 7 

5 v » 0 7 1 1 0 -ASS l - E V l 

4 ( 1 0 . ) X ^ T H O N l tn UfHA - K- P TO M G P I 1 / f l 
0 0 5 2 I « . ' . 0 . n K-P TO *BAR N 

i m i . o 1 6 . 0 1 DPWA 0 K-P TO P I S I G 
nir iNGE 1 KANE T>. 

T.O T, DPMI K-P TO B t SIC. 
1 1 7 1 0 3 . 1 \b DPWA {) K-P TO L A X . QHb. 
1 FOUNT) I N ;NE OF TWC BEST 

fiACCAfil DPWA <l 1 / 7 8 

»»: 1 7 0 . 1 Kli"'"' 
B F L L f F O N 

ft 
TR 

DPWA 
DPwA 
DPWA 

U 

i l 

K- P I D S I G P I 
KBAB. N HULTICHNL 
KBAR N TO KflAR N 

1 1 / 7 F 

I P ' I . O I /H DPWA K-P TO K M 8 9 0 I N 13(11 

J oos MI. 

( 2 ^ . 0 1 

1 0 . 

:i;:si 

7 1 1 0 1 

SO 

FO 

OP*" A 

OPtaft 
OPWA 

OPWA 
0 

KBAR N ELASTIC 

K- P 10 S I G P I 
K-P TO KBAH N 
K-P TO P I S I G 
K-P TO P I S1G 

F*. OPWA K-P TO 1 A M . OHG. 

; '!£' f iO. I 
SKJSi. 

7T 

OPHA 
OPWA 
DPWI 

0 
0 

K-P TO l » » . OHG. 
K- P TO S IG P I 
KBAR N MULTICHNL •iis 

OPWA KBAR N T<1 KBAR N 
i b o . o no. oi 78 DPWA «-P TO K * ( 8 9 0 l N 1 2 / 7 9 

" GO PAL OPWA KBiR N ELASTIC 

. D E C " * "ODES 

0 . 0 3 
1 0 . 0 1 ) 1 
1 0 . 0 3 1 

I BRANCHING « 

TO SIGMA J l 
70 DPk 
7? DPWA 
7". DPWA 

5 0 R T I P l » P 2 l 

' • 0 1 71101 I N K (KBAf 

l«BAR N J / T O T A L FROM B U I 
0 . 7 7 1 0 . 0 6 1 

THE POflL ISHED EPPOO OF 1 
0 . 0 7 1 0 . 0 3 ) 

5 SUPERSEDED B* GOBAL BO. 
BELLEFON 78 CPWA 0 KBAP. >i TO KBAR N 

S A M I S P R I N T . 1 7 / 7 9 
GOPAL BO OPWA KBAR N ELASTIC 

PDA OMEGA S 0 R T I P 1 * P 1 
NAKKASrA 75 DPWA 0 K-P TO L A M . OHG. 1 / 7 6 
BACCAOI 77 DPWA D K-P TO LAM. CKG. 

1 (jBOEO L I M I T ON 
PE I N ACCOSO H IT 

(Ci - KBAR N INTO N 

1 J C f t M R O N P _ M T B f D P k A " " ' P ' T " * ' 

<•< 6 - 9 0 1 , F l i(AVE S Q R T ( P I * P ! 
CAMERON? TB DPMI K-P TO 

THE SIGN hERf. I S CHANGED TO BE I U ACCORD WITH THE BARYON-F 
C O N V E N T I O N UPPER L I M I T S ON THE P3 ANO F3 WAVES ARE EACH 

NAKKASVA 75 NP B 9 3 t". 
BACCARI 77 NC M » 16 

REFERENCES FOR V»0 

ivutuaiBUITFRMORTf 

G O p S u R O S S ^ H f ^ N l M C P . - E P S r N - U 0 1 C R H E I 1 1 » 

1 G.P.GOPAL ( O H f L I I J P 

I C D F F . " M F L . S A C l . 4 r l l JP 
, I P - I l « C O E F . S « C t M J P 

( L R U U P 
( L R l l U P 

I C f N I I J P 
I S A C L . C O i F l l J P 

>• i r O F F * S » C l M J P 

A(2325) 1 1 7 3 7 5 . • 3 / 7 - 1 1 = 1 

x f tCCARI 77 F I N D I H I S STATE » I I M JP EITHER 3 / 7 - f in 
' 7 * I N ft DPH» OF ».- P TO L t « e O * CMEGA (0 OM 7 0 7 0 TO 
i 3 6 KEY- A SUBSfOUENT « E M ! - F N E R C * - I N 0 F P L N 3 F N ' »n» 
>nM TMRESM0LI1 TO ? * 3 6 K i V SELECTS 3 / 7 - . 
ELLEFON TB ISftHE G R r u P I »L SO SEE T H I i SIATF I S & 
•WA CF K- P ELASTIC AND THARGF-E XC HAN' , r Of I 
* THE SAME ENfRGY E4NGE, AND F I N E J P ' J / ? - OR > / . ' • -
•FV AGAIN PREEFR J K ' 3 / 2 - . RU1 CNLT CN IHE P A S I ' . 

MODEL DEPfNOENl c n ' j t I D I P M i r N S . 

1 1 2 V D I 2 3 2 S J . OECftv - • O f 5 

'•0173751 KBAH N 10 LftNRDA a » I G » S 0 R T I P 1 -
0 . 0 7 B l t C A P I ' 7 I P k f t 0 D S 3 1 - . 

11 i 0 . O 5 0 . 0 7 B » t t A O | 77 DPWA 0 D013 > 
»1 3 O.OB 0 . 0 3 BACCAM H D P k . 0 D J 1 1 - I 
M 3 NCTE THftT H E 3 ENTRIES FOP B » f C f t P | 7 J 

a | ftWEOAGf MEANINGLESS I S C a i E F»CTf!R • 1 .01 

' 3 D IFFERED ' 

"EFERFNCES FOR T « 0 1 ? ' . - * i | 

A(2350) 
BUMPS fl • N I - R F </ THE STI I C< ' 

» U " 6B F»VOPS J P = 7 / 7 - OR 1 / 7 » . B R I C f t K ' 0 F f t v O ^ s q 
t f t S I N S K I 71 SUGGESTS THREE S l A I f S IN T l - IS " F G i n N 
USING » PQMERON * RESONANCES M Q O f l . TFEPf. 4 3 1 NOW 

THREE F 0 B K A 1 I D N EXPERIMENTS FROM THE COLLEGE OE FRANC E-SACLAT GROUD 
WHICH WE INCLUDE HERE. S t l E F O N 7 7 . B«CCA» I 7 7 , AND BELLEFCN 
F I N D 9 / 7 t I N DPWAS OF "(BAR N TO SIGMA P I , LAM9DA CMEGA. «NT> 

K " 

; 3 * 0 . 0 
2 3 5 B . O 
? i * * - 0 

( 2 3 6 0 . 0 1 
( 7 3 T 2 . 1 

BRICKAN 7 0 CNTR 
CDOL 70 CNTR 

70 CNTR 
BACCARI 
B U L E F O N 7T DPUA 
BELLEFON 7B DPWA 

AVERAGE KEI UNGLESS I SCALE < 

. 2 V « O I 7 3 S O I 

( 2 0 - 0 1 
BRICMf 

8F l LLEF0N 

TO CNTR 0 TOTAl 

AVERAGE MEAt 

http://MFL.SACl.4rll


Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
A(2350), A(2585), l \ I", 1°, 1(1385) 

A(2585) 
BUMPS 

I I * L DILAV IDDFS I P " O I , . I « H . I 

DFCAV • » « [ J 

S0«M1>1»P/1 

. F i l l IMESf i I f I '.. 

1 I JIH. 1*1 «Bl All. ' 

:?,v:;ci\v. v,: 
1RO.BI VI | ,T*U 111' 

S = - i 1 = 1 HYPERON STATES (I) 

I* ' !'-«». 1 1 1 •"». J ^ K . ' - I l - l 

TA*Li J l P l l ' . U " » ' * l.»"3 1 111 I'll.S 

s ' ' . - e - M I W . J " ^ : / 2 - l l- l 

?1 ',1(1**01 1113. JP- J ̂ 7* I h i 

:i[ SIAAIE n n i d f OAT* cwn i i ' i i s v , 

1(1385) • I I I 3 B ! ED 
SfO I?U', INCO-oir i f i l l ITItS EIM'.I KETUEEh Olf I « * ! M 
"E»SU*fHENIi D* THF Y H I 1 I 5 I MAI,', Ah3 HlO' " . 1 " 'U 

;i';;.T!

,i!;t;n!;-?'ius;,^ir:r;;f;{:u'."«[:" 
EBRO«\. •*( CI I M M f M l l INCBEAS' JNBFtLl'.IIC F"0«S e E FT» r A/">*'.. I KL 
IbEF T*-l lY^FL r.-if r n K>IB92I>. 
I N I-F L I V I N G S BUOH Mi ATTEMPT ri] uer»i>j I »F H M JALJFS r i = * - ! 

- t *r; i rvjES 
l i r , H K I ' . I M DEtr»"1'JiTI0NS. NEITHS* Dfi Jt ii/FIAGF HE'JUITS FFU-
INCLUSI* HPEai-F.Nl-.. WITH I *P&[ B AC "-.POUND-, •> BE SUI I 1, .WFH J! s > •,[ 
AFI(!»PiMlO BV *1 LSAS1 1 D IS t im lO* D'J F xPf a |HF MAI BfWLJMOn. 
'.FVfsiMllE'.'j S'".TE"AI IF. Olf'EHENCES f l u l f H l i » ( « H I H H "E-AIN I 1 . ' ! 
Itt[ latCGBA-S JSSEBTfD I I IHF OAt* t»H» i r M N G ' . (FtCWI. '"F'.F 
MH-SBENm fr.ULD AC r SE FRO* INTER* I f NC F FF'ECI', l h# l C-̂ AN'.r 1.1 I -
""CI3IJCF Ilr, • i C ' t M S I ' AND/Dfl ?FAM *0- lN1'J*. T-£Y t.Vi Al i r ; Bl AtC.<lU«.H 
IDA |N PA*' PT rjlfFFBEICFS 11 THF "A«A«F IBI / * ! IE H'_ FWPL'J'FU I IF* 
POBtNilf I'. " • F1" A OlSCimiON D'J l»IS POIV ' l . THLS B I lPp t i lF I . '<• )i 

U '.IYt JN1AI ISr*CIO"T ' I I S . CAMFFIOS F8 U'.F 

i i>1 DtCA-r -PCF 
S»F i i - « i r , ' 

I I t ' l !•<(.( ".Wl 

SL'IIKJ'b •*' 
BtlOEN-i T i 

I r , ,« . | , i ,3 .1 |F| | . 

AVF«»r.F IH»»[ie | 

' 1 . " -S P F V / L 1 1 / 1 

• E 633 l!8T. I 

IP3. t <?. ! 

INCLUnES CAT! 
l ° J U l l . 

'""sis:;;;':!'::"' 
BBBBElxr, '7 HhC 

iUGAHABA TO fBC 

. - l .3 f .FV 11/77 
i.?5 &IV 1/dO 

IVCIITF* St. ALE I 

http://HPEai-F.Nl-
http://-l.3f.FV


Baryons 
2(1385) 
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Data Card Listings 
For notation, see key at front of Listings. 

WEIGHTED AVERAGE - 1382.29 ± 0.39 
ZRRQR SC*t.E0 fir 1 6 

CAMERON 
HOLMGREN 
BORENSTE 
•HABIBI 
AGUIIAR 
SIECEL 
•ARMENTERO 55 HBC 
•HUWE 64 H8C 

77 HBC 
74 HBC 
73 HBC 
72 HBC 
67 HBC 

2.0 
0.0 

1J7S 1380 
Y'1(1J85)+ 

1365 1390 
JAS5 (UEV) 

0.7 
17.9 

(CONLEV 

WEIGHTED AVERAGE - 1367.44 t 0.56 
ERROR SCALED BY 2.2 

CAMERON 
4+OLMCREN 

78 HBC 
77 HBC 
74 HBC BORENSTE 

THOMAS 
HABIBI 
SIECEL 
ARMENTERO 65 HSC 
HUWE 64 HBC 

67 HBC 

1385 1390 
l«SS (MEV) 

IASS DIFFERENCE IHEV 

1 0 6 ( 3 0 . 0 1 1 9 . 0 1 CURTIS 
E 2 4 0 3 9 . 3 1 0 . ? THOMAS 
E ERROR ENLARGED BY US TO 4 * G I M H * / S 0 J T ( N I 

C 3 1 0 0 1 5 3 . ) ( S . I BOREWSTE 
C M O O CONSISTENT h i t * H O - H « H - BORENSTE 

6 3 OS PH. 0 P I - P 1 . 5 8EV /C 
7 3 HBC 0 P | - P TO PIQKOLM 1 1 / 7 7 

SEE TYPED NOTE ON « • MASS. 
74 H8C O K-P T0H39f>'PlS 1 1 / 7 7 
74 HSC 0 K-P T 0 ( 1 3 B 5 ) ' P I S l l / T T 

eETWEEN 

IDUNDANT b 

COOPER 
HUHE 64 HBC 
ARMENTERO 65 HBC 
SMITH 65 HBC 
SMITH 6 5 HBC 
LONDON 6 6 HBC 
LON0O\ 6 6 HBC 
SIECEL 6 7 HBC 
H A B I 8 I 7 3 HBC 
BORENSTE 74 hBC 

BC * - K-P 1 . 1 1 BEV/C 
1 . 4 5 BEV/C 
1 . 2 2 BEV/C 
. 9 - 1 . J BEV/C 

i t :V/C 

AND * 6 C l « . 9 5 

4 DATA I N MASS L I S T I N G ; 

* - K-P 1 , 9 5 BEV/C 
+ - K-P 2 . 2 4 BEV/C 
• - LAMBDA 3 P I EVTS 
« - K-P AT 2 . 1 GEV/C 1 0 / 6 9 
* - K-P TO 2 P | LAN 9 / 7 3 
• - K-P 7 0 ( 1 3 8 5 J * « S J l / 7 ? 

B / 6 6 
0 / 6 9 
8 / 6 6 
a / 6 6 
9 / 6 6 
9 / 6 6 
B / 6 6 
7 / 6 6 

( Y « 0 ) - C Y « * ) NAS5 DIFFERENCE INI 

• NO * 4 C L ' . I S BORENSTE 74 HBC 
OAT* [ N HASS ( . ISTrNSS 

• T 0 U 3 S 5 ) » P 1 S 1 1 / " 

r«O I MASS DIFFERENCE INEV 

- 0 P I - P TO P ( - K * L H 

I M . O ) 
( t O . O f 
( 2 0 . 0 1 OR LESS 
I S O . 0 1 
( 2 6 . 0 1 I S . 0 1 

ALSTON 
SEffCF 
MARTIN 
COLLI 

6 0 HBC + - K-P 1 . 1 5 6 E V / C 
6! Hfl£ — K-P . 4 - . B 5 BEV/C 
6 1 HBC * 0 K20 P . 9 6 BEV/C 
6 2 HLBC - 0 P I - PRP 2 . BEV/C 
6 5 HBC • - PBAR P 3 . 7 BEV/C 
65 HBC * - O P B A * P 3 - 4 BEV/C 

P I * • C . C . 1 

BALTAV 
1 3 8 . 0 1 ( 9 . 0 1 HUSGRRVE 

1 2 0 0 { 2 0 . 1 ( 4 . 1 ATHERTON 7 1 HBC 
T F I 1 B . H . * PHASE SPACE BCKGRO 
R 2 0 0 1 3 5 . I 1 5 . ) 4THERT0N 7 1 HBC • - LAM P I * • C . C . 
R F I T B . H . AND NO BCKGRD 

1 9 0 1 6 1 . ) ( 1 0 , ) 4HMRHN 73 DBC • - K-H 4 . 5 G E V / C 
2 0 0 I B 9 . 1 1 2 3 . 1 ATHERT0N1 75 HBC *-OPBAR P 5 . 7 GEV/C 

D 1 7 0 . ) ( 1 0 . ) ALSTON 7B DPMI - 0 KBRR N ONLY 
1 WITH M*SS F I X E D AT 1 3 8 5 MEV. FROM RESULTS OF PARTIAL H IVE ANALYSIS 
0 DF KBAR N SYSTEM EXTRAPOLATEO BELOW THRESHOLD. 

2 4 2 f S 3 . I ( 1 4 . 1 OSONtSl 76 HBC *~ K-P 7 0 V * K MM 
1 I * ( 3 5 . 1 ( 2 . ) BANERJEE 7 9 HBC * - LAM P I * * C . C . 
I 5 0 0 O b . ) ( 4 . ) BANERJEE 7 9 HBC • - LAM P I - * C . C . 
I FRUN F I T TO INCLUSIVE LAMBDA P I • C . C . SPECTRA 

L L / 7 7 

L l / 7 7 
1 1 / 7 7 

1 / 7 8 
1 / 7 8 
1 / 7 8 
3 / 7 9 
1 / 8 0 
1 / f lO 

1 5 4 I 4 B . 0 ) 1 1 6 . 0 ) ELY 6 1 HLBC * K-P 1 . 1 1 BEV/C I 1 / 7 T 
1 7 0 1 5 1 . 0 1 ( 1 6 . 0 ) COOPEP 64 KBC K-P 1 . 4 5 BEV/C l l / T T 
6 5 9 4 6 . 5 6 . 4 HUHE 64 HBC K-P 1 . I 5 - 1 . 3 0 G E V n / r r 
7 5 0 3 2 . 0 4 . 7 ARHENTERO 65 HBC K-P . 9 5 - 1 . 2 0 GEV 1 1 / 7 7 
2 5 0 ( 3 0 . 3 ) SMITH 65 HBC K-P 1 . 6 BEV/C 1 1 / 7 7 
2 5 0 1 3 3 . 1 ) SMITH 6 5 HBC K-P 1 . 9 5 BEV/C 1 1 / 7 7 

6 2 ( 2 5 . 0 ) » IRM)ttGHA 6 6 HBC K-P 3 . 5 GEV/C 1 1 / 7 7 
1 2 6 0 3 6 . 0 S IECEL 6 T HBC K-P AT J . l GEV/C U / 7 7 

4 6 1 3 3 . 1 AGUILAR TO HBC K-P 4 G E V / S I G . P I 
4 0 0 3 2 . 5 6 . 0 • GUILRP. T2 HBC K-P TO LAH*P1S 1 0 / 7 4 

2 3 0 0 3 6 . 3 3 . 2 H A 6 1 6 I 7 3 HBC K-P TO 2 P I LAM U / 7 7 
3 7 4 0 ( 4 8 . ) 1 3 . 1 BERTHON 74 HBC K-P 1 2 6 3 - 1 6 4 3 W V 1 0 / 7 4 

ERRORS ST i l l ST ICAL ON L Y . RESOLUTION NOT UNFOLDED-
6 8 4 6 3 4 . 1 . 6 BORENSTE 74 HBC K-P T O I I 3 S 5 H P I S 1 1 / 7 7 
RESULTS FROM LAM P I * P I - ANO L M P I * P I - P IO COMBINED BV US. 

1 4 0 . t 1 3 . 2 ) BARDADIN 75 HBC K- P 1 4 . 3 GEV/C 1 1 / 7 7 
22R 1 4 3 . ) 1 5 . ) BARRE1H0 7 7 HBC K-P AT 4 . 2 GEV H / T 7 

INCLUDES DAT A OF HOLMGREN 77 
2 5 9 4 2 . HOLMGREN 7 7 HBC K-P AT 4 . 2 GEV 1 1 / 7 7 
6 9 0 0 3 5 . 5 1 . 9 CAMERON 7 6 HBC K-P 0 . 9 6 - 1 . 3 6 G E V 1 1 / 7 7 

TR 1 3 7 . 1 ( ? . t BAUBtLllE 7 9 HBC K-P AT 8 . 2 5 CSV 1 / 8 0 
2K 1 3 0 . ) ( 4 . ) CAUTIS 7 9 HYBH P U / K - P 1 1 . 5 GE* 1 / 8 0 

1 0 0 ( 3 0 . ) ( 6 . ) SUGAHARA 7 9 HBC P | - P AT 6 CEV/C 
6 0 0 ( 4 0 . ) ( 3 . ) BAKER 8 0 HVP.R P | * P 7 CEV/C 2 / 8 2 4 
7 5 0 ( 3 7 . 1 1 2 . ) BAKER BO HYBR * K-P 7 CEV/C 2 / 6 2 * 

FRO n FIT TO NCLUS1VE LAMBDA PI SPECTRUM 
ERROR ENLARGEO BY US 0 4 * G A M M A / S Q R T ( N 1 . SEE TYPED NOTE ON K* MASS. 

AVERAGE (ERROR INCLUDES SCALE FACTDa OF 1 . 0 1 VG 3 4 . 9 6 D. 92 

0 4 * G A M M A / S Q R T ( N 1 . SEE TYPED NOTE ON K* MASS. 

AVERAGE (ERROR INCLUDES SCALE FACTDa OF 1 . 0 1 

1 4 0 . 0 1 OAHL 6 1 DBC - K-0 0 . 4 5 BEV/C 
2 2 4 ( 6 6 . 0 1 l l f l . O I ELY 6 1 HLBC K-P 1 . 1 1 BEV/C 1 1 / 7 7 
2 0 0 ( 8 8 . 0 ) 1 2 4 . 0 1 COOPER 64 HBC K-P 1 . 4 5 9EV /C 1 1 / 7 7 

1 0 8 6 6 2 . 0 7 . 0 HUHE 64 HSC K-P t . ! 5 - 1 . 3 0 G £ v 
1 3 8 2 3 6 . 0 4 . 1 ARMENTERO 65 HBC K-P . 9 5 - 1 . 2 0 GEV 1 1 / 7 7 

1 2 0 1 2 9 . 2 ) ( 1 0 . 6 1 SMITH 65 HBC K-P 1 . 6 0 BEV/C 1 1 / 7 7 
5 8 ( 1 7 . 1 1 ( 8 . 9 1 SMITH 6 5 HBC K-P 1 . 9 5 BEV/C 1 1 / 7 7 

3 7 0 3 1 . 0 6 . 5 SIEGEL 6 7 HBC K-P AT 2 . 1 GEV/C 1 1 / 7 T 
1 9 0 0 4 . a HABIB1 73 HBC K-P TO 2 P I LAN 1 1 / 7 7 

6 3 0 4 B . 2 7 . 7 THOMAS 7 3 HBC P I - P TO P t - K O L N 1 1 / 7 7 
3 0 6 0 1 4 0 . 1 ( 3 . t BERTHDN 74 HSC K-P 1 2 6 3 - 1 8 4 3 M £ , 1 0 / T 4 

ERRORS S T A T I S T I C A L ONLY. RESOLUTION NOT UNFOLDED. 
2 3 0 3 3 5 . 3 . BOREN5TE 74 HSC X - P T O I I 3 B 5 ) * P ) S 1 1 / 7 7 
RESULTS FROM L AM P I * P I AND LAM P I * P I - 1 0 COMB NED BV U S . 

I 4 T . ) 1 6 . 1 BARDADIN 75 HBC K- P 1 4 . 3 GEV/C 1 1 / 7 7 
12K ( 4 5 . 1 ( 5 . 1 BARREIRO 7 7 HBC K-P AT 4 . 2 GEV 1 1 / 7 7 

INCLUDES OAT 1 OF HOLHGREN TT 
1 9 3 ( 3 5 . ) ( 1 0 . ) HOLMGREN 7 7 HBC K-P AT 4 . 2 GEV 1 1 / 7 7 

9 7 2 0 3 9 . 2 1 . 7 CAMERON T8 HBC R-P 0 . 9 6 - 1 . 3 6 G E V 1 1 / 7 7 
4 . S K m . ) ( 4 . ) B A U B I L L I E 7 9 HBC K-P AT 8 . 2 5 GEV 1 / 6 0 

1 5 0 1 5 8 . 1 1 4 . ) 5UGAHARA 7 9 HBC " P I - P AT 6 CEV/C l / B O 

FRO « F I T TO NCLUStVE LAMBDA PI SPECTRUM 
ERR 3R ENLARGED Br US 0 4*CAMMA/SQRT(N) SEE TYPED NOTE ON K« M A S i . 

ILE FACTOR OF 1 . 9 | 

WEIGHTED AVERAGE - 3 
ERROR SCALED BY 

CAMERON 7 8 H B C 0 Z 

SOREMSTE 7 4 H B C 2 7 

THOMAS 7 3 H B C 1 ! 

H A B I B I 7 3 H B C 6 2 

SIECEL 6 7 H B C 1 . 9 

ARMENTERO 6 5 H B C 0 2 
HUWE 6 4 H B C 

( . To L „ E r , ao ( . To L „ E r , 
1(1385)- WIDTH (MEV) 

4 3 Y * 1 ( I 3 B 5 1 REAL PART OF POLE P C S I T I O N 4 / T 5 

1 3 7 9 . 
1 3 8 3 . 

0 1 . 0 LICHTENB 74 * EXTRRP H A B I B I 7 3 
0 1 . 0 LICHTENB T4 - EKTRAP H A B I B 1 T 3 

4 / T 5 
4 / 7 5 

4 3 Y * 1 I 1 3 8 5 I IMAGINARY PART OF PCLE P O S I M C N 4 / T 5 

1 7 . 
2 2 . 

5 1 . 5 LICHTENB T4 « EKTRAP HAB1B1T3 
5 1 . 5 LICHTENB 74 - EKTRAP H A B I B I 7 3 

4 / 7 5 
4 / 7 5 

43 Y * 1 I 1 3 8 5 1 PARTIAL DECAY MODES 

Y « l l 1 3 8 5 1 
Y 4 1 I 13651 
V « H 1 3 B 5 I 
Y 4 1 I 1 3 B 5 1 
Y * l l 1395) 

DECAY MASSES 
INTC LAMBDA P I 1 1 1 5 * 1 3 9 
INTC SIGNA P I 1 1 8 4 * 1 3 9 
INTO LAMBDA GAMKA 1 1 ) 5 * 0 
INTO H KflAft 4 9 3 * 9 3 8 
INTO SIGMA GAMMA t l 4 T * 0 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
1(1385), £(1480), 1(1560) 

' • I t 1 * 8 5 1 I N T C I 

1 L C W 

o . o t . 

0 . 0 5 
O.D3 
0 . 0 7 

0 . 0 6 

0.011 

IRANCHING R ' 

ANBDA P I I 
B t S T I E U 
M.SIOM t,2 H6C 
IJME <i HBC 

' \ . \ 5 « t " * / t 
• 1 . 2 - 1 . i oev 
* . 9 S - I . Z 0 C t V 
' 7 . 2 4 3EV/C 
. B - K T P | ] 
4 U S CEV PROD 1 
> 3 . 9 , * . 6 GEV I 
> - ? P ! S I G / L * 

f ( i H » p a L * r i c N n i P S R A H F I 

• n u a i ) I N T O I I A - B O A GJ 
n . O f c l CR LESS C l -

BERTHON 7 * 
BO«*ENSTf 7 * 
0 I 0 N I 5 I TH 

L V E R A G E tEOBGB I N C H 

n u n c e i L o u i 

* - P 10 Y 

LF FACTOR 

i m s x p i s I O I 

110 I M l l l G A t W A I / I L A H B D A P i t 
i PO LESS LV-tO COLAS 

H i F I R E N C F S FOR 1 I t I SI 

BAS1 IFN 61 ' 

I POL I. 1*7 

ALSTON ft? CERN C O M 3 
h? °1 l ? S l Q 3 0 

PP 1 32 1771 
o i 8 T65 
u c u > 11 ?<i i 

ALSO (,•* p» I B Q i e ? * 

AHHENIER * 5 PL I S 7 5 
P S i * i o F M O ? 

MUSGRAVI NC 35 735 
S - 1 T H ft5 ' • ' E S 1 5 l U C l 

ft* P" 153 11 
in-JDON PB 1 *3 1 0 3 * 

hi ' JLHl 1 8 0 * 1 
P B L 7 3 9 0 8 

/ n 
n •JP B ? 9 W 

C O L L I * n NP 8 2 1 e l 

. * l V « R E I . E f l E O H A M 0 . C C C 0 . C « A / I » W . * 
p f lAST IFN .W F E R R 0 - I U . F 7 I . » M ROSF'JF E l f 
• B A S M E N i D A M l . F E P . H O - l U i n . K I P / i * 
. l a H M M i ^ l L L E P . H U P f l A V . h i l l E 
• FtJNG. G I D A L . PAN. B r W E L L , WHITE 
M E I PUNER.C « l H O W S K Y . i t ' I V E L V , ' < PNL 

« « i V A « r 2 , t f ( i i i D - L g ; z i , B c s £ N f E i o . . 
*GFi .FAND.NAUENBERG, • F C UL U**fl I A . PL 
• C F J F F l N . W E Y f R . T E R W I L l l G E R 

• E f t E / A " , . . 

• • c o n , E « s i w a n o , F 

"EISNER 7? •, 

.FRN.HF IDEL.SAC 

J . I P C I . I C I C S S C 

- E N C H I F R I S " . ' . 

' H I N I C B E E N ' 

> Y , B R | a G E H A I E B . C i L 

< » l B F L E I S C H , S I f ' » W > i < 

A I H E R T D I ^ 
6 A S 0 A D I N I 
I D E A S 1 

BARREIRO 1 
«Ot«l&REN 1 
4LS10N J 
CAMERIiN ' 
D I C N I S I 1 

• m u s Y . N O P D i n 

I S A C K l P O L ' B H F l I 

' n 1 7 ( . • 

i 0 1 9 I f , AlSTON-GARNJOST.K tNK 

' R S . l - A L L . M l L l E R t 

t « * L A ' ' E SCMLEI I (CEP» 

ls^:s;|^s;c:SSE|;:E; 

I£(1480) 
BUMPS 

'̂ HiS 
i - « F v u r A T T H E s n 

,HBDA P I ] 

I T E S I » ! i S 

H ^ S O N n . W I I H F E W E R D A T A I H A N P A N ? O . C A N M U H R C C M I O H -JOB 

DEN* I H F EXISTENCE OF THIS S I A T E . " A S T 7 5 S E f S ><C STRUCTURE T N I M | s 
MASS HEC10X I N K- 0 10 LAMBDA P I O . 
EN&EIEN S I PERFOP" A NUL T [-CHANNEL ANALYSIS 0 ' l-V —> "& P i - P * 1 
* . 3 G S W C . T V 1 1 OttSE«VE » 3 . 5 S T D . D l t f . S10XAI A l 1 * 8 0 T V I ' l P lO fcA l 
WHICH CANNOI BE EXPLAINED AS A B d L f C I I O N OF AN* CDHPETl ' iG ' H A N N E L . 

I Z D I 1 * 8 0 . 1 

AVERAGE "EAN1N5LESS (SCALE I 

70 nBC * P I * P Tf) * P I SIG 3 / T I 
7} «PkA « - • TO l » P I - B W 7 3 
6 0 f t t « t - P TC MO P | - P 7 / 8 £ » 

' H « » l S IG 3 / 7 1 
) t a L * P I - B < I / 7 3 

' 0 <0 P | - P 2 / B 2 * 

AVEHAGi M E A N l f . G l l 5 S t SCSI f I A C I Q R * 

H I * H D 1 H A T C H I N G RAMOS ( P S D D . [ "• . I 

[ i * g o i i - n n ( P O O I O N -

C l 1NE I I HPhA 

73 INC S 7 0 ' 

Y U - L 1 PA (,f BD l 73 o.O" 
H i L i i R 7o n u \ t 7 7 1 ; 

•4A5I 75 P«3 1 1 1HTF 

H I IERFVCES IQB Y « | ( l 

* H « ^ A * i . K 1 i ' I A G D B i a - J , 
C l I M E . L A J M A N N . X A P B 
t H F I N l N . K l l H I , - H l l 

PAPERS NUT B f F E H a f O 

u s c n N S i M i j i 

£(1560) 
BUMPS n i l s L ' i l R r L I S I S " i f . u i o n m i i i 1 " « A S S S B E r i o a annum, 

ISftD *EV X I T H l i d l I 1 B L Y I N G TH1T ' " f v A P I N f C I S S A R R V 
" E L A T f D . 
D l d N l S I 78 IIRSEBVf A (, S ' D . D ( V . I ' . "ANE I«FN1 
"EV I N T i t CMARGfO ILA-1B0A/S |r.«A P I ) "ASS '. 

I N A CFBN [SB E « P F P I M F N 1 , '.PC««"AN 78 PF°ORT A *MR(cr 
t> S t [ ) . CiV. ENKANtE"ENT AT 1 5 7 7 « ( V I N I « t LAMBDA P L t / P L - SYSTF-S 
FROM l o f R t A C H P N PP - - > l A N 9 t l A P I » P | - . ANYTMT'IG AT f . * . F N t R J I F ' 

I H f S E F W K F ' F M ' , AR? U N l l K L l Y TO fit ASSOEIATFD h I T H T« i Y * I I 1 5 R 0 ] 
[WHICH HAS NOT BFFN C 0 N F I R T 3 BY SFVE°AL BTCFNI f ' P F S H T N T S - S i r 

[ N NEED riF C r N F | 0 » A I | a N . I W H T i n FRO" I l l l i S . 

N I N 1 1 I S S I SCALE f 

AVERAGE WEA' 

156DI WIPIH IMfvi IPRQD. 1 

51IW1S1 IB «pl 

ACTOR ' 1.01 

I -fODES I B R O b . F K P . l 

http://HOWSKY.it'


Baryons 
1(1560), E(1580), £(1620) 

Data Card Listings 
For notation, see key at front of Listings. 

BO Y " H 1 5 6 0 I BRANCHING P » » I O S IPftOO- E * P . ) 

' I I 1 S 6 D I INTO SIGMA P I / t S I G » A PI * LAMBDA P I I ( P 2 > / I P | » P 2 ) 

REFERENCES. FOR Y ' K l S f e Q l l i m C O . E X P . I 

LPERS NOT REFFRREO TC I N DATA CARDS 

2(1580) 
t c . 1 1 1 5 8 0 , J P - 3 / 2 - 1 

CBSERVED I N K- N 1 -1 TOTAL CS HIThOUT JP ASSIGNMENT HI 
E N L U I 7 3 , CARROLL 7 3 . CARROLL 7 6 1 AND IN PHA OF * . - P 
- - > LAMBDA P I FO« C I E N E R G I E S - 1 5 6 0 - 1 6 Q O MEV 8Y 
L I T C H F I E L D 7 * . L I T C H F I E L D 7 * F I N D S J P - 3 / 2 - . NOT SEEN B 
ENGLER ' 8 OR BY CAMERON 78 I WITH LARGER S T A T I S T I C S ! . 
I N <LDN5 P TO P I * LAMBDA AND P I * S IGHAO. 

— — OD YHI15B0I MASS 1HFW) 4 / T 5 

L < :m: J' L I T C H F I E l 7^ DPtiA 
CARROLL 76 DPUA 

0 1 - P TO L 
! • ! TOTAL C5 s;;5 

co V«HISBOI WIDTH t H E V I * /75 

1 c , ! l : I I T C H F I E L 74 DPHA 
CARROLL 7 6 OPfaA 

0 K- P TO L 
1-1 TOTAL 

AN PI 
CS ?,?, 

oo YMUSBOI PARTIAL DECAY MODES * / 7 5 

iliiE I M C N KflAB 
INTO LAMBDA P] 

DECAY " 
9 3 B * *,93 

1 1 1 5 * 13<! 
1 1 B 9 * 1 3 9 

ASSES 

• 1 1 1 5 B 0 I BRANCHING R T IOS 

Y * l l 15801 1NTQ (KBAR N l / T O T A L ( P L ) 
• 0 . 0 3 0 . 0 1 L I T C H F f E l 7 * DOHA KflAR N «ULT1C-*NL 

MAIN E F F i d OBSERVED BY L I T C H F I E L D 7 * I S I N P I LAHBOA FINAL STATE, 
«BAR N AND SIGMA PI COUPLINGS ALSO ESTIMATED FROM MULTICHANNEL F I T 
INCLUDING TOTAL CROSS SECTION OATA ( I I 7 3 1 . 
TOTAL CROSS SECTION BU»P H U M 1 J * 1 / 2 ) K . . 06 SEEN BY CARROLL 76 

' • 1 1 I 5 8 Q I FPC" "EAR N TO LAMBOI I P I S Q R H P I * P Z 1 
L I T C H F I E L 7 * DPNA 0 « - P TO 1AM P | 
CAMERON 78 HBC * KL P TO P I * LAW 
ENGLER 78 HOC • XL P TO P I * LAW 

?BQ! FRC» «BAR N TO SIGMA PI S Q R 1 I P 1 » P 3 I 
* 0 . O 3 O . O * L 1 1 E H * I E L 7 * DPWA KBAR N MU17ICHNL 

DT SEEN CAMERON 78 HBC * KL P TO P I * SIGO 
]T SEEN ENGLER T8 HBC * KL P TO P I * SIGO 

REFF.ftEH.CES FOR 1 . 1 1 5 8 0 1 

L 1 T C H F I E 7 * PL S I B 50") 
CARROLL 76 PRL 3 7 80b 
ENGLER 76 PL 6 3 B ? 3 I 
CAMERON 78 NP 6 1 3 2 ISO 
ENGLER 7B PR D I E 1 0 6 1 

L I T C M F I E L O I C E R M t l J P 
• C H 1 A N G . K Y C I A , L 1 , M A Z U R « M I C H A E L * ( B N L ) I 
*KEYES,KRREMEft .SCHLERETh.TANA«A* t C A R N . A N L H 
* C A P | L U P P I * I B G N A * E 0 I N « £ L A S * P I S A * R H E L I 1 
.KEVEStKRAEMEft .TANAKA.CHO.t 1CARN.ANL) 

PAPERS NOT REFERRED TO I N OATA CARDS 

CARROLL 73 APS ! HTG 2 0 8 C A R R O L l t C M t A N & . K Y C I A i 

Note en the £(1620) 

This state was first suggested by CRENNELL 68 
from evidence In the reaction K~n + £(1620)—rr ir~ at 
3.9 GeV/c, with the £(1620)- decaying Into ATT±. 
The situation Is still far from clear. 

MILLER 70 Is a good review of the production 
experiments; there has been no new evidence from 
then since 1970* The evidence Is only in the AIT 
channel. CRENNELL 69 claimed the effect in this 
channel with no evidence seen in KN or KNTT. SABRE 

70 studied the same reaction at 3-0 GeV/c with com
parable statistics and saw no evidence in the ATT 
channel; on the contrary, they believe the effect 
to be a spurious peak resulting from misidentifled 
I from the production of 1(1670) decaying into 
£TT +. AMMANN 70 studied the same reaction at 4.5 
GeV/c and reported a state at 1640 MeV, again 
decaying only into ATT (no evidence seen in the £TT 
or KN channels). HUNGERBOHLER 74 reported upper 
limits on production cross sections for a 25 GeV/c 
£ beam. 

CARROLL 76 measured the K~p and K~d total 
cross sections from 0*4 to 1.1 GeV/c and found 
three narrow (10-15 MeV wide) bumps in the I » 1 KN 
cross section at 1583, 1608, and 1633 MeV. 

Several partial-wave analyses have found evi
dence for one or two fairly narrow states within 
about 50 MeV of the effect seen in production: see 
the entries for the D13 £(1580), the Sll £(1620), 
and the PI1 £(1660). However, the various analyses 
do not agree on widths or branching ratios. 

In conclusion, clarification of the £(1620) 
question probably must await more data and a more 
complete understanding of the entire region from 
1600 to 1700 MeV. The closeness of the £(1620) and 
£(1670) masses suggests that the complications of 
the two regions may be related (see the "Note on 
the £(1670)" below). 

£(1620) MI1620. • •1 /2-1 ! • ! 

THE S l l STATE AT lb")T MEV REPORTED BY VANH0RN 7S I S 
INTERMEDIATE I N MASS BETWEEN THE S1GMAI162D1 AND 
S I G M A I 1 7 S 0 1 . HE TENTATIVELY L I S T TT UNDER S l G M A d i S O I . 
CARROLL 76 SEES TWO BUMPS IN T H E t - 1 TOTAL CROSS 
SECTIONS NEAR T H I S MASS. 

32 

6 2 0 - 1 

' 1 1 1 6 2 0 1 MASS t " E V I 

K I M 
11 0 . 0 

1 6 3 3 . 1 0 . 
I 1600 

AN EQUAI 

• 1 6 1 3 . 0 1 0 . 0 AVERAGE (E l 

NGBEIN 
5 . CARROLL 

1 0 . CARROLL 
1 6 . 0 1 MORRIS 

CCOC F I T I S OBTAINED WITHOUT 

71 OPNA 

76 DPI.A 
7 6 OPHA 
78 DPMI 
I N C L U D E 

X-NATRIK ANAL. 
MULTICHANNEL 
1 -1 TOTAL CS 
1-1 TOTAL CS 
* - H TO LAM P I 

NG T H I S R E S O N A N C E . 

SCALE FACTOR OF 2 . 2 ! 

32 V * L I 16201 i 

LANGBEIN 
CARROLL 
CARROLL 
HOURis 

162DI PARTIAL DECA1 

1 OPi 
2 IPMl 
6 OPUI 
6 OPkl 
a D P M I 

t - M A T R I X ANAL. 
MULTICHANNEL 
l - l t f f l M . CS 
1«1 TOTAL CS 
K- N TO LAM P l -

Y« I I 16201 INTO N KB A* 
V * I I 1 6 2 0 > INTO SIGMA ' I 
Y . I I 14201 INTO LAMBDA P 

DECAY MASSES 
93B« * S 3 

1 1 W * 139 

http://REFF.ftEH.CES
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
S(1620), 1(1660) 

• I I 1 6 J 0 I BRANCHING l 

I I 

:s:i ?.vi u'dis. .0,. 

E I M n DPHU 
HDNd T I DPfcA K - « P — I A* -
LANGBEtN 75 I P * * M J L T I C f A N r 
U « l / 2 1 X - . Q 6 S6EN B1 t l f m u t 
( J H / 2 I X - . 0 * SEEN BY C»OROIL 

3-BODV CHANNELS) REQUIRES NO RESONANCE 

1 0 M G » I P I SORI IP I»P?> 
/ ] DP** K-NATRIK ANAL. 
f ? IPWA " U H I C H A N N F L 
76 DP H i - 0 "t- NUC ' 0 S I l , H 

S Q R T | P 1 « P ) I 
71 I > P H A K - « H » I 1 A N A L . 
75 IPbiA *BAR N ' 0 V.<kH P I 
7B DPWA - K- N I f j t * H P I -

. SORI IP I»P?> 
/ ] DP** K-NATRIK ANAL. 
f ? IPWA " U H I C H A N N F L 
76 DP H i - 0 "t- NUC ' 0 S I l , H 

S Q R T | P 1 « P ) I 
71 I > P H A K - « H » I 1 A N A L . 
75 IPbiA *BAR N ' 0 V.<kH P I 
7B DPWA - K- N I f j t * H P I -

. 
SEE 

>*1I1660, JP- I /? 

I I f f STARI 0 E LANGBEIN 
HEP"? 

SORI IP I»P?> 
/ ] DP** K-NATRIK ANAL. 
f ? IPWA " U H I C H A N N F L 
76 DP H i - 0 "t- NUC ' 0 S I l , H 

S Q R T | P 1 « P ) I 
71 I > P H A K - « H » I 1 A N A L . 
75 IPbiA *BAR N ' 0 V.<kH P I 
7B DPWA - K- N I f j t * H P I -

1(1660) 
SEE 

>*1I1660, JP- I /? 

I I f f STARI 0 E 1 
B A t L L C N 
M0BO.IS 

SORI IP I»P?> 
/ ] DP** K-NATRIK ANAL. 
f ? IPWA " U H I C H A N N F L 
76 DP H i - 0 "t- NUC ' 0 S I l , H 

S Q R T | P 1 « P ) I 
71 I > P H A K - « H » I 1 A N A L . 
75 IPbiA *BAR N ' 0 V.<kH P I 
7B DPWA - K- N I f j t * H P I -

SEE 

>*1I1660, JP- I /? 

I I f f STARI 0 E v» L I S T I N G S . 

I * n PRL j ? 356 J K K I H 
ILCiO 7G (KKL \ o l 

N S JONG 
ANGf lE lS 7? NP B*? * 7 7 *H»GNEH 

M L t C * 7^. *JP B 9 * T ) • " . B A I L L O N , I C E O 
ARRQIL f t , PRL 3 7 BOb • C H I A N G . l Y C 
EPP.? 76 P I 6 5 H 4B< » B R » J N , C R 1 1 
ORRIS 7fl PR o n V . • * L H l t & K I , C C U E R M H E , « I « U t A N H U T l l 

IPERS MOT B E F F f l a f U 

YANHORN lh NP B 6 7 

1620 MEV REGION - PRODUCTION EXPERIMENTS 
i" y « n i « o . J P - i i ' i R E D U C T I O N I > P E B 

' M t f t • U N I - f e E W t »1 IMF y " ' !'•* I M i « L I S T I N G ' 

t « I S PESCNAIItE NEEDS CCJF I B K i l l n i . . THE R E S U l ' S CI 
C E N N E I l . 6 9 * l 3 . " GEV/F. ABf " 0 1 CONFIRMED HV I.<| 

L C I I . i M K A m * « 61 3 . 0 OEV/C t S A B B f 1 
) StF . .s,«;,i;r.;!: 

i i c i r 
I 1 6 7 0 1 . 1TE M I I L E C 

CBFNVF.IL ofl DBC 
J THE 1ABGE» SAMPLE 

S l W S N f U 6 9 HfiC 
C F N N F L l 59 5BC 

INCLUDES SCAIE FACM 

* ; o i IOTH |M[ -VI I B t l ( T ) . f t B . ) 

C R I N N i l l 6H CUC • - 111 H 
( I W t l H *>«• * K • 
CRENNELl 6 9 DBC . -
AHMANN ' 0 t'-BC ' - " J •> 

AGE (FURflR INCLUDES 5 L A U r i C 
B A N Y I N G I H F MASSIS O U I M t O 

• • I I 16^-J) 
•II 16?3I 
•11 JWD 
• l ( lfc?>ll 
*1I16?3I 
• K :6<-">i 

R l 
" 1 

* • ! . . ' J . J I I M ( 
1 * 1 . - . ' ' 1 

= V » [ ( 16J[)1 BRANCHING 0 « 

(1 I M I l S 0 | P I ) / H . « 1 B 0 A P 
P P s r n BlUMENFr 

t i a 

11 ( r . 1 / 1 n 31 
HBC t 

1 0 . 0} ( 0 . 1 1 C s f l N E L l 
• . * AM"«NN : t P 1 1 7 I P ? l 

OPC <-P 6 . S c w / t 

T ' I U l . H » t ' H ' I I U X D J A B 1 | / T 0 1 * L 
CHENNELL c 

I P ; I 

j ; 
i " l ( 16^01 I N K 1¥* 1 <1JRS1 P I l / ( L A « B O » P 

1 0 . I I COFNNEL1. 
R LF 'S i C l = .-»5 A"«KANH 

i t 

70 

|P1I7{PZI 

<» .-/r 

* 6 

v * i i i 6 7 i t i i n 
M . M I 1 r 

i r * l < l 6 j ? l l * i t ' 
•D.7 

1 S t G - B P [ I / ( L * M B 0 4 P l > 
"C JPPEB l l « I T I AHMAKN 

r V ' 0 1 1 ^ 0 ^ 1 B l l / I L A K B O A P 1 IPfcl/IPZI 

G f V / C 

' . R E f c N E l l 68 " 0 l p i 
BtJMENFE 6 9 PL 7-JB 
CSENNEl L 6 9 L'J-jy PI 

P L J - E S F E L D , K * L » l t l i C h 
• 3 •KARSHON. L A I . O N E I L - i C I 
; L E V I ^ E I I I 6 9 . 

I 6 9 LUND CCNF 
6 9 OCRL 1*361 

I 70 OJHE 12 3 
70 OWE 229 

.PE"S NOI REE EPHEO T r i " o*r» C»»DS 

* F > m » 0 i . B * l 
L E V I SETT I 

L L O M • 
(RAPPCI ̂ .'.""-"•'li'li' 

H E f i T E R O i . B * ! 
« I I L L E R < 
B i t COLLAS. 
• J G E R B U H L F B . H 

L L O N * 

REVIEW 71 
< S « C l , 

ASS I 

l « Q . 

< USLOHS'") 

M 1 E S I I B O 10 MBBt - 0 « - N 7 0 S1CHA P I 
K I M 71 OPkA X - H A I R I K A N A L . 

I * . l HAB I 73 OPWA E L » C < . . 7 - . f l i ; E V / C 
LEA 73 DPtaA " " L t l C H N L « - H I I > I 

> l - « C M A l f . l -TJH T1BLF I OF l f A 7 J I R E I N L I S T I N G S . 
?0. 01 HANF 7 * CPWA K-P TT1 P I ST& ! 

1 6 6 3 . 1 n o . ) B A I L 1 0 N 75 IPUA KBAK \ TO I.AR P I 1 
SOLUTION ' OF BA1LLPN 7 5 , NOT PBESENI IN SOLiJI 1CN I 1 

1 6 7 1 . 1 i ; . 1 PONFE T5 D P n * 0 K- P t o LAK P| 
" SDLUT1CS ? OF PONTE 7S i NOT PRESENT IK 5CLUT1CN t . 
I 6 6 B . I ? 5 . l VANKORN 7 5 DPM* 0 K- P ' O l l < P10 1 
I S 6 5 . OR 1 S 9 7 . H A R T I N 7T D P * * * & * « U HULT l tHRlL 1 

TKT ENTRIE' . ^0R N A R I I N 77 CORXESPOM) I D EXTRACTION OF » £ S O N * M E 
SIFTERS IRCX THE T - H A l B J l POL! AND FRO" A P-M F I T , B £ S P E C t I v E L Y . 
1 6 7 6 . ( 1 5 . 1 Rl 1C 77 DP*"A 1BAR N 1 U H I C H N L 
t 6 " > , ( L O . I ALSTON 7B rjpwA KBAR N E L A S T I C 
1 6 7 0 . 3 1 1 0 . 0 1 ^ G P A l 8 0 DPhA "OAR •» ELASTIC I 

AHHENT DO 70 L C - i i P I t> /70 
71 ANAL . 3 / 7 1 
73 - . 8 & E H / C 

l £ A 73 
f P l i A I S!G 

75 0 I AH P I 1 1 / 7 5 
75 ) H- t. TO L A I P I 

VANHJH 75 0PI.A 0 « - P TO LAN P IO 1 1 / 7 5 

1 - 3 . ; i l 
- 3 . 1 1 ( O . Q l f 

•inx M E N 

0 . 1 ? 1 0 . 0 3 ) 

' I I 16631 FHfJM «.6AH N 

1 * . 73 DPhA ^ U L F l t H ' J L , - , H , 
7 * DPhA K-P TO P I 

H E I > P ; 76 CPI.A - o • - N U C Tn SIO P I 
1 77 OP-A KBAH -J H.j| 

RL i r 

71 DPWA 

1&AR N NUL 

| P | 1 

» I C H M 

73 DPWA 
73 OPfc* EL*t*.,!-. 

KBAR N »U l 
* B » » N i J L I I C H M 

S SL.PE SIDED 61 GDI IL 8 9 . 
ALSTP "BAR N E H 

BD DP*A KBAR N E l A 

S Q R K P f O l 
71 DPk« K-MATRIK 1 

l E A 7 3 CP>» MOLTI fHNL 

( 0 . 0 1 1 
' O . I ? t 

I - J . 11 

^ENtt^. FDR v i | l ] 

!" r™ s" :"" : :?ii!E 
:?;ss:^i,i^i: i°, ill!! 

76 PL 6 5 8 497 

ALSTON 78 0 
B » t 39 1007 

« B A A U N . 0 H I « l i | . S 7 P 0 B c L F . T K ) L . ( C E R N . H E I 0 . , " P | N | l JP 
^ A ^ H N . P I D C O C K . H O . l k M D - J S E I L O U C t C L A S I l J P 
H A f t t l N . P I D C O C * I L 0 U C 1 
N A R I I N . P I O C O C * ( L O U C H J P 
GOPAL,ROSS,VAN H O R N . M L P « " SDH* I t 0 IC« SHE*. I U P 
• ' E N N E V . B O L L A R D . 0 0 5 5 * I L B l * » T H O * C E R N I U P 
ALST0N-GA3NJOST.HENNEY (LPL " " T H D ' C E R M 1 JP 

l ^ a G .P .ODPAi I R H E L I I J B 



Baryons 
2(1670) 

Data Card Listings 
For notation, see key at front of Listings. 

Note on the £(1670) 

Production experiments: The measured Eu/Eim 
branching ratio for produced 1(1670)'s is strongly 
dependent on momentum transfer. This was first 
discovered by EBERHARD 69, who suggested the 
existence of two Y,'s with the same mass and quan
tum numbers: one with a large STTTT [mainly 
A(l405)rT] decay mode produced peripherally, and the 
other with a large ZTT decay mode produced at larger 
angles. These results were confirmed by AGUILAR-
BENITEZ 70, ASPELL 74, ESTES 74, and TIMMERMANS 76. 
When determined, the most likely quantum numbers 
for both the £w and the A(1405)ir objects are D13. 
There is also possibly a third Yj, the 2(1690) in 
the Listings, with a large AiT/Eir branching ratio 
and somewhat larger mass; the large branching ratio 
is the main evidence for its existence, which needs 
confirmation. These topics have been reviewed by 
EBERHARD 73 and by MILLER 70. 

Formation experiments: Two states are also 
observed near this mass in formation experiments. 
One of these, the D13 £(1670), has the same quantum 
numbers as those observed tt\ production and has a 
large ETT/£TTTT branching ratio. It may well be the 
£(1670) produced at larger angles (see TIMMERMANS 
76). The other state, the PL1 £(1660), has dif
ferent quantum numbers from those seen in produc
tion, and its ZTT/ZTTTT branching ratio is unknown-
Thus its relation tJ the produced E(1670)'s remains 
obscure. (See also the "Note on the 2(1620)" 
above *) 

|l(1670)| 7UI| «.FE I K HI 

U E l l ES7AB 

N I - R E V U t 11 I H I S 

L1SHEU RESONANCE. 1 

Of 

HAS 

HE ¥ • L U T I N G S . 

BEEN SEE'I I t 9 0 ' H 

«.FE I K HI 

U E l l ES7AB 

N I - R E V U t 11 I H I S 

L1SHEU RESONANCE. 1 

Of 

HAS 

HE ¥ • L U T I N G S . 

BEEN SEE'I I t 9 0 ' H 
F C a » A T t 3 N AND PRODUCT ION EX PEM-*ENT< 

•<I>J<; o t B H D U I K I I O N EIDEB HE1 IS BfLOH 

<.-. Y f t l l l b 701 " SS t*iv> 

1 6 6 0 . 0 Bf i f 6". HBC 0 K-P TO LAM P IO 7 
1 6 6 8 . *:••<• \ i t * 6 8 MEC 0 K-P r i A S . 4 C r t . E K 11 

1 7 . 0 ) A» EN1E2 6 8 HBC 0 K-P 1 0 S I G H * P I 11 
1 6 8 0 . 6 9 DEC K-N TO S I G - P IO 12 6 
1 5 6 3 . 0 ( ? . 01 A R M t N T - 5 6 9 HBC 0 K-P TO S IGMPI EO 9 
1 6 7 ? . 0 B f L E Y 6 9 HBC <-P TO S I C P t 5 7 

AR.HENTER 7 0 MEC 0 K-P Tf> L A M . P I r I 5 7 
1 6 8 1 . 0 1 3 . 0 ) 7 0 DBC - X-H TO S I C 2 P I 10 7 
1 6 6 2 . 0 ( S . O I G* err E M 70 HBC 0 S IG P I . E D P M * 7 7 
1 6 6 5 . 1 1 0 . 1 G * L T I E B I 7 0 HBC 0 LAM. P ! . EDBH* 7 7 
1 6 7 6 . ( 7 . 1 BUDGE tt 71 DP*) * L * 1 P I O . C H S 0»TA 10 7 
16 TO. K I M OPKA K - M A 7 M K * N A L . 3 7 
1 6 7 5 . 0 1 1 5 . 0 1 LANGBEIN T2 HULTICI f tNNEL 12 
1 6 7 0 . 0 1 2 . 0 1 T. 0 P M * K-P TO P I S I C 12 0 

1 6 B 5 . (so. i B f t \ l l . Q H 15 IPWh K B * " N 1 0 LAH P I 11 
1 3 7 1 . 1 1 3 . ) P O M E 75 OPkA 0 K- P TO LAM P I 1 7 
1 SOLDI CP> 1 OF PON IE 75 7 
1 6 5 5 . > PONIE 75 n p « » 0 K- P TO LAM P I 1 
N S 0 L U I Of. 2 OF P0NTE 75 
1 6 5 9 . 1 1 2 . ) ( 5 . 1 VANH0RN 75 0 * - P TO L*M PIO 11 
1 6 5 0 . f BEL IEFON 76 I P W * 0 K- P TO L*M P I 2 7 
1 6 7 0 . 1 6 . 1 K f P P Z 76 - 0 K- HUC TO S I G P I 2 7 
1 6 6 7 . OB 1 6 6 f t . MARTIN 7 7 OP h i KBAB, H M U L l I t ^ h L 11 7 

110 f TBIES FOB « . 7 C0"RESPC*D TO E*TB ACT 'ON DF RESONANCE 
AME'EPS FOCH THE 1 - nikifii " • I E AND F «0M * e-H F I T , R E S P E C ' V £ L Y . 

'•1(16701 HIOT" I 

'"ENTE2 6E HBC 

l»HbD* PI »l 

<U:OBI 1 D . 0 J ) Wl I t 77 OPhA -.HAH -J « H U H 
B M / T O T A L1C 7 I S iUPER 1DED h t &CIPAL r " ) . 

S:!S 1 0 . 0 3 ) 
( 0 . 0 1 1 

78 EIPhA >SAa N ; ni!£ 
r « U 6TQ) i n n 1 L A " B D P I 1 l / I O T A l < P * J 

T M . 

( 0 . 1 U '" 

6 70) I t K 
1 0 . 1 4 ) L 

11 '.b 

1 SIGMA 
LS SS 

D | F- 1 /TOTA l 

3 6B n i t ^ - o < n | ; 

3 6P - B L ^ - " M L 
OAl a CIMY FC I ' . K J ' I ! I> S U H P . 1 = . k H I C H r * \ r ; c > Bl » » M ) P M 

y * M 6 7 3 ) I N K 
i f r.s 

0 5 ) 
" " . ' J M ' I N I ! b b - H ( , l , ' ' - P i W 

-»!.. 
r * n i 6 7 o i * P O • BAE N 1 0 L MHDA P I S a R T I B l « i i J l 

( * 0 . 1 1 B 70 -BT \ - P '11 L 
PUBl S H F U S K A 

* 3 . 0 ( 
3 . 1 * . 1 . ( 1 . 0 1 1 

( 0 . 0 3 ) 

I t } S"EE rfMM 

is,:;: 
r:,"r.„ 

UMO 1 9 6 1 C C t V I V ' I " \ ( 5 
1 TO W t <J l » « - ' 1 . 

71 CPHA I A » ^ 1 J 
7 ) DPBA * - - ; ) ' I i 

N 72 IPHA " J t " t - . i 

F 3=~A 

1 0 . 0 2 1 
0 . 0 6 a O F V E M 

! 3 CP«A 0 •.- e IV t J T « » 

( 0 . 0 2 1 B * I L I D M ' 5 I P . * * ° 1 3 ' . ' 

!°- a!.' 1 0 . 0 1 1 !!?!! 75 OPWft 0 •.- ' T * - P | 
5 D 

B5 

( 0 . 1 7 ) 

( . 3 . 0 5 1 
\l:VA VAMtOBV 75 CPhA 

" U L t F O K 76 J P H A 

3 « - = ' G L A - P I 
c *- ° r: LA" PIC 
o «- M : I « » I 

1 1 / 7 5 
2 / 7 7 

« 5 
1 C 0 . J B 1 D 

f 3 . 13 

* a . o s 

I 0 . D2) 

M * P I | ' I 77 DPhA 
R L l t 7 ( DPhA 
M0BB1S 75 DPhA 
•"JBB-IS 7B D P H * 

* B * H N " JL11CH- .L 

- K- \ TO L » " P l -

N / 7 7 
1 / 7 6 
2 / 7 9 
3 / 7 « 

*b F P.ESL4.1S fl"I m i A N D Ml HOJ I N s i t S I G I 1 6 7 0 ) I N t f F | t . 

t, t*H 16701 FPO ^BAB N 10 S I G M i P I S 0 K T | P | * P 1 ) 

I 1 * 3 . 2 1 ) ( a . o n ARXLNIE2 6 8 HBC 
ARHENTE* 6 ^ OBC 

a DLO O»T» 1 1 / 6 6 

16 • 0 . 18 

to. on 

r o . 3&i 

( 0 . 051 

A H M r t T - 5 6>; ^ t ' C 
BE«LE¥ &•) F-BC 
G A L I I E B I 70 HBC 
KIM 71 CPU* 
LANGBEIN 72 I P h A 

0 tE.« OAIA 

0 S IS P I . E O P w * 
X - W A T B I I A N A L , 

M U L T I C A - J N E L 

7 / 7 0 

* 0 . 7 1 1 0 . 0 3 1 KANE T. OPhi K-P TO P I S IG 
• 0 . 2 0 i n . o n H E P 0 ? 76 DPMA o K- NUC la s ic P I 

1 I . 0 . I B 1 O P • 0 . 1 7 M A H I I N 77 OPlr* KBAB s M U L T I C H M 
6 • 0 . 2 1 ( 0 . 0 2 1 RLIC 77 DP)i» •tB»B. N MULT IC- iM . l / I b 

7 ¥ • 1 ( 1 6 7 3 1 FBC- KB*B 1 TO ¥ • 1 1 3 B 5 I P I s - w a v r 0 B ( [ C I « 6 I 
7 S ( 0 . 1 7 . . 0 . 0 2 ) S I K S 68 OBC L*M 2P1 CPOS.SEC 1 0 / 7 1 
7 S SIMS 6 8 USPS CSL* C B 0 5 5 - 5EC1 . D A T * . RESULT USED ' UPPEB L I M I T I N l r 3 / 7 2 
1 «o.n 0 . 0 3 PRIVOST 7 * OPHA - r~N TO S I 1 1 8 5 I P I 1 0 / 7 4 

B Y » t ( 1 6 7 0 ) I N T r I V O I U 0 5 PI 1 * IKBAP N I / T 3 I » L « 2 P7>P1 ) 
S ( 0 . 0 3 ) L P LESS BEBLF¥ 6 9 HBC 0 1-P . 6 - . 8 2 BEWC ^ / 7 0 
8 BRUCKEH 70 DBC K-N 10 S I G 2 P I 1 0 / 7 1 
8 B ASSUMING V » 0 t 1 * 0 5 ) P CR OSS SECTION BUNP OUE JOL ¥ 10 3 / 2 - BESON. 1 0 / 7 1 

9 ¥ • 1 ( 1 6 7 0 1 I N I C iv. on 05 P I 1 / I ¥ » 1 I I ) B 5 ) P I I P 7 ) M P 6 I 
9 Q.Zl ( 0 . OBI BWUCKEM 7 0 CBC *-1 TO S I G . ' P I 1 0 / 1 1 

10 ¥ • 1 1 16701 FRCt- KBAR N TO L * M B D * I t ^ 2 0 ) P I Q o n P i . P g ) 
10 3 3 . 0 8 1 0 . 3 1 f t CAMEPOn 77 C<PhA 0 P - M A V F OFCAV 1 / 7 8 
10 3 C»MERCJN7T 0 « EB Ltm OH IKE OECftf IS 0 . (33 1 / 7 8 
10 3 ASSUMES l * M B D * 1 1 5 2 0 l E L * STIC I T r . . * 6 . 1 / 7 8 
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Data Card Listings 

For notation, see key at front of Listings. 
Baryons 

1(1670) 

t 565 • CONNIJLUf . ' 

SE 'LEY 

K i n 
ICf S 

use 

A f m E N ' E R O S . B A I l L O N ' 
A * » f N I < « O S , B A U l C » l • 

A P K f M E I O S . B A H i m * I I 
s i , < s , * i 9 B i ( ; H i , 9 » t > r i E v . » ' i f « " 

IliinlsiiHs;, 

< C ( e . N * H E l D « S A C L l Y > l J l 
( C E f r N t » £ I D * S A C L « V I I J < 
ICERN*t<EIE>*<IAC.LAV)IJI 

D « S A C L * V 1 I 

0 OlXE 161 

I NO C 6 7 I I ? 

[ES 
JAGNEB 

;TER.Bl )C" : lN&«A'«,C.OHet 
" H 1 C t . B l C i 5 I O M . F J - l 5 , « 
3 E V E M S H , [ a o c c a r T . - ( » « i : 
o - f - " ; A N E 
PREUDS1 . B A P - l D d ! A U 3 . « t S»CL*CE 

• D U N N . * I D ' f O L H U I 
ENNHJCB»>"ASAtSllFF I 1 J I 
m s r . N Q p . D l T i . L a u L i 

I 0 » 

• U S A * < E N N > u C M I J P 

::;: is := :tst::s 
• B » A l l N . & R I " « , S T f t O B E L F . T W ' L M r E B N . M F I D , ' « P H ' l l J P 

;:::;:';;^?.; -„,.^.™. s m. ..adis:!;: 

li;SS;:?s;;H: 
I 13L« 

B ASTIEN1 63 " - 1 1C 19B P L S I S I I t l . J P B t B G t ( L - l . 1 
H f P i a C F D 3Y 9 A S H C 7 , B U I S I « I L A H AND " f B f * ! * O t l f A t f A H A f i l f . 

3 A S T 1 F N * 63 X " l - 1S77-5 THESIS P 1 B A 5 T I E N U H I I 
W A D E H f l POL 11 * 7 3 I » M E 0 - Z » D ( H . p a i « ' , E . 5 C " L f | H . S L A T i o , . c t c i f t l J 

i l l N.11E . O i l C K I * G S C L E I N 6 6 . 
<.'->•(.! IN 66 J t L A - 1316 P . f . S t " L F ! N . T . G . (P1PPF I U C I A I J 

o i a ' * f t l * S l i DA T » - . £ « W A D f H 6 3 . B A S I I I N 63 AND I L L P U f t l l i M l a 

;s?;;.;i™ '-S I t ' 
BEVfP 

H O N 3ATB I N TH[ l I C H I OF I H t M) t . '.KOMI 
< f > THE ""noEL-DEPENDENT C t J N a i l S I O N Cf TAHER-

/ a ; i t H C N i H t m o JP A S S I G ' I « E N T I F P O * 1 2 . I D l ( ? - > . ! 
S-ART « 6 PEL 1 I 6 6 6 • H SNART.A . E B N A N . G F - A l M U S . f i P F I V I H U I J 

PHI V J S I 71 AMSI 
59? 

cr*if • CMS com&cit f lTK'n r c f a ' i * M ( n » ' . i c i i 

1(1670) 
V * H I 6 T H , J P ' 1 I ' l POOD. AND CRCSS V EC I . E " P S . 

BUMPS SEE 
mo 

N C l t P & U f c D I N G » « H I 6 7 0 I SEE 
mo B A H * T M E B E ABE T K O S ' « U S AT SA*E "ASS H I T M SA"E 

D| 
• I I U 1 N U " a E B S . ONI DFCAVIN ' . I K I C S I C " * PI AND l A » e D A 

? D| m oi»i« i l i i . . o i i . o i , n . 

• 1 . 5 1 ftV. 

68 " B C 
L C .S 

/ - ? . 0 » 1 6 3 1 * / - ' 

T i*"i s K R ( o n i i 
70 t - e t S I ' , . - ! « - P i. G t v 
7C H B t S 1 G . ? P I « - P -.&EV 
Ti fb< * - < . ' . B ' GE*f / r 

o w » s i ^ s c a r t i 
1 D ' H I ! • • 1 

76 1 

' I G N I ' 

I S ' . A L ' 

A N D S I G P I P I C H A N N E I c o n s ' , 
M " » r » t « 76 HBC * 
f E O B f o 81 o»EG -

LA»9DA P I - " M N A l S 1 A I I . 

I 1 . 6 - 1 . 7 5 C[»t 

• 1 ( 1 6 7 0 1 * l t i l I -FV IPROD. f « P . : 

m u f O E " 6? -ec -o 
A l V f l B f ( 6 3 HEC • 
t J G f i 6 8 C N t o I 
P B | « E « 6« HBC » « - P * . 6 - S . &EW/C 
ACU1L»B TO f B I " S I C . P I < - P * G ( * 

1 0 . 0 AG'JTIAP 70 • • B C S i r . . ? P I K-B * G t ¥ 
B P S I i l 7 * HBC 1 - P - . 8 7 GI / / C 
[AOPfJLL 76 DPh» t « l " O t » l CS 
FIXMfBMA 76 f P C 4 K- P * . ; GEW/C 
(EBBEO 81 0 " E & - P t - P v . l ? C E V / : 

A C C 0 - P » V * ! , ' G 1»E "ASSES Q U I l I t D . 

f i t 16701 I'.TO L i « B 0 » P I 11 i s « I '•* 
* • 1 1 1 6 7 0 1 1&«» P I 11 "•'• i ?*t 
» • ! ! 1 6 7 0 1 A » B 0 t - 1 , i n s - i •*.•*• 
Y » H I 6 7 0 I ir,««A P I P 1 » " ? • i i " 1 1 " 
* • ! < 16701 I 5 * S « 13« 
» " 1 ( 1 6 T 0 1 1*1S« I3<i 

M V » M 1 6 7 0 5 » W < I ' i C B» * I C , ( P t T J • > P . I 

• • 1 1 l i ' O l • BAP Hi/C IGHA P i t P 1 I / I P * I 
0 1 0 . I E S S AI Jten * ' " l . l t " f V/L 

1 3 . 
1 0 . l O i i c ; ! - < V / t 7 / 6 6 
1 0 . IJTM B J G ' 6 * D ASSU-I-JG J ' 3 / ? 

0 I j . LESS 
( 0 . 
( 0 . pr s mi A-",U 11 SB 

6 ^ 
-EC 

— p ».--.-•, 1 J * 

( 0 . LESS 6 (OT«CM *-ec 3 ?JA",1 2 * './Tb 
1 3 . 3 3 1 C» LESS T i f l i f B - e 76 "M ' - P * . ? ' /v/ ' . i / U 

" 1 1 16701 INTO LAMBDA P l l / I S I G " » I 1 P i l / I P S I 
130 ( 1 . 

0 . 

?01 

I S 0 . 0 7 
S » I T H 

6 d __,-.=.„ B? , 7 t 

33 I: 11 
LESS S3SS- S 6B :s 7 -,E . / ' . 

7/&C 

3 . * b 0 . 1 5 PBOMES 6 
( 3 . 5 5 1 1 0 . 1 1 1 " E P I H 3 1 »• 

( 0 . « . 5 ) * / - 0 . 0 7 Oft t !<- T I W " » 
AVERAGE " E A ' I I V C L E S S (SCALE E A C I O B . 3 . 7 , 

t -701 1NTL I l A - f l D A P I D ! i / c i r . - A P I 
-*0 ( 0 . 5 6 1 

1 3 . 1 7 ) t i - l " ! ' 
' 3 . 6 1 ^ o LESS I 3 V D I M 

Y « l l 6 7 3 1 JAiTO ( S I t , » I P I P;I / ISI ' , -A mi 

» • ! ( 16701 | i * I O ( S t C I A P l l 1 / I S I G t A e l P l l 
0 . * i B I ESS 
0 . 3 0 0 . 1 6 

L BEIUEEN ?.'• AHf 3 . ? k 
i 0 ( P E ' I 3 I N & C FMt p a p - J X l [ | ' N A N i i l l 

V 1 0 I E 5 K M " PHOO. A N ' 
( U J ' » t 1 0 . 1 6 1 • ! « K t , 

APSEL l 7 * . F ^ I E S 7 * AND H " 1 l » " ^ 76 
BEPfNDENCF <\ » » » 0 I W C f I " l 1 A N G l f . A^ I N 

T - l ( 1 6 ' 0 1 I M O l 1 > a i l * > t l S ! 1 P I I / ( S I - . - A o ] 
3 . 9 0 0 . 1 0 3 . 1 6 f ^ i o ^ i i ; 
i .oa o. o; A P S f l l 
3 . 9 7 0 . 0 8 t t — f = « i 

IVERAGE » E A N | N G : E S S (SCALE ' A C T r n . I . J I 

V « l l 16701 I N I I ( » » C ( 1 * 0 S 1 P I l / | i r » l ( l * r ' 
( o . e i -o Ltss t e t P - A o c 

Y » 1 I 1 6 ' 3 I I N ' " (1AKR3A P I » I I / IS I : . " « PI 
3 . 3 5 0 . ? <• i " • ] • , ' , -

T M ( 16731 1 S T ( L A * B O « P I I / I S 1 G X A P I P | 

• 1 1 1 6 7 0 1 0*J•^ 

B U I I D ' . - 1 ; - ' Be k 

11 i^iHii 
EeERHAHD 65 o 

BIBHINGM 66 f 

<SH|UEL> . . S ' E C A L . U C f N f t . -

n » « I N C W A » . 6 1 *<,&!)¥, I . C . Y C> 
• R A U . s i » i r s - - i A - a i n . G r L D P E i 
• G I L " 0 S E . 1 N i r . « T . C A , l E S « 
I BUTTON 5 " A ( ( S 
>"L l O B E " ' ' , . J A f ' . | B - B A B V > ' .;>• ' 

• - . " i r t G . t l S N f B . I t i * < i ' [ t 



Baryons 
2(1670), £(1690), £(1750) 
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Data Card Listings 
For notation, see key at front of Listings. 

76 <*<"L 3 7 8 0 6 
76 NP B U S E2 

. 76 NP 01 12 I T 
91 NP M 7 B ?T» 

I I I L E B 10 D I M 7 * 4 
£ E E " M * a o 73 PURDUE CCNF. 2 * 7 
H U N G E F B U 7 * P"3 i c 2 C 5 1 

' • 1 ( 1 6 4 0 . JP» 

> E N1N1-P.EVUE 1 

1 6 4 0 1 « » S S I N E V 1 I 

PRODUCTION EXPERINENTS 

START Of THE ** L I S T I N G S , 

j o i i r i i . o i 1 1 2 . 0 1 C O I L E l 47 HBC • * - P 6 r .EV/C 6 / 6 7 
PRIMER hf HBC • « - P * - 6 - 5 C fv . ' t 7 / 6 B 

SEE m i l t 0 . U S T NG-AGUILAR TO K I T H E T I " E S THE 0 » •» OF 
1HET HAVE NO EVIDENCE FCB * • 1 1 6 9 0 ) 

S I N S HBC - * - N TO LAN P I P I 1 1 / 6 0 
THIS ANALY I S D I F F I C U L T ANO IECU1PES SEVERAL ASSUNPTIOSS 

&U0US Y « 1 U 6 4 0 ) SIGNAL SUGGESTS J P » S / 2 * . 
SUCH » T * KCU10 I E n ALL PREVIOUSLY « Y» TRAJECTORIES. 

AOERHCLI 6S M9C * P ( * P B G E V / t 1 2 / 7 9 
B L U W J W E l HBC * <r LONG • P*DTL-N 4 / 6 9 

« B £ « --P s . s GfV/t 9 / 6 9 
T O I 1 6 « 9 . 0 l ( 2 0 . 0 . GDDDARO hBC • B I * P 1 3 . 3 GEV/L 1 2 / 7 9 

GODOARO 71 HBC • BJ»P 1 0 . 1 GEV/C 1 2 / 7 9 
F « C " I L » P B C * P I > > ' F INAL S T A T E . J > l / 2 NOT » E Q U l » f 3 BY DATA. 
F B C - I L A - B 1 P I * ) P l l . F I N A i STATE- 12 I N D I C A T E D . BUT LA6GE 

PRECLUDES D E F I N I T E CONCLUSION. 

5E Y * l , 1 0 1 Ml 0 1 " I M E V I 1 3 . ( « P . I 

30 ( 1 0 3 . 0 1 COLLEY 6 7 HBC ' 8 / 6 7 

" (J°l:cJ ; ? : : ; : P P I " E R 
S i « S &n 

HBC • 
v e c - SEE N O T E N « e w E 

7 / 5 8 
1 1 / 6 a 

ADERHDLI HEC » " I t P B GEV/C 1 2 / 7 9 
BLUNENFEL HBC • 4 / 1 . 9 

i t s o . o i WITT HBC * 4 / 6 9 
70 1 2 * 0 . 0 1 GOODAAD 7-3 HBC • P | * P 1 0 . 3 G f n / t 1 2 / 7 9 
* 0 l t S O . 0 1 . 1 0 0 . 0 1 ( 6 0 . 0 ! GQDDARO 79 HBC • P | » P 1 0 . 3 GE»/C 1 7 / 7 9 

r«E N O f f S ACCOMPANYING 7WE NASSES O U U K t 

l l t l DECAY "DOES I P R C D . E * P . ) 

• I I 16401 (NIC 'J KBAR 
• M 1 6 9 0 1 I N I C LAMBDA P I 

' • 1 ( 1 6 4 9 1 I N T t SIGNA P I 
• 1 ( 1 6 4 0 1 INTC * * 1 ( 1 3 « 5 I P I 

' • 1 ( 1 6 4 9 1 I N 10 LANBDA P I P I ( I N C L U D I N G P * l 134 

-- — 
M Y . K 1 6 4 0 . B B A « „ 1 S G PA. OS I M O D E I P . I 

1 
1 
I 
I 

Y » l l 1 6 9 0 1 K i l O 

( J . 7 ( CP 
SHALL 

KBAP ' I I / ( 

till 
A"BOA P l l 

COLLET 
•OJT 
COOOABD 

6 1 

19 B 
P 1 I / I P 2 1 

6 / 3 0 EVENTS 

P I * - " 1 0 . ! CEV/C .«fi 
7 
2 
7 

* • ! ( 16901 I N T : 
0 . 3 

I 0 . * 1 OP 

41INI PII IL IHBDA P i t 
COLLEY 

4 0 1 0 1 T 
GDDOAP-D T9 S 

P 3 I / « P 2 1 
* / J O EVEN'S 

P | * P 1 0 . 2 G E ^ / t • fs: 
3 
3 

* • ! < 16901 IN1C 
1 9 . S I nc 

, . • •».„ P 1 1 / H A « B D A P I 
fOTT 6 4 . > c 

P + I / I P 2 I 
9/64 

I 
Y» 1 ( 1 6 4 0 1 INTC 

0 . 5 
J . O 0 . 6 

P I I / I L A " B D A P l l ! P S I / ) P 2 I 
C & I L ( Y 6 7 HBC •• 1 5 / 3 0 E W E t l S 
9 H J « £ N F F l 6 4 «BC * 3 1 / 1 5 EVENTS 

EBAOE I F « » 0 P INCLUDES SCALE FAC*0« OF 2 . 3 1 

9/*9 

* 1*0 3 . 7 ? o . ; 3 ' * 

P I I / I L A " B D A P l l ! P S I / ) P 2 I 
C & I L ( Y 6 7 HBC •• 1 5 / 3 0 E W E t l S 
9 H J « £ N F F l 6 4 «BC * 3 1 / 1 5 EVENTS 

EBAOE I F « » 0 P INCLUDES SCALE FAC*0« OF 2 . 3 1 

* % * 
Y » I I 1 6 1 9 » 1'iTC 

5XAL1 
( . * " C ( 

» » H t 3 8 S | 

" ' " • • • ' ' " 

P l l 
6 7 HBC 
6 0 HBC 

P + I / I P 5 I 

* - N TO L 2 P ( i i / e t 

6 7 PPL I B 2 ( 6 
•CEO BY 1 0 T 1 6 0 

6B PPL 2 0 6 1 0 
bS PPL 2 1 1 * 1 3 

10TI 

6 9 NP B l l }S1 
" l 2 9 8 ••* 
PO 1 7 7 196*. 

™ " " 79 P« 01V I 3 S 0 

c ' s ; ^ TO 
70 

P«L 2S •.« 
NP 6 2 3 6 £ * 

' • 1 1 1 6 9 0 1 ( P R O D . E » P . I 

t B A B T S C « . S C W L T E * H A C H K E m . C E P N * C « » C » M * e S M 
e J e n j i h f t i o , c * K A i e f t - F i s c H ( B N L I J 

• AHMAR, DAVIS f KS0P1C. * ( l i U H * E S T . * " C O N S E I I 

< n E T . L U S T E . P * E ' n l C E . V D D N . C O R D u N * I T N T D * B N | ) I , J 

PAPLR5 NOT •EFERREf TO I N DATA C I - O S 

|£(1750)| ED 
kAVE ANALYSES. BUT M11H ftAtl 
Tit N I S S , - I 0 T M AND COUPLINGS. T K LATEST f . A L Y S ' S 

MDICAIEU i l G M F I C A H T COUPLINGS TO rBAR N , »-|D L»»BDA P I . AS -ELL AS 

s l&WA ETA HHOSE I H « E S « O L D I S NEARBY AT t 7 v 6 W Y (JDNf S 7 * | . 

5 7 Y 4 U 1 T 5 0 I "ASS ( " E V I 

N?AR S I5NA ETA IHSfSHOLO CL1NE 6 7 DEC - * - N 10 S I G - A E I A W 6 6 
ABOJI 1 T 5 ; . 0 -EYEP 6 7 PVCf • 9 / 6 9 
iBox/r i T j o . a A f l - £ « £ « c 70 t-csc -a * - * J i o I A » : D £ P J 

71 O P » * 0 E i t S T I C . CH EXLH 6 / 7 3 
( I T 9 0 . 1 R t - 71 DP-A < - - A T B I » ANAL. 2 / 7 1 
( 1 7 Q 0 . O I ( I S . 0 1 LANG9EI- I 72 I P h A " J l T l C H A T J F l I i / 7 2 
( 1 T I 5 . ) 1 1 0 . 1 BA.TEB 73 DP-A 0 « - 5 t t V U 1 M 1 1 1 0 / 7 -
( I 7 8 S . I ( 1 2 . J CHU 7 * OBC - F I T S1G- E t i C i 1 G / T * 

) 1 1 7 6 0 . ) I S . l JONES :•. HfiC 0 H T S I G 3 ETA CS 1 / 7 * 
( 1 T 3 4 . » n o . * P » E V D S T T- LP«» 3 - * - N TO S ( 1 1 S M " I 1 0 / 7 * 

S - -AVE Bt, F i r l o T « * S « 3 C . S . . NO S-CND, . ER*CPS STAT IST ICAL ONLY 1 / 7 * 
I 1 T 8 0 . 1 1 3 9 . 1 6 A I L L O N T* IPbA KBA3 •. T r L » " P I 1 1 / 7 5 

F R O - SQLUTICN 1 OF BAILLDS » - . . 
•i 1 1 7 0 0 . 1 ( 3 0 . ) BAILLON 
6 FRO" SOLUTICK 2 Qf P 1 K J 3 N I S . 

1 1 6 9 7 . 1 1 2 0 . 1 ( 1 0 - 1 VANH-H-. T5 CPhB a « - ' r o I M PtC tt/Ti 
1 1 * 3 0 . 1 BELLEfON T6 IPhA 5 « • » l O L I N P I 2 / 7 7 

i 7 6 E P * A | - 1 TOTAL C5 2 / 7 7 
1 B 0 0 . OS 1 B I 3 . "A1 .7 IN I T y i l «BAB 1 t u l T I ( . - * L 1 1 / 7 7 

THE TW2 ENTHIES FOR - A P I I N TT C C R R E S P O N D TO E » T « » C T ! 0 * i CF » E C T » » C -
PAPA-ET£t(S FPO- THE 1 - « l ' « I l POLE AND Fl >C" A fr-h F I T , RESB^CTIV / . 

i7'o. is. our Tl- I iPhA « « N N J L T 3 C - I \ L 1 /T t . 
1 7 7 0 . 1 0 . ALSTON 78 C K A o i s i ; E L A S T I C 1/761 
1 T 5 6 . 0 ( 1 3 . 0 1 G0"AL BO OPhA »BAS N E t B S T I C 1 2 / 6 M 

AVERAGE KEANI6GLESS (SCALE FACTOB • 1 . 0 1 

BO OPhA »BAS N E t B S T I C 

ARWENTFRO 7n HDSC - 0 •--•1 TO L A " 5 0 A f l 6 / 7 0 
CONFORTO •1 ( L A 5 T 1 C . C« S « H 

7( 
LANGSE1N 77 I P b A 1 2 / 7 2 
B A l T f B r^ 
c - u DEC F I T S I G - ETA CS 
JCNES HCC 11 
PSf VOST D- < - N T O S I 1 3 9 5 I P I 
B A U L C N 7*. «BAR N TO LAN P I 1 1 / 7 5 
PA 1 1 I O N vv «P.*S N TO LAN P I 
I I A N M O R N 

'*> 
CP»A 

B E l l E F O N 76 
CABBOLl It 2 / J I 
• U R T I N 
= L I C CPNA 
ALSTON in CP"» « A R N f l A S T I C 
'-7PAL BO t/pft 

I5C«LE FACIpo 

• 1 1 17S0 I I N K N -IflAR 
• I I 17531 I N T r S I G » » FTA 
• I f 1753 ) IK I f LANBOA PJ 1 1 1 5 - 1 3 * 
• l ( 1750) IN1C SIG»A P I 
• 1 (1751)1 INTT S I G " A ( n 8 S I B 
• I I 1 T 5 0 I IH1Z l A a B D A ( 1 5 2 0 > »1 l ' a - 1 5 7 3 

— 
' .7 * * l t l 7 5 0 l BRANCHING SATICS 

• 1 ( 1 T * 0 > IN1C lnfiAB N I / T O T A 
1 0 . 1 7 ) ( 0 . 0 5 1 COIFDB10 71 CPkA 0 El AST I t . C«- E U H 

M " 71 DPtiA « - " A T R I H A N i i . 
( 0 . + 51 1 0 . 0 5 1 L A N G e t l N 77 IPHA 

T O T A L C R O S S S E C T I O N S « « P H I « ( J - I / 2 X - . J O SEE • » » CARROLL 76 
( 0 . 0 6 I C R 3 . 0 5 • U R T I N 77 CPtiA K9AR ' . ^ 1 . 1 1 1 * 1 
1 0 . 1 5 1 ( 0 . 3 3 ) RL lC 77 D P > * 

(KBAR N I / T O T A L FROM o t i c 77 15 SUPERSEDED BY GOP IL B3-
3 . 3 J O.OS ALSTON TB CPkA < 8 « N ELAST IC 
0 . 1 4 ( 0 . 0 3 1 GOPAL =0 DPhA W I A R i E L A S T I C 

• K I T S 0 1 FRO" «BAB N INTO SIGN1 

Y « l ( 17501 FRO" itBAR N INTO LA' 
1 - 0 . 2 5 1 

PUBLISHED S I C ^HANGEO TO AGS! 

IBDA P I S £ R T I » i a P 3 ! 
ARXENTEKO 7 0 IP* .A - 0 I - 1 TO LANfiOA P | 

E K I T H I U N 0 1 9 6 4 C 0 N V f 5 T f 3 N I S E E TCRTT 

::t!H. ililli. 
I?!!: itS 

FRC" «BAR N 1 

131 1 0 . 0 2 * 

LANGSEIN 
eaiTER 
3EVENISM 
BAILLCN 
9A1LLDN 
VANHDRN 
6 E L I E F 0 N 
NART1N 
RLIC 

LANSBE1N 
NART1N 
R L I C 

C*fc« 
7 2 IPkA 
77 CPMA 

76 I P h A O 

7 1 CPHA 
72 IPhA 
7? CPtiA 
77 DPtaA 

ANAL. 
N J L t l C H » . N N t l 
« - P TO NEUTCALS 
F IRED T 3«SP REL 
«BAR N T O I A N P I 
* 9 » R N 7 0 l » N C I 
* - P TO LAN P | 0 
R- P 1 0 I A N P I 
•BAR N N J L T 1 C W M ] 
«8AR N N u l T U - T M . 

S B R T I P l » P + l 
^ - N l T t l X ANAL. 
• U L f l C H A v t E L 1 
«BAR t* NUL11C-O.L I 
SBAR " " U l l I C - W L 

1 0 / 7 * 
S / 7 1 

I 2 / T 2 
1 0 / 7 * 

l/7» 
11/75 
2/77 

11/77 

f » 1 . 1 7 S ; | FRC" ( U l N 7 0 L A " B O A I I S ; 0 ) P I 
0 . D 3 2 0 . 0 2 1 CA"E«DN 

RSSURCS L I N P t l l 15201 ELASTIC I T Y . . 6 6 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
1(1750), £(1770), E(1775) 

CLIME 6T PL 2 5 B 4 1 
METER 6 7 HEIOELBEPG C 
* H I E N T E R I D DUKE 1 2 3 
CCNFCRTO 71 NP 8 3 * * t 
K I N 7 1 PAL 2 7 3 5 6 

ALSO 7 0 DUKE 161 
LANGBEIN 72 NP B4T * T 7 

REFERENCES FOR * » 1 ( 1 7 5 0 1 

C L I N E . 01SSON ( M 1 S C O N S I N I I J P 
J MEYER IRAPPORTEURI ( S R C L A Y 1 I J P 
ARMENTERDS. 6 * I L I O N , • I C E R N . H E I D E L I 1 J P 
• L E V I S E T T 1 . L A S I N S K I . . 0 B E R L A C K * * ( E F I * H E 1 D I I J P 
J K K IM I H A R V H J P 
J . K. K I N I H A R V I I J P 
•WAGNER I M P I H I 1 J P 

1 B67 I2S BAXTER 
CMU 7 * NC 20A 35 
JONES 7 * NP 6 T 3 1 * 1 
DEVEN1SH 7 * NP 6 9 1 3 3 0 
PREVDST 74 NP 6 6 9 2 * 6 

6 * 1 H O N 75 NP B 9 * 3 1 
VANHOAN 75 NP B87 1 * 5 

ALSO 75 NP B87 157 

BAXTER. BUCKINGHAM, C0f .8E l 
C H U . B A R T L E Y . * ISUNY PLA1 
JONES 
OEVENISH.FROGGATT.NARTIr , 
PREVOST.BARLOUTAUD.* 

F . D U N N , * ( O X F O R O I I J P 
rSBURGH*TUFTS*BRANI IJP 

I U . C H I C A G O I I J P 
(DESY.NORDITA.LOUCI 

I 5 A C L * C E R N * H E I D ) 

. B A I L L O N . P . J . L I T C H F I E L D 

. J . VAN MORN 

. J . VAN HORN 

( C E R N . R K E L I I J P 

7 6 PRL 3 7 8 ( 6 

CAMERON 77 
MARTIN 7 7 

ALSO 77 
ALSO 7 7 

ALSTON 7B 
ALSD 77 

GORAL 8 0 

FERRQ-LU 6 6 
ARMENTER 6 8 
ARNENTER 6 9 
HARRISON 7 0 

NP B 1 3 1 3 1 9 
NP B127 3 4 9 
NP B 1 2 6 2 6 6 
NP B126 2B5 

*FRANEK,GOPAL.KALNUS.MCPHERSON* 
MARTIN .P I0C0CK.MO0RH0U5E 
HARTIK.P IOCOCK 
MARTIN.PIOCOCK 
GOPAL,BOSS,VAN HDRN,MCPHERSON* 

PR 0 1 8 1 6 2 
PRL 3 8 100T 

TORONTO CONF 

R H E L H D I C I I J P 
L O U C * G L » S I I J P 

ILOUCI 
( L D U C 1 I J P 

L O I C * R H £ l l I J P 

iMTHO*CERNI IJP 
iMTHTHCERNIUP 

I R H E L 1 I J P 

•KENNEY.POLLARD.ROSS* 
AL S TON-GARNJOST,KE NNEv 

[ 5 9 G.P.GOPAL 

PAPERS NOT REFERRED 1 0 I N DAT* CARDS 

BERKELEY CONF U 3 H FERRO LUZ71 (RAPPORTEUR) (CERNI 
NP 8 6 183 ARMENTEROS. B A I L L O N . * I C E R N , H E 1 0 E L . S A C L A Y H . 
LUND CONF PAPER ARKENTEROS. B A I L L O N , * ( C E R N . M E I O E L . S A C L A Y 1 1 . 
FSU-HEP 1 0 3 1 H . C . HARRISON I T H E S I S ) I F S U I 

|I(1770) r » l ( 1 7 T 0 . J P * l / 2 * > 1 - 1 ED 
EVIDENCE FOR T H I S STATE NOW RESTS SOLELY ON SOI 
DF BAIL LOU 75 - BUT THE LAMBDA P I PARTIAL HAVE 
AMPLITUDES OF T H I S SOLUTION ARE I N 01SAGREE«EN1 
AMPLITUDES FROM MOST OTHER LAMBDA P I Af>ALYSFS. 

ICO Y»1C1T701 MASS fMEVI 

3 1 1 7 7 2 . 0 1 KANE 72 DPHA K - P TD SIGMA P I 1 1 / 
3 STATE I S NOT REQUIRED I N KANE 7 * WHICH SUPERSEDES KANE 7 2 . 1 2 / 

1 1 7 7 0 . 2 0 . BAILLON 75 IPWA KBAR N 1 0 PI LA* 
1 FROM SOL'J I IC I . 1 OF BAILLON 7 5 , NOT PRESENT I N SOLUTION 2 . 1 / 

2 1 173 f t . 1 ( 1 0 . 1 RLIC 77 DPWA KBAR N HULTICHKL 1 / 
2 STATE REQUIRED TO F I T 1»1 TOTAL X-SECTION OF CARROLL 76 I N KBAR N 
2 CHANNEL. N£H K-P POLARIZATION AND K- NEUTRON DIFFERENTIAL X-SECTIDN I I I 
1 DATR ARE PORE CONSISTENT WITH Y - K 1 6 6 0 I P ' l l I N GOPAL BO ANALYSIS . 

: i T T O ) WIDTH ( M E V I 

72 DPUA K-P TD SIGMA PI 1 1 / 7 7 
75 IPNA KBAR N TO P I LAM 1 1 / 7 5 
7 7 CPWA KBAR N MULTICHNL 1 / 7 6 

• 1 1 1 7 7 0 ) PARTIAL DECA1 

P I 

J! L:iiiiis!i3igS?S?P P I 
1 

9 3 8 * 4 9 3 
1 1 1 5 * 1 3 9 
1 1 8 9 * 1 3 9 

ICO Y * l ( l 7 7 0 ) BRANCHING RA T10S 

:: , v n 17701 I N I r IKBAR N 
( 0 . 1 * 1 ( 0 . 0 4 1 

1/TOTAL 
RLIC 77 DPHA 

< P t > 
KBAR N H U L T I C H M VAi 

11 • 
Y K 1770 ) FROM KBAR N 

- O . O B 0 . 0 2 
LESS THAN 0 . 0 4 

INTO LAMBDA PI 
BAILLON 
R L I C 

75 IPWA 
7 7 OPHA 

S 0 R T I P 1 » P 2 I 
KBAR N TO PI LAM 
K8AR N MULTICHNL •V,',l 

« 3 

11 ' 
i ( 17701 FROM "BAR N 

( - 0 . 1 0 B I 
LESS THAN 0 . 0 4 

INTO SIGMA P I 
KANE 
RLIC 

7 2 OPWA 
7 7 DPWA 

S Q R T I P 1 * P 3 I 
K-P TD SIGMA PI 
KSAR N H U L T I C H M 'Is! 

REFERENCES FOR V • I I 1 7 7 0 I 

5 = 1 " -
72 
75 

PR 0 5 1 5 e 3 
NP B94 1 1 
NP B i l l 362 

D F KANE I L B t ) 
P . B A I L L O N . P . J . L I T C H F I E L D I f E R N . R H E L I I J P 
GOPAL.ROSS.VAN HORN.MCPHERSON* ( L O I C + R H E L I I J P 

PAPERS NOT REFE" ED TD IN DATA CARDS 

SKSoa 7b 
L R L - 2 4 5 2 

P R L 3 7 e e * 
O . F . K A N E 
• C H I A N G . K Y C I A . i l 

I L B L M J P 
MAZUR, MICHAEL. * ( B N L I I 

**•••• 

11(1775)1 ( 1 7 7 5 . J P - 5 / 2 - 1 

SEE THE M I N I - R E V I E W AT THE START OF THE Y 

1 7 6 5 . 0 
1 7 5 5 . 0 
1 7 6 0 . 0 
1 7 6 8 . 0 
I 7 6 B . 0 
1 7 7 5 . 0 
1 7 7 0 . 0 
1 7 6 5 . 0 
1 7 1 0 . 0 

( 1 7 6 5 . 1 
I 7 5 B . 7 

( 1 7 6 5 . 0 1 
iANE 72 I S 

1 7 7 0 . 0 
1 7 7 2 . 0 
1 7 7 5 . 

( 1 7 6 5 . 1 

GAL T IER I 6 3 OBC 
ARMENTEB 
BELL I 
ARMENT-1 
SUGG 
SMART 
COOL 
G A L T I E R ) 
CONFORTfJ 

3 . 9 BARLETT 
( 9 . 0 ) KANE 

SUPEREDEO BY KANE 7 * . 
LANGSEIN 72 

S MEC 
6 6 OBC 
6B DPWA 
6 6 CN1R 
6 8 RVUE 
7 0 CNTR 
7 0 OPWA 
71 DPWA 
71 DPHA 
72 DPWA 

i . O l 
10. 

1 7 7 2 . OR 177-
THE TWO ENTRIES 
PARAMETERS 1 

177*. 
1777. 
1 T 7 B . 0 

ERROR STAT 

KANE 
BAILLON 
VANHORN 
BELLEFGN 

74 DPWA 
75 IPWA 

5 OPMA 
7 6 IPWA 

l. MARTIN 7 7 DPWA 
FOR MARTIN 7 7 CORRESPOND TD EXTR 

CM THE T - M A T S I X POLE AND 
R L I I 

5 . ALSTON 
5 . 0 ) GOPAL 

1 S T . ONLY- NO ERROR DUE TO IE 

0 K-0 1 . 5 1 8EV /C 
0 K-P TD Y - 1 5 J 0 P I 7 / 6 6 

- K-N TO Y » 1 S ! 0 P | 7 / 6 6 
0 ELAST IC . CH EXCH 1 1 / 6 8 

K - P . 0 TOTAL 1 1 / 6 6 
- 0 K-N TO LAMBDA P I 7 / 6 8 

K - P , D TOTAL 1 0 / 7 0 
0 K-P TO LAMSDA P I 7 / 7 0 
0 ELAST IC . CH ExCH 6 / 7 0 

K-MATRIX ANAL. 3 / 7 1 
O KPPI 0 . 8 - 1 . 2 G E V 1 2 / 7 2 
0 K-P TO P I S I G 1 0 / 7 1 

MULTICHANNEL 1 2 / 7 2 
K-P TO P I S I G 1 Z / B 1 * 
KBAR N TO LAM P I 1 1 / 7 5 

0 K- P TO LAM Pio 11/75 
O K- P TO LAM P i J / 7 7 

KBAR N HULTtCHML 1 1 / 7 7 
I C T I O N OF RESONANCE 
F I T . RESPECTIVELY. 

KBAR N MULTICKNL 1 / 7 6 
KBAR N ELASTIC 1 / 7 8 
KBAR N ELASTIC 1 2 / B I * 

P . M . A N A L . INCLUDED 1 / 7 1 

AVERAGE MEANINGLESS ISCALE FACTOR • 1 . 0 1 

G A L T I E R I 
8ELL 2 
ARMENT- I 
9UGG 
SMART 
COOL 
G A L T I E R I 
C0NF0R10 

63 DBC 
6 6 DBC -
6B OPMA 
6B CNTR 
6B FVUE -
7 0 CNTB 
7 0 DPWA 

1 OPWA 

LANGBEIN 
KANE 
BAILLON 
VANHDRN 
BELLEFON 
MARTIN 
HLIC 

7 1 [ 
72 DPWA 
12 DPUA 
72 IPWA 
7 * OPWA 
7 5 IPWA 
75 DPWA 
76 IPWA 

1 - B . 0 TOTAL 1 0 / 7 0 
K-P TO LAMBDA P I 7 / 7 0 
E L A S T I C . CH EXCH 6 / 7 0 
K-MATRIX ANAL. 3 / 7 1 
L A M ( 1 5 2 Q 1 P I C H . 1 2 / 7 2 
K-P TO P I S I G 1 0 / 7 1 
MULTICHANNEL 

• TO e 
KBAR N I D l 

S ! , 

TO LA PIS 1/75 
2 / 7 7 

KBAR N MULUCHNL 1 1 / 7 7 
KBAR N MULTICHNL 1 / 7 6 
KBAR N ELASTIC | / 7 8 
KBAR N ELAST IC 1 2 / 8 1 * 

WEIGHTED AVERAGE - I 
ERROR SCALED 6' 

1 7 . 4 ± 6 . 2 

78 DPWA 0 . 0 
77 DPWA 1 . 6 
75 DPWA 2 . 5 
75 IPWA O . J 
72 IPWA 0 3 
72 OPWA 0 . 9 
71 DPW& 2 . l 
70 DPWA 0 i 
68 HVUE 10 1 
6B CNTR J . 1 
6B DPWA 1 .B 
65 DBC 5 , 6 
63 DBC 33 0 

5 9 . 3 
(CONLEV 

• 1 ( 1 7 7 5 ) WIDTH <MEV) 

Y » 1 U T 7 S ) PARTIAL DECAY MODES 

f * l l 1775 ) INTC N KBAR 
' • 1 I I 7 7 5 I INTC LAMBDA P I 
f M l l T T S ) INTO Y * 0 ( 1 5 2 0 ) t 
' • I I 1775) INTC Y * 1 ( 1 3 B 5 > f 
r « l l 17751 INTO SIGMA P I 
f* 1 1 1 7 7 5 ) INTO SIGMA ETA 
' * 1 ( 17751 INTO SIGMA P I P I 

DECAY MASSES 
1 3 8 ' 

11154 1 3 4 
1 5 2 0 * 1 3 9 

1 3 9 . 3 8 5 
1 1 8 9 * 1 3 9 
1 1 9 2 * 5 * B 

http://�CHIANG.KYCIA.il


Baryons 
1(1775), 2(1840) 

Data Card Listings 
For notation, see key at front of Listings. 

HTML DECAY MODE BRANCHING FRACTIOUS 

true below it derived Irom the error matrix for (he fi 

•• ^ ,bP 6 P , , «.hilc the ofl-diAgonal elemi 
• ,6p .6p j/[bP.. 6P I. For ihe defimlior 
r. only thoae P. appearing in the miirix ai 

134*-.0150 
- . 0 5 8 5 . 1 3 9 9 1 - . 0 1 3 0 
- . 3 B I Z - . 0 1 2 2 . 1 9 2 9 * - . 0 3 3 3 
- . 3 1 9 0 . 0 1 8 7 . 1 2 1 ^ . 0 8 5 9 * - . 0 0 9 D 
- . 0 8 7 9 . 0 0 5 1 . 0 3 3 4 . 0 2 6 0 . 0 1 5 3 * - , 

. 0 5 5 5 - . 3 * 3 6 - . 8 2 8 4 - . 2 5 1 2 - - 1 B 7 I . 1 5 2 6 * - . 0 3 4 7 

45 Y " 1 1 1 7 T 5 I BRANCHING RA TIOS 

ERB0 S OUDtEO BY EX0E1 IHfNTERS DO NOT INCLUDE UNCERTAINTY DUE 
1 0 P A R A M t T R I f A T I O N USED I S THE P . H . A . THE* SHOULD BE INCREASED. 

1 Y « 1 I 1 7 7 5 1 INTC (KSAR N I / T O T A L P l l 
6 3 HBC 0 K-P RVUE 

0 . 5 3 0 . 0 9 UHLIG 6 T HBC 0 • 9 / 6 6 
1 

lt'A\} ° ' a l BUCCN T" 1 

6 8 DOkA 
6 6 CNTR 

0 E L A S T I C , CH ESCH t l / " 
TO DPhA 5 I G T 0 T . E L A S . C H E X 1 / 7 1 
70 CNTR K - P , D TOTAL 1 0 / 7 0 
71 OPHA 0 E L A S T I C . CH EXCH 6 / 7 0 
71 DPHA K-MATRIX ANAL. 3 / 7 1 
T2 1PHA MULTICHANNEL 1 2 / 7 2 

I 1 I 3 . 3 7 I 0 " 0 . 3 6 MARTIN 7 7 DPHt KBAR N MULHCHNL 1 1 / 7 7 
1 C 77 DPH* WAR N H U L T l C i N L 1 / T 6 
1 C I K 8 I I - J I / I O t a L FROM RLIC 77 | S SUPER?: IED BY GOP L BO. 

0 . 3 7 0 . 0 3 ALSTON 7 8 OPVA KBAR N ELASTIC 1 / 7 8 
6 0 OPkA KBAB N ELASTIC 1 Z / 8 1 

1 AVG 0 . 4 0 T o . a l D AVERAGE IERROR NCLUOES SCALE FACTOR O F 2 . V I 
1 F I I NCLUDES SChLE FACTOR OF 2 . 6 1 

WEIGHTED AVERAGE - 0.407 ± 
ERROR SCALED BV 2 9 

Values above of weighted average, 
er ror , and scale factor are for the 
reader ' • convenience only. The 
data were actually processed by a 
constrained fit program, which _ 
calculates its own value• ol ic, fix, 
and scale factor, which arc differ
ent from the values shown here. 

78 DPWA 
72 IPWA 
71 OPWA 
70 OPWA 
6fl OPWA 
67 HBC 

ALSTON 
LANGBEIN 
CONFORTO 
BRfCfcfANt 
ARME.NT-1 
UHLIG 

(CONLEV 
-0.000) 

• 1 / ! 7 ? 5 ) I N T O (KBAR N)/TOTAL 

¥ • 1 1 I 7 7 5 J * « 0 « INTO LAMBDA P I S Q R T ( P l * P 2 > 
- 0 . 2 6 6 0 . 0 1 7 6 8 DPWA - 0 K-N TO LAMBDA P I 7 / 6 B 
- 0 - 2 2 G A L T I E R I TO OPWA 0 K-P TO LAMBDA P | 7 / 7 0 
1 0 . 3 0 1 T l OPHA K-NATRIX ANAL. 3 / 7 1 

0 . 15 LANGBEIN 72 IPWA MULTICHANNEL 1 2 / 7 2 
- 0 . 2 5 9 0 . 0 4 8 OEVENISH 7 * 0 F IXED T OrSP REL 4 / T 5 
- 0 . 2 5 0 . 0 2 8 A I L L O N 75 1PHA KBAR N TO LAH P I 1 1 / 7 5 

0 . 0 5 VANHORN 7 5 OPHA 0 K- P TO LAM P IO 1 1 / 7 5 
[ - 0 . 3 0 ) BELLEFON 7 6 IPWA 0 K- P TO LAM P ] 2 / T T 

MARTIN 7T DPWA KBAR N MULTICHNL 1 1 / 7 7 
- 0 . 2B 0 . 0 3 R L I C TT OPUR 

AVERAGE 1 ERROR INCLUDES 

KBAR N MULTICHNL 

CALE FACTOR OF 1 . 3 1 

1 / T 6 

AVG 4GD 0 . 2 5 1 n.on 
R L I C TT OPUR 

AVERAGE 1 ERROR INCLUDES 

KBAR N MULTICHNL 

CALE FACTOR OF 1 . 3 1 
F I T 0 . 2 4 1 0 . 0 1 2 FROM F I T (ERROR INCLUDES SCALE FACTOR OF 1 . 3 1 

Y M I 1TT51 FROM INTO Y * 0 ( 1 5 2 0 l P I S Q R T ( P l » P 3 l 
0 . O 3 ARMENTERP 0 K-P TD Y M 5 2 0 P I 9 / 6 6 
0 . 0 2 6ARLETTA T2 DPHA 0 K-P TO Y » 1 5 2 0 P I 1 2 / 7 2 

2 - 0 . 3 0 5 0 . 0 1 D CAMERON 7 7 D P H . 0 K-P TO L I 1 5 2 0 I P I 1 / 7 8 
STED RATE COMBINES P- »ND F-HAVE DECAYS AND ASSUMES LAfBOAI 1 5 2 0 1 1 / 7 8 
A S T 1 C 1 T 1 - . 4 6 . THE CAMERON 77 RESULTS FOR THE SEPARATE P - AND 1 / 7 8 
HAVE DECAYS ARE - 0 . 3 0 3 * / - . 0 1 0 ANO - 0 . 0 3 7 V - . D 1 4 , RESPECTIVELY. 1 2 / 7 9 

IE SIGHS ARE CHANGED HERE TO BE I N ACCORD W I T H THE BARVON-F1RST 1 2 / 7 9 
WVEWTtON. 1 2 / 7 9 

R 3 AVC MOD 

V » 1 ( I T 7 S I FROM KBAR N TO Y * l ( 1 3 8 5 l P I O-HAVE S 0 R T < P l « P 4 t 
1 0 . 2 4 1 ( 0 . 0 3 ) ARMENT-2 6 7 HBC 0 K-P TO LAM P I P I 8 / 6 T 
1 0 . 3 2 1 ( 0 . 0 6 1 S I N S 6 8 DBC ' K-N TO LAH P I P I 1 1 / 6 1 

S I N S 6B USES CNLV CROSS-SECT. DATA. RESULT USED AS UPPER L I M I T ONLY 3 / 7 2 
*0.20 0.02 PPEV05T 7* OPHA 0- K-N TO S(13851PI 10/7* 

78 OPHA 0 K-P TO S(13B5)PI 1/78 
r IS 0 .03 1/78 

KBAR N INTO SIGNA P I S Q R T I P I P R 5 ! 
0 . 0 2 tKienrena 6 7 CPHA 0 K-P TO S I S 1 A PI 

4 0 . 0 6 0 . 0 3 GALMER 70 DP MA 0 K-P TO S1GRA PI 7 / 7 0 
1 0 . 0 9 1 K I N 7 1 DPHA K-NATPIX A N I L . 3 / 7 1 

1 * 0 . 0 7 4 1 [ 0 . 0 1 7 1 KANE 72 OPHA 0 K-P TO P I S I C 1 0 / 7 1 
0 . C 9 Qi LESS LANGBEIN 72 IPUA MULTICHANNEL 1 2 / 7 2 
0 . 0 9 ( 0 . 0 1 1 74 OPHA K-P TO P | S I G 1 2 / 6 1 

1 * 0 . 0 8 1 0 * • 0 . 0 8 MARTIN 7 7 DPUA KBAR N MULTICrtNL 1 1 / 7 7 
* 0 . 1 3 O . 0 2 R L I C 

AVERAGE 1 ERROR 

7 7 DPHA KBAR N N'JLTIC-iNL 

INCLUDES SCALE FACTO* OF 1 . 7 1 

1 / 7 6 

0.093 0.022 

R L I C 

AVERAGE 1 ERROR 

7 7 DPHA KBAR N N'JLTIC-iNL 

INCLUDES SCALE FACTO* OF 1 . 7 1 
0 . 0 8 0 0 . 0 1 7 FROK F I T IERROR INCLUDES SCALE FACTOR OF 1 . 3 1 

I T 7 5 I INTC (tAMROA P l l / ( K B A f i N l I P 2 I / I P 1 I 
0 . 3 3 0 . 0 5 UHLIG 

FROM F I T IERROB 

6 7 HBC 

INCLUDES 

0 K - P , . 9 GEV/C 9 / 6 6 

0 . 3 3 9 0 . 0 3 4 

UHLIG 

FROM F I T IERROB 

6 7 HBC 

INCLUDES 

0 K - P , . 9 GEV/C 

17751 INTC ( Y * 0 < 1 5 2 0 1 P I ) / I K B A R M ( P i | / ( P 1 I 
0 . 2 8 0 . 0 5 UHLIG 

FROM F I T (ERROC 

->7 HBC 0 r - P . , 9 CEV/C 

lUOES SCALE FACTOR OF 3 . 3 1 

9 / 6 6 

0 . 4 6 7 o.OBn 

UHLIG 

FROM F I T (ERROC 

->7 HBC 0 r - P . , 9 CEV/C 

lUOES SCALE FACTOR OF 3 . 3 1 

1 7 7 5 ) INTC ( Y « 1 ( 1 3 8 5 1 P I ) / I K B A R N l ( P 4 ) / ( P 1 1 
0 . 2 5 0 . 0 9 UHLIG 

FROM F I T [ERROR 

• HBC 0 K - P , . 9 GEV/C 

INCLUDES SCALE FACTOR OF 1 . 2 1 

9 / 6 6 

0 . 2 0 8 0 . 0 2 5 

UHLIG 

FROM F I T [ERROR 

• HBC 0 K - P , . 9 GEV/C 

INCLUDES SCALE FACTOR OF 1 . 2 1 

[ I 1 T T 5 1 INTC (5 tGHA P I P I I / T O T A L ( P l l 
( 0 . 1 2 1 ARRENT-Z 6 ' ^6C -O K-H 1H STG P I 0 | | 

:DR ABOUT 3 / 4 OF T H I S THE SIGMA P I SYSTE -AS 1 - 0 AND I S ALMOST 
IRELV Y P 0 I 1 5 2 0 1 . FOR THE OTHER 1 / 4 , THE IGHA P I HAS l « l . T H I S 
ABOUT HFAT I S EXPECTED FROM THE KNOHN RATE Y * 1 ( I T 7 5 I TO r » i ( i 3 8 5 | 

< AS SEEN I N LAMBDA P I P I . 

REFCReNCes ftnt V * K 1 7 7 5 1 

BELL 1 66 PHL l b 2 0 3 R B B E L L , R H BIRGE. r - L -•< , R T PU ( L R L H J P 
BELL 2 hh 0 C R L - 1 6 S 3 6 TMESIS « fl BELL I L R L I I J P 
ARNENIEP AT PL 24B 198 A R N E N T E R 0 5 . F E R R O - L U Z I I * ' l>N,HEIO>SACLAYI IP 
ARMENT-; 6 7 ; E I T . P H Y S . 2 0 2 4 8 6 ARHENTEROS.FERRD-LUZZI * 1 > N . H E 1 0 . S A C L A T I 
UHLIG 6 7 PR 1 5 5 1 4 4 8 • CHARLTON. CONDON. GLASSEf l . * ' - . . l U X D . N R l t 

ARNENT-1 <<• NP BB I S ! ARMENTERD5. BATLLON, * ICEP . " E l D E L . S A C L A Y l t J P 
ARMENT-2 6H NP 8 8 2 1 6 AftMENTEROS. S A I L L O N . * (CEt - E l D E L , 5 A C l t Y l I 
8UGG 6 8 PR 16B 1 4 6 6 » G I L H O R E , K N I G H T , O A V I E S * m . C A V E . R H E L l ! 
SIMS 6H PRL 2 1 1 * 1 3 SIMS<ALBRIGHT,NARTLEY,M£ER< ^ U . T U F T . B R A N l 
SMART 6B PR 169 1 3 3 0 H M SNART I L R L t l J P 

BR1CHAN1 70 PL 33G 5 1 1 *FERRQ-LUZ I1 .LAGNAUX I C E R N I 
COOL 1(1 PR D l 1 8 8 7 • G I A C O N E L L I i K Y C I A . L E O N T I C , L I , • ( B N L t I 
C A L T I E R I 70 DUKE CONF 173 A BARBARO-GALTIERI ( L R L I I J P 

CONFORTO 71 NP B34 4 1 * L E V I S E T T I i L A S I N S K L . O B E B L * C « » * ( E r W f e t O I I J P 
PRL 2 7 3 5 6 J K K1H ( H A R V I U P 

ALSO fO DUKE 161 J . K. K IM ( H A R V 1 U P 

7? NP 6 4 0 4 5 tf.A. BARLETTA ( E F I I U P 
KANE 7? PR D5 1 5 1 3 0 F KANE I L 8 L 1 1 J P 
LANGBEtft 7? NP 8 4 7 4 7 T •WAGNER I M P I M H J P 
OEVENISF' 74 NP 8 8 1 3 3 0 DEVENISH.FROGGATT.MARTINIDES r .NDRDITA .LOUCI 
KANE 74 L B L - 2 4 5 2 D . r . K A N E ( L 8 L I I J P 
PREVDST F4 NP 8 6 9 2 4 6 'REVOST.BARLOUTAUD,* < SACL»CERN*HEI01 

8 A I L L 0 N T5 NP B 9 4 3 9 P. B A I L L O N . P . J . L I T C H F I E L D (CF.RN.RHEL1IJP 
VANHORN f t NP B8T 145 A . J . VAN HORN ( L 8 L M J P 

ALSO 75 NP BB1 L57 A . J . VAN HORN ( L B L I U P 

BELLEFDN T6 NP B 1 0 9 129 
CAMERON 77 NP 6 1 3 1 399 
MARTIN 77 NP B 1 2 7 3 4 9 

ALSO 77 NP B 1 2 6 266 
ALSO 77 NP B 1 2 6 285 

R L I C TT NP B 1 1 9 362 

OE BELLEFDNiAERTHON ( C D E F I U P 
*FR*N£K,5QP*t,KAl*USw»CPHE*SDH* IUHBLHOIOUP 
MART!N,PIDC0CK,KO0F.HOU5E ILOUC*GLASt I JP 
MARTIN.PIDCOCK (LOUCt 
MARTIN.PIDCOCK ( L O U C I I J P 
GDPAL,ROSS. VAN HORN.HCPHERSOKt ( L O I C * R H E L ) U P 

ALSTON 7 8 PR 0 1 8 187 •KENNEViPOLLARD.ROSS* U B L + M T H O * C E R N f I J l 
ALSO 77 PRL 3B 1007 ALSTON-GARNJOsT,KENNEY (LBL«HTHO*CERNl IJ I 

CAMERON 78 NP 8 1 4 3 1B9 •FRANEK,G0PRL.6 *C0N.BUTTEP.H0RTH* |RHEL»LOI i 
GOPAl SO TOROMTO C O W 159 G.P.GOPAL (RHE> 

U P 

FENSTER 6 6 PRL I T 8 4 1 *CELFAND.HARNSEK,L-SE 
— FENSTER 6 6 I S SUPERSEDED 8Y BARLETTA 7 2 

CONFORTO 6 8 NP BB 2 6 5 (HARHSEN, LASINSK] , » 
SUPER SE M O BY CONFORTO 7 1 . 

HARRISON 7 0 FSU-HEP 70 3 1 M . C . HARRISON ( T H E S I S 
PREVOST 7 1 AHSTEROAH CONF • CHS COLLABORATION 

PAPERS NOT REFERRED TO I N DATA CAPOS 

1 .4 ( C H I C < < ! N L I C E R N I I U P 

(CHICAGO, H E I D E L H J P 

( F S U I 
<CERN*HEIO*SACLl 

1^(1840)1 ¥ • 1 1 1 8 4 0 , J P " 3 / 2 * I 1 - 1 | A | . 

SEE TKE N I N 1 - R E V I E H S PRECEOING THE Y * 0 ' S . 

01 ' • 1 ( 1 8 4 0 1 MASS INEV1 

1 8 4 0 . 0 ( I C O ) LANGBEIN 7 2 IPHA MULTICHANNEL 
( I T 2 0 . I ( 3 0 . 1 g i l U O N 7 5 I P M R0AR H 10 LAM P; 

FROM SOLUTIOli 1 OF BAILLON 7 5 , NOT PRESENT I N SOLUTION 2 . 
1 9 2 5 . ( 2 0 0 . > VANHQRN 7 5 OPHA 0 K- P TO LAM P I Q 
1 7 9 1 . OR 1 8 0 2 . MARTIN 7 7 D P M * KBAR N HULTICHNL 1 1 / 7 : 

THE THO ENTRIES FOR MARTIN TT CORRESPOND TO EXTRACTION OF RESONANCE 
PARAMETERS FROM THE T - R A T R I X POLE AND FROM A B-H F ] T , R E S P E C T I V E ) . * . 

1 2 / 7 2 
1 1 / 7 5 

1 / T 6 
11/75 



Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
E(1840), E(1880), 1(1915) 

0 1 Y « 1 I 1 B * 0 1 WIDTH (MEVI 

120 
120 

65 
9 3 

0 1 1 0 . 0 1 LANG6EIN 
1 ( 3 0 . 1 B A I L I O N 

( 5 0 . 1 ( 2 0 . 1 VANHORN 
OR 5 3 . MARTIN 

72 IPWA 
75 I P * * 
>5 OPWA 
7 7 DPWA 

MULTICHANNEL 1 2 / 7 2 
KG I* H TO L A * P I I I / 7 J 

0 K- P TO LAH P IO 1 1 / 7 5 
K6AR N M U L T I C M U 1 1 / 7 7 

C I Y « 1 ( 1 8 * 0 I PARTIAL DECAY NODES 

iEi™%, 
• I I 18 *01 INTO m e t R 1 

0 . 3 7 1 0 . J 31 

( O . O I O R I O . O I 

' • ! ( 1 6 * 0 1 F R C P K B A R N 

0.15 IO.0*t 
(-0,0410* -0.0". 

• 1 ( 1 8 4 0 1 FROM KSAfl « I 
0 . 2 0 ( 0 . 0 * 1 

• 0 . 1 2 2 0 . 0 7 9 
I t O . l l l ( 0 . D 2 I 

» O - 0 6 ( 0 . 0 * 1 
• • 0 . 0 3 1 0 R * 0 . 0 2 

B*OI BRANCHING « 

l l / T D T A L 

INTO SIGMA PI S Q R T ( P | * P 2 ) 
LANGBEIN 72 IPWA "UlT ICHANNEL 
MARTIN 77 DPWA WAR N M U I T I C W 1 1 / 7 7 

LAMBDA P I 
LANGBEIN 
0EVEN1SH 
BAILLON 
VANHORN 
HART I N 

S Q * T ( P 1 * P 3 1 
72 IPHS RILTtCHWiEl 12/12 
7 * 0 FIKEO T O ISP REl * / » 5 
75 IPWA KBAR N TO LAM P I 1 1 / 7 5 
75 DPHA I H - P 1 0 LAM P IO 1 1 / 7 5 
TT DPW» *&AR N H U L T I C H N L I I / 7 T 

wssr 7 * NP B B I 3 3 0 
75 NP B 9 * 3 9 
75 l"> B 6 7 1*5 
75 NP B81 157 

( T I N 77 NP B 1 2 7 3 * 1 
ALSO 77 HP B 1 2 6 2 6 6 
ALSO 77 W 61?, 2B5 

REFERENCES FOR * 

r| i | |p"" ( C E R N . R H E L I I J P 
( L B L l l J P 
( L B U I J P 

MARTIN ,P IDCOCK, 
MAATINtPIDCOCK 
MARTIN,PIDCOCK 

|£(1880)| EH 
ALL CLAIMS WHICH L I E WELL ABOVE THE » » 1 ( 1 7 7 ! 

67 • 1 ( 1 1 101 M4S5 (MEVI 

I9B2.0 «l 
( If'-0.01 

ABOUT 1950.0 
1950.0 
1920.0 

( i e i e . i 
ONLY UNCONSTR 

( I 9 6 0 . * 
FRO" SOLUTION 

19B5. 

S»AR7 6 8 DPWA - 0 * - N TO LAM P I 
BAILEY 6 9 DPWA 0 ELAST IC . CH EXCM 
ARMENTERO TO IPWA - 0 ELASTIC. CM E J t t i 

5 0 . 0 G A L T I E R t 7 0 DPHA - 0 K- N TO LAH P I 
j ; 0 . O L l T C H F I E L TO OPWA - 0 K- H TO t AH ft 

LEA 7 3 OPWA WULTICHNt * - « r s X 
INEO STATES FROH TABLE 1 DF LEA73 ARE I N L I S T I N G S . 
3 0 . ) BAILLDN 7 5 IPWA KBAR N TO LAH Pt 
1 OF BAILLON 7 5 . NOT PRESENT I N SOLUTION 2. 

VANHORN 75 DPWA 0 K- P TO LAH "" 

7 / 6 B 
0 / 7 0 
6 / 7 0 
7 / 7 0 

MEANINGLESS ISCALE FACTO 

6 7 * 1 1 8 8 0 ) Ml 

222. Q 1 5 0 ft 
( 2 0 0 . 0 1 
ABOUT 30 0 

2 0 0 . 0 5 0 0 
iro.o 0 

( 2 2 7 . 2 1 
( 2 6 0 . > C O 

2 2 0 . 1 * 0 
7 L b . OR 2 2 0 . 
ei.o 10 
B 6 . 0 ( 1 5 

77 OPWA KBAR N MULTICHNL 1 
1 CGPRESPOWD TO E J U P A C I I O N nF RESONANCE 

POLE AND FROM A B-W F I T , RESPECTIVELY. 
CAM£R0N2 7B DPMA K-P TO K * i a 9 0 > N I 
GOPRL 80 DPWA KBAP N ELASTIC 1 

' » 1.51 

:RAOE MEANINGLESS I SCALE FACTOR 

TH IWEVI 

SMART 6R DPWA K- 7 / 6 8 
B A I L E r f>t OPWA M l T I C , CH £*CH 1 0 / T O 
ARHENTEHC TO IPWA El A T I C , CH EXCH 6 / 7 0 

70 1 TO LAH P I 7 / 7 0 
L I 7 C M F I E L 70 DPMA -0 6 / 7 0 
LEA OPHA nu 9 / T J 
BAILLON / 5 IPWA 1 1 / 7 5 
VANHORN ft DPWA I) U / 7 5 

ri 1(1 It 1 1 / 7 7 
CAMER0N2 78 DPWA TO K . ( 8 9 0 l N 1 2 / 7 9 
GOPAL HO DPWA 1 2 / 8 1 

• Z . 2 ! 

-
1TIAL OECAY WOOES 

IWTC ft KSAR 
INTO LAHBC-A P I 
INTO 5IGWA PI 
I M T C N K * i e 9 0 i , 
INTO H H • 1 8 9 0 1 . 

tnueeoi SHANCHI 

' • 1 1 1 9 8 0 ) INTO (KBAR N I / T O T A L 

!£™.:.-s, 

HIlEr 6 9 0PM4 
ARHENTERO 70 IPHA -
LEA 7 3 OPWA 
HAPTIN 77 DPWA 
GOPAL SO OPWA 

PI) 
o E L A S T I C , C H E X C H 1 0 / 7 0 
0 E L A S T I C , C H E K C H 6 / T O 

W U L T 1 C H N L K - M T P X " ) / 7 3 
KSAR H H U L T I C H N L 1 1 / 7 7 
* « * • * f L » S 7 I C 1 2 / 3 1 * 

' IN10 L4HS0A PI 5D«TIP1*P2) 
SMART be DPWA -0 K- *t TO LA<i P I 7 / 6 9 
G A L T i e m 7 0 DPWA - 0 R- * TO LA" P I 7 / 7 0 
L I T C H M E L 7 0 PPWA - 0 < - ' I TO LAW P I 6 / 7 0 

73 0 * M •M.TtCHtl. K-M1K1 9 / 7 3 

•»;L 
OEi NISH T* 

75 IPWA 
-mo i OISP PEL 
K8AH N TO L«M P i 1 1 / 7 5 

I « - » 1 0 LAH P I G 1 1 / 7 5 
KflAK 1 " U L T I C W . L tl/TT 

R2 AVERAGE M E A t m (SCALE FACTOR = 

BAR U TO SIGWA P Y ' K I B B O I FROH 
? NOT SEFH 
1 K - 0 . 3 0 I Q R * 0 . 2 9 

Y*1 I1BBQ> FRO" K6AR N INTO X 
, - 0 . O 5 0 . 0 3 
i THE SIGN MERE I S CHANGEO 
• CONVENTION. 

Y A K 1 B 8 0 ) FRC" KBAR N INTO N 

S 0 R T ( P l » P 3 ' 
• "ULT1CMNL K-HT1» 
A XBA«t » HULTICHNt 

1 6 9 0 ) , P I WAVE S 0 P T ( P 1 « P * 1 
CAWER0N2 78 DPWA K-P TO «"*« 

D BF I N AtCORO WITH THE BARYON-F I"ST 

SMART 6B OR 169 1 3 3 0 
B A I L E t 6 9 THESIS U C " L - 5 0 6 r 
AftHENTER 7 0 OUKE CONF 123 
GALTIER1 7 0 OUKE CONF 173 
L l T C H F I E TO HP B22 269 

LEA 73 NP B56 7 7 
OEVENISM 74 NP B B I 330 
9 A I l l C H 75 I P B S * 39 
ViWHOA* 75 1" BBT | « 5 

ALSD 75 NP BBT 157 

HARTIN 77 NP B127 3A9 
ALSO 77 NP B I 2 6 266 
ALSO 77 NP B126 2 ( 5 

CAH5R0N2 78 I P B l * 6 32T 
GOPAL 80 TORONTO CDNt 151; 

« E F E » f * C e 5 fOR Will860) 

W X SHART 
r DAVID 5AAL BA?LEV 

ARWENTEROS. B A U L O H i * 
A BARSARD-CALTIERl 
P J L I T C H F 1 E L 0 

•MARTIN.HOQPHOUSE* (PHEL*L0UC*GLAS»AADHUS1I . 
DEVENISH.FROSGATT .HADTIN(DESY,NOnD|TA . | .OUCI 
P . B A I L L O N . P . J . L t T C H F I E l D ( C E R N . O x E t . l t -
* . J . VAN HD*H ( L 9 L I I , 
A . J . VAN HORN I L B L I I . 

MARnN.PIOCOCK.HOORKDUSE ( L O J C * G L * S I I . 
MAR I I t t .P IOCOCK H O-JL1 
HARTIN.P1DC0CR l i a j L I I , 
+FRANEK,GOPAL.KALMLyS.HCPMERSON. * l » H £ L t L O T C ) I . 

I G.P.GOPAL ( B H F l l l , 

( R U 1 H E r B 0 R D ) 1 I P 

£(1915) w 
set 1 "Ini-HEVIfM AT THE STAPI Cf THE * • L I S T I N G S . 

T f I 5 RESONANCE WA F I R S T SEE^ I N THE TCTAL-CROSS-SEC
T I O N HEASUREHENTS OF COOL 6 6 . I t T H I S FNTRY, MOWEVE*. 
KE L IST CHIY THE RESULTS FRO" P A R T I A L - h A V E ANALYSES. 

SEE THE NEXT ENTRY FOR THE PARAMETERS OF PEAKS SEEN AROUND 1 9 9 1 - 1 9 5 0 
HFV I N CROSS SECTIONS AND INVAR!ANT-HASS D I S T R I B U T I O N S . WF WAKF I H I S 
SEPjtOATl(iN BECAUSE ONLY THE PARTIAL-WAVE ANALYSES ISOLATE THE PI'S WAVE. 
SEE ALSC THE NOTE TO (HE NE*T ENTRY. 

*t Y M I 1 9 1 5 ! MASS ( H f V ) 

1 9 0 2 . D 1 1 . 0 SHART 6 8 OPWA 
1 O I 9 . 0 20.0 8 E ° T H 0 V rn 
1 9 0 0 . 0 1 5 . 0 fn 0 
1 9 3 6 . 0 1 3 . 0 1 BBICMAN1 T S I G T C T . E I A S . C H E * 
1 9 0 3 . 0 1 0 . 0 COlt in OPWA 6 / 7 0 
1 9 0 5 . 0 3 0 . 0 G A L T I E R I 'n DPtaA < - » TO LAWBBA P | 

1 i.O L1TCHFIE I 'U DPWA 
1 9 1 0 . DPWA 

1 1 9 2 5 . 0 ( 8 . D) i? DPhA n K-R TD PI M 6 1 0 / 7 1 
«ANE 72 1 SUPERFOED BY •; NC 7 * . 

1 9 2 0 . 0 ( 5 . 0 1 KANE D P u i K-t> ir> P I s i & 
1 9 2 0 . 3 0 . 11 
1 9 1 * . 1 0 . HE-INGWA •is o K- P TO ^BAU N 
! 9 ; o . 1 5 . 2 0 fANHORN 75 DPMI 0 

I 1 9 1 5 . 1 BELLEFON T6 IPWA 2 / 7 T 
76 DPWA 

PREFERRED SOLUTION 3 . SEE COR0E1 T6 FOI OTHFB P O S S f S L t l f T E ^ . 2/11 
COR0EN 7 6 INCLUDES THE DA A OF COX 70 1 SUBS- E 

189<>. 5 . CORDGNL 7 7 
1 9 0 9 . C0ROEN1 7 7 

THE 2 ENT I E S FOR C0R0EN17T ARE FRQw 2 H F EREN1 ACCEPTAALE SLTNS. 
NOT SEEN 7 7 DPWA KBAR ft TQ KBAR N 

1 9 2 5 . CR 1 9 3 3 . MARTIN 7 7 DPWA KBAR N MuLTlCHNL 
THE TWO ENTRIES FOR HARTI 77 EURRESPDND TP EXTRAC ION JF RESONAME 
PARAMETER IK POLE AND FROH A e-w F I T . RESPECTIVELY. 

1 9 2 0 . RL IC 7 7 OPWA "BAR N MULTICMNL 
1 9 3 7 . 

_ ."• ... OLSTON TB DP HA KBAR N ELAST IC 1 / 7 8 
( ERROR S T A T I S T . O N i r - MO E««OC OUf TO PARTICULAR P . W . A N A L . t'KOJDtD I / 7 J 

IERAGE HEANINGLESS (SCALE FACTOR . I . I I 

( 5 0 . 0 1 
5 2 . 0 
6 0 . 0 
7 5 . 0 

135.0 
77.0 
70.0 
70.0 

)TH l " E V ) 

ARHENTEP1 
SMART 
BERTHON 

U C N A N I 
COK 
GALT) 

KANE 
BAILLON 
HEHINGWA 
VANHORN 
BELLEFCN 
COROEN 
CCR0EN1 
COR0EN1 
•«Aft7(iV 
RLIC 
AL5T0N 

6 7 OPWA 
6 9 CPWA 
7 0 DPUA 
70 PPVA 
70 DPWA 
70 OPWA 
70 DPUA 

77 OPHA 
77 OPWA 
78 DPWA 

0 E L A S T I C . C M tXCH 
•0 K-N TO LAMBDA P I 
0 K-P TO LAMBDA P I 
0 %-» TO S IG1A P I 

S I C T O T . E L A S . C H E * 
- K-N TO LAHBDA P I 
0 K-t> TO LAMBDA P I 

•0 « - * * TO LAMBDA Pt 
K-P TO K8A.R. N 

0 K-P TO P! S1G 
K-P TO Pt SIG 
KBAR N TO LAP P I 

TO KBAR 

1 1 / 6 7 
7 / 6 6 
7 / 7 0 

1 0 / 7 0 
1 / 7 1 
6 / 7 0 
7 / 7 0 
6 / 7 0 

torn 
1 0 / 7 1 
1 2 / 8 1 " 

< TO L 4 P IO 

KSAR 1 MULTICHML 
KBAR N " U L T I C H N L 
KBAR -I ELASTIC 
AMPLITUDE 

l i / 7 5 
2 / 7 7 
2 / 7 7 

U / 7 7 
1 1 / 7 7 
1 J / 7 7 

1 / 7 6 

AVERAGE MEANING l:$S ISCALE FACTOR -

http://CERN.OxEt.lt-


Baryons 
S(1915), E(1940) 

Data Card Listings 
For notation, see key at front of Listings. 

( 1 9 1 5 1 P A H T i l l DECAY MODE* 

• 1 ( 1 9 1 5 1 INTD LAMBDA P I 
• 1 I 1 9 1 5 > INTC S I G " A " I 
• 1 1 1 9 1 5 1 INTC Y » 1 I 1 3 B 5 1 PI P-rfAVE 

' • 1 ( 1 9 1 5 1 INTC Y « 1 I 1 3 B 5 ) P I f -MAVE 

1 1 6 9 * 1 3 9 
1 3 9 * 1 3 8 5 
1 3 9 * 1 1 8 5 

1151 BRANCHING RATIO 

Y « l ( 1 9 1 5 > INTC IKBAR N I / T O T A L ( P l l 
( 0 . 1 2 1 1 0 . 0 1 1 ABHENTER OP Mi 0 E L A S T I C . CM E X d 1 1 / 6 7 

0 . 1 9 1 0 . 0 2 1 BRICMANI CPU* S I G T C T . U A S . C H E X 1 / 7 1 
0 . 1 1 ( 0 . 0 3 1 CONFORTO 7 1 OP MA 0 E L A S T I C , CH EXCM 6 / T o 
0 . 1 5 1 0 . 0 4 1 L I T C H F 1 E T l DPMA K-P TO KPAR N 1 0 / 7 1 
0 . 1 1 1 0 . 0 4 1 HE"INGHA T5 PPHA 0 K~ o T*) KBAR N 1 1 / 7 5 

(O.oeirro o.os HtBTlN 77 OPWA KB en H MUITICMUL 1 1 / 7 7 
f O . 0 9 1 1 0 . 0 3 1 B L I C OPMA KBAR N •"UITICHT.L I / 7 & 

IKBAR N l /TOTAL FBOM P L I C 7 I S SUPERSEDED V 00> AL BO. 
0 . 1 4 ( 0 . 9 5 1 ALSTON OP MA KHAB N ELASTIC I / 7 B 
0 . 0 3 1 0 . 0 2 1 GO PAL BO CPMA KBAB 1 ELASTIC 1 2 / 8 1 

MASS AND HIOT c MKEO 10 B I f TT VALUES DUE TO LO U E L A S T I C I T Y . 1 2 / 8 1 

• 1 ( 1 9 1 5 1 F » 0 » KBAB N INTO LAMBDA P I S 0 R T ( ^ ] « P 2 t 
( 0 . 0 2 1 SMART 6B DPhA - 0 K-N TO LAHB3A P I T / 6 B 
( 0 . 3? ) e f R T n t w TO DPMA 0 K-P TO LAMBDA P I 7 / 7 0 
( 0 . 0 2 1 COX 7 0 - K-N TO LAMBDA P I 6 / 7 0 
( 0 . 0 3 1 GALT1ERI DPMI 0 K-P TO LAMBDA P I 7 / 7 0 
( 0 . 0 1 5 11TCHFIEL. OPMA - 0 K-N TO LAMBDA P I 6 / T O 
( 0 . 0 5 6 DEVENISH 0 F IXED T D I S " BEL 4 / 7 5 
( 0 . 0 2 1 BA1LL0N I P M * KBA° N TO L i « P I 1 1 / 7 5 
1 0 . 0 2 ) VANHQRN OPMA 0 K- P TO LAM P I G 1 1 / 7 5 

BELLEFON 1PMA 0 K- P TO L A * P I 2 / T T 
0 . 01 caaoEN DPMA - K- N TO B t - LA* 2/11 

- 0 . 0 9 MAP T I N DPMI KBAR N MULTICHNL 1 1 / 7 7 
-D .0"S ( 0 . 0 3 1 R L I C TT DPKA ( 9 t H N MJ1TICHKL 1 / T 6 

• 1 1 1 9 1 5 ) FRO" K B A R N INTO 5IGMA 01 S 0 R T I P I * P 3 I 
1 0 . 0 0 1 ( 0 . 0 1 1 ARMENTE.RO 6 7 OPMA 0 K-» TO SIGMA P I 1 1 / 6 7 
- 0 . 1 3 ( 0 . 0 3 1 BERTH0N1 TO DPHA 0 K-P TO SIGMA PI 1 0 / 7 0 
- 0 . 0 4 ( 0 . 0 3 1 G A L T I E R I TO DPWA 0 K-P TO SIGMA PI T /TO 

( - 0 . 1 3 7 1 ( 0 . 0 1 5 KANE T2 0 K-P TO PI S I G 1 0 / T 1 
- 0 . 1 5 ( 0 . 0 3 1 KANE T4 DPMA K - P TO P| S I G 1 2 / 8 1 * 
- 0 . 1 7 0 . 0 1 COFDENl TT - K- N TO 0 ! S I G 1 1 / 7 7 
- 0 . 1 5 0 . 0 2 COOOENl r r - K- * TO PI SJG 1 1 / 7 7 

( - 3 . 0 5 I J B - 0 . 0 5 MARTIN 77 OPMA KRAB N MULTICKNl 1 1 / 7 7 
- 0 . 1 9 1 0 . 031 RLIC TT CPWA KBAB N "ULTICHNL 

PACE (ERROR INCLUDES SCALE FACTOR OF 1 . 0 1 

1 / 7 6 

MOD 0 . 1 6 6 0 0 . 0099 

RLIC TT CPWA KBAB N "ULTICHNL 

PACE (ERROR INCLUDES SCALE FACTOR OF 1 . 0 1 

• 1 ( 1 9 1 5 ) FHO" KBAB N INTO V » l ( 1 3 8 5 l P I P-WAVE S Q P T I P l ' P t ! 
LESS THA 0 . 01 CAMERON 78 DPMA 0 K-P TO S ( 1 3 B 5 ) P I 1 /7B 

r » l ( I 9 I 5 1 « 0 * net* H I " 7 0 l - » l f l 3 8 5 ) » I F-MAVE 5 0 R T I P 1 * P 5 ) 
5 * 0 . 0 3 9 0 . 0 0 9 CAMERON 7B OPMA 0 K-P TO S ( 1 3 H 5 ) P 
•> THE SIGN IS CHANGED TO BE I N ACCORD WITH THE BABTOK-F IB5T 
S CONVENTION. 

ABNENIER 6 7 PL 2 4 B 1SS 
ARMENTE1 6 7 NP B3 5 9 2 
SMART 6 6 PR 1 6 9 1330 

REFERENCES FOR T » 1 ( 1 » 1 5 I 

ARMFNTER0S.FERR0-LUZZ I4 I C E R N > " E 1 0 . S A C L A Y I 
ABMENTERDS.FERRO-LUZZI * (CERN.HEID ,SACLAYP 
u M SMART I L R L I I J P 

BEBTKON TO NP 8 2 0 4 1 6 
B E B T H O N I 7(1 NP B 2 4 4 1 7 
B R l t M A N l PL 33B 5 1 1 
COX 7(1 NP B 1 9 6 1 
G A L T I E R I 7(1 OUXE CONF 1 7 
L1TCHF IE 70 NP B22 2 6 9 

CONFOPTO 71 NP B34 4 1 
L I I C H F I E 71 NP B30 1 2 5 
KANE 77 PR D5 1 5 8 3 
OEVENISH NP BB1 3 3 0 
KANE 74 L B L - 2 * 5 ? 

BAILLON T l NP 6 9 4 3 9 
HE"IHGMA TS NP B 9 1 12 
VANUORN NP SBT 145 

ALSO 75 NP BET 157 

SE1LEF0N 7 6 NP B 1 0 9 129 
cat DEN 76 NP B 1 0 4 1B2 

C0RDEN1 NP B125 C I 
DECLAIS CERN T 7 - 1 6 
MARTIN 71 HP B12T 3 * 9 

ALSO ri HP BIZt, 266 
ALSO 77 NP B 1 2 6 2 8 5 

R L I C 77 NP B 1 1 9 3 6 2 
ALSTON 7 * PR D I B 1"J2 

ALSO PRL 3 8 1 0 0 7 
CAMERON NP B143 1B9 
GOPAL BO TORONTO CON 

COL I »RANCAN. VRANA. 
+VRANA. BUTTERMORTH, 
»FERR0-LU72 I>L*GNAUX 
• I S L A M , C O L l E r , * 
A BAB6AR0-GALT1ERI 
P J L I T C H F I E L D 

11 U P »'.EV1 S E T T I . I . A S I N S K I . . O P E R L A C K * * ( 5 F I « M E I C 
L I T C H F I E L D , . . . * L E S O U O V , * . . I R H E L « C D E F * S A C L H 
D F KANE ( L B L M J P 
0 E « E I I I S H . F R O G G A T T . M A P T I N ( D E S » . N O B 0 1 T » , L O U C I 
D .F .KANE I L B I I 1 J P 

P . B A I L L D N . P . J . L I T C H F I E L D I C E R N . R H E L I 1 J P 
HEMINGMAV.EAOES.HARMSEN* ( C E B N . H E l D . M P I M I I JP 
A . J . VAN HORN ( t a i ) / J P 

4C0K, 

*CnX,KEHT0N.ONEALE,STUBeS<SUP0R0K* ( B I B K 1 I J I 
+DUCHDN<L0UVEL.PATRY,5EGUIN0T* (C A£N*CERN) I Jl 
MARTIN.PIOCOCK.MOORKOUSE ( L O U C * G L A S I I J I 
MAR7(N,P1DC0CK ILOUCI 
MARTIN.P10COCR I L 0 J C 1 I J I 
GOPAL,ROSS,VAN HORN,MCPHERSON* ( L 0 1 C » R H E L 1 I J I 
+KE '«EY< POLLARD,ROSS. I L 6 L * « T H 0 » C E B N I I Jl 
ALSTON-GARNJOST.KENNEV ( L B L * M T M a » C E R N ) l J l 
*FRANEK, GOPAL , BACON,BUTTERMOPTH* t RHEL * L O I C 11J ! 

159 G.P.GOPAL I R H E L I I J I 

PAPERS NOT REFERRED TO I N DATA CARDS 

SMART 6 6 PBL I T 5 5 6 
SUPERSEDED BT SMART 6 8 . 

CONFORTO 6B NP B8 2 6 5 
SUPERSEDED BV CONFORTO T 

rHARMSEN, L A S I N S K I , 

I L K U S , * P ELY ( L R L I I J P 

(CHICAGO, HETOELI 

1915 MEV REGION - PRODUCTION AND u„ EXP'TS "TOTtt 

29 Y - I I 1 9 L 5 , J P - 1 I M PRODUCTION EXPERIMENTS 

SEE THE M I N I - R E V I E W AT THE START CF THE V * L I S T I N G S . 

SEE THE NOTES TO THE Y« 1 1 1 9 1 5 1 AND Y» 1 1 1 9 * 0 1 , MHICH 
IMMEDIATELY PRECEOE AND FCLLOH T H I S ENTRY. HERE VE 
L I S T ONLY PARAMETERS OF PEAKS SEEN I N CROSS SECTIONS 

A W rftVARTANT-XASS 01 S T R I B u r i C W S . TH£ CROSS-SECTION PEAKS ARE ALMOST 
CERTAINLY ASSOCIATED H I T H THE F 1 5 Y « U I 9 l 5 t SEEN I N P A H T I A l - K a V E 
ANALYSES. THE INVARIANT-MASS PEAKS SEEN MORE L IKELY TC BE ASSOCIATED 
WITH THE 0 1 3 Y X 1 9 4 0 ) . 

• 1 1 1 9 1 5 ) MASS ( M E Y I | p e O D . E X P . l 

BUGG 
CROSS-SECTIC' I "EAKS 

1 9 0 5 . 0 5 . 0 
1 9 0 6 . D 6 . 0 
1 9 1 2 . 0 1 0 . 0 COOL 

I N V A R I A N T - - A S S - D I S T R I B U T I O N PEAKS — 
1 1 9 4 2 . 0 1 ( 9 . 0 ) BOCK 

1 9 4 0 . 0 1 1 . 0 AGUILAR 
4 2 I 9 T 9 . 1 4 . B R I E F E l 

2 0 0 ( 1 9 ( 0 . 1 ( 1 7 . ) F F « * E ^ 
BACKWARD PRODUCTION I N LAMBDA P I - K* ( 

ELASTIC DCS — 

6B CfcTR K - P . D TOTAL U / 6 6 
TO CNTP 0 TOTAL AND CH EX 6 / T „ 
70 CNTO K - P , 0 TOTAL 1 0 / 7 0 

65 HRC PRAR P 5 . 7 BEV/C 
7 0 HBC 3 . 9 - 4 . 6 GEV/C K- 5 / T O 
7 7 HBC XI K MODE 2 . 9 K - P 1 / 7 8 
si oneo P l - P 9 , 1 2 &EV/C 2 / 8 ' ' 

INAL STATE 
2 / 7 3 

72 HBC 0 K-P ELSTC DCS I'll 
I I M L E S S (SCALE FACTOR > 

2 9 V » | ( | 9 1 5 > < I 0 TM t - E V I ( P R 0 3 . E X P . ) 

CROSS-SECTICN PEAKS - -
6 0 . 0 1 0 . 0 1 1 / 6 6 
5 0 . 0 1 2 . 0 BBICMAN 7 0 CNIR 0 IOTAL AND CM EH 6 / 7 0 

( 3 0 . 0 1 COOL 70 CNTR K - P , 0 TOTAL 1 0 / 7 0 
I N V A R I A N T - M A S S - D I S T R I B U T I O N PEAKS -

( 3 6 . 0 1 ( 2 0 . 0 1 ( 3 6 . ^ ) 65 HBC 
9 0 . 0 2 0 . 0 70 HBC • 3 . 9 - 4 . 6 GEW/C K- 5 / T O 
6 9 . 3 2 . 7T HAC • 11 i MODE 2 . 9 K - o I / T B 

1 8 7 . 1 ( 2 5 . 1 Bl CMEG - P l - P 9 , 1 2 C E v / t 2 / 8 2 
ELASTIC OCS - - 2 / 7 3 

7 0 . 1 4 . 

• t . O I 

72 HBC 0 K-P ELSTC OCS 2 / 7 3 

tE MEANINGLESS 1 SCALE FACTDP • t . O I 

72 HBC 0 K-P ELSTC OCS 

JAL OFC r t C O f S ( P R O C . E X P . l 

• 1 ( 1 9 1 5 1 < N T D " " B « 
• I I 19151 INTC LAMBE 

2 9 ( 1 9 1 5 1 BRANCHING RATIOS I P P O O . 

0 . 1 D 0 . 1 3 AVERAGE (ERROR INCLUDES SCALE FACTOR O* 

R4 M ( I 9 1 S I INTC ( X I K 1 / T 0 T A L ( P 4 I 
R4 4 2 SEEN BRIEFEL T7 HBC * K-P 2 . 8 7 GEV 

REFERENCES FOR Y M I 1 9 1 5 1 ( P R C D . 6 * 0 . 1 

BOCK 65 PL I T 166 •COOPER,FRENCH,KINSON, • ICEPN.SACLAY1 1 
COOL 6 6 PBL 1 6 1Z28 * G I » C D M E L L I . K Y C I A . l . £ C N T I C . L I , L U N c e » . » I B N L ) 1 

SUPERSEDED BY COCL 70 
BUGG 6B PR 16B 1 * 6 6 • G I L M D R E . K N I G H T , D A V I E S * I B I R M . C A V E . ° H E L 1 I 
BARNES 6 9 PRL 2 2 4 7 9 *FLAMIN10 .MQNTANET,SAP10S • IBNL*SVRA> 

AGUILAR TO PRL 7 5 56 AGUILAR-BEN1TE7 . BARNES. » I B ^ L . S Y ' A l 
BRICMAN 7 0 PL 3 1 3 1 5 2 •FERRO I U Z 2 I , P E R R E A U , * 1 CERN,CkEN,SACLAY) 
COOL 7Q PR D l I B 3 7 * G T A C O M E L L I , K Y C I A . L E O N T I C , L i . * I B N L I 1 
DADO Tt PPL 2* 1695 
BRIEFEL 77 PR3 16 2 7 0 6 *GOUREVITCM,CHANG* 1BRAN*UMO*SYRA*TUFTI 
FERRER S I W B I 7 S 373 +T%£ R L E . R I V E T , HDL T E * 1 CEAN*CDEF*EPDL*LALO) 

PAPERS NOT REFERRED TO I N OAT* CARDS 

*GOIOBERG,JAEGER,BARNES,DORNAN * ( S V R A . B N L I 

£(1940)1 ED 5 8 Y » 1 ( 1 < | * 0 , J P - 3 / 2 - 1 | 

SEE THE M | N I - R E V I E W AT THE START C« THE Y« L I S T I N G S . 

S C £ . NOT A L L , PARTIAL HAVE ANALYSES SUGGEST A STATE I N 
T H I S REGION. I T I S PERHAPS ASSOCIATED MITH T::E BUMPS 
SEEN I N PRODUCTION EXPERIMENTS NEAR T H I S MASS ( S E E THE 
PRECEDING ENTRY1 . T H I S STATE I S NOT REQUIRED I N 
K- NEUTRON TO ( P | S I G H A I - ANALYSIS OF COYAL T T . KBAR H 
ANALYSIS (GOPAL 801 WITH K- NEUTRON ELASTIC DATA 
ODES NOT REQUIRE T H I S STATE. 

SB Y * l t l 9 * 0 l MAS5 (MEVI 

L 9 4 0 . 0 5 0 . 0 G A L T I E R I TO OPMA 
1 9 4 0 . 0 4 0 . 0 G A l T l f R f 7 0 O P M K-P 7 0 S7GNA P I 
1 9 * 0 . 0 3 0 . 0 L I T C H F I E I TO DPMA K- N TO LAM P I 

( 1 9 8 5 . 0 ) 1 5 . 0 1 KANE 72 OPMA 0 K-P TO P I S I G 
KANE T2 I S SUPEREOEO BY KANE 7 4 . 

( I B 6 5 . ) LEA 7 3 DPMA MULTICHNL K - H T R K 
ONLY UNCONSTRAINED STATES FROM TABLE 1 IF LEAT3 ARE I N L I S T I N G S . 

1 9 3 5 . 0 ( B O . 0 1 KANE 74 DPHA K-P TD P I S I G 
1 9 * 0 . 2 0 . L I T C H F I Z 0 K-P TO L U 5 2 0 1 P 1 
1 9 5 0 . 2 0 . L I T C H F I 3 T * OPMA 0 K-P TO KBAR DEL 
1 9 5 0 . 3D. B A I I L O N 75 l » K A 
1 9 4 9 . 4 0 . 6 0 . VANHORN T 5 CPMA 0 K- P TO I A N M o 

( 1 9 4 0 . > 8ELLEF0N T6 1PWA 0 K- P TO '..AM P I 
SLIGHT BUMP I N MODULUS OF F 7 2 / T T 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
1(1940), E(2000) 

:sslf"r"°i.!" "-»"'"-i|"-°";; 
1PHA <9»0 N H U „ T | M N L I 
EXTRACTION OF RESONATE 

i e-w f i r , RESPECTIVELY. 
>PHA M A R N MULTICHML 

AVERAGE MEANINGLESS I S C A I E FACTf 

Z J Q . O 
2 0 0 . 0 
2 6 0 . 0 

( 2 C B . 0 I 
M O B . 9 ) 

3 3 0 . 0 
6 0 . 
7 0 . 

WIOTM (MEVI 

GALTIERT TO OPhA 
GkLTIERI TO DPKA 
U T C H F I E L TO DPhA 
KANE 72 DPhA 

LITCHFI3 
8AILLON 
VANHORN 

9/73 
12/81* 
10/7* 

ER0N2 78 DPhA 

AVERAG' HEAN1KGLESS (SCALE FACTOR • ? . I t 

' • 1 1 1 9 * 0 1 PARTIAL O t C i l 

iiill^llr 
H I S * 13"? 

I 3 W 5 2 0 
13**1520 
*93*1232 

— 58 Y « l l 9 * 0 ) ("RANCHING R l 105 

1 1 ¥ • 1 ( 1 0 * 0 1 INTO IKBAR N l / T O T A L ( P I ) 
R l 2 1 0 . 2 1 1 LEA «JLT ICHNL t - M T F " 
R l 5 1 3 . 1 * 1 0 3 0 . 1 3 • U H T I N 77 OPhA •(BAR N » U L I t C ( f c L 

LESS THAN 0 . 0 * H i t 7 1 DPhA K3AR N MULTU-1NL 
R l NO 51..NAL FOR T H I S 5 ATE H1TH T LARGER T H A N A B O U T 0 . 0 3 I'J THf 

R l ANALYSIS Of FEMINGHA 7 5 . 

R2 ¥ • ! < 1 9 * 0 1 F » 3 » KB1H N INTO LAHBOA P I S Q P T | P | * P 2 I 
«l - 0 , 1 ? 0 . 0 * G A L T I E R I 70 DPWA - N I D LAM P! 
« 2 - 0 . 1 * 0 . 0 3 L I T C H F I E 70 DPKA K- H TO LAH P I 
» ? 2 ( - 0 . 1 1 1 LEA 73 DPhA MULT1CH-JL S - H T H 
" 2 - 0 . 1 5 3 O.OTO OEVENISH 0 F ITFO T OISP » ( L 
RZ - 0 . 0 * 0 . 0 2 B A I L L O N Ts IPKA K6AR '1 10 LAH P I 
R2 - 0 . 0 5 0 . 0 3 O.OZ V.NHORN 75 TJPhA D « -P TO L»M P IO 
R2 5 ( - 0 . 1 5 I O R - 0 . 1 * "ART I N -BAR N M . R T K M N L 
0 2 - 0 . 0 6 0 . 0 3 R L I t 

E FACTOR - 1 , 5 ) 

77 DPKA KBAR •! MUL1ICHNL 

R2 AVERAGE MEANir:r ,LESS f SCA 

R L I t 

E FACTOR - 1 , 5 ) 

77 DPKA 

o ¥ • 1 1 1 1 * 3 1 F R C < B i R N INTO SIGMA p j SQRT<PI>P3 I 
R - 0 . 1 2 0 . 0 3 G A L ' I F I R I 7 0 OPhA 
R 9 ( - 0 . 0 9 3 1 ( O - C 0 6 KANE 72 OPhA 

2 NOT SEEN I F A 73 OPhA MUlTICH' fL *-KJK 
1 - 0 . 1 * ( Q . 0 * 1 mne «-P TO P I S I G 
R3 5 O O . I f e l O " * D . 1 6 MAR111 KSAR N M U t T I L H M 
R3 -o.oa o.o* ML I t 

E FACTOR <• 1 . 0 1 

77 [ IPWA TBAO N MULTILHNL 

• 3 AVERAGE ME1NINGLESS (SCA 

ML I t 

E FACTOR <• 1 . 0 1 

77 [ IPWA 

R« Y » l l 19 *01 F R C " B I B N TO V « O I 1 5 2 0 > P ! P HAVE S 0 ° T | P 1 > P * I 
I - 3 . 1 1 0 . 0 * L I T C H F I Z 0 K-a TT L ( l < > 2 n i P I 

( U 1 ASSUMES LAMBEAI 1 5 2 0 ) E L A S T I C I T Y . . fcS.SC" 1 R I I V . C S I G I 2 0 3 O I OFCAY. 
R* fc LESS THAN 0 . 0 3 CAMERON ' T O C A 0 » P 10 L I I S 2 0 I F T 
H * 6 ASSISES LAMECAI 1 5 2 0 ) E L A S T I C I T Y . . 6 6 . 

R5 Y * l l 1 9 * 0 ) FRC" «8AR N TO Y » 0 ( I 5 2 0 ) P I F -WAVE S 0 P I ( P 1 » P 5 ) 
RS I - O . O B 0 . 0 * L I T C H F I ? T* DPhA 
1 5 1 ASSUMES LAMBDA* 15201 E L A S T I C I T Y . . * 5 , S I 0 0 S I G I 2 O 3 0 ) DECAY. 

:: b n.Ot? 0 . 0 2 
b ASSUMES L»MBGA[ 15201 

CAMERON 
E L A S T I C I T Y . . 4 6 . 

E FACTOR •= 1 . 0 1 

0 *.-•> 1 0 H I S Z I O F I 

AVERAGE MEANINGLESS 1 SEAL 

CAMERON 
E L A S T I C I T Y . . 4 6 . 

E FACTOR •= 1 . 0 1 

R6 Y* 11 1 9 * 0 1 f » C " XBAR ' I TO K8AR D E L T A U 2 3 2 1 5 - K A V t S S P I ( P 1 * P 6 ) 
3 - 0 . 1 6 0 . 0 5 L I T C M F I 3 7 * DPhA 

R6 3 S IGN RELATIVE TO S I G M A ( 2 O 3 0 ! OEC»V 

OT Y « l l 19 *01 FRO" KBAR II TO «8»R DEL T»( 1232 1 O-KAVF S 0 R T I P 1 1 P 7 ) 
»T 3 - 0 . 1 * 0 . 0 5 L T T C H M 3 0 K-P TO ^B»P DEL 
R7 3 S I G " RELATIVE TO S1GHAI20301 DECAY 

«a Y « U 1 9 * 0 ) * » C » * 8 * R N TO Y » H 1 3 B 5 I P I S-UAVF S 0 R T I P 1 - P B I 
R8 7 * 0 . 0 6 6 0 . 0 2 5 C . - E P O - 78 OPMA 0 K-P TO S I 1 1 B 5 I P I 

:: T TH£ SIGN IS CHANGED 
7 CONVENTION. 

0 BE I N ACCORD MIT M tHE eAR Y a ^ - F I R S T 

R9 ¥ • 1 ( 1 9 * 0 1 FHC* KBAR N INTO '1 K « ( 8 9 0 l . S3 HAVE S 0 R T ( P i * P 9 l 
R9 S - 0 . 0 9 0 . 3 2 C.HERON2 78 DPWA K-P TO K t ' l 
R9 8 UPP£" L I " P 5 ON THE 0 1 AND 0 3 HAVES ARE EACH 0 . 0 3 . 

OEVENISH 7 * I P P 8 1 3 3 0 
KANE 7 * L 3 L - 2 * 5 2 
L I I C H F I 2 7 * "IP 8 7 * 19 
L | T C H E I 3 7 * NP B 7 * 39 

REFERENCES TOR > 

* «A RT lN ,HaORHO U SE* (PHEL 

D E V E N I S H . F P O G G A T T . H A R T I M 

—•El;: 
LOUC*GLAS**ABH'JS>IJP 

TS NP B 9 * ^ 9 

!•• •<v 
ALSO T5 NP B8T 1ST 

7 ^ NP B 1 0 9 1Z9 
CAMERON rr 
MARTIN 8 1 2 7 3 *9 

ALSO 6 1 2 6 2bb 
17 B 1 2 6 2S5 
TT NO 8 1 1 9 3 t J 

CAMERON IH NP 8 1 * 3 189 

A . J . VAN HORN ( L B L l l J P 

OE BELLEFON.BERTHTJN ( C O E F M J P 
*FHANEK.GOP*L .KAL> tUS<"CPHERS0N* | R H E L > L 0 I C 1 I J P 
" A R T I N . P I O C C C K . H O O R H C U S E I L O U O G ' . A S I I J P 
X I R r i N . P I D C O C K I L O J C I 
MARTIN.PIOCOCK ( L O U C I I J P 
GDPAL»ROSS.VA\ HORN.«CPI-ERSCh* ( L O I C ' B H E L M J P 

( . G 0 P A L < B A C 0 N > f l U T I E P M O P T H « I R H E L » L O I C I I J P 
t . G O P A L , K A L N J S r H C P H E K S C N , * f R H E L * L a t C l l J P 

: RANEK. 

] ( REFERRED TO IN 

r . E A D E S . H A R H ' E N * 

ATA CABOS 

I C E R N . H E I O . 

£(2000)| C2 ¥ « 1 ( 2 0 0 0 . 

'OPTED 511 STATES LYING ABOVE 

Z 3 0 * . * 0 . VAN HORN TS DPHA 0 K -P TO LA>« P IO 1 1 / 7 5 
TT EPHA KBAR N • U L T I C H ' . L 

THE TWO ENTRIES FDR MARTIN 7 7 CORRESPOND I f EXTRACTION QF PESONAf.CE 
PARAMETERS FHCM r H F i - m i , > POLE AND 1 tOM « e - t , F I T . RESPECTIVELY . 

1 9 5 5 . 1 5 . R L I C 77 DPWA KBAR N i m r i C H t L 
GOPAL 90 OPwA tBAR * E L A S T I C I 2 / B 1 

02 Y » I I ? O O O I IDTH I M E V I 

VANHORN T5 DPhA <J K-P TO L A " P IO I 1 / T 5 
• » 0 t [ \ T7 DPtiA KSRR U —JLTICHSL 
RLIC TT OPKA KBAR f l MULTIC-»,L 

2 1 5 . 0 ( 2 5 . 0 1 G^PAL BO OPt.« 1B»R N E L A S T I C 

C2 Y . M 2 O 0 0 ) A R T I A l DECAY MOOES 

N «BAR S 3 3 * * 9 3 
1 1 1 1 5 * 1 3 * 

1 1 9 7 * 1 3 9 
5201 P I 1 3 9 * 1 5 2 0 

9 3 9 * 9 9 1 
V I I Z O O ) ! . N I C N 1 M 9 9 0 $ 3 9 * B91 

C2 Y » 1 I 2 0 3 0 . BRANCHING RA IOS 

(KBAR N) /TOTAL ( P i t 
MARTIN T l PPkA KBAR N MULT IC-1M 

C 1 0 . * * ) RL1C DPhA KBAR U MULTIC-INL 
C IKBAR - J ) / T 0 T A FOOM R l Y GO AL 8 0 . 

1 0 . 0 5 > au O P h l KB»» N E L A S T I C 1 2 / 8 1 

Y » M 2 0 0 9 ) FRQ- K B A R N 1 S 0 R T I P i « P 2 ( 

!•> 0 . 0 2 0 . 0 1 VANHnRN D P x l 0 « -P TO L A - P IO 
T l DPMI KBAR N HULTICHNL 

DPhA KBAR 11 WULTKHNL 1 / 7 6 

K9AP. N [ NTO S IGM1 P I SQRT(S1»P3) 
OPWA *BAR N M i J L T I t H ^ L 1 1 / 7 7 

KBAR H T 

R I K T> DPhA ABAP H K U L T I C 4 M . 

S 0 P I ( P | - J * | 

1 / 7 6 

2 O . O H I 0 . 0 2 1 I t OPhA 0 P-HAVE DECAY 
7 ASSJMfS LAMBO THh S IGN 15 CHANCED H E R E TL 1 2 / 7 9 
2 BE IN ACCORD O N . 1 2 / 1 9 

";:;|H;:;;^::;:o,::;i?«s:D": / E S 0 R T ( P 1 * P 5 I 
DPhA K-P TO K * N 

|TH T"E BARVTJN-FIR5T 
1 2 / 7 9 
I 2 / T 9 
1 2 / 7 9 

REFE»ENCES FOB Y * I I 2 0 0 0 I 

1A1LLCN P . B A I L L O N . P . J. L I I C M F 1 E L 0 
75 NP B € 7 1*S a . j . V A N H O R N 

ALSP A . J . VAN HORN ( L B L l l J P 

* F R A N E K . r , O P A l . < l L M U S . M C P H E R S O - J 
HARTIN.PIDCOOCMDORHOUSE 
H i R T l N . P I O C O C K 

77 NP 8 1 2 6 ?R5 MAhTIN.P lDCOCK 
77 NO B119 3 i 2 G O P A L , R 0 S 5 , V A N HC«N,^•CPHERSC^» 

*FR«NEK.GDPAL,KAIMUS.NCPHERSGN 

'"" 1 5 9 G.P.GOPAL ( R M E D I J P 

*••••• • • • * • • * • • * • • • • • • • 

http://PESONAf.CE


Baryons 
£(2030) 

Data Card Listings 
For notation, see key at front of Listings. 

£(2030)| > i t 2 0 3 a , w i n 

SEE 1 « I N 1 ~ R E V I E U AT THE 5 1 * * 1 CF 1 INCS. 

T H I S SNTKY OtLY INCLUDES RESULTS FRO* PARTIAL-WAVE 
ANALYSES. PARAMETERS QF PEAKS SEEN I N CROSS-SECTIONS 
AND INVARIANT-MASS D I S T R I B U T I O N S AROUN0 2 0 3 0 MEW IRE 

GIVEN I N THE NEX1 ENTRY. EVENTUALLY THE PARTIAL-WAVE ANALYSES SHOULD 
HIVE THE BEST RESULTS. AS THE* ISOLATE THE F I T HAVE. THIS S U P E R I O R I I Y 
I S . HOWEVER* PROBABLY NOT YET A T T U N E D . AND HE P E L * ON BOTH ENTRIES 
FOB PARAMETERS GIVEN I N THE " ( I N BAHVON * ? 3 L E . 

4 7 Y " l ( 2 0 3 0 ) MASS ( M E V | 

MOHL 6 6 F-BC 7 / 6 6 
N 2 0 3 2 - 0 6 . 0 SMART 6 * CPU* K-H 7 0 LAMBBA P, 
M 2Q30 .O BERTHON to OP HA (1 K-P Tp LAMBDA P: 7 / 7 0 

BERTH0N1 1t\ CPWA 1) K-P 7 0 SIGMA P I 
6 . 0 COX Ffl OPWA K-N 7(1 LAMBDA p; fc/TO 

M 2 0 1 3 . 0 1 5 . 0 G A L T I E R I III CPU* 1 K-P 7 0 LA»60A Pi 7 / 7 0 
M 2 3 0 0 . 0 2 0 . 0 GALT1ERI Ffl OPWA n K-P 7 0 SIGMA PI 
M 2 M 2 . 0 4 . 0 L I T tHFJ Fl CPUA -o K-N 7 0 LAMBDA P: 6 / 7 0 
M 2 0 2 5 . L I T C H F I E M K-P 7 0 KBAH N 1 0 / 7 1 

KANE i t DPWA K-P 7 0 P I S I G 
) BY « INE 7 4 . 

M 2D2D.O KANE OPHA K - B 7 0 P I S I G 1 2 / 6 1 
L I T C H F l l 7 * DPHA I I K-P 7 0 L U B 2 0 1 P J 

M 2 0 3 5 . L I T C H F I 2 r<- o K-P 7 0 L ( 1 5 2 0 ) P | 1 0 / 7 4 
H 2 0 2 0 . I I T C H F I 3 74 OPUA i) K-P 7 0 KPAR OEl 10/Tt, 

B A t l L O N 14 IPHA KBAR N 7 0 LAM P] 
* 2 0 3 8 . HEHINGWA Ci OPUA « K- 0 TO KBAR *i 1 1 / 7 5 

VANHORN r-. DPHA K-P 7 0 LAM P ] 0 
BELLEFON fft I P H A n K- P 1 0 LAM P I 

M * 2 0 3 0 . CORDEN ffc OPUA K- N TO P I - l A f 
« 4 PREFERRED SOLWTICV . SEE CORC-EW r* fo« OTWfP PCS 5 etnifES. 2 / 7 7 
• 4 CORQEN 7 6 INCLUDES HE DATA OF COX 70 AS A 5UESA IPLE . 
« C 2 0 3 6 . CORDEN2 11 H- N 10 <» 1 1 1 / 7 7 
N 6 2 3 2 7 . I t II «- N TO S I G P I I / 7 B 
< 2 0 * 0 . R L I C T7 DPUA HEAR -J MULTICHf.L 1 / 7 6 
M 2 0 3 b . 0 GOPAL BO OPUA KBAR IJ E L * S H C 1 2 / 8 1 * 

IAGE MEANINGLESS I 5CAL E FACT{ 

( 1 7 0 . 0 1 
1 6 0 . 0 1 6 . 0 
1 6 5 . 0 
1 5 0 . 0 2 0 . 0 
1 5 B . 0 1 6 . 0 
1 1 5 . 0 1 5 . 0 
109.0 *0.0 
1 7 0 . 0 1 5 . 0 
2 0 0 . 3 0 . 

( 1 1 8 . 0 1 • ! ? - ? ' 

™ 

70 OPhi 
TO OPHA 
TO OPUA -
70 OPUA 
10 Off* 
TO OPUA -
T l OPHA 
7 2 OPUA 

tiialii 
BELLEFON 
CORDEN 
C0ROEN2 
DECLAIS 

7A OPHA 
7 * DPHA 
15 IPHA 
75 OPUA 
75 CPWA 
76 IPUA 
7 6 OPHA 
77 
77 OPUA 
77 DPUA 
7 7 OPhA 
SO DPUA 

1 7 0 LAMBDA P | 
» 7 0 IAMB1A P I 
1 1 0 SIGMA PI | 
J 7 0 LAMBDA H 
3 7 0 LAMBDA P I 
1 7 o S I S * * PJ 
J 7 0 LAMBDA P I 
> TO KflAR N 1 

fill: 
AVERAGE MEANINGLESS (SCALE FACTOR ' 

V » I I 2 0 3 0 1 PARTIAL DECAY "ODES 

1 ( 2 0 3 0 1 INTO N KHAR 
H 20301 INTO LAMBDA P I 
1 ( 2 0 3 0 1 INTO SIGMA P I 
1 ( 2 0 3 0 1 INTO X I K 
1 ( 2 0 3 0 1 INTO v * 0 ( t B 2 0 1 P | P-WAVE 
K 2 0 3 0 I 1NTC Y » 0 ( 1 S 2 0 > P I D-WAVE 
[ ( 2 0 3 0 1 («TG Y * O t l 5 2 0 l P I G-WAVE 
1 ( 2 0 3 0 1 INTO KBAR 0 E L T A I 1 2 3 2 I F-MAVE 
1 ( 2 0 3 0 1 INTO KBAR D E L T A I 1 2 3 2 I H-WAVE 
1 ( 2 0 3 0 1 INTO V * l ( 1 3 6 5 1 PI F-WAVE 
1 ( 2 0 3 0 1 INTO N K * ( 6 9 0 ) i F l HAVE 
1 ( 2 0 3 0 1 INTC 14 K X E 9 0 ) . F3 HAVE 

KBAR N 7 0 KBAft '; 

XBf.o P| M LTICHNL 
KBAR N E 

DECAY 
91B* 4 ^ 3 
1 1 5 * 134 
ie<»t nt 
3 2 1 * 4<)T 
1 3 * * 1 8 2 0 
1 3 * * 1 5 2 0 
1 3 4 H S 2 0 
« 3 * I ? 3 2 
* 9 3 * L ? 3 2 
1 3 9 * 1 3 8 5 
<I39* B>)1 
9 3 9 * B 9 I 

I I 2 0 3 0 1 BRANCHING RATIOS 

• 1 1 2 0 3 0 ) INTO (KBA* 
KOHL 66 HBC 0 *•-" 
OAUM 6 0 CMTR K-f 

1 VALUE SEEN I N TOTAL CROSS 5ECT1 

C t0.2*} I0,C2> 
C (KBAR N I / T O T A L FROM " L I C 77 

O . I S ( 0 . 0 3 1 

AVERAGE MEANINGLESS (SCALE FACTOR • 

Y * 1 ( 2 0 3 0 ) FROM KBAR N INTO LAMBDA f 

CAMPBELL 
L I T C H F I E 
HEM1NGHA 
OECLAIS 
B L I C 

NEUTRON 
71 DPUA K-P TO KBAB 
75 DPWA 0 K- P TO KB I 
7 7 OPUA KBAR N 7 0 * 
77 OPUA KBAR N MULI ICHNL 1 / 7 6 

:°!H 
0.053 
0.02 
O.Ol 

KOHL 
SMART 
BERTHON 
COX 
G A L T I E H I 
L I T C H F I E L 
OEYEMSH 
BAILLON 
VANHOKN 
BELLEFON 
C4R0EN 
" L I C 

66 HBC 
6 8 OPHA 
TO OPHI 
TO OPHA 
TO DPWA 
TO OPHA 
74 
75 1PHA 
75 DPUA 
7 6 IPHA 
7 6 OPUA 
T 7 OPHA 

KBA« N ELASTIC 

S Q R T I P 1 * P 2 ) 
0 K-P TO LAMBDA P ( 

- X - N TO LAMBDA P | 
0 K-P TO LAMBDA P] 

- K-N TO LAMBDA P I 
0 K-P TO LAMBDA P I 

- 0 K-N TO LAMBDA P I 
0 F I X E D T OlS" PEL 

KBAR H TO L"H P I 
0 K-P TO LAM P l o 
0 K- P TO LAM P I 
- K- N TO P I - LAI-

KBAR N MULTICHNL 

T / 6 6 
6 / 6 8 
7 / 7 0 
6 / 7 0 
7 / T O 
6 / 7 0 
* / T S 

1123331 FRO KB1R -1 I N 1 0 SIGMA P I SORTl 
( - 0 . 0 9 1 BERTH0N1 TD OPHA 0 K-

- 3 . 0 5 2 0 . 0 1 0 G A U I E R I TO OPUA 
- 0 . 1 0 0 . 0 3 L I T C H F I E 71 DPUA 

(TCHFIELO 7 I S AN UPOAT OF 9EHTH0N1 7 0 
( - 0 . 0 8 6 ) 7 2 DPUA 0 K-

- 0 . 1 0 M . O t l KANE 7 * OPHA 
- 0 . 0 1 3 

?* " C0R0EN1 T ' - K-

- 0 . 1 5 0 . 0 3 R L I C 77 DPUA KBA* N M J l T I C r i M , 1 / 7 6 

AGE MEANINGLES S (SCALE FACTOR = 2 . 0 1 

f » l ( 2 0 3 0 1 FRO» KBAR N INTO « ! K 5 0 R T ( P 1 * P 4 I 
1 0 . 0 5 1 C t,, 0 • . -«• TO > *• 8 / 6 7 
( 3 . 0 5 1 Gl LESS BURGUN 61 0 K-B TC > K 1 0 / 6 « 
( 0 . 0 ^ 3 1 " U l L E R 6 9 DPUA 0 7 / 7 0 

• 1 ( 2 9 3 0 1 FRC" K8A0 N I f ] Y » 0 ( 1 B 2 0 I P I D-rffl VE S C R T | e i * P * i 
0 . 1 8 0 . 0 4 L I T C H F I 0 K-D TO L I R 2 0 1 P I 1 3 / 7 * 

ASSUMES LAMBCi : IB?Ol F L A S n C I T Y - . b n / T * 
O . I * 0 . O 2 C0PDEN2 15 CBC 

UDES 

- KSAH P l -

CALE FACOR 

NJCLECN 

OF l . C i 

1 1 / T S 

0 . 1 4 8 0 . 0 1 9 AVERAGE IEPROP 

15 CBC 

UDES 

- KSAH P l -

CALE FACOR 

NJCLECN 

OF l . C i 

* t ( 2 0 3 0 ) FRO- tDAR N 1 0 Y > Q ( 1 5 2 0 ) P I D-MAVE S 0 P T ( P 1 * P 6 I 
0 . 1 * 0 . 0 3 L I T C H F I 2 74 DPUA 0 K-P TO L 1 5 2 0 I P I 1 0 / 7 * 

ASSUMES I AMBCI 1S201 E L A S T I C I T Y - . 4 5 1 0 / 7 * 
10.lOt 0 . 0 3 ) C0RDFN2 75 DBC - KBAR P | - NUClECN 1 1 / 7 4 

UPPER L I M I T 1 1 / 7 5 
• 0 . 1 1 * 0 . 0 1 0 CAXERON OPUA 0 K-P 7 0 L 1 5 2 0 1 P I 1 / 7 S 

4SSUMFS l A M a c 1^201 E L A S T 1 C I T Y = . « 6 . THE S IGN S CHANGED H RE 10 1 2 / 7 9 
BE IN ACCGRO fc I T H THE 9 A R Y t " t - F ! P S 7 CO V E N 7 I 0 N . 

INCLUDES CALE FACTOR OF 1 . 0 1 

1 2 / 7 9 

1 . 1 1 6 6 0 . 0 0 9 5 »VEHACE (ERROR 

V E N 7 I 0 N . 

INCLUDES CALE FACTOR OF 1 . 0 1 

• 1 1 2 0 3 0 1 FRC» BAR N 1 0 Y * D l l ' i 2 0 l P I •-HAV s a m t P i « P 7 i 
3 . 0 2 0 , 0 2 L U C H F t 0 K-P 1 0 L 1 5 2 0 1 P I 1 0 / 7 * 

ASSUMES L fkt'.a 15201 E l A S I I C I 7 Y = . * 5 1 0 / 7 4 
* 3 . 1 * 6 0 . 0 1 0 CAMERON 77 DP HA 0 K-B t O t I 5 2 0 I P I 1 / 7 B 

KBAR 0 E L T A I 1 2 3 2 ; 
L I 7 C H F I 1 
C0RDEN2 

ERRDR INCLUDES SCALE FACTOR OF i.t 

VE S Q R T ( P 1 » B B I 

I P I F-HAKE S Q R T ( P 1 > P 1 0 I 
"E«0"J 78 DPHA 0 K-P TO S U 3 B M 
I ACCORD U I T H 1HE BARTON-FIRST 

Y » t ( 2 a 3 0 » F»C« • ( 
9 . 1 6 C 

1 0 . 1 7 ) IC 
OPPEH L I M I T 

Y * l ( 2 0 3 0 1 FRO" KE 
0 . 0 0 C 

Y * K 20301 F'OM KE 
* 3 . 1 5 3 c 

T H E S ISN IS C"A>. 
C D N Y E N I I O N . 

Y * l ( 2 0 3 0 l FHC" KBAP N INTO N K > ( B 9 0 I > F l HAVE S 0 « T ( P 1 » P U ) 
- 0 . 0 2 0 . 0 1 COR0EN2 77 H-D Tn K»-
tf}.06 0.03 1 4 " f f l ON? 78 pPul H-p TO K* ' 

THE 51GN l-ERE I S CHANGEO I C BE I N ACCORD WITH THE BABYON-MR" 
CONVENTION. 

LEPAGE IERRDH INCLUDES SCALE FACTOR I 

0 ' I " I B < = O J . F3 HAVF S C R T t » l * P l Z I 
C0R0EN2 77 K-D TO « • ' 
CAMEH0N2 78 DPWA K-P 10 « ' 

.3 HAVE I S 0 . 0 3 . 

iVEBAGE (ERROR INCLUDES 

DD 0 . 0 2 * 0 . 0 1 2 

1 ( 2 0 3 0 ) FPO" KBBR H 
- 0 . 1 2 0 . 0 2 
> 0 . 04 0 . 0 3 

HE UPPER L I » I T ON T 

OD 0 . 0 9 5 0 . 0 3 7 CALE FACTOR OF 2 . 2 ) 

T R I P P £7 NP 9 3 10 
8 ^ GUN 6 8 NP 8fl * * J 

6 8 NP B7 19 
1RHS THE SPIN-PAR 

SMART 66 BR 1 6 9 1 3 3 6 
6 9 THESIS , t iC"L 1 

BERTHON 70 NP B20 4 7 6 
70 NP B24 4 1 7 

COX 
70 DUKE CQNF 173 
70 NP B22 2 6 9 

REFERENCES FOP Y M I 2 0 3 O ) 

C G WOHL, F T S C L M I T 2 , M I STEVENSON I I « L 1 I J = 
• L E I T H . * I L R L . S l A C . C E R N . H E I O E L . S A C L A Y ) 
* M f r F 9 , P A L H J . T A L L J N I * ( S A C l * C D E F * o n E L l 
• ERNEtLAGN AUK. SENS tSTEUER.UDG (CERN1JP 

ASSIGNMENT. 

:i:;:,j' 

CAMPBELL 71 NP B2 5 75 
L I T C H F I E T( NP 6 3 0 125 
KANE 72 PR D5 1 5 F 3 

DEVENI5H 
KANE 
L I 1 C H F I 1 

',: NP B81 3 3 0 
L B L - 2 4 5 2 

NP B74 12 
. S 1 G 7 2 / 7 0 I I T C H F I 2 

L I T C K F I 3 
i* NP B 7 4 15 

NP B 7 * 3 9 
ELAST L / 7 1 

N 1 0 / 7 1 
R N 1 1 / 7 5 

6 A I L L 0 N 
C0RDEN2 

75 
75 NP B9Z 36S 

. A MULL Eft. 

RANGAN, VRANA, * I C C L FRANCE. OHEL. SACLAY1IJP 
VRANA. BUTTERMORTH. * ( C D F F . RHEL. S A C L A V ) | J P 
I S L A M . CQLLEY. * I B I R M. E D I N . G L A S . L O I O U P 

i bAREARO-GALTIEPI I L R L I I J P 
' J L I T C H P I E t D I R U T H E R F O R D t U P 

HEMINGUA 
VANKORN 75 NP B87 1*5 

ALSO 75 NP B87 157 
BELLEFON 76 NP B109 12^ 
COROEN 76 NP B I O * 382 

CAMERON 
COR0EN1 
caRoete 
OECLAIS 
GOYAL 
R L I C 

77 NP B 1 3 1 3 9 9 
77 NP B125: t l 
77 fP B I 2 1 365 
77 CERN 7 7 - 1 6 
77 PRO 16 2 T 4 6 
77 NP B119 362 

TORCNTO CONF 1 5 9 G.P.GOPAL 

OEVENISM.FROGGATT.MARTlNICEST 
D.F .KANE 
L I T C H F I E L D . HEMINGWAY.BAILLON. 
L I I C H F l E L D . H E M l N G W A Y . e A l L L O N . 
L I T C H F I E L D . HEMINGWAY. B A I L L O N , ' 

P . 8 A I L L 0 N . P . J . L I T C H F 1 E L 0 I C E « N . R H F L ) I J P 
• COX.DARTNELL.KENYAN,ONEALE.SUMDROK* ( B I R H M J P 
HEMINGWAY. EADES.HARNSEN* ( C E R N , H E I D . M B | M 1 I J P 
A . J . VAN HORN t L B l l l J P 
A . J . VAN HORN ( L f l L f f J P 
DE BELLEFON,BERTHON ( C O E F I I J P 
*C0K.0AATNELL.KENYON,CNEALE.SLnOPOH* I B 1 R N I 1 J P 

• FHANEK.GOPAL.KALHUS.MCPHERSON* ( R H E L ^ L O I C I U P 
• COX.KENYON.ONEALE.STUBBS.SUNOROK* I B I R H J U P 
•COXfNENYON.ONEALEfSTUBBS^SUUOKOK* ( B I R H I I J P 
*OUCHDN,LOUVEL.PATRY.SECUINOT* (CAEN»CERNI U P 
D . P . G O Y A L i A . V . S O D H I t D E L H I U N 1 V . I I J P 
GOPAL.ROSS,VAN HORN.MCPHERSON* I L f l S O * H E L > I J P 
*FRANEK.GOPAL.BACON. BUTTERUORTH*(RHEl>LOICI U P 

" ( , G Q P A L i K A L M U S , M C P H E R 5 0 N . * ( R H E L * L O I C l U P 
( R H E L I I J P 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
£(2030), £(2070), £(2080). £(2100) 

2 0 3 0 WEV REGION - PRODUCTION AND <r„ EXP'TS 
r » U 2 0 3 0 . 

't-E M I N I - R 

PRODUCTION EXPERIMENTS 

r CF THE Y« L I S T I N G S . 

SEE THE TOTE TO THE F I T Y « 1 I 2 0 3 0 1 . WHICH PRECEDES T H I S 
ENTRY. HERE HE L I S T ONLY PARAMETERS OF PEAKS I N CROSS 
SECT IONS ANO INVARIANT-MASS D I S T R I B U T I O N S . THE CROSS-

IT ION PEAKS ARE AT LEAST DOHINRNTLY ASSOCIATED h l T M THE Y » H 2 0 3 0 > , 
r MAY CONTAIN A SMALL CONTRIBUTION FROM THE SUGGESTE0 BUT NOT ESTA6-
S M E D CTHfR RESCNANtES I N T H I S R E G I O N . 

( 2 0 2 2 . 0 1 
2 0 2 0 . 0 
Z I K 4 . 0 
2 0 2 S . 0 

1 2 0 2 5 . 0 1 

• 1 1 2 0 3 0 1 MASS ( « E V » (PROD. E * P . I 

01 8LANPIED 6 5 Ct.TR < 
0 BUGG 6 9 CN1H 
3 BR I C A N TO CNTR 
0 COOL TO CNTR 
01 LU TO CNTR { 

( - P , 0 I Q t A L 
lOTAL AND CH Ex 
K - P , a T O T A L 
GAMMA P TO « * T * 

6 / 6 6 
6 / T O 

1 0 / T O 

AVERAGE MEANINGLESS (SCALE FACTOR • 2 . B I 

• 1 1 2 0 3 0 1 H IOTH (MEV> IPROO. EXI 

1 1 2 0 . 0 1 ( 2 0 . Q I 
1 3 0 . 0 1 0 . 0 
1 2 6 . 0 
1 6 5 . 0 
I S O . 0 1 

1 1 . 0 

AVE RAG MEANING ESS ISCA 

BLANPIED 
BUGG 
BAICMAN 
COOL 

6 5 C N I f i 
6 8 CNTR 
TO C N K 
TO CNTR 
TO CNTR 

0 TOTAL ANO CH E l 6 / T O 
K - P , D TOTAL 1 0 / T O 

9 GAMMA P 1 0 K* v « 1 / T I 

>ARTIAL r.rcAv MOOES 

<8 Y * H 2 0 3 0 I BRANCHING RATIOS IPROD, 

1 ( 2 0 3 0 1 INTO I KB AH NI /TOTAL I 
THESE VALUES OF E L A S T I C I T I E S ASSUME J - T / 2 - -

0 . 1 3 1 BUGG 6 6 CNTR 
3 . 2 7 t O . 0 2 1 BRICHAN TO CNTR 
3 . 1 2 COOL TO CNTR 

(K6AP N P I l / I O T A L 

REFERENCES FOR V « l ( 2 0 3 0 r I P R C D . EKi 

TL 66 PR l | 6 1228 
SUPERSEDED BY COCl T O . 

i C 6 8 PR 1 6 8 l l i 6 6 I R H E L . B I R M . C A V E I 1 

SE^iEsi'^r: 
£(2070)| 

T H I S STATE SUGGESTED BY BE"TMON 7C NOW FINDS 
CCNFIRMATION I N GOPAL BO WITH NEW K-P POLARIZATION ANO 
K- NEUTRON ANGULAR D I S T R I B U T I O N S - THE VERY BROAD STATE 
SEEN I N KANE 7J I S NOT REQUIRED I N THE LATER (KANE 7 * 1 
ANALYSIS OF P I S IGMA. 

REFERENCES FOR Y « K Z 0 7 0 I 

BERTHON1 TO NP B 2 * * 1 T *VRANA.BUTTERWORTf 
KANE 72 PR 0 5 1 5 ( 3 0 F KANE 
GOPAL BO TORONTO CONF 159 G.P.GOPAL 

I C D E F . R H E L . S A C L A Y H J P 

£(2080)1 8 8 Y * l ( 2 Q S O . J P - 3 / 2 * ! 1-1 

SEE THE M I N I - R E V I E W AT TH| 
E3 

jrss|pl;{iiCs:€rI?Bi i'iilr 
EB v » [ 2 0 0 1 ASS 1MEV1 

I 2 0 6 2 . 0 CO* 70 DPbA 
1 2 0 7 0 . 0 ( 3 O . 0 I 70 

2 1 2 0 . 7% IPMA 
FROM SOLU [Cf. I OF iRILLOh 15 

2 1 4 0 . BAILLON '•> 
FROM SCHU 1 UN IS 

3 0 . ' 5 TPMA 
2 0 7 0 . 0 2 1 2 0 . 76 

SUPERSEDES BELLEFOt 75 
2 0 < t l . 76 

PREFERRED SOLUTION . EE CORDEN T6 FOR OTHER P1 

INCLUOING A 0 1 5 AT H I MA5S. 
CORDEN 7 6 INCLUOES HE 

LE FAC 

Uf 

• R 

can TO »s A 

- 1 . 6 1 

5UB5S 

RAGE MEANINGLESS ISC 

HE 

LE FAC 

Uf 

• R 

can TO »s A 

- 1 . 6 1 

1 / 7 6 
1 / 7 6 

1 1 / 7 5 

5 S I ° L I L I T F S . 

L I T C H F 1 E L 7 0 ^PWA - 0 " 
BAILLON 75 IPWA « 
BAILLON 75 IPWA r 
BELLEF01 75 DPWA 0 « 
BELLEFQN 76 IPt.A 0 • 
CORDEN Tb DPhA - " 

AVERAGE MEANINGLESS (SCALE fACTOR < 

101 PARTIAL O E C r 

' • 1 ( 2 0 9 0 1 BRANCHING RATIOS 

'•SiT 
• EAS t TO LAMBDA P I 
1 0 . 0 3 1 c a x 70 < 

L I T C H F I E l 7 0 PDk 
BAILLON 7' IPV 
6 A I L L O N T i ( O N 
BELLEFCit 7i, pPH 
BELLEFON 76 PV 
CORDE't 7b PV 

» l AVERAGE MEANINGLESS I SCALE FACTOR • 1 . 2 1 

[FERENCES FOR V « 1 ( 2 0 P 0 I 

BELLEFOI T5 NP B<»0 1 

P J L I T C H F I E L D 
P . B A I L L O N , P . J . L I T C H F I E L D 
DE BELLEFON.HERTHON,BRUNEI* 

« , E Q I N , G L A S , l G [ t ) I J P 

34 

(2070.1 
(205T.C 

2051.t 

I I 2 0 7 0 1 MASS ( M E V I 

I 1 0 . I BERTH0N1 
KANE 

1 2 5 . 0 1 GOPAL 

* Y » U 2 0 T 0 ) WIDTH I M 6 V ) 

TO OPUI 
7 2 DPU4 
BO OVUi i'S:? E. 

K- P TO S I G P I 1 / 7 1 
K-P TD SIGMA P[ 1 / 7 3 
KBAR N ELASTIC 1 2 / B H 

|£(2100)| 2 6 V » H 2 1 0 0 . J P = T / ? - » I « | ^ 1 ? 

EE T H E M I N I - R E V I E W AT T H E START C* T H E Y» L I S T I N G S . ^ !EE T H E M I N I - R E V I E W A' 

2t Y * l ( 2 1 0 0 l MASS (MEVI 

. DECAY •(DDES 

DECAY MASSES 
93B» 4 9 3 

I 1 B 9 * 1 3 9 
K 2 1 0 D 1 WIOTH IMEV] 

3 * Y » l ( 2 0 7 0 1 BRANCHING RAT IOS 

' • 1 ( 2 0 7 0 1 FRO" KBAR N TO SIGMA P I S 0 8 T | P I * P 2 I 
1 * 0 . 1 2 ) ( 0 . 0 2 1 B E ' T H O N l 70 DPWA - K- P TO S I G f 
1 * 0 . 1 0 4 1 KANE 72 DPWA K-P TO SIGMA 

26 * * | ( 2 | 0 0 1 PARTIAL DECAY *DDFS 

i i i l i iSS: 
OECAY -ASSES 

http://Ct.TR
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Baryons 
£(2100). £(2250), £(2455), £(2620) 

Data Card Listings 
For.notation, see key at front of Listings. 

Y * l l ? 1 0 0 | BRANCHING P 

GALTIER1 JO OUKE CONF 1 7 3 

REFERENCES FOB Y M I 2 1 0 O I 

A BARBARO-GALT1ERI 

SEE 

Y » 1 I 2 2 5 Q . : 

THE N I N 1 - B £ 

1=1 PKCDUCTION EXPERIMENTS 

THE START GF THF V * L I S T I N G S . 

*E PaRTIAL-WAVE ANALYSIS RESULTS APE TOO HEAK TO 
WARRANT SEPARATING THE"* FROM THE PRODUCTION AND CROSS-
SECTION EXPERIMENTS. 

L A S I N S x l T I I N KBAR S , USING A POMEBDM*R£50NANCES "CDEL. AND 
BELLEFON1 T 6 . * E L L E F D N 7 7 . AND 3ELLEFCN 7B ICOLLEGE OE FRANCE-
SACLAV GROUP] I N COMA'S OF KBA» N TO LAW BOA " I , SIGMA P t . AND KBAR h, 
RESPECTIVELY, SUGGEST THE PRESENCE OF THO RESONANCES AOOUNO THfS 
"ASS VALUE. 

— i,P r » l ( 2 2 5 0 l -AS S [ * E v > l °ROD E X P . 1 

M 
( 7 2 * 5 . 0 1 BLANPIEO CNTR GAMMA P TO 1 * Y« 
l / 2 9 ' . O I ( 6 . 0 1 BOCK 6S HBC PBAR B 5 . 7 BEV/C 

22 5 0 . 0 T . a 9UGG ENIB K - P . 0 TOTAL 
2 2 9 0 . 1 4 . C AGUILAR H6C • K- 3 . 9 - 4 . 6 GFV/C 5 / 7 0 
2 2 3 7 . 0 I I . a BPICMANj 0 TDTAL AND CH FX 

* 2 2 5 5 . 0 
( 2 2 5 0 . 0 1 

1 0 . 0 
( 2 0 . 0 ) 

COOL 7 0 CNTR 
0 G A M M A V T O * - . Y . ' ? ; ; ; 

B ( 2 2 6 0 . t ( 9 0 . ) H E L I E F 0 1 D P « A 05 HAVE 
6 ( 2 2 I S . I ( t O . t BELLEFOl r>, 0 P M 5 9 OR « H -AvE 
B EVIDENCE FC 2 oESONANCES [ x | S LAMBDA P DPH« 1 1 / 7 5 

1 2 3 0 0 . 3 0 . 8 E L I E F 0 2 75 n e e 0 K- P TD X I » Q KO 
2 2 5 1 . 3 0 . 20 Ih OPXA 0 K-P TO LA" BIO 1 1 / 7 5 

VANHDBN72 VALUE FROM A THAT F INDS J ' • 5 / 2 < 
2 1 2 2 6 0 . ) 9ELLEF0N IK IPWA 0 OS HAVE 

I 2 
( 2 2 1 5 . ) 

SUPERSEDES SEL1EFC1 T 5 . 
BfLLEFQN 7b I PDA 0 G9 HAVE 

2/71 
H2T5 . ;o. BELLFFtJN II OPHA o as WAVE 
2 2 1 5 - 2 0 . 3ELLEFQN OPXA 
2 2 7 1 . 5 0 . BELLEFON OPMA 0 05 4AVE 

I 
AVE 

2 7 1 0 . 3 a . 

TOR 

BELLEFON '6 OPhA 0 G9 rfAVE 1 / T 8 

" AVE AGE MEANING LESS (SCALE FA TOR 

BELLEFON '6 OPhA 0 G9 rfAVE 

* 8 Y » l ( 2 2 5 0 1 MID T H ( H J V ) PROD. EXP , 
K ( 1 5 0 . 0 ) BLANPIEO hS C M " GAMMA P TO 1 * Y« 

1 2 1 . 0 ) ( 1 7 . 0 ) 121 ' I I (.•> HBC PBAR P 5 . 7 GSV/C 
7 3 0 . 0 2 0 . 0 SUGG ISH CNTB K - P . 0 ICITAL 
1 1 3 . 0 2 D . 0 AGUILAR i n HBC K- 3 . 9 - 4 . 6 GEV/C 
1 6 * . 0 5 0 . 0 flRI CHAN ro CNTB 0 TOTAL AND CM EX 

( 1 7 0 . 0 ) COOL 10 CNTR K - P , 0 TOTAL 
( 1 2 5 . 0 1 LU CNTR 

B 1 1 0 0 . > 12 0 . 1 BELLEF01 T5 DP HA D5 HAVE 
B ( 6 0 . 1 1 4 0 . 1 1 2 0 . BELLEF01 T* DPHA G9 OB H U HAVE 

1 3 0 . 2 0 . BELLEF02 I". HBC 0 K- P T<] X I » 0 RO 
3 0 . VANHORN 

J 2 
2 

(100.1 BtlLEFtW 
BELLEFON 

7A 
If. 

IPKA 
IPMA 

0 C5 VAVE 
0 G9 HAVE V/17 

JJ TO. 2 0 . 
2 0 . 

BELLEFON 
8ELLEF0N 

7 7 OPHA 0 D5 HAVE 
1 1 / 7 7 

1 2 3 . 4 0 . BELLEFON r s DPkA 0 OS HAVE 1 /7B 

* AVER 

8 0 . 2 0 . 

i n s 

BELLEFON 

• 2 . 7 1 

f e CPHA 0 G9 HAVE 

M AVER ACE MEANING ESS ( SCALE F A i n s 

BELLEFON 

• 2 . 7 1 

f e CPHA 0 G9 HAVE 

SEE ME NOTES ACCOMPAN YING THE "ASSES OUfTED 

4 9 Y * I I 2 2 5 0 I PAR | A l OECAY MOCFS IP 0 0 . E X P . ) 

' • 1 ( 2 2 5 0 1 IMTC >i K8AR 
• 1 1 2 2 5 0 ) INTC LAMBDA P I 

' • I I 22501 IHTC SIGMA P I 
' • 1 ( 2 2 5 0 1 INTC U K B M Pt 
r * l ( 2 2 5 3 ) IHTG X I » 1 / 2 I 1 5 J C 1 5 J 3 * <-<n 

• • M 2 2 5 0 ) BRANCHING RATIOS tPROO. E I P . I 

2 2 5 0 ) INTO (KBAR N I / T O T A L 
O.OB 0 . 0 2 SELLEFON 78 DPMA 0 05 HAVE 1 / 7 8 
0 . 0 2 0 . 0 1 BELLEFON 7 8 OPUA 0 G9 HAVE 1 / 7 8 

•EAN1NGLESS (SCALE FACTOR * 2 - T I 

7 8 OPUA 0 G9 HAVE 

2 2 5 0 1 FROM KBAR N TD LAMBDA P I S Q P T I P 1 * P 2 > 
( - 0 . 1 B I I F O P J P - 9 / 2 - ) G A L T I E R I •C-P TO LAMBDA P | 1 0 / 7 0 
1 * 0 . L2t 1 0 , 0 3 1 B E l l E F Q l 75 DPHA D5 HAVE 1 1 / 7 5 
( - 0 . 0 9 1 ( 0 . 0 2 ) BELLEF01 75 DPMA 

- 0 . 1 6 0 . O 3 VANHORN T5 CPWA 0 K-P TO LA" P10 1 1 / 7 5 
( • 0 . 1 1 1 BELLEFON 7 6 IPWA 0 05 MAVE 2 / 7 7 
( - 0 . 1 0 ) BELLEFON 7 6 lPhA 0 G9 HAVE 2 / 7 7 

S E E n-e N O T E S A C c a K P A « r r « G TUB M A S S E S Quoito 

22501 FRCM KBAR H TO SIGMA P I SQHT(P1«P3 I 
( + 0 . 0 7 M F 0 R J P - 9 / 2 - ) G A L T I E R t TO OPHA K-P TO SIGMA PI 1 0 / T O 

* 0 . 0 6 0 . 0 2 BELLEFON T 7 OPHA 0 D5 HAVE 1 1 / 7 7 
- 0 . 0 3 0 . 0 2 BELLEFON 7 7 OPHA 0 G9 HAVE 1 1 / 7 7 

MEANINGLESS (SCALE FACTOR • 1 . 1 1 

7 7 OPHA 0 G9 HAVE 

2 2 S 0 I INTO (KBAR N » / ( SIGMA P I ) 
1 0 . 1 8 1 DA LESS BARNES 6 9 HBC • 1 STAN DEV L I M I T 1 0 / 6 9 

;;:i :£::^::;:::Br°t: 
J I S NOT DETERMINED I N THESE EXBT; 

1 1 / 7 5 

( J . 1 / 2 ) « ( P U 
rHE FOLLOWING I S ( J . I / 2 1 . P 1 
S9 C « T « 3 / 7 8 
7 0 CNTR 0 TOTRL AND CH E* 3 / 7 8 
7 0 CNTR K - P , 0 TOTAL 3 / 7 6 

GAL TIER t 70 DiKE CONF 173 

BELLEFf l l 7S NP B90 
BELLEF02 75 NC 2BA 
VANHORN 75 NP B87 

ALSO 7S NB B8T 

REFERENCES FOR V « l ( ? 2 5 0 ) ( P R C D . E x P . I 
tGREENBERGtHUGHES,KITCHING. • ( Y A L E I C E A 1 I 
•COOPER,FRENCH,KINSON, • (CERN.SACLAV) 
• G I L M O R E . K N I G H T . * ( R H E L , B | R M , C A V E ) 1 
* F L A M 1 N I 0 , M 0 N T A N E T , S A M I C S * ( B N L * 5 * R A I 

A G U I L A R - B E N I T E 7 . OARNES, • I S N L . S Y R A I 
• FERRO L U Z Z I , PERREAU. * ( CEBN.CAEN.SACLAYI 
• G I A C O M E L L I , K r C l A . L E O N T I C . L I . * I B N l l 1 
A E^RSARO-GALr iERI (L1LII. 
• GREENBERG. HUGHES. M I N E H 1 R T . M O R I , * ( V 1 L E I 

6ELLEFDN 76 NP ! 
BELLEFON 7T NC 3 
BELLEFON 7B NC » 

COOL 66 BBL 16 122R 
SUPEREOEO BV COLt TO. 

DAUBER 66 p L 2 3 1 5 * 
SUGGESTS J ' 9 ^ 2 BES0NAN1 

I M T O N S I S T E M W i l l 
DAUM 6 8 N"1 B7 19 
L A S I N S K I 71 NP 1 2 9 125 
HEKINGHA 75 NP B 9 i 12 

SSsr 

(CDEF 

, C 0 E F ' ( L 3 L I U ' 
r i B L M Jl 

!iIiy:!:i:l:;::°:f,lIJ 
«E!lSiw""uE:.n««ui,. tcoH.na.l""i'i 

£(2455) 
BUMPS 

PRODUCTION E IPERlMfcNIS 

I N I - B E V I E H AT THE START OF THE « L I 
ii SO SOME SLIGHT CV10EHCE FOR T» $T1 
•1EACTI0N 3AMMA • P TO K* * M ISSING 

S3 Y » l < 2 * 5 5 > MASS (MEV) (PBOD. F X P . I 

2 A 5 5 . 0 
2 * 5 5 . 0 

AVG 2 * 5 5 . 0 IVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1 

V » I ( 2 4 5 5 I UIOTM 4*evt tPROD. E^P.1 

P , D TOTAL 

S3 Y » U 2 * 5 5 I PARTIAL OECAY MOOFS (PBOD. E X P . ) 

OECAY • 
( 2 * 5 5 1 INTC. N KBAR 9 3 8 * * 9 3 

S3 • 1 1 2 * 5 5 1 BRANCHING 1 TIOS I PBOD. EX< 

' • K 2 4 5 S I INTC (KBAR N l / T O T A L I P I I 
J | S NOT KSOWN. THE FDLLOHING I S ( J ' 1 / 2 1 » P 1 . 

1 0 . 3 1 BUGG 6B CNTR 
0 . 3 9 RBRAMS TO CNTR K - P , 0 TOTAL 

1 0 . 0 5 1 ( O . O S ) BKtCMAN 7 0 CNTR 0 TDTAL AND CH EX 
F I T (IF TOTAL CBOSS SECTION GIVEN BV 8RICMAN 7 0 I S POOR I N 
T H I S R E G I O N . 

[BENCES FOB Y « l l ; * 5 5 l 

BUGG 6 6 PR 1 6 9 1*6 
ABRAMS TO PB I D 1*S1T 
aBICMAN 70 PL 3 1 9 152 

IPRCD. E*B . 

I R H E L . B I R i 

ABRAMS 6 7 DRL 1 9 67B 
SUPERSEDED BY ABRAMS 7 0 . 

GREENBEH 6 8 PBL 2 0 221 

• G I L M O R E . K N I G H T , * 
• C O O L , G IACOMELL I , K V C I A , LECNT1C, * ( B N L t I 
•FEMAO I U J I J - PERRFAU.* (CERN.CAEN.SACLAYI 

GBEENBERGt HUGHES. LUt 

5 * Y M I 2 6 2 0 - J P ' I I ' l PRODUCTION EXPERIMENTS 

SEE THE M I N I - R E V I E H AT THE START DF THE Y« L I S T I N G S . 

" 1 1 2 6 2 0 1 MASS I M E V I (PROD. E X P . ) 

AVERAGE MEANINGLESS (SCALE FACTOR > 2 . 9 1 
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Data Card Listings 
For notation, see key at front of Listings. 2(3000), 1(3170), EXOTIC 

Baryons 
HYPERONS, E's 

• 1126201 MIDIH ( 

• I I26J0) PARTIAL DECAY MODES IPBDO. F « 

M26Z0) BPANCMING RATIOS IPROO. 

BRICMAN TO CMS 

ABRAHS 
sirs 

AERAMS 

67 m is i TB 
ISECEO BY Ae*«*IS TO. 
TO PR |D 1M7 
TO PL JIB 1S2 

15 -)P BIB 137 

REFERENCES FOR ' 

•COOL.GIACOMELL 

'COOL, GIACQMELI 

•1I26Z0I (PRCD. Ext 

. < Y C I A . L E O N T I C . L I . 

*F£RRO L mi. (CERN.CAE-J.SACLI 

DIBIANCA.ENDOBFf 

£(3000) 
BUMPS 

'•113000. JP= 

t-E tlNI-HEVIEH 

iTtON F*B?RIMEN1 

' Y* L ISTING. 

ENHANCEMENT IF* LAMBDA PI ANO "BAR N INVARIANT MASS 
SPECTRA AND IN HISSING MASS Of NEUTRALS RECOILING 
AGAINST KO. EVIDENCE NOr CGWCLt-'SIVF. PMJTTFD U0» 
TABLE. 

'•1I30OG) MASS IMEVt (PCJO. F>P. 

E«"LICH 66 "BC 

Sg THI3000" PiBTIAL DECS* -OOFS (PROD. E*P.I 

REFERENCES FDR Y*|(30001 (PFCO. E*P.I 

R EHRLICH. W SELOVF, H YUT* (PENNIBNL1J 

E(3170) 
BUMPS 

I (31 TO, je* 1 = 1 fBODUCTIO'i F«ERIMffjIS 

SEEN er *Hi«2»ofH *•) i s a N»MQI , * . . .TO. DEV. 
ENHANCEMENT IN THE REACTION K-P - -> ¥* PI - USINr, JATA 
FBf!M TMO INDEPENDENT HIGH STATISTICS BUB9LE CHAMBER 
EJCESIKFNTS AT B-J5 AMfj 6.5 GEV/C. I f f DOMINANT DECAY 
"HOES ARE INTO MULTI-BOO*. H-Ul M-STR ANGE FINAL STATES 
AM) THE PRODUCTION IS VIA 1-3/2 BARYDN EXCHANGE. I r | 
IS FAVORED. 
IN NEED OF CONFIRMATION. 0"*ITTFD F=0« TABLES. 

US Y ' l O l T Q I MASS (MEVI IPRTJD. E« 

35 317r}. 5. A«IP2AD 71 KBC 

I l f l Y*1(3I70» WIDTH (MEV) IPROf). E 'P. l 

• TO 1* P|- 12) 

I IS V* | I3 I70 I PARTIAL DECAY "ODES C PROO- EKP.I 

P] V*l(1179t 

[N't] LAMBDA K KBAB * P1(]NS 
INTO SIGMA K KflAH » PIDNS 
INTtl K| K • PIDNS 

OECAl ' -ASSES 

I l f l V*1I31T0I BRANCHING PATIOS IPSO D. EXP.I 

HI Y*H31T»| INTO (LAMBDA n KBiR i PI0NS)/TDT«L 
AH|p;»D Tq HBC 

IP1I 
* K-e TO *•• Pt-

'.I ""'HV INTO (SIGMA « KBAR * P10NS1/TOTAL 
A»|PZAD TQ MBC » K-P TO v* Pt-

:s ""us1 f'fTC (Cf K * "IONSI/TOTAL 
AMJP.?AD 71 H6C 

IP3J 
» K-P ID Y» P|-

REFERENCES FOB YHI3170I IPBCO. EKP- , 
"•"is.:: ^ : v & , . » , : : ; : J S . :;!::sis:s:i::s:s;: *CA<i9»U 

*CAH9»1I 

f • • * • • • • • • 

EXOTIC HYPEROH CROSS SECTION LIMITS 

ThlS IS NOT A COMPLETE LIST. "E TABULATE 
CNLY FRO1* 19T0 ON. 

S UNITS "ICBOBARNS 
S C (20.1 CR LESS GALMERI 6B DBC 
S G ABOVE L I " IT FDR "ASS < 2.15 GEV AND MIDTH < 60 MEV- 1 .1 GEV/C K-l 

TO SC—PT-PIO 
S A ABOVE LITIT FOR "ASS < 2.3 GEV *•«> WIDTH < J20 MEV- 1 .T GEV/C n- l 
S « C*.TI CR LESS CL-.90 flRIEFFL TS DBC 

S Y 11.*1 C« LESS CL--90 BHIEFEL 75 OBC K-D ?.8T 

S I IS-*1 CR LESS CL'-'JO BBIEFEl 75 OBC - - «-0 2.BT 

S B (9.61 CP LESS CL'.*)0 KATSDUPI TB DEC — «-D 2.B7 GEH/C 

5 C (13.31 CR LESS CL' . ID HATSOOFI 7B 3BC 

— * -0 ?.B1 
S D MASS > 2 CEY. WIOTM < 60 «EV. K-N —> (SIGfA- P 
5 E IT .T | CR LESS CL=-90 *»TSOOFI TB OBt 

5 F- (|T.» CB LESS CL-.10 RATSOUFI TB DBC ~ K-D 2.97 

•i H IJ3.1 CO LESS CL = -")0 KATSOUFI TB EBC — K-D 2.97 
S * MIDTH < UO MEV. K-N - -> I5I&MA- PI - PIOI P I * 
S | I2B.1 CR LESS CL = .*)0 HATSOUFI TB DBC 
S I MIDTH < BO "F«. *-N —> IST.HA- P I - I P I - PIO 

REFERENCES FOP F»OTIC HYP BC^S 

iiisisSiiir SI^:iH»rSirs~K:i: 

Note on 5 Resonances 
_* 

The " resonance situation has always been 
unsettled. This is because: (1) z 's can only be 
produced as a part of a final state, and so the 
analysis is more complicated than if direct forma
tion were possible; (2) they are produced with 
small cross sections (typically a few yb); and (3) 
the final states are topologically complicated and 
difficult to study with electronic techniques. * Thus in . ,ie past our knowledge of H resonances has 
come wholly from bubble chamber experiments, where 
the numbers of events are small. 

Until fairly recently only the £(J530) could 
be considered to be really well established. How
ever, the 1978 edition of this Review saw a major 
improvement in the situation with the results of 
GAY 76 and HEMINGWAY 77. The H(1820) and E(2O30) 
were firmly established as narrow states (widths of 
about 20 MeV), and the spin of the E(1820) was 
found to be 3/2 (TEODORO 78). 

Since then, however, little has changed, 
although there is some evidence for a new 5(2370) 
(AMIRZADEH 80, HASSALL 81). There is probably at 
least one other 5 in the 1850-2000 MeV region, and 
there are indications of several others above 2000 * MeV. Indeed, there should be many H s below 2500 
MeV, and the broad (and not completely established) 
H(1940) could well be a mixture of several of 

2 them* For now we are forced to group together 



Baryons 
E's. T. H°. H(1530) 

Data Card Listings 
For notation, see key at front of Listings. 

disparate observations and await new results. The 
disagreements among experiments are shown in ideo
grams in the Listings. 

Results from experiments using electronic 
techniques are now becoming available. BIAGI Bl 
used the CERN hyperon beam to study inclusive AK 
and HIT mass spectra from 102 and 135 GeV/c H~ 
Incident on hydrogen and deuterium. They saw a 
large H(1820) signal in AK as well as a peak at 
about 1700 MeV, which might be associated with the 
threshold enhancement seen by DIONISI 78. The 
H(1940) appears as a broad bump in the Err mass 
spectrum, and there is a very clean -(1530) signal. 
Preliminary results from the Brookhaven oultiparti-
cle spectrometer were reported at the Toronto 
Conference (see Ref. 3). The 5(1820) is clearly 
seen as a narrow object decaying to H( 1530)IT. 

The table below gives our evaluation of the 
present status of the r resonances. For a 
detailed review, see MEADOWS 80. 
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STATUS DF J 
THOSE K I T H «N OVERALL STATUS OF • • • OR • • » • ARE INCLUDED I N THE MAIN BARYON 
TABLE. THE CTHEPS A * A I T CONF I R M A T I 0 N . 
I N THE PAS1 ME HAVE LOMERE0 OIA STANDARDS FOR X I * RESONANCES A W TABULATED 
STATES EVEN THOUGH THEY HAD ONLY BEEN SEEN AT LOB LEVELS OF S T A T I S T I C A L 
S I G N I F I C A N C E . NO* T ^ T NEW HIGH S T A T I S T I C S DATA I S A V A I L A B L E . HE HAVE 
ADOPTED S O N E H H A T STRICTER C R I T E R I A . 

STATUS AS SEEN I N - -

ARTICLE L I J STATUS 

K M 131 71 • ••• X! 1 1 5 3 0 1 
X I 1 1 6 3 0 1 
X I I 1 6 S 0 I 
X I I 1 6 2 0 1 
I l l l W O l 
X I ( 7 ? 1 0 I 1 

X M 2 Z 5 0 I 
X M 2 3 7 0 ) 
X I 1 2 5 0 0 1 * 

H I * PI OTHER CHANNELS 

3 -8O0Y DECAYS 
3-60QY DECAYS 
3 - 6 0 0 Y DECAYS 

5 0 D D . CLEAR, AAC UNMISTAKABLE. 
&O0D, BUT I N NEED OF C L A 0 I F I C A T ION OR NOT ABSOLUTELY CERT 
NEEDS CGNF IRNATTON. 

S=-2 1=1/2 HYPERON STATES (H) 

m 22 X I - ( t 3 2 1 , J P « 1 / Z 1 1 * 1 / 2 

SEE STABLE PARTICLE 0ATA CARD L I S T I N G S 

23 X I 0 I 1 3 1 S . J P - l / Z 1 1 - 1 / 2 

5EE STABLE PARTICLE OATA CARD L I S 1 I N G S 

IH(1530) | XI*L/2U530, JP-3/2M 1-1/ E3 
I H 5 IS THE ONLY WELL-ESTABLISHED X I * UHOSE PROPERTIES 
ARE ALL AT LEAST REASONABLY UELL-KNOMN. S " l * ( - P » R I T V 
: / 2 * I S FAVOURED BY THE DATA. 

HE DC NOT USE DETERMINATIONS OF THE MASS AND THE WIDTH OF T H I S 
STATE UNLESS THEY AtlE ACCO«PAN1ED BY SO«E DISCUSSION OF SYSTEMATIC* 
AND RESOLUTION. 

/ 2 I 1 5 3 0 I MASS IHEV1 

MIKE0 CHANCES 
2 0 ( 1 5 3 5 . I 
551 1 5 2 4 . 0 1 ( 5 . 0 ) 

I 1 5 3 2 . 0 1 1 2 . 9 1 

NEGATIVE CHARGE CNLY 
3 8 1 5 3 5 . T 3 . 2 

3 3 * 1 1 5 3 4 . T l I t . l l 
I B S 1 5 3 6 . 2 U 6 

1 5 3 5 . 3 2 . 0 
4 8 ( 1 5 4 0 . 1 ( 3 . 1 

1 5 3 4 . 5 1 . 2 

BERTANZA 6 2 HBC - 0 • -"> 2 . 3 GEV/C 
PJERROJ 6 2 H f C - 0 K-P l . B GEV/C 
BAOIER 64 H3C - 0 K-P 3 OEV/C 

RDSS2 
BERTHON 
B E I L E F 0 2 

66 HBC 
72 HBC 
72 HBC 
7 3 HBC 

K-P 2 . 9 7 G E V / C 
XI KHAR P I ( P l l 
QUASI 2 BODY CS 

AVG 1535 1 H 0 . 8 4 - AVERAGE 1 ERROR NCLUOES SCALE FACTOR OF l . C I 
F I T 1 5 3 * •>l FROM F I T (ERROR NCLUOE S SCALE FACTOR OF 1 . 0 1 

NEUTRAL C«A r.f CNLY 
T6 152B LONDON 66 * B C 0 K-P 2 . 2 4 GEV/C 
5 9 1531 O.B BAOIER 0 K-P AT 3 . -55GEV/C 

1 2 6 2 1532 n 0 . * BALTAY 72 HBC 0 K-P l . 7 5 GEV 
3 2 4 1531 i 0 . 6 0 K-t> 2 . 2 G E V / C 
2B6 1532 i 0 . 7 KIRSCH 7 2 HBC 0 K-P 2 . S T G E Y / C 

1533 p 1 . 0 RQSS2 7 3 HBC XI K9AR P I ( P l l 
1 T I 1533 h> 1 1 . 4 ! BERTHON 74 HBC 0 QUASI 2 " D O " C5 

1532 i BELLEF02 75 HBC 0 K-P TO X I - K P I 
801 I 5 2 T 1 SIXEL T9 HBf 0 I N C L . K-P 10 GEV 

1 0 0 ( 1 5 3 5 1 SIXEL 7 9 HBC 0 I N C L . K-P 16 GEV 
I 2 7 0 0 ( 1 5 3 2 11 1 0 . 6 1 GAUBILL I 8 1 HBC 0 K-P AT 8 . 2 5 GEV 
I F I T TO NCLUSIVE SPEC RUM. RESOLUTION ( 5 HEVI MOT UNFOLOED. 

4 5 0 ( 1 5 3 0 1 1 1 . 1 B I A G I Bl 5PEC - MVPER-W BFA* 

• AVERAGE (ERROR INCLUDES SCALE FACT OH OF i 
FROM F I T (ERROR INCLU0E5 SCALE F1CTOR DF | 

i IDEOGRAM BELOM I 

WEIGHTED AVERAGE - 1531.78 ± 0.34 
ERROR SCALED BY 1 4 

Values above of weighted average, 
and scale factor are for the 

reader' a convenience only* The 
data were actually processed by a 
constrained fit program, which 
calculates ita own values of x, fix, 
and acale factor, which are differ
ent from the values shown here. 

SELLEF02 75 HBC 
R0SS2 73 HBC 
KIRSCH 72 HBC 
B0RENSTE1 72 HBC 
BALTAY 72 HBC 
BAD1ER 72 HBC 
LONDON 66 HBC 

1526 1530 1534 
XI-1/2(1530)0 MASS (MEV) 

{CONLEV =0.077) 



Data Card Listings 
For notation, see key at front of Listings. E(1530), 

Bary 
•(1630), E(l 

1 X 1 * 0 1 H»SS I m i ' j c t I » £ V I 

7? hPC - 0 *-P I . T-i GEV 

! W ( W ? S S t . 

I I * . ) I « . l 
B A U R I L l I I 81 HFC 

* I * I / ? I i ^ i o i iwfloi'n 

r-i = SfPaV, etc*-

eisr. u Nf vi '. 

e E B T H W J 

ALSU 7 

'* MC 7 i a 
n.nr 

3 
Si";;; 1 -JB SIS 

i v> pi 's 
' l?b 

BFFFBINCE ' . F C I 

:SSSKirrKiK:T.£ :\Zi 
" "SS : ! , n , - w , . . . „ , » - !S !S 

^C.""IOI»CHflNG.HfI'l&i.iY|pt A N . ' M O . S Y B A . T J F I I 

~ iT i i r ' 'irsiis sill 
E>Ai>FBS NOT PEFEBOio T[ 

m O S E " . 

'I D A T * CAPDS 

i f S V i l w l T " 

^lll^tei--" «^l 

E(1630)1 » t » l / 2 U i = i / ; 

U S O «EV - IT i s Wl C l E f l O THAT n I S T H F S*«<E 

a o s f * s i F t N 7? i f i - i n E F F E C T I N r m s P E G I C N . T H F V F I N D 

' * O S S ?? APGUE T - A I i V F.FMCT THEY SEE IS * H I IHE S * - £ AS TMBT 

ftMSI 7 0 1 , 4-10 FI'JG C W » - l - M C B C B A P I S AT J . ) G F W C . 
B F L I F ' C \ 7S F i ' i - a t s OF « » n j n o 10 M I C H O " , * ^ * . N E A I . 2 G E V / F . 

•fiC 0 < - ! • ? • € ' 5 F V / C 

i I T m s r " s i t t ' 
i c i i s c i n i><F 

• ' ! U ' ' J N , l L r j Y 0 1 " l I l V F V . l ' » D C J I C 
r"E D F l L E f O N . B t O T O ' J . P I L L O I H 1 
•GOUPF VITCM,CHANG* I B t A' 

?i • IBB A" S10»CJ ' 

, «EBI I N . CFB' 

H u H G t n F ' j f* c . i i o ? i ! , i • . J - J G E < 1 F I U H I F R , » A . I > . A . » I Y A t E , F * l l l . . ' > ' i L . P I i r ) 
I H l E t E L IS n o ) i ? | » V 1 • G O U H E V I T C H . ^ I B S C H ' I B R A N * U ' * D * S ' " A * t U E I I 
• U V . A l L 11 •!» 1 1 B « 117 • A f lSn I lSE .CAP. rEE . ' lEALF .BUSHBPCIJ 'C fMCA-B- tXSU) 

H(1680)| - .,.,<„,.,,. ,».„.-, „,„ [S^] 
I b* D t C N I S I • I H 

• — I I » 'HE -IFUTOHL ASO NEGAT1VFIT r -AOGEC M G « » K B » ° " A S S 
X ^PFCIBA FHCJ" I H E R E A C T I O N : K - ° - - > ( S I C A K9AP> « O] 

AT * . ? G E V / C . THF 3ATA FWW THE SIGHA KBAB CHANNELS 

J F A K E O IV1DFNFE FOB AN ENHA ' j tE»F , IT AT I n f SA«E MASS IS SEEN I N TfE 
COBBF' .Pr - ID lNG IAMBOA XB»o C H W 1 F L S A I D ; CI)U»L ED C - a N N E l A N A l * S l i 
r l E l C S RE S I L T S CONSISTENT H I T H A N f H » 1 » . 

THE M V P L F n i f ! ;AM E < P E B I " E ' i t OF B1AGI « I OOSFBVE A^ EWA1Cc»FNT A I 

« 0 , VI1IH T h { G A I ^ a FBO- I t i ! S1GHAO OETAY MOT D F I E C T E D . 

•"0 f 1 ' 5 I 16<)J. I I S . I 

S ! 'lis S:K.'JS=-r V S I 5 OF s | G " ( IW9Q4 « • SOfCTt 

s ^^h^jJn^ct^^^JitH11::^!':"'^^^"^^""'' 
NEUTBAL C A O G F 

NEGATIVE CHi 

• 1 / J I 1 6 8 0 I « ,OTH , 4 • 

s;ss;i: 7B hBC 0 " - " A I * . Z GEV/C 
7B " B C 0 h 0 AT * . ? GEV/C 

FS ACCOMwfl J;H:; . 7B HPC - N-P AT * . ? GFV/C 
HI SPEC - HYT>E«OU BEAH 
SSE5 CUtlTEC 



Baryons 
2(1680), H(1820) 

Data Card Listing". 
For notation, see key at front of Listings. 

XI*l /2( lbB0l INTO SIG*A KBAR 
XI*1/2I1680> INTO LAMBDA <B»R 
X|*J/?U6S0> ISTO XI PI 
X|>1/2(1660) INTO XI»l/2l15301 PI 
Xl*l/2(lt>eQ> INTO XI PI PI (1NCLUD1 

* L DECAY fOCES 

MASSES 
Hit* *ST 
1 1 1 5 * <-97 
1 3 H * 1 3 1 
1 5 3 3 * 1 3 * 

NG P * ) 1 3 1 * * 1 3 * * 1 3 * 

• 1 / 2 1 1 6 ;HING RATIOS 

HI XI>1/?(16S0) I*JTO <SIG«I KBltUO-fBO* KBAKI (PlIi' lP?) 
R l Z ( 2 , 7 1 I C . " ! O I O N I S I 7B HBC 0 K-P A t * . 2 G E V / i 3 / 
H I N < 3 . 1 l I I . * 1 D I 0 N I S 1 T8 HBC - K-P AT A . 2 GEY/C 3 / 
• 1 Z NEUTRAL CM4BGE 
R l N NEGATIVE CHB1GE 

I ) I P 3 U I P I 1 

* . ? G F « / t 3< 

REFERENCES FOR X I • ! / ? ( 1 £ B 0 > 

H(1820)| L / 2 ( 1 8 2 0 , JP=3/2 I l » l / 7 

HFRE EVERYTHING REPORTED 1*1 I H £ * 

The clearest evidence for this state comes 
from GAY 76, who saw an S standard-deviation peak 
in AK~ as well as signals in E(1530)TT and EK. The 
peak is narrow (T » 21 + 7 MeV), whereas earlier 
(and much smaller) experiments found widths of up 
to 100 MeV (see the Listings below). 

A spin-parity analysis of the GAY 76 data, but 
with more events (TEODORO 78), favors spin 3/2 but 
cannot make a parity discrimination. 

B1AG1 81 used the CERN hyperon beam to study 
~. interactions in hydrogen and deuterium. The 
diffractively produced AK system has a broad peak 
(T - 72 + 20 MeV) at 1830 MeV on top of a substan
tial background. There is also a smaller peak in 
the inclusive AK„ spectrum. 

Neither GAY 76 nor BIAGI 81 saw a peak in the 
HIT channel. It is possible that HIT peaks seen in 
this region by some lower-momentum experiments are 
at least partly due to the E(1940), with a shape 
distorted by the limited phase space available 
{SMITH 65). The situation is further confused 
because some experiments were forced to add several 
different channels together to overcome poor 
statistics (CRENNELL 70t BADIER 71). 

» I / 2 ( 1 8 2 0 i «ASS I M E V I 

H A L S T E I ' S 6 3 FBC - 0 X-FR 3 . 5 GEV/C 
* .o BADIER 6 5 MBC • LAMBDA K OB Alt 

S 1 I T H I - 0 LAH60A KBAR 
1 0 . 0 A U T T I 6 9 HBC - LAMi 5JG KBAR 
1 0 . 0 CflEHHSLl 7 0 OBC - 0 3 . 6 . 3 . 9 GEV/C 1 0 / 7 0 

. X I P I P I 
1 1 2 - 0 1 CRENNELI TO OBC - 0 3 . 6 . 3 . 9 5EV/C 

»N0 X I P I =1 SPEtTR ONLY 
fl.O 8 * ( ) I E R 72 HBC - 0 X I P I . X I 2 P I . K 1 

BADIE f l TZ HBC 
ANO D I V I O * S PEAK I N LOhER **(D HIGHER 

ALSO 6E F l TED WITH SINGLE B R E I T -
SS 190D AND WIDTH 150 MEV. 

5 . 73 HBC - 0 LAMBDA K - / K B A R 0 
LESS SIGN1F C*NT EN ANCEXE TS SEEN I N X I « 1 I 5 3 C I P I 1 M . | 8 2 5 , M > I O O I 

i o — f . w i < . t . - n i . 
75 OBC - 0 X I 2 P t , X I » P I 

GAY 7 6 MBC - K - B I I 4 . 2 GEV 2 / 7 7 
7 7 HBC 0 X I P I 1 2 . 6 7 K - P 

77 HBC - 0 X I I 1 5 3 0 1 P I L / 7 B 
T7 wBC - S IGHA- KOBAR 

* * 1 9 7 0 , •). 7 7 HBC 0 LAHBD* KOBAR 1 / 7 8 
77 HBC - LAMBDA K -

3 0 0 1 9 3 3 . B l SPEC 
F I T TO r N C U SI WE SP CTRUM 

»LE " t "AGE " E 1 N I W F « ISC 

CTRUM 

»LE " t 
I0E0GR 

] 
• » -

-
- t -

B I A C t 
BRIEFEL 
BRIEFEL 
BRIEFEL 
BRIEFEL 
BRIEFEL 
CAY 
D IB IANCA 

- t -

B I A C t 
BRIEFEL 
BRIEFEL 
BRIEFEL 
BRIEFEL 
BRIEFEL 
CAY 
D IB IANCA 

[-• ROSSI 

+ BADIER 

1 + 

BADIER 
CRENNELL 
AL I T T I 
SMITH 1 
BADIER 

81 SPEC 
77 HBC 
77 HBC 
77 HBC 
77 HBC 
77 HBC 

1700 1750 180C 1850 
X!M/2(1620) MASS (MEV) 

1900 '950 

70 DBC 0 7 
69 HBC 0 7 
65 HBC 0 5 
65 HBC 3 e 

1 1 5 . 8 
(CONLEV 
=0 0 0 0 ) 

1 9 0 . 3 1 6 3 * B C 
( 1 2 . 0 1 B .01FR 6 5 "BC 1 I A « 9 D 4 K08AR 

3 0 . C SMITH 2 LAMBDA ' B A R 

1 0 3 . 0 1 8 ? * 
0 A L I T ' I 6 9 HBC 

T3 DBC 
L A " . 5TG itBAR 9 / 6 9 

1 * 9 . 0 1 
- 1 . 0 

1 3 6 
13 n 

1 " U l 70 DBC 3 . 6 . 3 . 9 GEI/ /C 
LOMER 11SS 

"•a.a i) 72 HBC « t C « f a » A ^ S 

5 6 S^ANCA 
73 HBC 
7S OBC - 0 

LAMBDA K- /XBARF 
XI 2 P I . X I » P I 

2 / 7 * 

5 7 '' K.™ 76 KBC 
7 1 HBC 0 

K- P AT i . 2 GEV 
XI » l ( 2 . 9 7 K - P I 

2 / 7 7 

77 HBC X 1 I 1 5 3 0 ! P I 
7 2 . 77 HBC 

**. H 77 H6C LAHBDA XDBkR 
24. . 
7 2 . Ji | | I r , I E L 

77 H6C 
B l SPEC \ LAM9D* X -

HVOEPON R E * * 
Mfc 1DTES 

I E FBC 

ACCOMPANYING 1 

TOR > 2 . 2 1 

HE HA5SI 5 QUOTED ABOVE. 

T U N I N G F<S 

1DTES 

I E FBC 

ACCOMPANYING 1 

TOR > 2 . 2 1 

HE HA5SI 5 QUOTED ABOVE. 

1 IOEDGR BSIOH 1 

BJAGJ B l SPEC 
CHISQ 

5 - 2 
BRIEFEL 77 HBC 0 . 0 
BRIEFEL 77 HBC 2 . 6 
BRIEFEL 77 HBC 7 . 2 
BRIEFEL 77 HBC 
BRIEFEL 77 HBC 
GAY 76 HBC 0 . 6 
D IB IANCA 75 DBC 
ROSS1 73 HBC 12 7 
BADIER 72 HBC 6 . 0 
BADIER 72 HBC 3 . 6 
CRENNELL 70 DBC 
A L 1 T T I 69 HBC 
SMITH 2 65 HBC 0 . 3 

3 6 . 2 

250 
(CQNLEV 
= 0 0 0 0 ) 

X!* 1/2(1S20) WIDTH (MEV) 



Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
•(1820), H(1940) 

IT1AL DEC»Y MODES 

iiiiiiiiili !;i; &;"»"" 
DECAY "ASSES 

H i s . 4 9 T 
1 3 2 1 * 1 3 9 
11974 4 9 7 
1 5 3 3 * 1 3 9 
1 3 2 1 * 13*)* 139 

FITTED PARTIAL DECAY MOPE BRANCHING FRACTIONS 

ror m i t r i x fo r thr (ill 

:'Mili v 6 P . i P / / I 6 P . • 6P.I. F o n h r delin 
• hove; only ihoie P. appearin|j in ihe m»lri 

- . 7 6 1 ? . 1 8 9 9 * - . 0 5 2 9 
-133? - . 5 0 8 0 .1463*-.0417 

- . 8 2 2 0 .5613 - .5009 . !674*- . ( 

K l * l / 2 I 1 8 2 0 ] BRANCHING a 

« I F I T D . * 9 7 O.OBT FROM F I T (ERROR 1NCLU0ES SCALE FACTQO m l t B 1 

m 
x l * l 

" • ; ; ; ; ' 
INTO I K 1 

• . 10 
P I 1 / T O T A t 

A L i r r i 6 9 H B C 

FROM F I T (EHROR INCLUDES 

( P 2 I 
- K - P 3 . 9 - ' > . D ( , t v 

SCALE FACTOR r\t 1 . 2 ) 

„•* 
R2 F I T 

x l * l 

O . I B 9 0 . 0 5 3 

P I 1 / T O T A t 
A L i r r i 6 9 H B C 

FROM F I T (EHROR INCLUDES 

( P 2 I 
- K - P 3 . 9 - ' > . D ( , t v 

SCALE FACTOR r\t 1 . 2 ) 

1 2 1 x l » l / 2 ( l S 2 Q P INTO 1*1 
1 2 1 • .20 0 . 2 0 BADIEP 6 5 HBC 7 / 6 6 
H 2 I ( 0 . 3 6 1 no LESS C L « . 1 S CtY 76 W6C 

FRO" F I T l i K H O f l INCLUDES 

- X - P AT *.? CSV 2/7? 

R21 F I T a . 3 8 0 . 1 6 

C L « . 1 S CtY 76 W6C 

FRO" F I T l i K H O f l INCLUDES 

- X - P AT *.? CSV 

R22 X I » 1 / 2 ( 1 8 2 0 I INTO 1 X I P I I / ( K I * ] / 2 I 1 5 3 0 ) PT1 
mi 0 . * AP5ELL 70 HBC 

FROM F I T IERROR INCLUDES SCALE FACTOR 0 * 1 . 0 ) H22 F I T " Y l 3 ' 0 . 3 6 FROM F I T IERROR INCLUDES SCALE FACTOR 0 * 1 . 0 ) 

H3 « I « 1 INTO t S t & H A K B A R I / T O T A L ( P 3 ) 
R3 ( 0 . 0 2 ) :R LESS TR1BP 67 PVU 8 / 6 7 
R3 0 . 1 5 4 L 1 T T I 6 9 HBC 

FROM F I T IFRRQR INCLUDES 

- « -P 3 . 9 - 5 . 3 GLV < i / 6 9 

R3 F I T 0 . 1 * 6 0 . 0 4 8 

4 L 1 T T I 6 9 HBC 

FROM F I T IFRRQR INCLUDES 

- « -P 3 . 9 - 5 . 3 GLV 

R 3 I T * I INTO f s : MA K B A R I / f LilMBOA K8HRI < P 3 > / I " 1 > 
R31 0 . 2 4 0 . 1 0 GAr 7 6 «BC - K- P AT 4 . J CEV Z / 7 7 

FROM F I T (ERROR INCLUDES SCALE FACTOR OF | . l l " 3 1 F i t 0 . 2 9 0 . 1 0 FROM F I T (ERROR INCLUDES SCALE FACTOR OF | . l l 

R « x m / 2 U 8 Z O > INTO 1X1 1 / 2 1 1 5 3 0 1 P I 1 / T C T A L ( P 4 ) 
R4 0 . 15 A L I T T I 6 9 HPC 
R* S ' 0 . 2 5 1 m LESS DAUBEO 6 9 HBC 
R4 S USES I H PARI THE SAM DATA AS SMITH 6 5 
R4 I HASSALL 81 HBC 
R4 1 INL PI P I 

FRPM F I T (ERROR INCLUDES SCALE FACTO" nt | . e ) 0 4 F I T 

INL 

0 . 1 6 7 0 . 0 6 5 FRPM F I T (ERROR INCLUDES SCALE FACTO" nt | . e ) 

1 * 1 K l * l INTO ( X I ( 1 5 3 0 ) P I l / l L A " KBAR) 
R * l 0 , 2 * SMITH 1 6 5 HBC 
R 4 1 CAY 76 HBC 

R 4 I AVG 0 . 2 7 AVERAGE (ERROR INCLUDES 
1 * 1 F I T FRO" F I T [ERROR INCLUDES 

R 5 l X t » l P | P D / I L A H B D A KBARI ( P 5 1 / I R I ) 
R S l « 0 . 1 J SMITH 1 65 HBC - 0 K -P 2 . 4 5 - 2 . 70GEK 

RS2 « 1 * 1 P I P ! > / I X I * 1 / 2 I 1 5 1 0 > P l l 
RS2 L ( 0 . 3 1 APSELL TD HBC 0 K-f AT Z , B T GE« 6 / 7 0 
R52 L I I " S S S . UPPER L I M I T FOR THE 3-BCDY DECAY 
R52 CQNSISTEH 1 W I T H ZEPO GAT 76 HBC - « - P AT 4 . ? GEY 1 1 / 7 7 

H53 
HS3 | P * . P 5 l / l » l l 
R53 C :R LESS BADIER 6 5 HBC 1 1 / 7 7 
R53 C FOH T M - CA Y MODE (X I - P I « PIO> ONLY 

REFERENCES FOR X I * I / 2 ( I B 2 0 I 

HALSTEI 63 SIENA CC*F 173 H A L S T E l N S L I O i * (BERGEN, CEHN, EPOL.RHEL.LOUC 1 I 
BAQIER h i " L 16 11 •DEM0UL1N.GOLDBERG. * E P C L . S A C L A Y . A 1 S T I 1 
S i n n i 6-> PRL 14 25 • L I N D S E Y . B U r r r j N - S H A F E R . M L RAY I L R L I I J P 
SMITH 2 6V ATHENS CONF 2 5 1 G A S M I T H . J S LINDSEY ( L R L t 
TRIPP 6 1 • L E I T H , • I L R L - S L A C . C E R N . H E I O E L - S A C I A Y I 

USE UA TA OF SMI H 1 . 

A L I - I T I 6 9 * P A R H E S . . " L A n i N ( 0 , H E T I G E « , * I 6 N L . S Y R A C U S E ! I 
DAUBER 69 •RERGE, HU33ARD, M E R P I L L , HULLER I L P L 1 
APSELL 7(1 P«L 2 * 7 7 * ( 6 R A H 0 E I S . HARYL«t i [ SYRACUSE. T U R I S I 1 
CRENNEL r<\ PR I D 8 4 • KARSHON. L A I , O f lEALL , SCARR. SCHUMAVN(9H l l 
BADIER T? NO B3T * • BARRELET,CHARLTON. V I DEAl (EPOL) 
ROSSI n PURQUE C , W . 345 R O S S . L L O Y D . O A D O J I C I C (OXFORD) 

kPEBS NOT REFERRED TO I 

SMITH 64 PRL 13 4 1 
MERRILL 6B PR 167 1202 

WEAK EVIOENCE G O V E R N I N G . 
APSELL 6 9 PRL 23 BB4 

SUPERSEDED BY BRIEFEL 7 7 . 
SCHH1CT 7 3 PURDUE CCNF. 363 
BRIEFEL 75 PRO 1 2 1 8 5 ° 

recooRo re n ?JB *5i 

SCHMIDT 
• GDUREW1TCH.K1RSCH* 
••Dm.DlO'JISl.BLOKll 

' L A h D . SYRACUSE, TUFTSI 

I B R A N D E I S ) 
( B R A N * U M D * S r f t A t T U F T I 

H . . | A M S T < C £ R N « « ! J f » O X F l 

H(1940) J C I » l / 2 l l O 4 0 , 

I * f / 2 I 1 9 4 0 ) MASS (MEV 

3S 1 9 3 3 . 0 BADIER 6 5 HBC 
2 7 1 9 3 0 . 0 A L I T T I 6 8 HBC 
6 b I B 9 4 . 0 DAUBER 6 9 HBC 
2 1 1 9 5 5 . D 1 4 . 0 GOLOUASS 7 0 HBC 
2 9 1 9 5 6 . 0 BADIES 7 2 H8C 
2 5 1 9 5 2 . ROSSI 

1 9 0 0 . 1 2 . D I B I A : . .« 
139 1 9 6 t . I B . B R I L F E i 77 HBC 

4 4 1 9 3 6 . ? 2 . BRIEF EL TT HBC 
56 1964 . 1 0 . BRIEFEL T7 HBC 

1 ISO 1 9 3 7 . B I A G I 81 SPE 
I F IT TCI I ' i C L U I V t SPE CTRliM F R O * X l - N - -

LE FACTOR r l . f l ) 

I I - P I 

AVERAGE MEAKIKGL 

CTRliM F R O * X l - N - -

LE FACTOR r l . f l ) 
1DE0GPAM B E i n u ) 

* r O T - ( ? - 9 7 

ICARHJ 
11 J 

DIB JAM*,EHDORF 
tARMENTER0S ,BERGE iG«V tLLE1» (AMST tCER ' 
t G O U R E V I T C H . CHANG* IBRAN*UMD*SYHi 
BMST IBRAMDEIS*MARYLAN0*SYRACUSE*TUFTS1 
* IBP . IS *CAMB*GEVA*HE10*LAUS*L0aM*RMEL) 
* A r i S 0 R G E . C » R T E R . N E A L E . R U S H B R 0 O K E * I C A M B " l S U I 

1900 19*0 1 980 
' l / 2 { 1 1 4 0 ) M A S S (UEV) 

7 b OBC 13 5 
73 0 5 
12 HBC 3 9 
7n HBC 0 6 
6 9 HBC 7 b 
6 S HBC 0 . 5 
6 5 HBC 0 5 

6 0 

3 3 . 3 
(CONLEV 
= 0 0 0 0 ) 

',2 « ! • / 2 I I 9 4 0 I WIDTH [Mr ) 
140 0 3 5 . 0 PADIEP 6*. HPC n • 1 - P I * 
80 D 4 0 . 0 A L 1 7 T ] 60 HBC 1 1 / 6 8 
9B 0 2 3 . 0 D«UBE» HBC I I - 1 
5 6 U 2 6 . 0 r>3lOMAS<; 7C HRC .1 P I 1 0 / 7 0 
35 0 1 1 . 0 BADIER HBC 1 0 / 7 1 
3fl 1 0 . ROSSI I I P I I - 2/T< 
63 

1S9 5 7 . 
D I 6 I A 1 C A 
B R I E F t L !•> OBC 

HBC a 
XI »1 
« l - o i * l 2 . f l T ft-p) 

1 / 7 6 
1 / T 8 

2 4 . B B J E F E l HBC n o p | - ( 2 . E 7 R - P I 1 / 7 8 

to 3 9 . 
B. 

1 F FACTOR 

BRIEFEL 
8 I A G I 

= 1 . 5 ) 

41 
"PC 
SPEC 

- D X ! l l r 3 9 l P I i / 7 8 

MEA INGLESS ISC 1 F FACTOR 

BRIEFEL 
8 I A G I 

= 1 . 5 ) 

41 
"PC 
SPEC 

- D X ! l l r 3 9 l P I 

ISEE LU OGBAH SEIOH ) 

81 SPEC 
7 7 HBC 

8 I AG I 
BRIEFEL 
BRIEFEL 71 HBC 
BRIEFEL 77 HBC 
DIBIANCA 75 DBC 
R0SS1 73 
BADIER 72 HBC 
GOLOWASSE 70 HBC 
D&UBER 69 HBC 
ALITTI 68 HBC 
BADIER 65 HBC 

50 150 
2(1940) WIDTH (MEV) 

(CONLEV 
=0 0Z2) 



Baryons 
H(1940), S(2030), •1(2120) 

Data Card Listings 
For notation, see key at front of Listings. 

xm/pu'jto] i 
X1*1/2U94C( INIO XI PI 
XI * I /2 ( i9M)) INIO XI«U530» PI 
X l » l / Z U 9 * 0 l INTO XI P] PI (EXCLUDING P2> 
X1*1/2(I940) INTO X]0 P I -
X l * l / 2 f l 9 « 0 ) INTO X I - PIQ 
m » l « ( 1 9 « ) INTO SIGH* KBAR 

OECAV 

1533* 139 
1321* 139 
1314* 139 
1321* 136 
1197* 49T 

^¥PB}HE^kBdF--^^ 
• 1 / 2 1 1 9 4 0 ) INTO (XI P i l l 

APSELL TO HBC 

P I | / I X I * 1 / 2 I 1 5 3 0 1 P l l ( P 3 ! / [ P 2 1 

H / 2 I 1 9 4 C I INTO ( X I 
. 2 . 6 b. 
I I S BR I S 2 . 0 1 0 . 5 ) 

6 . 5 S E W C 2 / 8 2 * 

B A O U H 65 PL l b 1 7 1 
A L I T T I 68 OBI Z l I H I 
OAUBER 69 PR I T S I 2 6 2 
A P S E L l 7 0 PRl 2 4 7 7 1 
GOLDWASS TO P I 1 0 I 9 6 0 
5 A 0 I E R T2 NP B 3 7 . 4 2 1 
ROSSI T3 PU=DUE CCNF . 3' 

01B IANCA 75 SB 6 9 0 137 
BRIEFEL 77 PR} 1 6 2704 

ALSC 7 0 DUKE COVF. 3 1 7 
B I A G I B l IPMY d 3 0 * . 
HASSALL 81 NP B 1 8 9 3S7 

Sî t--

REFERENCES FOR X l » l / 2 ( 19401 

•DENQUL1N, GOLDBERG. * I E P G l i 5ACL4Y . A>>5T > I 
4 F l & H I N I 0 . M E T 2 G E < t i R f t D D J I C t C > * l 8 N L i SYRACUSE 1 I 
• B F R G E , HUBBARD. M E R R I L L . NUILER I L « L ) I 
* (BRANDE1S. MARYLAND. SYRACUSE. TUFTS) I 
E L G0LDMAS5ER, P F SCHULTZ ( I L L I N O I S I 
« B A R R E L E t . C H A R L T O N . V ! D E A U ( E P 0 L 1 
"OS 5 , LLOYD. I M D n . l t C I C I OXFORD! 

D lB lANCA.ENDORF ICARN) 
•GDUREVITCH.CHANG* I BFAN*UMD»5YH A * T U C T > 
BMST < 6 R A N D E I $ * N » R Y L A N D « S « A C U S E « T U f T S I 
* <BR1S»CAMB»GEVA*MEI04LAUS*L0QM*RHEL> 
* A N f C R G E , C A R T E R , N E A l F . R U S H B R C 0 « E » ( C A M 3 » M S U I 

PAPERS NOT REFERRED TO I N OATA CARDS 

* ( B R A N O E I S , MARYLAND, SYRACUSE, TUFTS) 

BANOEIS) 
IBf J*UMD*SYO 

E(2030) X I * 1 / 2 ( Z 0 3 0 . ^ • 5 / 2 OP GREATER! 

THE EVIDENCE FOR T H I S 5 
BY HEMINGWAY T T , WHO 5E1 
I N SIGMA KHAR AND A HEAI 
6 L I T T I 6 8 AND HEMINGWAY 

XI PI ft tn* XfltbdO) Pf) CHANNEL tl CI 
DECAY INTO LAMBQA/S IGNA MBAR P I REPORTED 
CONFIRMED BY "EMINRHAY 7 7 . 
A MOMENTS ANALYSIS O f IHE HEMINGWAY T 7 OAT. 
I S GREATER THAN 0 0 FOUAL T<3 5 / 2 AT A LEVEL 

ATE HAS BEEN MUCH ( " P R O V t O 
AN B S T C . DEW- ENHANCEMENT 

;£R COUPLING TO LAMBDA K « W . 
7 7 OBSERVE NO SIGNALS I N THE 

MTfe tST TO OlBltHC* 7 5 . THE 
BY BARTSCH 6 9 I S ALSO NOT 

IF SP IN 

01 MASS C E V I 

A L I T T I 6 9 HBC 
BARTSCH 6 9 HPC - 0 K-P 10 GEV/C 
ROSSI 73 HBC 
D I f t t A N C A 75 DBC - 0 X I 2 P 1 . X I * P I 
HEMINGWAY 77 HBC - K-P AT H.2 GEV 

2000 2020 2040 2060 
XI'l/2(2030) MASS (MEV) 

HEMINGWAY 77 HBC 0 . A 
D IB IANCA 75 DBC 5 . 5 
ROSSI 73 HBC 0 8 
8ARTSCH 69 HBC 
A L r r n 69 KBC 0 . 2 

6 . 9 
(CONLEV 
=0 075 80 2 1 0 0 

0 . 2 
6 . 9 

(CONLEV 
=0 075 

' 1 / 2 I Z O 3 0 I WIDTH MEV1 

A L 1 T T I 6 9 HBC 
BAPTSCH 6 9 HBC 
RDSS1 7 3 HBC 
D I B I A N C A 75 DBC 
HEMINGWAY 77 HBC 

HEMINGWAY 77 HBC 
DIBIANCA 75 DBC 
ROSSI 
BARTSCH 
AL ITT I 

73 HBC 

69 HBC 

0 50 100 

X I ' 1 / 2 ( 2 0 . 5 0 ) WIDTH (MEV) 

. DECAY MOOES 

111 INTO X | P | 
INTO LAMBDA KBAR 
INTO SIGMA KBAR 
INTO X l * l / 2 f 1 5 3 0 ) P I 
INTO X | P| P I (EXCLUDING P 4 I 
INTO LAMBDA KBAR P I 
I N I O SIGMA KBAR P I i l l ; is 
t" * l * l / 2 < 2 0 3 0 > BRANCHING RATIOS 

W",?AV, INTO I ( | P I I / I M O D E S P I TO P 4 I 
OR LESS AL ITT 1 6 9 HBC "YSh-Z ';;:;; 

'•'"\l°',V, INTO I X I P D / I S I G M A K8AR) 
CR LESS C L = . 9 5 HEMINGWAY 77 HBC ""I'll. ; o . « 

"""l°A? INTO l l A M KBAR] / (MODES P I TO P4 ) 
0 . 1 5 A L I T T I 6 9 f B C 

P?I / I . | *P2 >"»« 
'•""I'AV 1NIC (LAMBDA K B A R i / I S I G M A XBAR) 

0 . Q 9 HEMINGWAY 77 HBC "lil'V,. ? « . 

,.,„.»,., INTO ( S i r . K B A R I / I H O D E S " I 10 P 4 I 
0 . 2 3 A L I T T I 6 9 HBC „,„„.., °i;zn 

'•"",l°AV, f k T O I K I * P I I / I M D D E S P i TO P 4 I 
DP LESS A L I T T I 6 9 HBC "!';s-:r •;;:;; 

, . I / ; I ; O - . O I INTO ( x | P I P I INCLUDING X I * P I 1 / ( S I C -« I U I 

c 
C , „ , , : ? • ; ; ; 

• R LESS C L " . 9 S HEMINGWAY 77 HBC -
Y MODE I X I - P I * P l - I CNLY 

I M O lLAMBDA KBAR P D / T O T A L 0 6 1 

? GE*. 

K I » 1 / 2 I 2 0 3 0 1 INTO (SIGMA RBAR P I I / I S 1 G M A K! 
( 0 . 0 4 1 f i n LESS C L ' . 9 5 HE"INGWAY 7' 

FOR THE DECAY MODE I 5 I G M A * - K- P I - « I ONLY 

REFERENCES FOR X T M / 2 U G 3 0 1 

A L I T I I 6 9 PBL 2 2 T* • B A R N E S . F L A U I M O . M E T Z G E " . • I B N L . SYRACUSE) I 
BARTSCH t,t PL 2 8 6 « 3 9 » (AACUEN. B E R L I N . CERN. L O I C . V IENNA! 
ROSSI 73 PURDUE C C N f . 3«5 R O S S , L L O Y D . R A D O J I C I C IOXFORO) 

O IB IANCA 75 NP B9B 127 
KCMINGHA 77 "L 686 19? 

ALSO 76 ° L 6 2 B H I 

DIBIANCA.ENOORF (CARN) 
M E t f N G W " . ARMEIV7ER0S* l*HSfCF"H*H}Jt*OHFt I J 
GAY.ARMENTEf ins .BERGE* ( » M S T * C E R N » N I J M | 

H(2120)| X I * 1 / 2 ( Z 1 2 0 , I I 1/7 

T H I S EFFECT I S REPORTED I N GAY 76 AS A 
^ ^ ^ ^ ^ ^ ^ ^ FOUR STANDARD D E V I A T I O N ENHANCEMENT I N 

J LAMBDA K - . AN ANALYSIS OF THE SAME OAT* BY 
l-EMINGWAY T 7 , BUT H l T H ADDIT IONAL S T A T I S T I C S . 

POINTS OUT THAT Tt-E S IGNIF ICANCE O f THE ENHANCEMENT I S GREATIY REDUCED 
I F A RESTRICTIVE FOUR-MOMENTUM COT I U - C U T ) IS MAOE. T H I S SUGGESTS 
AN ANOMALOUS PROOL-CT ION HECHAN I S " I F THE STATE I S GENUINE. 
CHLIAPNIKOV T9 REPCRT A BUMP OF I B EVENTS AT 2 1 3 7 PEV I N AN I N C L U S I V E 
ANTI -LAMBDA K* SPECTRUM FROM «*P INTERACTIONS AT 32 G E V / C . THE •<• ARE 
NOT UNIOUELY I D E N T I F I E D . BUMPS WITH LOWER NUMBERS CF EVENTS ARE ALSO 
REPORTED " 2 2 4 0 , 2 6 3 0 , AND 2 5 4 0 MEV. 
I N NEED CF CONFIRMATION. OMITTED FROM TABLES. 
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Data Card Listings 
For notation, see key at front of Listings. 2(2120), 2(2250), 

Baryons 
•(2370), 2(2500), 0" 

103 KI*1/2(2120I 

' l / 2 r 2 1 2 0 l H I O T H IMEV1 

1 0 * X ! * 1 / 2 I 2 1 2 0 1 P A R T I * 

' 1 / 2 ( 2 1 2 0 1 INTO LAMBDA KBAR 

DECAY fODES 

1 0 1 1 1 * 1 / 2 1 2 1 2 0 1 BRANCHING R 

X I * 1 / 2 I 2 1 2 0 I INTO ( L I M B O * K B A R I / t O T A L 
7 6 HBC - K- P AT * . 2 GEV 2 / 7 7 

CAY 7 6 CL 6 2 B * T T 
HEMINGtfA TT PL 6 6 B 1 « 
CHLIAPN1 7 9 I P B15B 2 5 3 

REFERENCES FDR X l * l / 2 ! 2 1 2 0 ) 

+ARMENTERDS,BEP.GE,GA.VllLET + I A M S T * C E R N + N I , i H | I 
HEM INGWAV. INHENTEROSt ( IMSTtCERN+NUNt -OXF I 
CHLUPNIKOViGEROVUKDv* I 5ERP*BELG*MDNS) 

•(2250) 22 Xl* l /2 '2250t JP" ) 

THE EVIDENCE FDR T H I S STATE I S WEAK. BART5CH 6 9 SEE 
t BUMP OF NOT MUCH STA T I ST I C A L S I G N I F I C A N C E I N LAMBDA-
K B A R - P f , s r C H K - K B A f l - P I , tHO XI-PI-Pl MAIS SPECT** . . 
GOLOUASSER TO SEE A NARROWER BUMP I N X l - P l - P ! AT I 
HIGHER MASS. NOT SEEN BY HASSALL 81 WITH * 5 
EVENTS/NlCftOSARN AT 6 . 5 G E V / C . 

2 2 K I M / 2 ) 2 2 5 0 ) MASS (NEV) 

35 2 2 * * . 0 5 2 . 0 BARTSCH 6 9 HBC 
18 2 2 9 5 . 0 1 5 . 0 GOLOWASSE TO HBC ti s:,°nsc 

AVERAGE MEANINGLESS (SCALE FACTOR - 1 . 0 1 

22 X t * l / 2 ( 2 2 5 0 l MIOTH (HEVI 

1 3 0 . 0 8 0 . 0 BARTSCH 6 9 HBC 
LESS THAN 3 0 . 0 GOLDHASSF TO HBC -

22 X I * 1 / 2 I 2 2 5 0 1 PARTIAL DECAY H0DE5 

X l » l / 2 < 2 2 5 0 1 INTO X I R| P I !??!•"'=!• "\W 
H I T * * 9 T » 139 

REFERENCES f X I * 1 / 2 ( 2 Z 5 0 I 

BERLIF L Q I C . 

MAS5ALL B l NP 6 1 6 9 1 

: 5CHULT2 

PAPERS NOT REFERRED TD I N DATA CARDS 

+ANSORGE .CART ER,NEALE<RUSHBRCOKE»( C A M S " 

|H(2370)| 171 " 1 / 2 ( 2 3 7 0 . J P - 1 1 - 1 / 2 

SEEN BY RHIREADEH BO ANO HI5SALL S I I N THE CHARGEO AND 
NEUTRAL LANBOA/S IGMI KBAR P I MASS SPECTRA FROM THE 
REACTIONS K-P — > K I * K ANO X I * K * I . A f l tP tALEH P.0 ALSO 
OBSERVE A SMALL EFFECT AT THE SANE MASS IN THE DHEGA- f. 

INSOH BO Se-ANtlVSE THE OAT 4 OF JMlUtDEH BO BUT UJTH MASS SPECTSU* 
5 0 PER CENT MORE S T A T I S T I C S . 
I N NEED OF FURTHEP CONFIRMATION. OMITTED FRO". T A B L E S . 

X I " 1 / 2 I 2 3 T Q 1 MASS (HEVI 

* t / ? ( 2 J T » t WIDTH tMEVI 

131 X I * 1 / 2 I 2 3 T 0 I PARTIAL OECAY MOOES 

X l M / 2 ( 2 3 7 0 > INTO LAMBDA KBRR P I ( I N C L . P * * P 6 ) 
X I » 1 / 2 ( 2 3 7 0 1 INTO SIGMA KBAR P I ( I N C L . P 5 + P 6 I 
X I * 1 / 2 ( 2 3 7 C I INTO ONEGA- K 
X I M / 2 1 2 3 7 0 1 INTO L«HBDA KPBRRIS92 ) 
X I « 1 / 2 ( 2 3 T 0 I INTO StCNA H * B I R I S 9 2 I 
X [ * l / 2 ( 2 3 7 a ) INTO « l l l ! ) < l KBAR 

DECAY MASSES 
1 1 1 ! * « 7 
1197+ * 9 7 1 3 9 

1 1 1 5 + 8 9 1 
1 1 9 7 * 8 9 1 
1 3 8 5 + * 9 T 

[ • 1 / 2 1 2 3 7 0 1 BRANCH1 

8 . 7 5 CEv 2/62* 

r 8 . 2 5 GEV 2 / 8 2 * 

REFERENCES FOR X I * 1 / 2 ( 2 2 7 0 1 

AKIAZAD SO PL 90B 5 2 * AM1R2A0EH* (E>IRM.CERN»Cl*5*«S' .J>L P N P I I 
ALSO 80 K1NS0N 

KlNSON BO TORONTO CONF. 2 6 3 J . B . K I N S O N * ( B I P M « L E R f H « . A S * " S I I » l P N P I I 
H A 5 5 A U B l NP B I 89 3 9 7 'AN50RGE.CARTE>.NEALF.Pt j5HeRCC*;E* ( t A H B ' M S U l 

2(2500)| 

THEM TOGETHER. 
isis^Hr!": 
9 9 Xl*%/2l2bO!>} 

^:"3 f;j»"«j3' s 

30 2 * 3 0 . 0 
* 5 2 5 0 0 . 0 

2 3 9 2 . 

2 0 . 0 
i o . o 
2 7 . 

A L 1 T 1 I 

OR • 1 . 2 1 

6 « HBC 
6 9 MflC 
75 ORE 

- < -P * . 6 -
- 0 < - P 1 1 r 

XI 2 P | 
iv/r. 

AVERAGE MEANING LESS I^CALE FACT 

A L 1 T 1 I 

OR • 1 . 2 1 

6 « HBC 
6 9 MflC 
75 ORE 

- < -P * . 6 -
- 0 < - P 1 1 r 

XI 2 P | 

99 X I * I / 2 ( 2 5 0 0 1 WIDTH I M ! U 

1 5 0 . 0 
5 9 . 0 

6 0 . 0 * 0 . D 
2 7 . 0 
6 9 . 

A l l T i l 6 9 HBC 
6 9 t'BC 
75 DBf. 

- 0 
«T 2 » I 

AVERAGE MEANINGLESS I S C A l f FACT 

A l l T i l 6 9 HBC 
6 9 t'BC 
75 DBf. 

- 0 
«T 2 » I 

19 x l * l / 2 ( 2 5 0 0 . . » . , . . D , C . » - T O , 

X I H / 2 I 2 5 0 0 I 
X I H / 2 1 2 5 0 0 ) 
X l * l / 2 W 5 O 0 l 
X I * l / 2 ( 2 S 0 O I 
X I » 1 / 2 I 2 5 0 0 I 
X I * 1 / 2 I 2 5 0 0 I 

I N ' O KI P I 
INTO LAMBDA KBAR 
INTO 5IGMA KRAR 
I X T O X I * I / 2 < 1 5 3 0 I P I 
INTO LAMBDA (OR SIGMA) <BAP 
INTO x l P I P I 

P I 

DECAY 
1 3 2 1 * 139 
H I 5 » * 1 7 
1 1 9 7 ' * 1 7 
1 5 3 3 ' 1 3 9 
I 1 1 5 « * i T . 
1 3 7 H 1 3 9 * 

•AS'.L'-, 

13*J 
139 

19 X I * l / 2 ( 2 5 O 0 BRANCHING A M P ; 

X I * I / 7 I 2 5 0 0 I 
1 0 . 5 1 

INTO I X | P I I / I M O D E S 1*1 THRU 
CR LFSS At t i n 6 1 K [ 

P l l / ( P 1 * H 2 
1 STO 0 ! V L I B I T 

• 1/2125001 IN' * K f i A R l / ( H 0 0 E 5 f I P 2 I / ( ° | . B ; . ( 

I * 1 / 2 I 2 5 Q C ) INTO (LAMBDA (U> 

' 1 / 2 ( 2 5 0 0 1 INTO ( X I P I K I I / T O T M 

I PD/10TAI 
| P 5 ] 

6 9 HBC - 0 

OIBIANCA 75 NP B9B 131 

EFEHENfES FOR X I * / 2 ( 2 5 0 0 1 

BARNES.FLANIN10 .XE T7GEP. * (BNL,SYRACUSE) 
(AACHEN. BER L I N . CERN. i a i C . V I E N N A ! 

IBIANCA.ENOOPF (CARN) 

S=-3 1=0 HYPERON STATE (0) 

2 * 0 M E G A - I 1 6 T 5 . J P « 3 / 2 « I 

SEE STABLE PARTICLE DATA 



Baryons 
A* I c(2450), Aj, DIBARYONS 

282 

Data Card Listings 
For notation, see key at front of Listings. 

CHARMED BARYONS 

i*>49Da/c»f2282. JP* 

STABLE P A R I I C I E oai 

Ec(2450) 

. - • D . / [ -»•... O I F . . . ! 

.11 I W TM»I ! « • SI 
lllli;;; 

10* SIGM* r i2*5o HAS*. IHE VI 

1 2*26.3 12.0 T5 "BC t * MJ P IH HNL 7-fT 3 
"» 12**0. 0) 76 SPEC - 0*HM4 BE 11 
1 t ? * « . t (]P "OBF TT DEC ' Ul l ) D IN 12-FT 3 
6 2*?5.c 10.0 9.LIAY T9 HIBC 1 • Nu NE-H IF» tS-Ff 12 
1 2*57.0 CillCCHIP SO HBC < MU 0 IH 1E9C-Isr 11 
I 2*5*.0 

"•"° 
82 HBC » • MJ P IN HF1C 3 

SMBQA/C*! "A5S DIFFEPEhCE 

CA71GLI 75 HBC »« 'IU t 
BALTAV 7<i HLBC t 
CAUCCHIO 90 HBC * 
V7SETTI 82 *BC • 

I » IX BtIL 7-F 

$i&«A/t(2*5a> . BECAY "DOES 

SICA/CC24SQJ IN 

LICr.HI 80 Di 93B 521 

It^Hi'l1*, 

REFERENCES FOP STr,Kg/C(2*50) 

tc iop$,co ' f jOLiY.Launi t . "UPi»GM. • cBNLJ 
«l EL. LEUWJ, SMITH, » COLU*«A*»*IU*FNiU 
OfRRICK.DOWeFCK.HUSGF-AYE. * I »NL*PUHP» 
* t AR0UM9AllS.FBENCH.fi BBS. • rCDLU+BtLlt 
• (B««l»BH",*HBUrtCERIJ*£POL*RMEL*Si"L+L0Ut> 
• GP*E5SLERi » tAACH»8CNN*CE*N«-'<B.'<*a*f 1 

THEORY AND &EY1EH 

•tCEOSGI.GL A5H0K (HAR^I 
*0UlGr..ROSNER <FNHI 
G M IdlLLKlG U61.1 

BOTTOM (BEAUTY) BARYON 

-> 
10 LAHBDA/8015500. 

SEE STABLE PAKTICLF I CARO LISTINGS 

Note on Dlbaryon Resonances 

(by L.D. Roper, Virginia Polytechnic Institute and 
State University) 

The first modern theoretical discussion of 
dlbaryon resonances was probably by Oakes. The 
first experimental hint of them was in a Ap invari-

2 ant mass distribution by Dahl, and in NN partial-
3 1 wave analyses by Arndc for the D tate in a pp 

fc (2S+1) partial-wave analysiB. [The notation is L., 
where S is the total spin, L is the orbital angular 
momentum, and J is the total angular momentum.] 

Dibaryon popularity rose dramatically in 1977 
when strong energy dependence was unexpectedly 
observed In pp polarization experiments at 
Argonne. Also, in that year and the next, Hosh-
izaki claimed the existence of dibaryon resonances 
in a pp partial-wave analysis. In the same year 
Jaffe gave a detailed theoretical treatment of 
multi-quark states. 

Since the last issue of this Review some new 
pp and np polarization experiments have been 
reported which, along with other new and old NN 
scattering data, have been newly partial-wave 
analyzed. There are also partial-wave analyses 
(given in the Listings) of Td elastic, Trd •*• TTpn, 
pp -+• Trd, and yd -*• pn scattering. Most of these 
strongly indicate the existence of dibaryon reso-

1 3 nances In the D, and F„ nucleon-nucleon states, 
I 

and some Indicate possible resonances in the S„, 
3 3 3 3 1 1 

S i ' P T 2' D 3 ' F3» o r G 4 s t a t e s ' 
The Paul! principle restricts two nucleons to 

be in one of the following states: 

1-1: 

(3s, 
1„ 

3 3 3 1 3 

3 3 1 3 3 < P F ). D . F .[ F 

Here the states that couple together (same J ) are 
enclosed in parentheses. Similarly, only certain 
quantum number sets are allowed for AA, etc. 

In the Listings below, we separate the deter
minations of pole positions and Breit-wigner param
eters. To be a resonance, the pole must occur on 
the second sheet for the elastic channel; it may be 
a bound state or resonance for inelastic channels* 
The advantages of pole parameters over Breit-Wlgner 
parameters are discussed briefly in the "Note on 
N's and A's." 

The idea that exotic resonances are really 
* 9 
pseudo-resonances has recently taken a new 
turn. The idea is that box diagrams (e.g., 
involving NA in NN scattering) create resonance
like loops in the Argand diagram without resonance 
poles actually existing. The question is whether 
poles would be created when one unitarized the box 
diagrams in order to calculate physical scattering 
amplitudes. Kloet and Tjon have recently shown 
that a model exists in which, indeed, that is the 
case. However, resonance hunters should definitely 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
DIBARYONS 

report pole positions rather than looping Argand 
diagrams in the future. All vho still suggest that 

1 3 the NN D_ or F~ resonance-like structure is due 
to some dynamics other than resonances must take 
their case to the world collection of NN scattering 
data in the form of a detailed partial-wave 
analysis. 

The dinucleon resonances also communicate with 
the Yd and ltd channels* There is not much Yd data, 
and the multipole analysis does not yield much cer
tainty about which dibaryons are Involved. In the 
Trd case, uncertainties abound and the partial-wave 
analysis yields poor fits compared to the analyses 
of NN data. Nevertheless, the existence of 
dibaryons appears to be corroborated by the Yd and 
Trd data. 

Only a few papers about strange dlbaryon 
states have appeared since the last Issue of this 
Review. It appears that the S»-i dominant reso-

3 nance is in the S. state, an SU(3) partner of the 
deuteron. An excellent review of the S—1 situa
tion is given by Dalitz, who concludes that the 

For a more detailed recent leview of 
12 

dibaryons, see Hoshlzaki. 
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DIBARYONS 

S=0 DIBARYONS 
1C6 BARYON NUMBER ? . STRANGENESS ( 

GA<M 

, ABBREVIATIONS FOR TYPFS 

PARTIAL-WAVE ANAtYS IS RESONANCE 
PARANETRIZATION 
F I T TO NN ELASTIC PARTIAL-HAVE ANALYSIS RESULTS 
F I T TO NX FORWARD AMPLITUDES 
f i - o ELASTIC PARTIAL-WAVE ANALYSIS RESONANCE 
PAMAWETRIZATION 
P I - D - > P I - P N AMPLITUDE ANALYSIS RESONANCE 
PAP.AMETP1ZATI0N 
P P - > P I - D PARTIAL-WAVE ANALYSIS RESONANCE 
PARADETRIZATION 

|NN(2170) EOD 
B - 2 . S - 0 , 1 0 2 — BREIT-MIGNER «A<<i C*EV> 

BREIT -H IGNER "ASS APPROXIMATELY EQUALS REIPCLE P O S I T I O N ! . 

H itlTO.i HOSHtZAKi 79 NN I D 2 ASSUMED BCD6*r*0 
1 2 1 1 0 . 1 ARVIEUX SO P I D 1 0 2 

A I Z t l S . t KAM0 8 0 PPPD 1D2 
1 2 1 7 0 . 1 H O F T I E I E B l P I C I I D 2 
1 2 1 4 0 . ) KANAI « 1 P I D 10Z SOL. B AND C J / B 2 » 

M 1 KAM0 SO D ID hZJ TRY F I T S W I T H FEWER THAN S I X RESONANCES. 
KANAI S I F I T WITH NO RESONANCES WAS WERY POO* AND C ID NOT TRY 

B OTHER F I T S WITH FEWER THAN FOUR RESONANCES. 1 / 8 2 * 

1C6 B » 2 . S ' 0 . 102 — BREIT-WIGNEf i W I 0 T H ( M E V l 

BREIT-MIGNER WIDTH APPROXIMATELY EQUALS 2 T IMES I M I P 0 L E P n S I T t O N l . 

u 1 0 3 . TO I S O . HOSHIZAKI 7 9 NN 1D2 ASSUMED BCKGRND 
tf 1 1 1 4 . ) KAM0 I D PPPQ 1 0 2 

I T 5 . I M O F T I E I E 11 P i n t 1DJ 
I S A . ) KANAI B l P I G I D 2 S O L . B 

" B ( 5 * . ) KANAI B l P I O 1 0 2 SOL. C l / « 2 « 

1C6 B - 2 , S - 0 , 1D2 — BREIT-UtGNER E L A S T I C I T Y 



Baryons 
DIBARYONS 

Data Card Listings 
For notation, see key at front of Listings. 

106 » * 2 . S * 0 . 1 0 2 — REIPOLE P O S I T I O N I f H E V I 

' C S I 1 I 0 N I ftPPROKlMTELV EQUALS l « E I T - H t C K E K NASS. 

120*5.1 
(2135.1 
(2150. t 
(2151.) 

BHRNDAHI 
BHANOAR] 
EDWARDS 
KLOET 

S I NN 
8 1 NN 
8 1 I N 

1 0 2 K-HATRIX F I T 
LD2 N - M T P . I X F I T 
LD2 R-WATRIX F I T 
1 0 2 POT. MODEL F I T 

RE C KtOET 8 1 OOZS NOT SHOM GODOHESS OF F l l 

II 
- A B S f R E S I G U E I / I P H P C L E P O S I T I O N ) 

BHANORRI 8 1 NN 1 0 2 K-HATRIX 
BHRNOARI S I N » 1 0 2 M H I I I I 
EDWARDS B l NN L02 K-HATNtX 

|NN(2250)| E 
8 * 2 . S - 0 . 3F3 — AftEIT-WIGNFR PUSS IMEVI 

<23«a.) 
12220.) 
12240.1 
2260. IFIXEDt 
2 2 1 6 . 
2301 1 2 . 

GREIN 7B NNF 3 F 3 
M05H1ZAKI 7 8 UN 3 F 3 ASSUMED BCKGRJ 
ARVIEUX BO F I D 3 F 3 

BO GDPN 3 F 3 SOL. A 
8 0 GDPN 3 F 3 S O I . * • 
8 0 GOPN 3 F 3 SOL. B " 
SO PPPD 3 F 3 
8 1 PTC 3 F 3 SOL. fl tlO C 

IKEOA 
IK EDA 
IKEDA 
KRKO 
It »N11 

WITH POOBEW F I T S TO O A T * . 

- BRE IT -U IGNER WIOTh I PEV I 

"l;:'s,iS; 
T8 t 3 F 3 

) — BRCir -wrGMEI t E L A S T I C I T V 

H05H1ZRKI T8 NN 3 F 3 

B - Z . S - 0 . 3F3 - M ( » O L E P O S I T I O N ) I H E V I 

•ssii 
BHANOAKI 
BWANOA*.( 
EOWAADS 
KLOET 

3 F 3 K-HATRIX H I 
3 F 3 « - N A T R t X F I T 
3 F 3 K-1ATR1X F t ! 
3 F 3 POT. MODEL F I T 

9 * 2 . S « 0 . 3F3 — IHIPCLE P O S I T I O N ) f H E V l 

( - 2 , S « 0 . 3 F 3 -

OTHER NN 

i«2. s-o NISCELL. 

I / « 2 » 
1 / 8 2 * 
1 / 8 2 * 
1 / 8 * * 

1 0 2 - - I H I P O L E P O S I T I O N ! INEWI 

IATELV EQUALS B l E I T - h l C N E P WIDTH O I V I O E O 

B-UNQAR1 8 1 NN 1 0 2 K-HATft tX F I T 1 / 8 2 * 
BHAN0AR1 8 1 NN 1 0 2 * - « * « • * F I T 1 / M * 
EDWARDS 8 1 NN 1 0 2 K-NATP.IX F I T 1 / 8 2 * 
KLOET 8 1 NN 1 0 2 POT. tODEL F I T 1 / 8 2 t 

[ T 8 NN 3 F 3 ASSUVEO BCKGANO 
8 0 GOPN 3 F 3 SOL. A 
8 0 GDPN 3 F 3 SOL. A ' 
8 0 GDPN 3 F 3 SOL. B " 
8 0 PPPO 3 F 3 
8 t P I O 3 F 3 S O L . B 
Bt P I O 3 F 3 S O L . C 

I 2 2 5 0 . I Gam SO '"it 3 S i OR 3 9 1 
( 2 1 9 0 . 1 H A S W O H 8 0 NN l f 3 ASSUMED BCKGRNO 
1 2 3 5 2 . 1 I K E O i 8 0 GOPN 3 S 1 SOL. A 

1KE0R to com 3si set. A* 
1 2 2 0 0 . 1 ( U . I IKEDA 8 0 GOPN 3 P 2 S O L . C 

2 3 B 0 . F I X E D ! IKEDA 1 0 GOPN 3 S l SOL. C 
1 2 3 7 7 . 1 IKEOA so corn aoj s r i . 8 " 

KAMO 8 0 PPPD I S O 
( 2 1 1 T . ) KAHO RO PPPD 3 » 2 

turn 90 PPPB W2 

1/B2* 
1/B2* 
1/82* 
1/82* 

BHANDAA1 
• H A W A I I 1 
EDWARDS 
KLOET 

8 1 NN 
8 1 NN 
8 1 NN 
8 1 NN 

3 F 3 K-HATRIK F I T 
3 F 3 H-MATRIX P I T 
3 F 3 K-MATRIX F I T 
3 F 3 P O T , MODEL F I T 

1 / 8 2 * 
1 / 8 2 -
1 / 8 2 " 
1 / 8 2 * 

— A 8 S I I E 5 I D U E ) / I * t ( P C L E P O S I T I O N ! 

BHAHOARI S I NN 3 F 3 K-MRTRIX F I T 
BMANOARI 81 KN 3 F 3 M-M«TR[K F I T 
EDWARDS B l NN 3 F J K - N 4 T R I X F I T 

1 / 8 2 * 
1 / 8 2 " 
1 / 8 2 * 

1 / 8 2 • 
1 / 8 2 * 
1 / 8 2 * 
1 / 8 2 * 
1 / 8 2 * 
1 / 8 2 * 
1 / 8 2 * 
1 / 8 2 * 
1 / 8 2 * 
1 / 8 2 * 

( 2 2 H . I 
t2300 . ) 
I25LO.) 
I 2530. ) iHisi! 

F 3F2 RESONANCE INDICATES 3F2 RESONANCE (ICCAUSE T H E * ARE COUPLED. 

106 B * 2 , S - 0 MISCELL, 

1100. 
150, 1 

(3*2. 1 (69 .1 
200. tFIXEDI 

1263. 1 151.1 
200. (FIXED! 

121*. 1 152.1 
1315. 

158. 

151*. 
[131 . 
(150. 
(122. 

GREIN 
HASHIK: 
1KEDA 
IKEDA 
IKEOA 
I NCSA 
IKEOA 
KAHO 
K4N0 
KAHO 
KAMO 
K A K M 
KANAI 
KANA1 
KAMI] 

• W E I T - W I C N E P WIOTH (»»Evt 

HO NNF 3 S 1 OR 3 0 3 
1 BO NN 1 F 3 A$SU"EO 8CKCSND 

8 0 GOPN 3 S 1 SOL. A 
8 0 GDPN 3 S 1 SOL. A' 
8 0 GOPN 3 P 2 SCL. C 
8 0 GOPN 3 S 1 SOL. C 
BO GDPN 3 D 3 SOL. B " 
80 PPPO ISO 
8 0 PPPO 3 " 2 

8 0 PPPD 3 F 2 
BO PPPD 3 P 1 
81 PID 3P2 SOL. B 
Bl » I 0 3P2 SOL. C 
81 PID IG* 50L. 9 

PIO ISO SOL. C 

GKIN 7* * P 8 1 3 7 173 
HOSHIZAP 78 PTP 6 0 1T06 
HQSH1ZA* PTP 6 1 1 2 9 
AHVievX 80 W A 3 5 0 1 0 5 
GREtN 8(1 PL 9 6 6 176 

1 / 8 2 * HASHIPDI 80 PTF> 6« I6"i3 
IKEOA 8 0 NP 8 1 7 2 509 

1 / 8 2 * KAHO Rfl LNC 2 9 2B9 
1 / 8 2 * ALSt • f ) PT» 6A 21AA 
I / S 2 * 
1 / 8 2 * BHANORRI 81 PPL * 6 1 1 1 1 
1 / 8 2 * EDWARDS 81 •A 0 ? 3 1 5 7 8 
I / S 2 * HOFTieze • • C 2 3 * 0 T 

FTP 6 5 2 6 6 
1 / B 2 * KLOET 
1 / 8 2 * 

H I D AH A TT PL 70B 4 7 9 
FRASCARI PL 9 1 8 3 * 5 
KUBOOERI 8 0 JPG 6 1 T 1 
ARGAN 

1 / S 2 * AP.VIEUK 81 PL 1 0 3 8 9 9 
1 / 8 2 * BOLGEA 81 "RL 4 6 167 

GREtN • 1 JPG 7 1 3 5 5 
HOLT fll PRL « * 7 2 

t / 1 2 * KLOET Bt MP * 3 t A 3*6 
NINE HART 81 PRL * 6 U B S 
N I I U T A N I RI PL 10TB 177 

1 / 6 2 * R I N A I fll PL 1 0 4 8 IB2 
8 1 NP » 3 5 8 347 

REFERENCES FOR B-Z t S - 0 STATES 

U . G R E 1 N . P . K R 0 L L 
N . H O S H I Z A K I 
N .H0SHIZAK1 
J . A R V I E U X . A . S . R I N A T 
W . G R E I N > A . K R O N I G | P . K R G L L 
K . H A S H I M O T O . N . H 0 S H I 2 R K I 
• A R A I . F U J I I . F U J I I > I H A S A K I » 

r t ron 

KAHO.WtTARI .VDNEZAUl 

( G n E N * P E H O * S A C D 
I S K * W 0 » P 1 

ItVOTI 
IT t )Kr»KElC<INUSI 

rasAn) 
( O S A K * H I A 0 1 

t l R N D T .ROPER. VERWEST fWHTtHVI 
B.J.EDWARDS ( A N L I 
•BAKER.CLEMENT.DPAGOSET• I P I C E * H 0 U S * 8 0 N N I 
•MIKAKA.KAKAMURR* IT f i ( j *KAt ;a*TW«S*S<GJ( 
W . M . K L O E T . J . i . T J D N (PUTG»U7RE> 

P I P E S S NOT REFERRED TO I N ORTA CI.*OS 

< 8 E R E T V A S . N I E L D . S P I N K A * ( A N U 
• B R I S S A U D i O I O E L E Z , P E R R I A » (tl>H+G*EH*SEtJC> 
•LOCHER.NVHRER.ThCMAS ( S I N » N O R O * T R | u l 
*AUDtT<DEf iOTTON.FRUREiMAPTIN ! S » C L 1 
J .1KV1EUX fG»EHHHl> 
» B O S C H I T I . P R O B S T L E . S M I T H I K « R L * S I N * E R L * « I 
U .GREIN .M.LOCHER ( S T N I 
* S P E C H T , ; » c p H e « S O N , f E I C W N * { i N L * l A S ( . * l 
W . K L 0 E T , ? . S U 3 » » ( R U T ^ L A S L I 
•SOSWELL.ORVIS .L^V .MCCAPTHV* I U I R G » L A S L I 
* F A Y £ H 0 . L A * T O T . * ( t « « f l E r t R K ILVOH*»SGEt 
A . R I N A T . J . A R V I E U X (GREN*REHO*SACLI 
G.TAHAS f S A t l l 

S = - l DIBARYON 
1C7 I U T O N NUHRER ! STRk^GENESS - I STATES 

LRPBDA-P INWAR1Ai«T MASS 
l i » B O » - N I I V A R I A N T MASS 
STGHA~(> n n . D I M i « * > s 
BARV0N-8ANV0N SCATTERING COMBINED A-DLITUDE J 

|AN(2130)| 1=1/2, 3S 

BREIT-WIGNE MASS APPR OX HRTELV EQUALS aEtPOLE P O S I T I O N ) . 

2 0 9 8 . 6 . 
( 2 1 2 6 . 1 C l I N E 6 8 L P I M 3 S 1 3 > l 
1 2 1 3 0 . 1 
f 2 I 3 0 . 1 6 9 LP I N 

2 1 2 8 . 7 0 . 2 TftN 
( 2 1 3 4 . 8 ! ( 0 . 7 ! TAN 6.3 L P I M 
( 2 1 2 9 . 1 

212 T . 1 . StHS 7 1 L P I N L N l - 0 - 0 . I 
2 . S SHAHBAZI 7 3 L P I M 0 - 1 

1 3 . 9 1 SHRHBAZI 7 3 LP1K 
1 2 1 1 5 . 1 75 L P I N 

2 1 2 9 . 0 0 . 4 BRAUN 7 7 I P 1 H 
1 2 1 3 0 . ) 
1 2 3 2 0 . ) GOVRL BO SP IN Q»0 

SIGMA- D TO LAD BOA N T 

GCVAL 7 1 P.A EES 00U8TS ABOUT THE EXPERIMENTAL PR 
I N J A I N 6 9 . J A I N STU01ED <_ EMULSION TO LAHBOA P . 

K- 0 TO P I - LANROA P , P I - LAHSOA P i t H, AND P I - LAPBOA # 1 0 P 

1 / B 2 * 
1 / 8 2 * 
1 / 8 2 * 

5 - D M I S C E L L , — W E I T - H C - N E H E U S T 1 C I I V 

HASHIMDTO BO NN 1F3 ASSUMED flCKGRKD 

m 
1 / 8 2 * 
1 / B 2 * 
1 / B 2 * 

V P TO LAPBC1 P X FOR P I N CARBON 1 2 . 

X - D TO P I - * I 0 LAMBDA P . 

\H PEAK RT 2 1 9 5 - 2 2 1 0 PEV. 

K- D TO P I * P I - S IGNA- P . 

http://8ERETVAS.NI
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
DIBARYONS 

1 0 . C« i F S S 

«»FlT-«ir,M[» 

ssr 

• Bftpnr PDSJTI 

iiilili 
' T i D O L E P O S I T I O N ( 

s:;:ss ii'r.iw.i 

CCMN 6 * P « L 2 2 6 6 9 
C U M 6 6 PP.L 20 1*52 
ALEXANDE PBL 2 2 * B 3 
J A I N 6 1 OR | F 7 IB1G 
T IN 6 9 PPL 2 3 3 M 
EAST«OOO OS 3 3 « 3 
sr-«s 7 i PR 0 1 1*2 
ShAHBAJ 1 75 •10 B5 3 1 1 

50QH1 T5 NO 6 9 1 * 0 3 
9PAUN NO 6 1 2 * <.5 
GOYAL PB 0 1 8 1 * 8 
•IAGELS »0 0 2 0 1633 
OOSCH 8 0 IOC 3 4-9 
<:o»*i 80 P i o 6 * 700 

HEFEPENCES FOR B = 2 . S - - I STATES 

H.O.COHN.K , H . B H * W . H . f . e u G ^ 10RNL* TENNI 
D . C L t N E , » . l . A U H A N N , J . * A P P (Wl SCI 
ALEXANDER.HALL , JEH • K A L H L S , ' E R N A N (LBL*UCP-J 
P . L . J A I N I B U P F I 
T . M . T A N ( S U t ) 
• F f l Y . H E A T H C O T E . I S L A N * ( 8 I O M * E O I M * G L i S * L Q I C > 
* 0 ' N £ » 1 . . 4 l B * I C M I . 9 R U C K E f i , t » m j n [ I ^ S u J 
B . S H « H B A / I 4 S , » . T I H Q M H & I J I N R 1 

A .SODMt .O .GOYAL I DELHI 
*GRIHM.HF.PP,STP.QEBELE.THOEL* I MF !0 *M i> l M) 
D . G O * * L . 1 . S O D H | t O E L H I 
X . N A G E I S ^ . B I J K E N , J .OESKART I N I J H ) 
H . 0 O S C H , | . S T * « A T E S C U ( H E I D I 
O . G O Y A L . J . ' M S B A ( O E L H t 
TAKAHASHI, IWAHU«.»,K1HUPA,KUHF. 1 TDKVI 

» T fl*2. S- 1 — I t - ipo i r posnit .N ( * F V > 

l - ( O D 
BY 2 . 

F c c s m n s 1 APPRO THAI LV F 0 l > » l 5 B P E H - h IGNEB KIDTM OT loco 

ii 
c 

( .> 
•JAGELS 79 BB 
NAGELS T*» PB 
OOSCM BO L P 
T A K A H I & H I BO BB 
TAKAMA5H1 BO »p 

3 5 1 0 * 1 
3S1 O-O 

<• 3 i l 0 * 1 
3S1 0 - 0 , 1 , ? 
I P 0 - 0 , 1 , ? 

'AUOSTf S I P(. I O * B 3 3 0 

P t o f o s NDI I N a t i IA 1 C.A-.0-, 

. A . B I R O L ' E 
•xASHOBf* ,* , H j W „ „ I fcFH - } " ::;;: 
' D E R t r l C I . F IEL0S .HY-4A ' . . ! '(»!'. 1 NWf < ; . A M > 
O.o-GOVAL I O E L H ) 

• A l EXAHOEB , r M A « u C » P D S ( i ' 1 1 ' LIV; ( i t n 
H.G-DOSCW. l - E I C l 
I . Ht£U>»C 
» V A N O E ° V F l D E - < n L Q U £ ! , M I T K I N S ' (10UC-.F>BUJCI 

•VANGl 
" . K t M U f i A . V . I U A « U P « , r . T , H-1KA5K • I T C « Y 1 
O . T D K E B . A . G A L . J . E I S F N F I ERG '' ^ E B P e i i , T H A I 

| S = - 2 DIBARYON 

I N T H U i E C ' t " ' 

VflS NUHPFP 2 . ^IPANr.ENESS - 2 i T A U S 

U i F THE fPLLOWING W l B F l M t r i D N * , FP° 

2, S « - 2 - - " A i l t * E . l 

K F l L L l f P F T2 L L I « O ' C f . A t l s ^ l A N 
I 2 3 f r 5 . 3 ) t t . b t i H a H B A f l A 73 I I I " 0= C 
1 2 1 * 0 . 1 GPYH 90 >PI- O'C 

K- 0 TO < J - 0 « 0 . 
N P TO LA*BCA LAMBDA ' SNO >\~ P 10 L A M R D * LAMBDA * FQ» P I " : 
GAB BON a . 
G D Y ' l BO ALSC SEFS A 540ULDEB aT 2 3 6 0 « F V . 

109 F"2. S=0 - - - ID!" l»EV) 

BEFEOENCEi FOP B ' 2 , S - - 2 S I A 1 

LPERS NOT " E F ! 
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Appendix I 

TEST OF AI = l/2 RULE FOR HYPERON DECAYS 

O. E. Overseth 
University of Michigan 

/. Nonleptonic decay Amplitudes 

In this edition we again use the new convention for the ampli

tudes A and B adopted in 1973. Some theorists have suggested that 

dimensionless amplitudes are more useful to them than the ones 

appearing in the literature. Berge' used a convention with A and B in 

units of s e c - ' / 2 . Samios2 used a convention which gave A and B in 

units of (MeV-sec) - 1 ' 2 . Following is the convention suggested by 

Jackson3, which gives dimensionless A and B. 

The effective Lagrangian density for nonleptonic hyperon decays 

(Bj — B 2 + *") can be written 

Leff ~ G M C

2 [ ^ 2 ( A + B 7 5 ^ I ] * T . 

where G=IO _ 5 m p "' 2 is a coupling constant characteristic of first-order 

weak decays, nc is the charged pion mass, and A and B are dimension

less complex numbers giving the relative amplitudes of the parity-

violating and parity-conserving decays, respectively. The matrix 75 is 

to be taken in the Pauli form, 7 5 = t-j 0 J' ^* e m v a r ' a n t a mP*'" 

tude for the decay is 

M = G M C

2 [ U ( P ) ( A + B 7 5 ) U ( P ) ] . 

where P is the 4-momentum of the decaying hyperon of mass M, and p 

is the 4-momentum of the baryon decay product of mass m. With the 

normalization convention, GjUj = 2nij, the Pauli form of the matrix 

element in the rest frame of the decaying hyperon is 

M = G*i c

2<x 2l \/2M(E+m)A + V2M(E-m)Bff . q |xj>. 

where E is the total energy of the final baryon and q is a unit vector in 

the direction of motion of the final baryon. Comparison with Sec. VI D 

of :he text shows that the amplitudes s and p defined there are propor

tional to A and B: 

s U+m J A L (M+m)2-M2 J 

Here p is the mass of the pion entering the decay. The parameters a, 

0, and 7 can therefore be expressed in terms of A and B, rather than s 

and p, if desired. 

The decay rate for B, — B 2 + JT is 

where q is the cm. momentum of the decay products. For reference, 

the dimensionless constant in this expression has the value ( G V C

4 / 8 * - ) 

« I.948SX10 - 1 5 . 

Table I summarizes the amplitudes A and B for the nonleptonic 

decays of the A, 2, and 3 hyperons. These amplitudes have been cal

culated by using the experimental data for mean lives, branching 

ratios, and the decay asymmetry a given in the Stable Particle Table of 

this Review. Time-reversal invariance is «ssumed and final-state 

interactions are neglected, so A and B are taken to be relatively real. 

The subscript on the hyperon refers to the sign of the decaying pion. 

The statistical correlation coefficient 

<AAAB> 

V < A A 2 > < A B 2 > 

is also given. The absolute signs of A and B have been assigned, using 

the following convention. Taking A(A J as positive, the other S-wavc 

decay amplitudes are chosen to give an approximate fit to the triangu

lar relationships 

y/ZMt*) + ATE*) = A(2T) and \ 6 A ( 2 £ ) + A(A°) = 2A(EI) -

The signs of the B amplitudes relative to those of the corresponding A 

amplitudes are determined by the sign of the appropriate or decay 

parameter. 

Table 1 

M -* m + fi A B C AB 
A 0 — p + T~ 1.47±0.01 9.98±0.24 -0.289 

% - n + T ° -1.07+0.01 -7.14±0.56 -0.740 

K - n + i r + 0.06+0.01 19.07±0.07 -0.038 

^ - p + T° 1.48 ±0.05 -12.04±0.58 0.982 

z — n + T~ 1.93+0.0! -0.65+0.07 0.003 

< - A + T° 1.55 ±0.03 -5.56±0.33 -0.148 
H: - A + T~ 2.04±0.01 -7.49±0.28 0.237 

2. Tests of the AI - 1 /2 Rule 

(a) A Decay 

For A decay the A l - I / 2 rule predicts that r 0 / r _ - 0.50 and OQ 

= a-. In order to determine the magnitude of possible AI—3/2 

amplitudes present we write the linear expressions4 for the AI—3/2 A-

and B-^avc amplitudes in terms of Aa, where Aa is the measured value 

of a n / a - minus the predicted value, and in terms of AT similarly 

denned. Evaluating these we find 
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Ac - —1.54 (A 3 /A,) + !.61(B 3/B,), 

AT - 1.84 (Aj/A,) + 0.25(B 3/B,). 

Here the AI—3/2 amplitudes are expressed relative to the AI—1/2 

amplitudes. The numerical values of the coefficients depend on the 

ratio B/A. The uncertainties in the coefficients are small compared to 

the uncertainties in Aa and AT. Final-state *N interactions have been 

included in these relations but have a very small effect From the 

Stable Particle Table. 

Aa - 0.006±0.066, AT-O.058±0.012 , 

and 

(A 3 /A,) - 0.027±0.008 

(B 3/B,) - 0.030±0.037 

The possible 3% AI—3/2 A-wave amplitude is due to the disagreement 

of decay rates with prediction. At this level the results are sensitive to 

electromagnetic corrections. However, in A decay the phase space 

correction and the other radiative correctioni appear to be about equal 

in magnitude and have opposite signs, 5 , 6 and hence cancel each other 

in the correction to the decay rates. 

Ibl 2 Decay 

The analysis for E decay is very similar to that for A decay. If 

the AI-1 /2 rule is valid. r ^ S ^ / r - t S " ) - 0.50 and «o - a_. For 

this case the expressions linear in AI-3 /2 A- and B-wave amplitudes 

are4 

A« - l.35(A 3/A,) - l.35(B 3/B,) , 

AT - -1.43(A 3/A,) - 0.07(B 3/B,) . 

From the Stable Particle Table, 

Aa - -0.05 ±0.06, AT - 0.066 ±0.020, 

and we find 

(A 3 /A,) - -0.046+0.014 

and 

(B 3 /B,) - -0.01 ±0.04. 

(c) Z Decay 

The traditional test of the Al—1/2 rule in 2 decay is that the 

amplitudes satisfy the relationship 

Graphically this is equivalent to closing the £ triangle when the ampli

tudes are plotted on A, B axes. Including AI>3/2 amplitudes in 2 

decay analysis, the "£ triangle" relationship becomes 

\Jl A, + A+ - A_ - - 3 \ ^ / 5 A 3 + -j= A, , 

where A 3 and A$ are AI—3/2 and AI—5/2 amplitudes, respectively. 

There is a similar equation for the B amplitudes. From Table I, 

V? Aj + A+ - A_ - 0.22±0.09 

\ll Bo + B+ - B_ - 2.7±1.0 . 

If we neglect the AI=-5/2 amplitudes and assume all amplitudes to be 

real we can solve for possible AI=3/2 amplitudes. The result is 

A 3 — - -0.061 ±0.024 

— - -0.074±0.027 . 
B+ 

Thus for hyperon decay, present experimental data limit AI—3/2 

amplitudes to less than about 5%. 

3. The Lee-Sugawara Relation 

From Table I the Lee-Sugawara relation,7 , 8 V5£+ + A 0 - 2 E — 

— 0, is satisfied to -0.05 ±0.11 for the A amplitudes, and to 4.1 ± 1.8 

for the B amplitudes. 
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AppeiriixII 

A. SU(3) CLASSIFICATION OF BARYON RESONANCES 

A. Barbaro-Galtieri 
Lawrence Berkeley Laboratory 

It is established that a symmetry higher than SU(3) is necessary 

to classify the known baryon resonances. However, many higher-

symmetry schemes have been proposed, and even for SU(6) various 

versions exist (for a review see Dalitz1) Since it is not clear which 

one of these schemes best fits the data, we do not review them here, but 

we report once again fits of baryon states into SU(3) multiplets. 

For the reader's convenience, we collect here the relevant formu

lae. 

Exact SU(3) symmetry predicts that all the members of a multi-

plet should have the same mass and the same couplings for decays into 

other multiplets. It has been found, however, that the members of the 

octet of stable baryons lie within 20% of their mean mass; therefore a 

symmetry-breaking interaction has been introduced by Gell-Mann and 

Okubo independently.2 In addition, for the isospin-0 vector mesons (w 

and *) . an additional symmetry-breaking interaction has been intro

duced by Sakurai3 to take care of octet-singlet mixing. The relevant 

formulae for masses and decay rates are given below. 

Broken SU(3) gives: 

Decuplet 

Octet 

Octet-
singlet 
mixing 

A - S = 

2<N+S) 

sin2* = 

Mass Formulae 

= 2 - 3 1 = 2 - a 

= 3A+Z 
A - M „ 

A - A ' 

GMO 

GMO 

Mixing 
a-Sle^ 

GMO 

(1) 

(2) 

(3) 

(4) 
Here GMO stands for the Gell-Mann-Okubo formula; the particle sym

bol indicates its mass. The formulae would be the same if squared 

masses were used. For the nonet case, A is the "mostly-octet" parti

cle, A' is the "mostly-singlet" particle. 

Decay Rates 

in terms of a relativistically invariant matrix element T, the 

decay sate for 2-body decay of a resonance of mass MR is 

T cc ^ (5) 

where f^^k/Mg is the 2-body phase space factor. Since the numerator 

is an invariant, and since T must transform as 1/E, we introduce the 

denominator MR.^ 

For meson decays (see below) the rates are calculated according 

to Eq. (5); for baryon resonance decays into l / 2 + baryons and 0" 

mesons, one next takes into account the fact that spin sums in | T | 2 

introduce another factor M R . canceling the l /M R . We are then left 

with 

T = -—j-j-— Mpj , for baryons 

- J IL iMJ 
M, 

M«j , for mesons. r m N 

(5') 

(5") 

The powers of the nucleon mass M N or M. 2 have been introduced so 

that we can treat |T| as dimensionless. 

jT | 2 contains centrifugal barrier factors, which we call B-. We 

then have 

Decuplet 
Singlet 

Octet-
singlet 
mixing 

with 

r = (cg) 2B,(k)-j^L k 

r - ( c D g D

+ c F 8 F ) 2 M k ) " 

A = G8cos« + G,sin0 

A' •" -GjSinfl + G,cos8 

(6) 

(7) 

(8) 

(9) 
G 8 = C D 8 D + C F « F 

G, = c,g,. 

Here Cj are the SU(3) coefficients with the sign convention adopted in 

this article [see note in the Table of SU(3) Isoscalar Factors and Fig. 

2 in the text]. M^ is the nucleon mass, M^ is the resonance mass for 

which T is calculated, ' ^ .ie center-of-mass momentum for the chan

nel being considered, and gj are the relevant couplings. For the case 

of singlet-octet mixing, Eq. (8) has to be used in conjunction with (6) 

and (7). Gg and Gj represent the couplings for the multiplet, and A 

and A' represent the couplings for the physical states. 

The relation between gp, g F , and the parameter a is 

- I 

(10) -['-**] 
Exact SU{3} predicts that the couplings g ; for all the members of 

a multiplet are the same; however, since the symmetry is broken for 

the masses, it is probably broken for the widths. In the case of the 

3 / 2 + decuplet, broken SU(3l sum rules have been derived by Becchi,6 

Gupta, and Konuma8 independently. The form derived by Gupta 

relates the g; for the members of the decuplet by the relation 

2(A + S) = 32*(Ax) + 2*(2», (11) 

where 2*(AT) is the coupling for the Z( 1385) -- Ax decay and 2*(Sr) 

is the coupling for the decay 2(1385) — £T. 

As mentioned in the text (Sec. IV B) the determination of the 

relative signs of resonant amplitudes cai. be useful in making an SU(3) 



assignment of resonances. In fact the resonant amplitude T cc \/xeXj 

cc GgGj, where the subscript e refers to the elastic channel and the G e , 

Gj are the couplings of Eqs. (6) through (9). Assuming that all g s are 

positive, the sign of the Gj are dependent upon the sign of the 

Clebsch-Gordan coefficients Cj. Once a sign convention is adopted (we 

use the Levi-Setti9 convention, see Fig. 2 in the text) and the signs for 

a 2 state (1—1) and a A state (1-0) of known SU(3) assignment have 

been chosen for reference, the signs of all the other amplitudes can be 

useful in determining multiple! assignments. For exact SU(3) all the 

decays of members of a decuplet have the same sign. For octets the 

relative sign depends upon the value of gp/gp and the mixing angle, as 

seen from Eqs. (7) through (9). 

Fits to the Data 

Fits of baryon decay rates within SU(3) can be found in, among 

others, papers by Tripp, , 0 - 1 1 Levi-Setti,9 Samios, 1 2 and Plane. 1 3 

More recent fits were made by Barbaro-Galtieri14 and Samios. 1 5 A fit 

of the decay rates within SU(6)W may be found in Litchfield et a l . 1 6 

Analysis of the baryon mass spectrum using the quark shell model has 

been done by Jones et a l . 1 ' An analysis of baryon couplings in a 

quark model with chromodynamics has been done recently by Koniuk 

and Isgur.' 8 

For our SU(3) analysis in fitting the data a choice for B, has to 

be made. Plane 1 3 tried two forms for B , : 

(a) The form B , * (kr) 'D.(kr) , r being the radius of interac

tion and D , the polynomials in kr given by Blatt and Weisskopf.'9 

Usually r is taken to be 1 fermi. , 0 

(b) The form B^ = k < 

However, for final results form (b) was chosen. A discussion of the 

differences among these two forms has been given by Barbaro-

GaJiieri.2 0. As shown in Ref. 20, not only the values of the couplings, 

gj. depend upon the form used for B. , but also the value obtained for 

the mixing angle. For the 3/2" singlet, A(1520), and the isospin-0 

member of the octet, A(1690), the mixing angles obtained in the two 

cases were 

9 a = < - | 6 - 1 - U > ° ' 9 b = < - 2 7 - 5 - 3 , : 4 > ° -

in disagreement by a few standard deviations. However, if a radius of 

interaction of r = 0.15 fermi was used for form (a), the two values of 

8 agreed. This valu-. of r does not tit resonance shapes when used in 

the Breit-Wigner resonant form. Samios' 5 used form (b) for B,. 

Table I is a summary of the fits made by us (update of Barbaro-

Galtieri 1 4) using the barrier factor form (a) and exact SU(3). The 

values of the masses, widths, and amplitudes used in the fits are taken 

from this edition's Tables and Listings. 

1/2" Nonet (Baryon-Eta Resonances} 

For this nonet Eq. (7) was multiplied by the factor 

Mp - M n I 2 

M D - M R 

where M B is the decay baryon and M R -Mg=568 MeV is the difference 

of the mean 1 / 2 - and l / 2 + baryon octet masses. This kinematic fac

tor comes from PCAC arguments (i.e., the assumption that the axial 

Table 1. SU(3) baryon multiplets with two or more known members. Values of 6 and a 
[defined by Eqs. (8) and (10)] are the result of fits made to all the measured 2-body decay 
rates of each mutiplet. 

JP Octet members3 Singlct 9(deg)b a 

1/2-

3/2" 
5/2" 
5 / 2 + 

N(1535) 

N(1520) 
N(1675) 
N(1680) 

A(1670) S(1750) 

A(1690) 2(1670) 
A(1830) 2*1775) 
A(1820) S(I915) 

[2(1737)] 
[2(1850)1 
[2(1819)1 

[2(2069)1 

A(1405) 

A(1520) 

A(2110) 

-31+ 7 
-22±11 
-21 ± 3 

22± 5 

/ o . 5 0 ± . 0 6 l c 

\0.56±.llJ 
0 31 ±.04 
1.18±.04 
0.70 ±.03 

Decuplet members" B I0 

3 / 2 + 

7 / 2 + 

A(I232) 
4(1950) 

5X1385) 2(1530) 
2(2030) 

Q - 1.0-1.5 X 2 / D F - 58/3 

a Masses in parentheses are the nominal masses used in the Baryon Table. The H members 
have masses as calculated by using Eqs. (1) and (2) with the mixing angle 8 derived from 
the decay widths. 

" See text for a discussion of the 1/2" mixing angle. 
c The first values of 9 and a are obtained by using a plus sign for the amplitudes of both 

N{J535) -* N17 and A(1670) -» A?. The second values use a minus sign for the second 
amplitude. Both fits, however, have a bad x . mostly due to the two baryon-^ amplitudes. 

d Coupling constants updated from Ref. 14, using new 2(1530) data. 



vector current remains an octet in the presence of symmetry breaking) 

and it was advocated by Graham.21 For the 1 / 2 - nonet it was used in 

this form first by Gell-Mann.22 The couplings for the A(140S) to the 

NK and Zx channels are the same as those used in Ref. 14. 

3 / 2 + Decuplel 

The agreement among the coupling constants obtained for the 

four rates in this decuplet is very bad. The fit made using form (a) for 

B , has x 2 = 5 8 for 3 degrees of freedom; the one made with form (b) 

for B ; has y. 2/DF=l 3/3. The broken SU(3) relation (II), however, is 

very well satisfied. 

B. SU(3) CLASSIFICATION OF MESON RESONANCES 

All of the discussion above applies, except that for bosons the 

GMO formula is usually applied to the square of the masses, as 

opposed to the first power for fermions. Thus for example, Eq. (2) 

becomes 

4K = 3j + i . (2') 

The symbol K was introduced by Glashow and Socolow* for the square 

of the K mass, etc. 

Because of the difference between Eqs. (5') and (5"), there is 

also an extra factor of ( M N / M R ) in Eqs. (6) and (7). The three esta

blished nonets (0~, I - , 2 + ) and their mixing angles are listed at the 

bottom of the Meson Table. 

C. FLAVOR SYMMETRY BREAKING 
IN A UNITARY MIXING SCHEME 

M. Roos 
University of Helsinki 

Because of unitarity, the GMO formula is an approximation, 

which breaks down especially for broad resonances. The imaginary 

part of the mass matrix M 2 is related to the widths, and for mesons is 

of the form 2 3" 2 5 

Im M ^ s ) - Im Itys) - S f e i l b g j l l ) k . 2 ' + 1 s - , / 2 F ( k 1 ) ( I 2 ) 

where i and j are resonance indices, n the hadronic self-energy 

diagram, g i a b the coupling constant for the channel i -* ab, and F a 

hadronic form factor. Only the real part of M 2 approximately satisfies 

the GMO mass formula. More generally, one can assume Re M 2 to be 

given by quark masses in a bare-mass term plus a hadronic mass shift 

Re ITjj(s) satisfying analyticity constraints. In general, ILj(s) is non-

diagonal and breaks flavor symmetry through the differem threshold 

positions. It is diagonalized by a complex orthogonal matrix which 

determines the generally complex mixing angles. The imaginary part 

of a mixing angle is related to the overlap between the resonance.23 

The masses and widths are given respectively by the real and ima

ginary parts of the eigenvalues of M2. 

In this way one can, using both masses and widths as data, 

within the same framework, determine26 both the deviation 5 from 

ideal mixing (i.e., 9 = 35.3° + 5) and the Q A - Q R mixing angle 0 

listed at the end of the Meson Table. 
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Appendix III 

GROWTH OF INFORMATION 

From time to time we have presented figures demonstrating the 

amount of experimental work which has gone into spectroscopy, and 

the amount of new information available as a result. The 1982 ver

sions of these figures are shown as Figs. 1 and 2. 

Figure 1 is a simple count of the number of meson resonances 

listed in the Tables, categorized as those "understood" -- i.e., all 

quantum numbers are believed known -- and those simply "listed". A 

rapid recent increase in both of these categories occurred because of 

the discovery of the J/tf- and related particles. 

— Mesons hilerl rn Tdble I 
1 

- _ w „„ „ „ d „ „ o o d ,„„„„, , i \r-

• 
! > " " 

-

i - - r "L- i - - ' -
' ^ j * 

/ . 1 
1 . 1 

- i >-*•* 

Year of RPP publication 

Fig. 1. Number of meson resonances listed in the Tables 
(dashed line) and those for which all quantum numbers are 
known (solid line), as a function of year of publication of the 
Review of Particle Properties. 

In Figure 2 we present similar information for the baryon reso

nances, but concentrate here on the "growth of understanding". That 

is. the number of known baryons (we include for this figure only those 

with known J p ) has grown only very slowly with time (dashed line); 

the real progress has been in the measurement of the properties of 

those baryons. Therefore we show as the solid line a count of the 

number of baryonic properties -- mass, width, and branching ratios. 

Most of these results are from partial-wave analyses. 

A history of the values of some of the constants in the Review of 

Particle Properties is presented in Figs. 3-7. It may be said that one 

can estimate the age of a high energy physicist by asking him or her 

the mass of the A. If the answer is 1115.44 MeV, he probably was 

deep into his graduate training in 1965. 

BARYON RESONANCES 
I I l 11 I I I I I [ 11 I I I I I 11 I I U I I 

- - Count of unstable baryons 
accepted for Table, 
with known J p 

' — Count of properties 
(m,r, branching ratios) 
for these baryons 

75 77 73 81 
No publication 
these years 

•s£,-rf\ I I I I I I I I I I I 1 I I I I 
1957 60 65 70 75 80 

Year of publication 
85 

Fig. 2. Total amount of information (mass + width + branch
ing ratios) on baryon resonances listed in the Tables, restricted 
to those with well-established J p (solid line). Dashed line 
shows numbers of such resonances listed. Abscissa shows year 
of publication of Review of Panicle Properties. 

A history of this sort has more than whimsical value. We may 

use it as a guide to develop a "feel" for the reliability of current 

values. In Fig. 3 we show how the generally accepted values for the 

speed of light and a couple of other <x>i'stants have changed with time. 

The "generally accepted value" is usually an -..vcrage over several 

experiments, performed by a compiler (in Fig. 3, the compiler is other 
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than the Particle Data Group ir. all cases, although we do quote the 

compiled results). The abscissa on all these figures is the date of pub

lication of the value shown. Clearly there is a general progression 

toward better understanding - at least as measured by the size of the 

error bars. However, the size of the error bars does not tell the full 

story, as we can see by the frequency with which the "best" value has 

changed by more than one standard deviation. Changes in these values 

can come from several sources; a new experimental measurement, re-

evalcation of an old measurement (which can come about if a previ

ously unrecognized source of bias is discovered and corrected, or if a 

new value for one of the input constants, e.g. the electric charge, is 

available), or a change in the averaging procedure. 

In Fig. 4 we show the history of some masses (including the A, 

for radioactive A dating of your colleagues), based on averages which 

we ourselves performed. These are adapted from those originally 

presented by Rosenfeld1 in 1975. Ti.. publication date refers to the 

publication of the Review of Particle Properties. 

In Fig. 5 we show the best estimates for the lifetimes of some of 

the particles stable against strong decay. These and subsequent figures 

have been compiled since publication of the Rosenfeld article.1 In Fig. 

6 we show the widths of some of the resonances, and in Fig. 7, the 

values of some of the branching fractions. All values are takm from 

the Tables. Before 1964, very few branching fractions were listed in 

the Tables. In all cases, a representative sample is chosen, usually 

from those with a Jot of activity (a limited number of special requests 

for a more complete set of such figures may be honored, for those seri

ously interested in the history of the "best" values of physical con

stants). In each figure, the heavy inner error bar represents the statist* 

ical error computed in the averaging procedure, and the thin outer 

error bars, when present, indicate the increase in the error due to the 

"scale factor". The scale factor is described in the introductory text. 

Sec. VII. It represents an attempt to quantify the increase in the 

uncertainty which is present in the case of experiments which disagree 

by more than a certain amount. In the case where the error represents 

an "educated guess," rather than a calculation, the inner error bar is 

absent. 

On the whole, the number of times the values have changed by 

more than one standard deviation over the years is remarkably few. 

Even those branching fractions which involve rare decays and which 

are therefore presumably difficult to measure (Fig, 7) are, for the most 

part, within one or two standard deviations in 1978 of their value in 

any year since 1960. This is in spite of the vast amount of new experi

mental input, and indicates the general reliability of the results. 

Of course, the datu points for a given quantity are hardly 

independent of each other, but those differing by several years fre

quently have quite different experimental input. The relative lade of 

change is a comment both on the experiments and on the averaging 

procedures. We, of course, are responsible only for the averages 

(except F>g. 3). These averages entail considerable exercise of judg

ment: there are conflicting experiments, experiments with impossibly 

small errors, "preliminary" results, and so forth. Statistical pro

cedures will tell us that two experiments do not agree; :hey do not give 

a clue as to which (if either) is a good representation of the truth. 

Maior decisions, and tb~:- ""Mivations, are usually discussed on a 

case-by-case basis in the Data Card listings; general comments may be 

found in Sec. II of the text and in Rosenfeld1. Note that, occasion

ally, the error bars increase from one publication to ;he next. This is 

usually the result of decision making by the compiler, e.g., to cease 

using a particular result, or because of new results in poor agreement 

with the old results. 

We show these figures not only to demonstrate that there is not 

much change in these averages in the usual case, but also to show that 

there exist cases with relatively large changes. There is a psychologi

cal danger in preparing tables of "right" answers. The old joke about 

the experimenter who fights the systematica until he or she gets the 

"right" answer (read "agrees with previous experiments"), and then 

publishes, contains a germ of truth (presumably, those who compile 

and average experimental results are also not immune to this disease). 

A result can disagree with the average of all previous experiments by 

five standard deviations, and still be right. Hence, perhaps it is of 

value to show that large changes can (and do) sometimes occur. 
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Fig. 3. The "generally accepted values" of the proton mass, the electron mass, and the speed of light, as a function of the publication date 
of the compilation used (not done by the Particle Data Group). Data for the speed of light plot courtesy of E. R. Cohen, Rockwell Inter
national Science Center. See the Stable Particle Data Card Listings foi references on proton and electron masses. 
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Fig. 4. Particle Data Group averages of the masses of various particles, as a function of date of publication of Review of Particle Proper
ties (Adapted, with permission, from Annual Review of Nuclear Science, Volume 25. Copyright 1975 by Annual Reviews, Inc. All rights 
reserved). Full error bar indicates quoted error; thick-lined portion indicates quoted error with "scale factor" removed (see Sec. VII of 
introductory text). 
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Fig. 6. Particle Data Group averages of the widths of various resonances, as a function of dale of publication of RPP. The gap in the A2 
data indicates the years when the Aj was thought to be split. 

F'g. 7. Particle Data Group averages of various branching fractions, as a function of date of publication of RPP. 


