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RESONANCE PRODUCTIONS IN K+p INTERACTIONS

AT 4.6 GeV/c AND 9 GeV/c

Chumin Fu

Lawrence Radiation Laboratory

University of California

Berkeley, California 94720

August 10, 1970

ABSTRACT

!

LEGAL NOTICE

This report was prepared as an account of work
sponsored by the United States Government, Neither
the United States nor the United States Atomic Energy
Cor.nmission, nor any of their employees, nor any of
their contractors, subcontractors, or their employees,
makes any warranty, express or implied, or assumes any
legal liability or responsibility for the accuracy, com-
pleteness or usefulness of any information, apparatus,
product or process disclosed, or represents that its use
would not infringe privately owned rights,

+ - + :
This thesis is a study of the reaction K+p - Kannp at 9 GeV/c

and 4.6 GeV/c. The Brookhaven National Laboratory 80-inch hydrogen

bubble chamber was employed for both experiments.

We find that one-pion

++
exchange (OPE) plays & very important role in both the K§80A1236 and the

IO = - » - i
K1420A1236 double resonance productions and the low-A1236n mass enhance

+ - 4+
ment in the K = A1236 channel. The decay properties of the double reso-

nance channels indicate that OPE dominates over a larger t range in the

lower energy (4.6 GeV/c) data than in the higher energy (9 GeV/c) data.

In the smalHK+n- mass region [M(K+n-) < 1.54 GeV], the contribution from

the non-pion exchange is not negligible for |t'| 2 0.05 (GeV/c)2 at 9

GeV/c and |t'| 2 0.3 (GeV/c)2 at 4.6 GeV/c. It becomes more important

as lt'l increases. Thus a Kn scattering analysis can be performed only

in a region where the |t'| values lie below these limits. A mass peak

. + -
at ~ 1.1 GeV in the K ® mass spectrum is observed in the large |t'|

region [Jt'| 2 0.05 (Gev/c)?] in the K+II-AI;36 channel at 9 GeV/c.

Presumably it is produced mainly via non-pion exchange.

++ -
The low Ai236“ mass enhancement can be described by a double periph-

eral model.

Regge-pole exéhange.

The dominant mechanism is a Pomeron and a pion (P,n) double

The model gives good agreement with the data provided




"Vi'
that both -t ., and -tp_), a++  are less than 0.5 (Gev/c)2 and
4+ - .
M(K n ) 2 1.54 GeV. Problems involved with the extrapolation into the
+ - A
small K n mass region are discussed. The importance of the contribution
from the extrapolation and its implication to the Kx. scattering analysis

are also investigated.

\V/
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I. INVRODUCTION

A large amount of experimenﬁal data has been accumulated over the
last decade, yet by no means is it well understood. At presepﬁ only
first order experimental facts have béen established with little uncer-
tainty; more detailed results are usually open to individual interpreta-
tions. They are quite often model dependent, sometimeé even reaction
dependent. Thus it is preferable to study many reactions at various
energies to find out the regularities and the differences among those
reactions. Then one can try to interpret them in a consistent manner.

In this thesis we emphasize the general features of the reaction
K+p - K+n-n+p at 9 and 4.6 GeV/c.l Similar features are also observed
in the nip experiments in the same energy range. The production of reéo;
nance is one of the important topics we discuss here. However due to
the limitation of the statistical level of the data and the uncertainties

: ++
involved in the data, only the very dominant resonances, Ai236’ Kggo,

*0
and Ky 09

highly on how one assumes the background. In general the background is

are studied in great detail. Any secondary effects depend

defined according to one's interest. Here we are mainly concerned with
the information of the Kn scattering that can possibly be extracted from

1a We are particularly interested in the

the reaction K+p - K+n-A;Z36.
problems related to the controversial Krx s wave. To obtain a clean sample
of one-pion exchange, we study the effects of the non-pion exchanges and
eliminate them from the sample. We furthermore investigate the possible
contribﬁtion of the nonresonant background from the double peripheral |
processes that produce the low Af+n- mass enhancement.lb Effects of the

various backgrounds to the Kn scattering problem are also discussed. In

' . o+ + - +
Section IT we describe the general features of the reaction K p = K n n D,
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namel& the resonances production, low mass enhancements, and the pefiph—
eral nalure Qf the data. Sectién III discusses the double resonance
productions, K§;OA;Z36, K;ZEOA;;36’ and some effect from the high-mass
AT+'S that are associated with the Kggo productiqn. Finally, in Section
IV we discuss both the production and the decay properties of the Kn
system in the K+n-A{;36 channel. Appendix I, which is a modification
of a paper to be published in Phyéical Review,lb includes a detailed
discussion of a double peripheral model analysis for the low Aﬁ+n_ mass
enhancemept. Both the extension in the t variébles and the extrapniation -
into the small subenergies are investigated. The experimcntal details

and the cross-section calculation are given in Appendix II.
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II. . GENERAL FEATURES OF THE DATA
The weil-known common domiﬁant features in the hadron-hadron colli-
sions leading to the four-body final.states at high energy2 are:

1) The peripheral nature, which is characterized by the small momentum
transfer between the'particles in the fihal state and one of the particles
in the initial state. . |

2) The resonénce productions, which means that the particles iﬁ the
final states are the decay products of some fesonance(s) in an inter-
mediate stage.

3) The low-mass enhancements that océur near the threshold of a group
of parti;les in the final states that has the same set of internal quantum
numbers as one of the particles in the initial state, except possiﬁly the
spin and parity JP. For meson resonance productions in the kaon or the
pion-induced reactions, the spin parity of the resonance should be in
the series 0 , 1+, 2", ..., which is usually called the unnatural parity
series; The width of enhancements of this type is usualiy around 0.1
to 0.4 Gev.3 |

All these features and their general prbﬁérties afe discussed in
Sections II-A through II-D.

Throughout this thesis the exchange model is used to explain the
variousAreactions leading to the K+n_n+p final state. To .agree on the
terminologies and eonQentions adopted here we consider the reaction

+ e
Kp=—= Kn A1236 a8 shown in Fig. la. The incident positive kaon, K+ ,

inc
+
hits the target proton p with some object "e" exchanged between the Kine

+

. ++
and the p. The proton turns into a 01236 and the Kinc

is scattered by

+ -
the virtual object "e" and ends up with two particles K and x , which

may or may not be from a (K:r)o resonant intermediate state. To fix our
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attention we consider the Kr system at the upper vertex. We adopt the
Gottfried-Jackson frame,h a Kn_rest frame with the 2z axis parallel to
the K;nc momentum, p . ahd the y axis parallel to the normal to the

inc
production plane,

- % -
Pg+ Py+
2 - inc out
prod T > =
+ X PK+
Kine out

as shown in Fig. 1b. The advantage of using this frame is that the sub-
magnetic qudntum state of the orbital angular momentum £ of the system
is zero (mz = 0). For demonstration purposes we consider both the pseudo-

scalar ' (0 ) exchange--e.g., one-pion exchange--and a vector (1 ) exchange.

) R - - + - - -
(i) A Pseudoscalar Exchange: Kincio ) f e(0) = Kout(Q ) + x (0)

The spin parity of the decay produéts restrict the Kn system to be

'in the natural parity series, i.e., O'» 17, 2, ... . Due to the choice
of quantixation axis one can further conclude that the Kn system can take
m = O only. Hence the Kn decay distribution can be expressed in terms

of a Legendre polynomial J(6) - ngo anPn(cos 0). This gives a naive
tformalism for virtual Kn scattering. If there is only s wave then

I(6) = éo’ the cos 6 distribution is flat.. For a pure p wave, e.g.,

Kg9o, I(6) =~ cos2 6. In this case the spin density matrix element QQO =1
and the rest of the elements vanish. The subscripts 0,0 are the values

of the submagnetic qugntum number m of the Kg90’ For the case when both

s and p waves are present, the intensity can be written as I(0) = aj +

a, cos 6 + a.2 cos2 6. The ao and a2 terms are the contributions from

1

the s wave and the p wave respectively. The al'term gives the s- and p-

wave-interference effect. Similarly a pure pseudoscalar exchange for

++ ++
A" production will lead to m = * 1/2 for the A resonance. Hence
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any spin density matrix elements p_ ., with either m =3 or m' =3
will vanish. By conservation of probability (Tr p = 1) and a parity

argument one obtains = 1/2.

P1,1 T Po1,-1

(ii) A Vector Exchange

We consider the case that the Krx system has a unique spin 1. In
the Gottfried-Jackson frame it can take only m = * 1. Hence we have
o] =p. = 1/2 and the rest of the elements vanish.

11 -1,-1 ;

In case both the pseudoscalar and the vector exchange are present

for the production of a K" resonance of JPv= la, all the submagnetic

quantum states, O and * 1, can be occupied. Hence all the independent

spin density matrix elements Poo’ P1.1 and Re Py are nonvanishing.
2

S~ +
A. The Triangle Plot for the Final State K n n p

Figuré 2 shows the triangle plot, M(K n ) vs M(prc ), for the 9-GeV/c
data. The mass projections are shown in Fig. 3. In Fig. 3, we observe
clear 05236 aﬁd Kggo bands, which contain abput 6i% of the events in the
K'n n'p final state. The A{;36 band is defined as 1.12-1.32 GeV in pr
mass and the Kgo, band 0.84-0.9% GeV in K 'z~ mass. Both of these bands
are close to the kinematical boundary of the triangle plot. Both réso—
nances are éssentially produced peripherally. Based on a kinematical
argument, one finds that inside the KE;O band, events with a high M(pn+)
value tend to fall into the low Kégon* mass regioﬁ vhich is known as the

3

- + . Fo-
§ bump. Similarly, inside the A{236 band, events with a high M(K+n )

3 Both of these enhancements

++ -
value form the low £ﬁ236“ mass enhancement. '
are the subjects of recent discussions in the litera.ture.3 Another
interecting polul 1u that Loth KR9  any k¥ (1.34-1.50 GeVv) are produced
. 890 1420

together with A;;36 in the double resonance productions. About 46% of
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. ++ . * A+t .
the events in the A1236 band are in the K A double resonance regions.
The 4.6-GeV/c data in Figs. 4 and 5 show the same qualitative features

as described above.

+ - 4+
B. - The K x 01236 Channel

1l. The Dalitz Plot

The Dalitz plots (Fig. 6) and the corresponding mass projections

(Fig. 7) for the 9-GeV/c data show three distinct features, namely, a

*x0
1420

ment. The enhancement is centered near 1.58 GeV in the &nv mass and with

clear Kggo band, a clear K band, and a general low Ar+n- mass enhance-
a Width Pém ~ 0,3% GeV. This effert nnt only shows in the high Kn maocs
region but also extends down to the Kx threshold. ' The small lt'l* cut
does not help to remove it from the data. The events in the low Af+n-
mass end are mainly associated with the forward cos 6(K+n_) values, hence
£he loﬁ,éf+n_ mass eqhancement production is of a diffractive nature.

The angle, 6(K = ), is the Gottfried-Jackson angle for the K n  system,

i.e., the polar angle in the Gottfried-Jackson frame. 'The 4.6-GeV/c

*

data (Figs. 8 and 9) show similar features except that the K420

resonance

++ -
and the A n enhancement are much less pronounced.

2. The Spin Density Matrix Elements for the A;2367as a Function of the
K+n— Mass
Figures 10a,b,c show the spin density matrix elements p3 3,~Re p3 1’
2 2 .
++ . . 4 ]
and Re p3,—l for the 61236 in the Gottfr;ed-Jackson frame as a function

+ -
of the K n mass for the 9-GeV/c data. The average values over the whole

* . ] . s | _ ‘
The variable, t', is defined as t' = (t tm)K{nc—9K+n" where tm
corresponds to the Chew-Low boundary adjacent to the peripheral physical

region.
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S . band are p, , = 0.09%0.01, Re = - 0.05t0.01, and Re -
236 Te P3,3 = 0:09%0.01, Re pg , = - 0-05%0.0L, P31
- 0.02+0.01. The deviation of the data points shown in Fig. 10 are less
than two standard deviations’from the average values. There is some
indication of variations in the spin density matrix elements near the
. * * - '
neighborhood of K89O and K1420°
For the data from the 4.6-GeV/c experiment, the spin density matrix
+ ‘ ' - .

elements for the 01236 as a function of the K+ﬂ mass are shown in Figs.

1lla,b,c. Their average values‘are = 0.07£0.02, Re p3 1= 0.03+0.02,
A s _

¥3,3

and Re p3 15" 0.00%£0.01. They agree with the results from the 9-GeV/c
- .

data.

The relation P71 = 1/2 indicates'that P11 is considerably
Ll 4 . 2

* P33

larger than p at both energies. Spin flip amplitude is less important

3,3
than spin non-flip amplitudes. Hence the contribution from pion exchange
dominates over the contribution from the other possible exchanges, i.e.,
17 and B.

o} A2, A
4 Spin‘density matrix elements as a function of the K+nr mass are also
calculated for small |t'| regions (|t'| < 0.1 (GeV/c)2 for the 9-GeV/e
data and |[t'| < 0.3 (GeV/c)2 for the 4.6-GeV/c data). The minimum shown
in‘the M(K+n~)vvs P33 plots with no |t'| cuts (Figs. 9é and 10a) is no
longer observed. In general the deviations béﬁWeen Ehe data points are
reducea to less than 1 or l-l/2 standard deviaﬁioﬁs and the values of
p3’3, Re 03,1’ and Re p3,-l become very close to zero.
The variation of the spin density matrix elements for the A{Z36 reso-

nance as a function of the Kn mass is small. This implies that the produc-

++
tion of the A1236 resonagnce, at least in the small lt'[ region, is rather:

: + - 4+ ‘ ++
independent of whether the K & 61235 final is dominated by the K*oéﬁ?36

++ -
double resonance production or the low A1236F mass ephancements.
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+
1 p Channel

C. 'The K89O

L. The Dalitz Plot

The Dalitz plot for the Kggon p channel for 9-GeV/c data (Fig. 12)
with the corresponding mass projections (Fig. 13) show both the A{;36
resonance and the Q bump. Note that there are two interesting parallelisms
bet th K+ N d the kX° * final states: 1) Both y'
etween the K =« A1236 an e 890“ p final states: y's are
produced close to the physical boundaries of the triangle plot, one near
each of the two axes. 2) They both show similar structures in the Dalitz
plots: strong resonance band(s) parallel to the horizontal axis and a
low mass enhancement with a width, ~ 0.35 GeV, along the vertical axis.
The Q bump is'a complex phenomenon that has been discussed in earlier
'3b )

publications. Here we only point out that it has two dominant decay

* o+ + .
modes, K89OK and pOK , which interfere with each other, and that at both

energies it is centered near 1.30 GeV with a width T'. = 0.35 GeV.

Q
+

Figures 14 and 15 show the Kggon p Dalitz plot and the pr and Kaoo™

mass projections for the h 6- GeV/c data. They show similar gqualitative

. |
features as the 9- GeV/c data. Detailed discussions of the @ bump from
30

the h.6—GeV/c data were givén'in an earlier publication.

2. Spin‘Density Matrix Elements, L 2 for K;9O as a Function of the

n+ Mass

Figures 16a,b,c show the spin density matrix elements p0,0’ Re pl,O’
and pl,-l for the KEQO resonance as a function of the pn+ mass for the

9—GeV/c data. They agree with theAaverége values over the whole Kggo

i = 0.68%0.02; = - 0.09+0.01; = = 0.0320.02.
band, i.e; py o = O 68£0.02; Re P1,0 0.09£0.01; and p _; = - 0.03%0.02

Similarly, Fig. 1lT7a,b,c shows the spin density matrix elements of

for the 4.6-GeV/c data.
the K89O resonance as & functlon of the pr mass. The average values

are

= Ue {UZUS = - el Ue = - -io
p0,0 0.700 Oh, Re pl,o 0.12+0.02, and pl,-l 0.03%0.03,
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which agree with résulfs from the 9-GeV/c data. As with the events in
++

the A1236 band, these are produced mainly via pion exchange since P30

is large. The variation of the spin density métrix of K§9O as a function

+ ' *
of pn mass is small. Hence the K89C events are produced in a way rather -

++
independent of the intermediate states, i.e., K§9091236,double resonance

+
and Q p state where Q+ - K§9O£i.

Ihgcgfp Channel
*

' ' +
Figure 18 shows the Dalitz plot for the th20n p channel at 9 GeV/c

D. The K

and Figs. 19a and b show the cofresponding mass projections, M(pn+) and
M(K’l‘heof).f The Dalitz plot has a structure similar to that of the Kg9on+p
channel. There is some indication of the low mass enhancément in the
K1420n+ péss centered around 1.720 GeV near the mass where the "I, meson"
was observéd.5

For completeness’ §ake the Dalitz plot for the Kzu20n+p channel at
4.6 GeV/c and.the corresponding mass projections are éhown in Figs. 20

and 21 respectively.
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ITT. DOUBLE RESONANCE PRODUCTIONS
It is well known that the decay properties of a resonance produced
in a production experiment give not only the information about the reso-
nance itself but also the composition of its helicity states in the t
channel, which is directly related to the helicity states excﬁanged (in
the t channel).h The aouble resonance productions afford a chance to
double-check what has been exchanged in the t channel. Hence to obtain
the information about the production mechanisms, double resonance channels
become more favorable to analyze. This section includesAthe analysis of
the KE;OA;Z36 and the K;ﬁ2oéiz36 channels and some possible higher-mass
I-= 3/2 baryonic resonance productions. Due to the limitation of the
xO0

statistics of our data, only the K89

++ . . .
061236 channel is studied in great

detail.

*0 +t+

‘ 4A. The K89Oéi235 Channel -
In Sections II.B.2 and II.C.2 we learned that both A{;36 and K§9O

are produced predominantly via pinn exchange. Aocoumption of siwple vne-

pion exchange gives = 1 for the Kg9o and p,) = /2 for A;;36 and

oo
that the rest of the spin density matrix elements vanish. 'The discrepane
cies between the results from the ideal simple one-pion exchanye model
and the data can be accounted for by the following effecté:

1) Processes other than K§9O resonance productions, e.g., a Kn s wave
production and the double peripheral process mentioqed earlier (see Fig.
22a). |

2) The K§9O resonance production via nonpion exchange (see Fig. 22b).

3) Absorption effects. |

In the following two subsections we study thke |t'| distribution for differ-

. . .
ent 6(K n ) angular regions and the decay properties as @ function t'.
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1. |t'| Distribution

' Figﬁre 23a shows the It'l distribution for all the events in the
K§9O region from the 9-GeV/c data. In order to demonstrate that for‘Kg9o
production there are contributing mechanisms other than one-pion exchange,
we plot the |t'| distribution with cos 6(K x ) < - 0.5 (Fig. 23b),
cos 8(K x°) 2 0.5 (Fig. 23c), and - 0.5 s cos 6(K'x ) < 0.5 (Fig. 23d).
Different structures in 't'l distribution are observed for the two sym-
metrical polar regions. In Fig. 23b there is a break in slope near
lt'| = 0.05 (Gev/c)®. The two slopes are a = 31.2t12.4 (GeV/c) > and
a = T.1*3.1 (GeV/c)_z. In Fig. 23c the data points are well fitted to
a straight line with a slope a = 14.4%1.8 (GeV/c)_2. The slope in Fig.
23c is a = 10.9%3.2 (GeV/c)—2. For pure single resonance production
the It'l distributions from the events in two symmetrical polar regions
should'bejthe same provided that there are only single exchange diagrams
such as those shown in Fig. 22b contributing. The different structures
of |t'| distributions in Figs. 23b and c indicate that even in the K§9O |
resoﬁaﬁce‘fegion,‘there are non-négligibie contribﬁtioﬁé from other
processes, e.g., the double peripheral exchange.process shown in Fig.
22a or a Kn s wave. The change of the slope in Fig. 23b is partly due
to.the.non-pion exchange. More evidepce and discussions of these points
is given‘in the study of the decay distributioné’and the spin density
matrix elements for the two resonances. The |t'| distributions for the
K§9O£{;36 chanhel from the h.é-GeV/c data are éhown in Fig. 24. Due fo
_the limited statistics, it is not certain whether there is a break shown
in the slope for this data. The slope a in each distribution in Fig. 24
is less than that of the corresponding distribution from the 9-GeV/c

data.
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2. Decay Properties of the Kgqo

a. Decay Angular Distribution

Figures 25 and 26 are the cos 6(K ") vs Q(K+n-) scatter plots and
the cos 9(K+n_) and the @(K+n-) projections for events under the |t']
cuts; |t'] < 0.10 (GeV/c)Z, and 0.10 s ler] < 10.0 (GeV/c)®. The cutoff,
]t'l < 10.0 (GeV)e, is applied to eliminate the events produced by the
nonperiphefal process. The scatter plot for |t'| < 0.10 (GeV/c)2 (Fig.
25a.) éhows‘that there is a large’forward;backward asymmetry in cos 9(K+n_)
for any Treiman-Yang angle [p(K n )] interval and that events are roughly
uniformly populated in w(K+n_) for a cos 6(K+n-) interval. For |t'| 2
0.10 (GeV/c)g, the events are more or less populated at two opposite
corners on the scatter plot as shown in Fig. 25b and the Treiman-Yang

+ -
angular distribution is not flat for any cos 6(K n ) values. These very

different patterns are clearly seen in the scatter plots which reveal
the features of the correlation effects. Based on the assumption of a
unique spin 1, for the events in the Kggo region, by qualitative arguments
one finds, from Fig. 25, that in bobh |t'| regiqns the average Re plo.is
important and has to take negative values. The contribution to Re P10
is not due to the interference of the Kg90 resonance with a background
of the phase space type, since the possible background from the phase
space 1s negligible, especially for the_small‘lt'| regioﬁ (see Figs. 6
and 8). 'The causes for the different correlation patterns shown in thé
scatter plots (Fig. 25a énd b) are not well understooq at present but
what is clear however is that they'must be different to give different
correlation patterns. In Figs. 26a and c, we observe that the difference
between the cos 6(K n~) distributions in the K§9O band with different

|t'| cuts is striking. For [t'| < 0.1 (GeV/c)z, it is very much like
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cos’ 6(K' "), whereas for '] 2 0.1 (GeV/c)g, it is consistent with
being flat. The curve in Fig- 26a is the result of'a.least-squarés fit
to the Legendre polynomial, Eéo azPﬂ[cos 9(K+n-)]- The coefficients of
the polynomial fits in the Kggo region are given in Table I.

The cos 6(K+n-) vs @(K+n-) scatter plots and their projections for
the 4.6-GeV/c data are shown in Figs. 27 and 28. They show the same
qualitative features as the 9-GeV/c data.

. . . . n + -
b. Spin Density Matrix (pmm') and the Expansion n;: a _cos 0(K n )

In analyzing the Kn system one may take two different points of
view. 1) Assume a unique spin 1 for the events in the K§9O region and
calculate the spin density matrix elements Pom* * Then study the composi-
tion of thé helicity states exchanged in the t-channel. 2) Assume x
exchange and consider the incoming K+ as being scattered by a virtual
pion. One then does a partial-wave-type analysis. This point of view
is proper when there is more than one K parﬁial wave occurring.

We adopt both points of.view in turn and study the spin density
ﬁatrix (pmm,)‘as well as the Eos 9(K+n_) power serieé'expansion as a
function of |t'].

+
(1) JI

Figures 2%a,b,c show the poo, p) ) and Re py o for the Kg9o as a
function of |t'| for the 97GeV/c data; Poo is about 0.8 in the forward
direction and drops down to ~ 0.35 for |t'| > 0.2 (GéV/c)23 lpl,_ll
is less than 0.1 with a possible change of sign near the very forward
direction and at 'It'l ~ 0.2 _(GeV/c)e.: Re P10 is about -0.2 for all
|t'| values, except in the very forward direction where it vanishes. |
The latter fact reflects the azimuthal symmetry of the Kn decay about

: +
the incoming K beam in the very forward direction. One may puzzle why
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Poo does not decrease much near |t'] = 0.05 (GeV'/c)2 where there is an

essential change in the slope of |t'l distribution. The explanation is
that since p,, is determined purely by the cos 6(K+n-) distribution, even
if ﬁhe cos G(K%n_) vs m(K+nf) scatter plots show quite differcnt correla-
tion patterns for the diffgrent |t'| regions the cos 6(K+n_) projections

may still resemble each other.

+ 1
. , _1 4 ) .
Figure 30 shows o) = 2(pl’l pl,-l) (see Ref. 5) as a function

-
of |t']. o

1 corresponds to the contributions from the natural and the

unnatural parity series to the helicity state 1 exchanged in the t channel.
Figure 30 indicates that both contributions increase as |t'| increases.
They are of the same order for [t'| 2 0.2 (GeV/c)z. In the forward

direction they do not quite vanish. Due to the limitation of the statis-
+

1 with finer‘lt'| intervals, there-

tics of our data, we cannot evaluate ©
fore we cannot test whether they really vanish in the very forward direc-

~tion or not{ Figures 31 and 32 show the spin deﬁsity matrix elements

*
and 20, as a function of [t'| for the K89O frow the reaction K+p -

Yo B o o - .
K890A1236 at'h.b GeV/c. In general they agree with the results from
the 9-GeV/c data except for the following exceptions: 1) as a function

of |t'|, the Poo from the 4.6-GeV/c data (Fig. 3la) drops slower than
+

1
for the 9-GeV/c data.

that from the 9-GeV/c data (Fig. 29a); 2) the o, for the 4.6-GeV/c data
+
1

The above discussion indicates that the contributiqn»gf one-pion

(Fig. 32) are relatively smaller than the o

exchange extends farther out in t and that the vector and the pseudovector

exchange are less important at lower energy.

, + -
(2) T a cos” 6(Kx ) Expansion

Figure 33 shows the results from the fits of a second-order polynomial

2 ;
+ - + -
in cos 6(K n ), n;b a cos” (K "), to the 9-GeV/c data, excluding the




S/

, s
very forward polar region [cos 6(K'x") > 0.5]. This cut eliminates most
of the contribution from the double péripheral proceéses. The fit is

normalized to the number of events in each |t’| interval. If we assume

pure pseudoscalar exchangé, then a,. and ao indicate the contributions

2
from the Kn p- and s-wave intensities respectively and a) the interference
between the p wave and the s wave. Howefer, if in addition there is a
vector exchangé, then its sin2 9(K+n_) decay distribution added to the
cos2 6(K+n-) decay distribution from the pseudoscalar exchange can fake

an aé term. We observe a, drops more slowly than a, Or a,- ao/a2 is
approximately equal to 1/8 for [t'| < 0.05 (GeV/c)g, which gives the
ratio of the contributions from tpe possible s wave to the p wave. For

[t*] 2 0.15 (GeV/c)z, (ao/ag) and (ao/al) gradually increase and presumably

the non-pion exchanges become more important in this region. This indi-

 cates that in analyzing Kn scattering the sample must be restricted to

very small |t'| values, say less tha 0.05 (GeV/c)® at 9 GeV/c.

The coefficients ao, &.,, and a, for the M.G—GeV/c data have been

1 2
calculated both with cos 6(K+n_) < 0.5 and no cos_9(K+n-) cut. The two
sets of coefficients agree within statistics. Figure 34 shows the coeffi-
cients for the 4.6-GeV/c data with no cut in cos 6(K+n_). The coefficient
a, drops twice as fast as that of the 9-GeV/c data from It'l =0 to
|[t'| ~ 0.1 (GeV/c)E. The ratios ao/a2 and al/a.2 from the L4.6-GeV/c data
are larger than those from the 9~GeV/c data by a factor of 6 and 2 respec-
tively-. The comparison indiqates that in the sm;ll momentum transfer
region; [t']| <o0.1 (GeV/c)2, the 4.6-GeV/c data may have a largef Kn s-
wave contribution (relative to the p wgve) than the 9-GeV/c data.

In conclusion, from the values of the spin density matrix, p;m,,

[y

2
and the coefficients in the expansion nzb a, cos™ eKn, we obtain the
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- *
well-known spin-parity assignment JP = 1 for §8901— The production

wechanlsm s domirated by pion exchange for small lt'[ values, say

l+'] < 0.05 (GeV/c)® for the 9-GeV/c data and |t'| < 0.3 (Gev/c)? for

thefh.6-GeV/c data. The non-pion exchange contributions become gradually

more important for It'l above those values.

3. Decay Properties of A;;36 ]

Figures 35 and 36 show fhe spin density matrix elements of 0{236
from the 9- and h.6-GeV/c data, respectively. In both scts of data we
observe the following: 1) The 03,3 is small and increases as It'l
increases. 2) The Re p3,l is not negligible except possibly in the very
forward direction, and it decreases as |t'| incréases. 3) The Re P3,-1
is not important and essentially agrees with being zero. From these
observations we conclude that spin nonflip amplitude dominates for small
't'l values and that the spin flip amplitudeo become gradually lmportant
for |t'| > 0.05 (Gev/c)? in the 9-GeV/c data and |[t'| > 0.3 (GeV/c )2
in the h.6-GeV/c data. This agrees with our conclusions based on the

decay properties of the Kn system discussed in Section IIT.A.l.

* ++
B. The K142Oéi236 Channel
1. |t'| Distribution

Figures 37a and b show the |£'| distributions for the 9- and 4.6~
GeV/c.data, respectively. The slopes are a = lO.?)-(GeV/‘c)-2 for the
9-GeV/c data (Fig. 36a) and a = 6.5 (GeV/c) 2 for the 4.6-GeV/c data
(Fig. 36b). No break in slope is observed in the [t'| distributions
even when we restrict our sample to the criterion cos 6(K+n-) < 0.5.
This could be due to 1) the Chew-Low boundafy, and hence the physical

*

region at K is relatively far away from the pioh pole as compared

1420 ~
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with that in lower Kmx mass; 2) low statistics. The fact that the slope
at 9 geV/c apbears to be steeper than that at 4.6 GeV/c could also be
due to the kinemaﬁic effect that the Chew-Low boundéry is flatter at

higher energy.

2. Decay Angular Distributions and the Legendre Polynomial Expansion

*0
1420

, ] . .
Figures 38 and 39 show the cos e(K+n ) vs (K n ) scatter plots for

For the K

the events in the Kﬁeo&g% channelas 9 and 4.6 GeV/c respectively.
They reveal the same qualitative features as the cos 6(K n ) vs Q(K&n-)
scatter plots for the K§;06{236 events shown in Figs. 25 and 27.

Figures 40 and 41 show the cos 6(K ) and ¢(K+n-) projections of
Figs. 38 and 39 respectively. A |t'| cut, |t'] < 0.1 (GeV/c)e, is imposed
on Figs. 40a and b to eliminate part of the contribution from the non-
pion exchange. The curve shown in Fig. 40a is a fourth-order Legendre
polynomial (L &P lcos 6(K'x")]} fit to the data. The coefficients
a, are given in Table I. The Treiman-Yang angglar distribution shown
in Fig. 40b is more or less isotropic. Figures 40c and d show the
cos 6(K n") and the (K x ) distribution for the events with |t'| > 0.1
(GeV/c)®. The cos 6(K'n") distribution in the large |t'| region (Fig. kOc)
is much flatter than phat in the small lt’l region (Fig. 40a). The Treiman-
Yang angular distribution in the large [t'| region (Fig. 40d) is no longer
flat.

The decay angular distributions for the 4.6-GeV/c data (Fig. 41)
show the same qualitapiﬁe features as those for the 9-GeV/c data. Due
to the stétistical limitétions of the 4.6-GeV/c data we fit the cos 6(K+n-)

. ) . *0 .
distribgtion for all the th20A1236 events to the yegendre polynomial
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L . A
[EEO aEPﬂ(cos 9(K n ))]. The result is shown in TFig. 42. The coefficients

a are given in Table I.

A ' ++
3. S8pin Density Matrix Elements of 61?36

++
Figures 43 and 44 show the spin density matrix elements of 61236 as
a function of It'l. They indicate the same structure as the corresponding
++ '
spin density matrix elements for the A ‘produced together with the Kggo

at 9 and 4.6 GeV/c (Figs. 35 and 36).

. ++,
C. Higher A 's
+ . + + -+
The 61920 was observed in the K p = Knn p at 12.7 GeV/e (Ref. 7)
+ 4
by selecting events in the backward 6(ps ) region, where 8(pn ) is the

+
Jackson angle in pr rest frame. Figures 45 and 46 show the scatter plots,

*
1420

the 9- and 4.6-GeV/c data. In Figs. 41a and 42a-there is some indication

M(pn+) vs cos 9(pn+) for the events in the Kg9o and the K regions from

+
of higher population of events around 1600 to 2000 MeV in prx mass. This

could be due to effect of five higher A resonances, namely A165O’ A167O’

2a : .

A189O’ A1910’ and 61950. The widths of Phesg resonances are of the
-order of 100 to 300 MeV. Based on Figs. 45b and 46b there is no evidence
%

for high A's produced together with the KLMEO'
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IV. THE Kx SYSTEM IN THE K =« A1236 CHANNEL

A. Kn Asymmetry

Under the assumption of one-pion exchange, the asymmétry, A = (F-B)/(7+B),
for the Kn system reflects the interference effect of different K partial
waves in a simple way. F and B refer to the forward and the backward events
in‘G(K+n-). If there is only one partial wave or many partial waves of
the same parity, the asymmetry is zero. With two partial waves of opposite
parities'the asymmetry 1s proportional to sin 81 sin 62 cos(6l - 62),

where 61 and &, are the decay phase angles for the two partial waves.

2

For two nearby resonances 81—62 may cross 90 deg twice, hence two zeroes
appear in the M(K+n-) vs A plot. The di;tance between the two zeroes
measures the spacing of the two résonances. However, one should keep

in mind that fhis simple picture could he obscured.by the presence of

many Kn partial waves or by the production ﬁechanisms other than pion
exchange;

Figufe 47 shows a plot for forward-backward asymmetry for the Kn
system as a function of K= méss from the 9—GeV/c data. We observe that
Just below the K§9O the asymmetry goes to zero very rapidly from a positive
value and then increases rather smoothly to positive values again for
higher Kn masses except for a small perturbation on passing the K;MEO'

The large positive asymmetry for M(K+n-) Z2 1.54 GeV indicates that the
K goes forward and the n ‘backward in the Kr rest frame. Here the back- ,
ward 1t 1s assoclated with the low Af+n- ma,ss eﬁhancement- The rapid
change in asymmetry just below the K§9O can be attributed to the inter-
ference of the Kg9o with 1) some Kx partial waves of parity opposite to

- , ++ -
that of the quﬁ (JP = 1 ) or 2) the process that leads tn the A +w

mass enhancement as discussed in Appendix I, or both. Trippe et al.,
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in an analysis of the same four-body reaction at 7.3 GeV/c, deduced an
s-wave Kn resonance at a mass of ~ 1.1 GeV and with a width of ~ 0.4

GeV on the basis of an application of the Duerr-Pilkuhn method to an OPE
1.9

model. Alsb Antich et él. have claimed the existence of a JP = 1

*

1420

+
JP = 2 wave to give the observed asymmqtry in this region. 1In addition,

wave in the neighborhood of the K which interferes with the dominant
several K-nucleon experiments leading to three particles iﬁ the final
state have shown indications of the Kn mass peaks in this region.lo These
indications were for narrow (I' = 0.1 GeV) peaks a£ M(K+n') = 1.26%£0.02
GeV in the reaction K+p - K0n+p at 3.9 GeV/c, at M(K+n') = 1.1620.01
GeV in the rcaction K n - E;n-n alt 3.9 GeV/c, and at = 1.08 GeV in
K+p - Kon+p at 3.5 and 3.9 GeV/c. These mass peéks may exist in the
K+n_Af+ channel and obscure the simple interpretation of the asymmetry.

We have also studied the asymmetry as a function of t', and within
the limited statistics we observe: 1) at small It'| values the variation

*

in asymmetry at the K142O

lt'| values both these rapid variations in asymmetry are reduced.

resembles that at the K§9O’ and 2) at large

. A

Discussioh of the M(K n ) vs asymmetry plot for the 4.6-GeV/c data
was given in an earlier report.3e It shows the same qualitative features
as that from the 9-GeV/c data (Fig. 47) except that the 9-GeV/c data

have better statistics and wider range in Kn mass spectrum.

B. |t'| Distributions

Figure 48a shows the |t'| distribution for the events with M(Kr) < -
1.54 GevV. ' The data are not consistent with one or even two exponential
dependences. In order to investigate the production mechanism of. the

K system we study the structure of the |t'| distribution as a function
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‘of cos 9(Kx) as we did for the K§9O events. Figgre 48b shows_the |t'|'
distribution for the events with M(K'x ) < 1.5k GeV and cos o(K'n") <
0.5. The straight lines represent the results of a least-squares fit

to the data for two functions of the form eat'. We observe a very steep
forward peak with slopé & = 23.6¢5.2 (GeV/e)™2 for |t'| < 0.05 (GeV/c)Z,
énd a flatter distribution with slope a = 9.5*2.0 (GeV/c)-2 for |t’| 2
0.05 (GéV/c)g. In contrast to this structure, the t' distribution for
the events in the forward cos.e region (Fig. 48c) appears quite different.
The data in Fig. 48c are fitted well by a'single slope, a = 13.5%1.2
(GeV/c)‘_2 for |t']| <0.3 (GeV/c)g. We shall associate this sharp
forward peak with pion exchange. The lesser slope is due to the partici—

pation of non-pion exchanges (e.g., A,, B, p, and A2). Evidence for this

1
assignment will be presented in the next few sections.

Figure U8d shows the |t'| distribution for the events with M(K n ) 2
1.54 GeV. The relative flatness of the slope, a = 4.4*0.5 (GeV/c)g, can

be qualitatively understood in two ways. One is that the high Kx mass

_region is relatively far away from the pion pole. The other is due to

a_ (t) -
T in the Regge amplitude. Here Q%(t)-is the exchanged

the factor (s/so)
pion trajectory and t is the square of the four-mdmentum transfer from the
target proton to the outgoing Af+. For the low Kn-ﬁass region where a

single exchange diagram (Fig. 22b) dominates, s = (total ene:;'gy)2 is

about (4.25)2 (GeV)®. For the high Kn mass regions where the double

' ekchanée diagram (Fig. 22a) dominates, s = s(Af+n-) which is about (1.58)2
(GeV)2.' Therefore, due to the s-dependence factor the slope in the |t|
distribution for events with M(K+n-) 2 1.54 GeV should be smaller than
that for the events with M(K'x ) < 1.54 GeV by a factor =~ 2u' Tn(4.25/1.58

~ L. Here we have used the linear form for the trajectory o = a&(t - mi),
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and have set o; =1 (GeV/c)fe. The slopes in the |£'| distributions
should differ hy a factor of the same order. Figure 48e is an enlarge-
ment of the small lt'l region of Fig. 48b. The saﬁe phenomena were
observed when we restficted thé sample.to events in the Kggo band in
Section IIIfA, which represents about 33% of the events with M(Kfn-) <
1.54 GeV. This supports the assumption that the production mechanisms
for the events with M(K+n-) < 1.54 GeV/c are the same as those for the
events in the Kggoér+ double resonance region. figures 49a,b,c show .
the |t'| distribution from the 4.6-GeV/c data with no cos B(K#n—) cut,
cos 6(K+n—) < 0.5, and cos 9(K+n—) > 0.5 respectively. There is no
indication of a break in slope‘in the lt'l distributiohs in Fig. 49b.
This cén be due to two reasons: 1) The one-pion exchange dominates in

a wider t range and the non-pion exchanges are less important in the data
at 4.6 GeV/c than the data at 9 GeV/c. (See the conclusion Section
III.A.2b(1).) 2) To. see a fine effect such as a break in slope one needs
data with good statistics. The h.6-GeV/c data do not have sufficiently
good stalistiecs. For cos e(K+n’) z 0.5, the |t'| distribution (Fig. 4Yc)

. t
camnot be fitted to the form et .

C. Decay Distributions

1. M(K'x") vs cos 8(K'x ) and M(K'x") vs o(K %)

T ) .
Figures 50a and 50b show the M(K n ) vs cosAe(K#n ) scatter plots
. n ’
for |t'| <o.1 (GeV/c)® ‘ana |t | 2 0.1 (GeV/c)® respectively. We
observe the following.
1) For M(K+n_) > 1.54 GeV, events tend to concentrate in the very forward
+ - . , :
6(K n) region for small |t'| values.
*
2) In both |t'| regions, the K s 18 not well separated in the forward

+ o=y , 4+ -
6(K'n ) region from the events that produce the low A n mass enhancement.

o~ .




-23-
%0
3) The K89o

(GeV/c)2 it is cosine-square-like but with an asymmetry in favor of the

band shows distinctly in both |t'| regions. For [t'] <o0.1

forvard 6(K n"); for |t'l 2 0.1 (GeV/c)® it agrees with being uni form
in cos 6(K n ). . |

%) Between.the two well-known K*'s, there is noAdistinct feature in the
forward 6(K+n-) region. But for cos G(K#x_) < 0, there is some popula-
tion of events separated from both K*'é centered near 1.1 GeV with a width
of ~ 0.1 GeV in Fig- 50b.

5) In the small t' region (Fig. 50a), there is a clear indication that
the mean value of the K§9O mass shifts from a lower value in the forward
region to a higher value in the backward region in 6(K'x ).

Figures 5la and b show M(K+n_) vs @(K&n-) plots for [t'] < 0.1 (GeV/c)2
and for |t'| 2 0.1 (GeV/c)2 respectively. An ésymmetry in favor of zero’
degree in w(K+n-) shows for all values of the'Kn mass in both plots. This
asymmetry becomes more pronounced as M(K+n—) increases, but decreases as
't'l is reduced. Since the high Kx mass region is mainly associated with
the low A" %" mass enhancement (discussed in Append;x I), hence the double
peripherél processes ylelding the latter can be an important source of
the asymmetry even in the K*'s production region. The absorption effect
and the Regge cuts may also contribute to the asymmetry, but it is very
difficult-to_state quantitatively how much each contributes.

Figures 52 and 53 show M(K'n") vs cos 6(K'x") and M(K'x") ve o(K 1)
plots for the 4.6-GeV/c data. Comparing these plots with the corrésponding
plots at 9 GeV/c we observe the following.

1) Events from the 4.6-GeV/c data are not so much in favor of the forward

0(K'n") values and zero degree in @(K+n-) as those from the 9-GeV/c dats,.

This fact implies that the diffractive-type process that produces the
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low Af+n— mass enhaucement is not so prominent at lower energy as.at higher
energy.
2) There is no clear indication of any mass enhancements in between the
well-known K" 's shown in the 4.6-GeV/c data.
3) The:same kind of K§9O mass shift observed in the 9-GeV/c data (Fig.
50a.) also shows in the small |t'| region at 4.6 GeV/c as shown in Fig.

52a..

2. £X¥) Moments

In order to study the contribution from different angular momentum
states, we calculate the <Y§) moments in the K+n- mass intervals along

++ . . R M
the 61236 band in the triangle plots as shown in Figs. 2 and k. ( L> is

defined by
N

; .

() =

Y
J NJ i
where NJvis the total number of events in the Jth K+n- mass interval and
Gi,mi are the values of 6 and ¢ for the ith event in that maés intervel.
O and ¢ are defined in the Gottfried-Jackéon frame of the K+n- system.

Figures 54 and 55 show the moments (Y%) as a function of K+n_ mass
for the 9- and 4.6-GeV/c data, where L =6 and M = Oy1. In order to
eliminate a large part of the contribution from the non-pion exchange we
make a [t'| cut for the 9-GeV/c data, namely 1tt] <o.1 (GeV/c)g. Due
to the low statistics level of thé h-6-GeV/c data and the fact that the
non-pion exchange is not important at this energy, we extend the |t'| .
cut to |t'] < 0.3 (GeV/c)2. The following observations are made:

*

1) Below K , the higher partial waves (£ > 2) are not important as

1420

compared with s and p waves.
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: *
2) There is a dominant p-wave effect near K890 shown in Figs. 54b and

¥*

1420 shown in Figs. 54@

55b and some indication of a d-wave effect near K
and 55d.
. : ¥*
3) In Figs. 5ha and 55a, there is an enhancement of (Yi) near K89O'

This indicates the interference effect of the s and the p waves.

D. Mass Shift of Ké‘;o

Figure 56 shows the K+n_ mass distributions for the 9-GeV/c data in
+ -
different cos 6(K n ) regions with |t'| < 0.1 (GeV/c)e. These mass

distributions §how gquite different shapes and mean locations for the

K*©

890
0.85 (Fig. 56a), the signal-to-background ratio is small and hard to define.

events in the region. In the very forward 8(K+n‘) region, cos G(K#n—) >
For O S cos 6(K+n-) < 0.85 (Fig. 56b), the Kggo signal is very sharp and
the background is very small. The mean value of the signal is close to '
. 890 MeV. In the backward 6(K+n-) region (Fig. 56c),'the signal—to;background
ratio is small aggin. The mean value of the bump in the K§9O region appears
to be at least 15 or 20 MeV above 890 MeV in the K n” mass.
Figure 57 shows the K'n™ méss_distributions for the 4.6-GeV/c data
with |£'| < 0.Uf (Gev/c)p and the same cos 9(K+n-) cuts as those shown
in Fig. 56. They show the same quélitative features as the 9-GeV/c data.
Figure 58 shows the combined distributions of Figs. 56 and 57. With
higher statisticé in Fig. 58, all the features mentioned in the first
paragraph become more pronounced. The implications of the changes indi-
cated in thfee different angular regions are complicated;
1) The méan value of the mass peak in the backward region shifts a non-
negligible amount above the nominél value of the K§9O ma.ss.ll Since the
double peripheral processes leéding to the Af+nm enhéncement produce events

predominantly in the forward 6 region, except possibly near Kn threshold,
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this upward mass shift in the backward region should be due to the inter-
ference between a p-wave Kg90 and some process(es) other than the mentioned
double peripheral processes. In terms of Kn partial waves, one can esti-
mate the highest order of the partial waves from (f%) moments. From the
discussion given in the last seétion, we learned that in the Kn mass region
below K. |

1420’

the.pértial waves with £ 2 1 is not important as compared
with p wave and s wave. Therefore the m;ss shift Shéuld be maihly due
to the interference of an s wavé with the dominant p-wave K§9O' Since
Kn s wave can couple to n only and one-pion exchange dpminates the small
|t'| region, one should expect that the mass shift and the apparent width
of thg K;9O changes as a function of |t'l|. |

2) There is a large excess of events in the forward<9(K+n_) region (6 > 0).
The effect of the low Af+n- mass enhancement, which is also in favor of
small |t'| values, is unseparable from the contribution of K§9O production
in the forward 6 region. This may be part of the reason whj there is
considerable excess of events there (Figs. 78a and Db).

At this'stage, the first problem we should solve 1s to find a clean
reaction to determine accurately the mass and the ﬁidth of thé Kggo.lg
Secondly, we need to understand the effect of the double peripheral
process(es) (as shown in Fig. 22a) on the small K mas§ region. Then
finally we can do a partial-wave analysis for the'Kﬁ system in an inelastic

+ -+
reaction like K p — K+n A,

E. Kn Mass Spectra

Figure 59a shows the K+n_ mass distribution for all our events in

+ - ++ '
the K 1 & channel at 9 GeV/c; Fig. 59b with |t'| < 0.1 (GeV/c)a, and
Fig. 59¢ with |t'| 2 0.1 (GeV/c)e. The shaded histograms have the cut

+ -
cos 6(K n ) < 0.5, in order to reduce the contribution from the low-mass
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Af+n- enhaﬁcement. -We makeAthe following observétions.

1) In both the unshaded and the shaded histograms in Fig. 59b [It'l < 0.1
(GeV/c)e]ithe background between the two well-known K''s is very large in
comparison with that pért of the mass spectrum above the K;heo‘ Since
an s-wave Kn system can couple only to pion exchange and the region
It'| <0.1 (GeV/c)2 is dominated by pion exchange, it may be reasonable
to associate at least part of this plateau with an s-wave Kn system.
Whether the various mass peaks reported in the KxN channello have any
'relevance to this high plateau is pot very clear at present.

2) In the unshaded i’listogra.m’ in Fig. 59 [|t'] 2 0.1 (GeV/c)?] the back-
ground between the two K*'s appears to join smoothly with the mass spectrum -
in the high Kn mass region; In addition, a small mass peak is seen at a
mass of about 1.1l GeV, where a change in the decay angular distribution
~ is also obsérved, as mentioned in the preceding section. This mass peak
at 1.1 GeV shows more prominently in the shaded histogram in Fig. 59c¢,
where the effects of the low-mass Af+n_ enhancement have been reduced.
This could be the same enhancement as those in the.1080 to 1160-MeV region
mentioned in Ref. 10a,c, but present statistics do not permit a definitive
statement. Since this enhancement appears only for [t'| 2 0.10 (GeV/c)g,

it is presumably produced by a noh—pion-exchange mechanism. The shaded

histogram in Fig. 595 shows a greater number of events in the plateau

*
1420

in Fig. 59c. Since the plateau in ¥Fig. HYc, where pion ekchange is very

than in the region above the K , but the effect is somewhat reduced
suppressed, cannot be due to s wave, and there is an indication of a
narrow mass peak at 1.1 GeV here, possible higher spin (J 2 1) resonances
in this region may be the explanation. To improve the'statistics we

extend the |t'| cut down to [t'l = 0.0 (GeV/c)2 where a break in the
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slope of the |t'| distribution occurs; Figure 6O shows the M(K+n_) distri-
bution with |t']| 2 0.05 (GeV/Q)2 and cos G(Kln—) < 0. Note that the
signal at 1.1 GeV is considerably enhanced. By an eyeball estimation
the signal-to-background ratio is about 1l:1 and the signal itself is-
roughly a four-standard-deviation effect relative to the background.

3) All the discussions given abéve agree with the assignment of the
forward t' peak as due to pion exchange, and the region with.lesser slope
as due to the participation‘of non-pion exchanges. We note that Trippe
et al.8 in their OPE analysis of this Kx mass region have used data with
|t] as large as 0.5 (GeV/c)e at 7.3'GeV/c, which, on the basis of the
present work, must contain consgiderable contributions from non-pion-exchange
mechanisms that cannot lead to s-wave Kn scattering.

The X n mass spectra for the 4.6-GeV/c data under different |t']
cuts are shown in Fig. 61. The mass spectrum in the small lt'l region
(Fig. 58b) qualitatively agrees with Fig. 56b. Howe&er, there is no
statistically significant mass enhancement near 1100 MeV observed in the
high |t'] region_(Fig. 6lc). This seems not surprising becausc the non-
pion-exchange is not very important even at |t'| = 0.6 (GeV/;:)2 [pOO = 0.5

*
at |t'] ~ 0.6 (Gev/c)? for the Ko, as shown in Fig. 3la].

F.  Conclusions
We'conclude:
. . + T4 -t

1. Pion exchange appears to dominate the reaction K p = K nx A
at 9 GeV/c for |t'| < 0.1 (GeV/c)a, but non-pion exchanges become important
for |t'] 2 0.1 (GeV/c)2. This has been demonstrated in studies of* the
t' distributions, the decay angular distributions of the Kn system, and
the spin-density matrix elements. For the 4.6-GeV/c data, one-pion exchange

dominutes over a relatively larger |t'| region [|t'| < 0.3 or 0.4 (GéV/c)Q]-

L4
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2. The well-known asymmetry in the Kn decay angular distribution
is due to the interference of the dominant resonant waves for the K§9O

* : :
and KlMEO with background terms. We note that the observed asymmetries

*
1420
*

% ¢
- 3 2).
the K89O and an odd-parity background term under the thZO (p wave?)

in the Kg9o and K region require an even-pariﬁy'background term neér
Although ﬁe cannot ascertain quantitaiively the contribution from the
background terms such as 1) an important partial wavé of opposite parity,
to the dominant K* resonance, 2) the low-mass Af+nq enhancement, and 3)
any other possible source of background, we emphasize the importance of
accounting for the various origins of this asymmetry in any analysis of
Knt scattering.

3. A fact which is closely related to the asymmetry is that we
observe a mass shift 5etween the K§9O events in the forward region (cos 6 2
0) and those in the background region (cos 6 < 0). This.together with |
the (Y%) moments for the Kn system indicates a strong K= s'wave near K§9O'
The effectlof Af+n_ is difficult to estimate. Due to these interference‘
effects with K§9O’ the determination of the mass and width for K§9O
becones nontrivial;‘ A reasonable place to study the properties of K§9o
would be reactions like K+p - Kon+p and Kn — Esn-n where the Kg90
production is dominated by vector exchange except inAthe very forward
direction énd the diffractive-type process like Af+n_ enhancement in the

-+t
K+n A is suppressed.
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Table I. Coefficients of ﬂgo a P (cos 6) for the Kg90 and KIAEO'

(a) Tne K5906;236 channel at 9 GeV/c with |t'| < 0.1 (Gev/c)?

&O al a2 a3 au

1.0 0.73t0.06 1.33%0.06
1.0 0.700.07 1.31%0.06 -0.09+0.09

1.0 0.69%0.07 1.34£0.08 -0.08£0.10 0.060.11

(b) The KSQOA{E36 channel at 4.6 GeV/c with [t'] < 0.07 (GeV'/é)2

ao &l - ' a2 a3 au

1.0 0.65%0.12 1.53%0.10
1.0 0.64+0.14 1.53t0.10 -0.01%0.17

1.0 0.64+0.14 1.57+0.14% 0.01%t0.18 0.10%0.19

(¢) The KiuzoA{;36 channel at 9 GeV/c with |t'| < 0.1 (GeV/c)®

a &, a, ag a), ' vas ' a6

1.0 0.63%0.09 1.90£0.09 0.20%0.11 1.23%*0.13
1.0 0.68£0.10 2.06+0.08 0.18+0.1k 1.35t0.12 0.41%0.13

1.0 0.67+0.10 2.14%0.10 0.21%0.16 1.68%0.16 0.20+0.14% 0.59%0.15

++
(d) The KI&20A1236 channel at 4.6 GeV/c with no [t'| cut

a a a a a

o 1 o 3 - ay 5 %6

1.0 0.14%0.15 1.01*0.19 0.01*0.22 0.66*0.23
1.0 o.1610.15 1.02£0.19 0.07%0.23 0.67+0.23 0.25%0.28

1.0 0.16%0.16 1.08+0.19 0.12%0.23 0.66£0.26 0.29+0.28 -0.18%0.32
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APPENDIX [

.DOUBLE PERIPI;IERAL_HV{OQ&ZL ANALYSIS OF THE REACTION

Kp=Krmnm A

1236

AT 9 GeV/e

Chumin Fu

Lawrence Radiation Laboratory
University of California
Berkeley, California 94720

ABSTRACT

Using a double Regge-pole-exchange model, we studied the low

++

A" v mass enhancement in the reaction K+p—> K'n™ A§;36 at 9 GeV/e.

We found that P and 7 double exchange dominate the process. In gen-

- >
eral the model agrees with the data in the region where M(K+rr )= 1.54

GeV and -t < 0.5 (GeV/c)2 and -t

KK

pA

< 0.5 (GeV/c)Z. The possibility

of extending the model into the large t region and problems involved in

the extrapolation of the model to the Kr threshold are investigated.

The importance of the contribution from the double peripheral process

in low M(K+ﬂ") region and its implications to the analysis for the Kn

system are discussed.

I. INTRODUCTION

The general features of the reaction
Kt K+"-A+1;36 at 9 GeV/c were discussed
in an earlier communication. 1 In this paper
we study the reaction in the high Kr mass re-
gion (M(K+Tr-) 2 4.54 GeV) on the basis'of a
double Regge-pole-exchange model. The ad-
vantage of this model is that it has the same
siiple furin as a single Regge-pole-exchange
model and theoretically the Regge parameters
(except the coupling at the internal vertex) used
here can be wholly taken from those that were
determined by the data from two-body or quasi-
two-body final states. As a known fact, a
double-Regge-pole model can usually describe
the data of the three-body or quasi-th‘ree-body
final states at high energies fairly well. How-
ever, in applying the model, there are still
some unsolved problems; namely,

1) The commonly used Regge parameters

are known only to their order of magnitude.
The exact values are not well determined.
Hence when one finds that the fits of the model
to t};e data are insensitive to the variation of

the parameters, one cannot distinguish whether

"it is due to the effect of a collective change of

the many Regge parameters or due to an in-

complete study of the data. Poor statistics of
the data and unclean samples could also con-
tribute to the sources of uncertainties.

2) There is no evidence for Toller angular
dependence at the internal vertex. By the
same argument given in 1) above, it is not
clear at all whether or not there should be a
Toller angular dependence for the Reggeon-
Reggeon-particle coupling.

3) How far in momentum transfer variables
(t's) a peripheral model can extend is not well
known.

4) Granted that the duality is a valid concept,2

*Modified version of paper to be published in Physical Review.
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how would one extrapolate the model to small
subinvariant energies (s's)? Would the extrap-
olation be insensitive to the variation of Regge
parameters also? Answers to these questions
are not known either.

With an attempt to understand these prob-
lems we analyze our data in an exhaustive
manner. The method and the results of the
analysis are presented in Secs. II and III.
Section IV discusses the extrapolation of the
model to small subinvariant energies. Sec-
tion V gives our conclusions.

This experiment was carried out in the
Brookhaven National Laboratory 80-inch hydro-
gen bubble chamber, which was exposed to a
9-GeV/c rf-separated K* beam at the AGS.

The details of the experiments, the measure-
ments, and the kinematical fitting procedures
are described in Ref. 1 and the Ref. 5 therein.

II. THE MODEL AND THE METHOD
OF ANALYSIS

A. The Model
Therearé many multiperipheralmodels and
the phenomenological analyses ofthe data dis-

,4

cussed in the literature. Here we adopt the
Consider Fig. 1a, a di-

The

one given in Ref. 3c.
agram for the reaction a + b+~ 1 + 2 + 3.
invariant amplitude is
5y ai(ti)
Als,s,,8,,t,t,)= p,(t,) '51“'1"_510)
s, ;Z(tz)

X ﬁz(tz)éz(tz)(—szo) Balt,, ty, ), (1)
where s, 840 Sp and t1 and t2 are as indicated
in Fig. 1a.
~ 2.,4,-4, 2 2 2
$g7symtpmm ty bty imy-m -t (msy-t, - ty)
and ;2 is obtained by interchanging the sub-
scripts 1 and 2. The Toller angle, w, is de-
fined by .

Py X Py Pp X Py

AR

cos w'=

in the rest frame of the particle 3. The ari's
are the Regge trajectories exchanged and
~ime, (t.)
. - 1te it
i sin wa,(t.) :
iti
The Bi's are the residue function. The si(')s
are the energy scale constants.
. + +_-
For the reaction K p~ K'w A1236’
allowable exchange pairs (ai,ozz) are (P, ),
(P,Ai), (p,m), (p,A5), (p,Ay) and (w,p). Con-

sider the (P, 7) pair only and further assume

the

that P is a fixed pole with an intercept 1 in the
Chew-Frautschi plot. After squaring Eq. (1)

and some simplifications one obtainsg an inten-

sity
vt (me)® L, 2a )
1=Noe T osma, ;)00 5 florty ty),
(2)

' 2 .
R - i ;
where a_= a (t2 m_) and N0 is a normalization

constant. This equation is the same as that
given in Ref. 3e provided that we set f(w, ty tZ)
to be constant.

Since Pomeranchukon is not well under-
stood at present and there are five exchange
pairsother than (P,n) also allowed, for K+11'- mass
between 1.54 and 2.8 GeV it is reasonable to
replace (;1)2 by (si)Zc in Eq. (2), where ¢ is
a consatant parameter,

Using the notations indicated in Fig. 1b,

we rewrite Eq. (2) as

Wt e s, zam(t)
I=N0e fecosma_(t )(sKﬂ) (T)
™ pA 0
X flw, t (3a)

pa txx)-
which is to be used in this analysis. We as-

sume that f takes the form

f=1 +a(thm12T)cosw]2, (3b)

where a is a constant parameter. Equation

(3b) is purely empirical. It has the property
that f has no Toller angular dependence at

tpA = 0, which is required on a theoretical

b.:-nsis.4 In this analysis, there are five
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and

parameters involved, i.e., v, aT;, ¢ s,

a. Two cases are considered, -namely
1) Case It
2) Case II:

a=0,

a is a free parameter.

B. The Method of Analysis

In comparing the data with the theoretical

calculations we follow the procedures below:
1) Generate Monte Carlo events for the
+ -+
K'nw AiZ
for the A1236 given by a Breit-Wigner distri-

final states with a variable mass

bution.

2) Assign to each Monte Carlo event a weight
according to Eq. (3a).

3) Compare the various distributions from
the Monte-Carlo events with those from the
data, and vary the parameters in Eq. (3a) until
we obtain the best fit for all those distributions
considered. The goodness of the fit is deter-
mined by a )(2 calculation. 7

In order to investigate the problems
stated in the ‘introduction, we choose to study
the following three samples with M(K'n)>1.54
.GeV:

Sample A: -t 2

+<1.0 {GeV/c)
(511 events).
- - < '
tytyt and -t O.SV(GeV/c)
(287 events).
2
Sample C: -ty +, .+ and -tpA++ < 0.3 (GeV/c)
(115 events).

K+K+ and —tpA+

Sample B: 2

The NO

sample B the Monte Carlo events with the same

is determined by normalizing to

kinematic cuts as those imposed on sample B.
The parameters v, oz;r. co 84, and a are ob-
tained hy comparing the distributions of 12
variables from the events in sample B with
those from the corresponding Monte Carlo
events [three invariant masses, M(K+'rr-),
M(a ey, ana Mmxtatt
transfers, -tKK' -tpA' -tK“, a:ci -t - +arid
five angplar variables, cos 8(K'w ), ¢(K w ),
cos 8(atta7y, ¢(a"*n7), and w]: The 6 and o

are the Jackson angle and the Treiman-Yang

), four four-momentum

angle for a two-particle composite. If the
model is valid and the paramefers obtained

are correct, then one should expect good agree-
ments between the various distributions from
the Monte Carlo events and those from the data
ina t region where the t cuts are smaller than
what sample B has. Furthermore one can also
test the validity of the model in a large t re-
gion by extending the t cuts imposed on the
data and the Monte Carlo events. These are
the motivations for studying samples C and A.
In principle one should compare the model
with the data in different noninclusive t inter-
vals. Due to the statistical limitations of our
data, we can only choose the t criteria as we

described earlier.

II. RESULTS
Various values for the parameters in Eq.

(3a) have been tried; the best values obtained
are

Casel: a=0, y=4 (GeV/c)-Z. a;r = 1.
(GeV/e)?, sy = 1.0 (GeV)?, and ¢ = 0.85

Case II: a = 0.015, y = 3.2 (GeV/c)-Z,
al = 1.12 (GeV/e) ™%, 5 = 1.0 (GeV)?, and
c = 0.85.

2

A. The Distributions of the Various
Kinematic Variables

For each variable the distributions are to
be presented in the order of Samples A, B, and
C. The corresponding distributions from the
Monte Carlo events are shown in solid lines
for case I and long dash lines for case II.

Figure 2 shows the AT1+236 mass distribu-
tions. Here we check whether the Monte Carlo
events generated for the K+11"A4;‘£36 final state -
indeed have a pﬂ'+ mass distribution similar to
that of the samples. Comparing the data with
the curve shown in Fig. 2b, we obtain a
xz = 46.4 and a confidence level = 12.6% with

14 degrees of freedom. (We consider M

0’ rO’
and a as parameters in the Breit-Wigner dis-

tribution discussed in Ref. 6. The curves
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corresponding to case I and case Il are very
close, therefore only the result of case I is
shown in Fig. 2.)

Figure 3a, b, and ¢ shows the K'n mass
spectra for samples A, B, and C respectively.
The short-dash lines are the extrapolations of
the model calculations to the region where
M(K+'n‘-) < 4540 MeV. Discussions of the ex-
trapolation are given in Sec. IV. In Fig. 3b
the two curves are close in the region where
M(K*r") 2 1700 MeV. Below 1700 MeV in the
K'n mass two curvcs start to deviate. The
deviation between the solid and the long dash
lines become larger for sample A and smaller
for sample B. This seems.to be a general
trend shown also in the other distributions we
discuss later. .

Figures 4a, b, and c and Figs. 4d, e, and
f show the A'Tn™ mass distributions and the
K+A++ mass distributions. In Fig. 4a the data
peak at around 1500 MeV, where there are
three I = 1/2 baryonic resonances, Pii’ D13.
and S“. The calculated curves peak at
about 80 MeV above 41500 MeV. However, in
Figs. 4b and c¢ the curves agree with the data.
The curves from the model shift their peak by
80 MeV in the A++n mass from Fig. 4a to Figs.
4b and ¢, yel the data do not ‘show such an ap-
parent change. This indicates that the model
may very well apply to small t regions (e.g.,
samples B and C) but does not apply to the
large t regions (e.g., sample A). Similar dis-
agreements also show some of the distribu-
tions from sample A discussed in the following
paragraphs. In Fig. 4d the dashed curve
agrees with the data better than the solid curve,
but it is. not so obvious in Figs. 4e and f.

Figures 5 and 6 show the distributions of
'tKK and 'tpA’ and 'tKv and -Lp'rr' Except
for -t__ in Fig. 6e and {, in general the model
(for both case I and case II) agrees well with
the data.

Figure 7 shows the decay angular distri-

butions for the K+1T- system in its rest frame.

The cos 6 distribution (Figs. 7a, b, and c) are
plotted from 0 to 1.0 since there are no events
from the data and the model in the backward re-
gion. As the t cuts decrease, the events are
populated even in a smaller forward region
[e.g., cosB(K+1r-)20.; for both -ty . and 'tpA
less than 0.3 {GeV/c)“]. The Treiman-Yang
angular distribution (Figs. 72, f, and g) be-
comes flatter as tpA decreases. This indicates
that the Treiman-Yang angular distribution
tends to agree with the well -known prcdiction of
gingle-pian particlie exchange in the limit nfvary
small -tpA' 9  The solid curve and the dashed
curve show considerable discrepancy in Fig. 7d
(sample A). Otherwise, for hoth case I and
case TT the madel agrees with the data rather
well.

Figure 8 shows the distributions of the cosf
and ¢ for the A++'rr- system. Again a large dis-
crepancy between tl-me curves is observed in
large t regions (Figs. 8a and d). Figure 9
shows the Toller angular distributions. The
model agrees with the data fairly well for
Sample B, but does not agrce with thc data in
both the large t region (sample A) and the small
t region (sample C). The dash-dot lines in Fig.

9 represent the phase space which is normal-
ized to pach sample Tt strongly peals near
w = 180 deg. At w = 180 deg, the two particles

in the initial state and the three particles in the

final state lie in the same plane. As t cuts de-
crease, the phase space curve is getting closer
to the results of the model and the data points.

The XZ values of the various distributions
for sample B are given in Table I. Table I
indicates:

1) Owver all the kinematical variables studied
»the confidence level of case II is more uniform
than that of case I. Consider the latter if one
happens to choose to fit the distributions of
M(K+1r-), M(K+A++), -tpA' and -t one may
claim very good agreement between the model
and the data. On the other hand if one chooses

. -
the variables M(A 'w ), -tKK' -tp'n" and the
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Toller angle, w, one may consider that the
model is a failure. The results could be even
worse if only some of the distribution from
sample A were considered.

2) The agreement between the model and the
data is poor for the distributions of “tyk pr
and w. :

B. A Quantitative Analysis

Comparison of the number of events from
the model and the iahase space with the data
under different kinematical criteria is shown in
Table II. The normalization was described in
Sec. IIB.

We observe the following:

1) Comparing the numbers from the data and
those [rom the phase space, one can easily see
the peripheral nature of the data.

2) For M(K w") 21540 MeV, the number of
events from the data agrees with the result of
the model for both case I and case II. The mod-
el completely disagrees with the data in the low
K'n™ mass region [M(K+‘n’-) < 1540 MeV] as we
expect (because of the strong K* resonance
productions). One important point to note is
that the predictions of case I and case II dis-

. . . + - .
agree in this K v mass region also.

IVv. EXTRAPOLATION OF THE MODEL
TO SMALL SUBENERGIES

In this section we dise¢uss: (a) the impor-
tance of the contribution from the extrapolation,
(b) the reliability of the extrapolation with the
present knowledge of Regge parameters, and
(c) the isospin structure of the Kv system on
the basis of (P, ) exchange in the model.

(a) In order to demonstrate the contribu-
tion from the double peripheral process by ex-
trapolation, in Figs. 10a, b, and ¢ we plot the
complete K'nr" mass spectra under the t cuts,

KK and 'tpA less than 1. 0 (GeV/c)Z, 0.5
(GeV/c) , and 0.3 (GeV/c) respectively. The
curves shown in Figs. 10a, b, and c are the

same as those shown in Figs. 3a, b, and c.

The extrapolation of the model to the small Knv
mass region as shown by the dashed curves in
Fig. 10 does not describe the data in the KBQO
resonance region, not in a crude average sense.
This seems to be in favor of Harari postulateio
that Pomeranchukon exchangeis responsible for
the background only. Thedouble peripheral pro-
cess would contribute at least 30 to 60% of the
background in the low Km mass regmr{

[M(K m°)< 1540 MeV]. Due to the e VKK factor
in Eq. (3a), the model yields a large intensity

in the forward 9(K+ﬂ_)'region even in the low Kn
mass region (except near the Kw threshold).

This contributes to part of the well-known
forward-backward asymmetry in the Krw system.“
Ignoring the isospin structures, calculations
involving a p-wave h890 and a d-wave K1420
with a coherent and an incoherent double periph-
eral process with (P, m) exchange have been
tried. They do not produce some of the impor-
tant features in Km asymmetry as a function of
Km mass. Since the contribution from the ex-
trapolation to the background is large and yet it
cannot account for all the background beside the
two well-established K 's, one may ask whether
the double peripheral process or the K res-
onance productions can be isolated from the

data in order to obtain a relatively cleansample.
The answer to this question is no, because both

processes are dominated by pion exchange and

in favor of small -t ..
pA

{b) In Table II the numbers of events in the

low K7™ mass region from the extrapolation of

" the model differ by about 30% between case I

and II. This is a typical fluctuation, introduced
to a certain extent by the uncertainties of the
parameters used in Eq. (3a). With the present
knowledge about Regge parameters and the sta-
tistical level of the data, one cannot determine
how much each exchange pair (discussed in

Sec. IIA) contributes, or whether one should
try to find a better new model. Hence at the

present stage the extrapolation of the model can
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only offer a qualitative description for the data.

(c) In order to determine the isospin of
the attn enhancement, we compare the atts
mass spectrum from both K°1r°A++ and
Kfnatt final states as shown in Fig. 11. We
note that for the reactions .K+P" Komoptt and
K+p—~K+1r' o't the initial channel has a
unique isospin state, namely I = 1, =1 Con-
servation of I and IZ requires I = 3/2 for the
attno system and 1 = 3/2 or 1/2 for the NS
system. Since there is no excess of events
near 1.58 GeV in the M(A™tn%) plot (Fig. 11a)
and the Clebsch-Gordan coefficients for an
I=3/2 (an) sys’éem predict a ratio of 9:2 for
the intensity of the A" and A'Yn” states,
the a**n” low-mass enhancement is predomi-
nantly 1 = 1/2. This isospin assignment is in
favor of an I = 0 object exchanged at the
K‘i‘.r;K:ut vertex. Among all the allowed ex-
change pairs (see Sec. IIA) the P is the only
candidate with I = 0.

In fact we obtain C ®0.85, which is close
to unity, in this analysis. This agrees with the
assumption that P is the dominant object ex-
changed at the KIK+ vertex. Comparing (P, m)
and (P, A1), if one assuming @ and a have

the same slope, then A1 would be a lo‘:;er tra-
jectory and its pole is farther away from the
physical region than the pion pole. Hence the
contribution of Ai is less important than that of

w. If one assumes 7 and A, degeneracy then

there should be no essentiail difference whether
(P, Ai) is included or not in addition to (P, m).
The comparison of the model and the data also
indicates that our (P, ) assumption is rather
good at least in the region where -tKK and -1:pA
are small. These arguments justify the as-
sumption that the (P, v) exchange pair dominates
the double peripheral process. Then one can
further study the upper part of the diagram in
Fig. 1bas a K;rn scattered by a virtual pion
producing the K'n™ final state with P ex- 1z
changed in the t channel. By isospin crossing,
for the reaction K'n = K'n™ viaanI=0 object
exchanged in the t channel, the I = 3/2 and

I = 1/2 parts of the amplitude are in 1:2 ratio.

The implications of this is that we cannot ne-

glect the I = 3/2 component in doing analysis
for the Kv system in low Kr mass region.

Whether the Kr asymmetry can be explained by
including the I = 3/2 component is completely
unclear.
V. CONCLUSIONS

1. (P, 7) exchange dominates the reaction
K'p ~ K'n'a)7 5, at 9GeV/c for MK ") 21540
MeV. In general the model agrees with the
KK < 0.5 (GeV/c)2 and
-tpA< 0.5 (GeV/c)Z. The validity of the model

data fairly well for -t

above these t cuts is definitely in doubt.

2. The introduction of an empirical Toller
angular dependence at the internal vertex helps
to improve the condifence level to be more uni-
form over the distribution of all the variables
considered except that the fit to the Toller an-
gular distributions itself has not been improved
much. In the small t region, the Toller angu-
lar distribution (as shown in Fig. 9¢) indicates
a large discrepancy between the model and the
data. Further investigation on Toller angular
dependence is necessary.

3. With the present knowledge of the Regge
parameters determined by the data from two-
body final states, the many possibilities of the
exchange pairs, and the statistical limitation
of our data, the values of the Regge param-
eters we used are subject to considerably large
uncertainties. I-iowe.ver, this should nnt affect
the conclusion that the contribution from the ex-
trapolation is large. By comparing the data
with the result from the extrapolation to small
Knm mass region, we find that the latter agrees
with Harari's postulate that Pomeran exchange
is responsible for the background only.
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FIGURE CAPTIONS

Fig. 1. A double-Regge-pole-exchange diagram for (a) a reaction
a+b>1+2+3 and (b) the reactions K+p - K+1T-A:;36 .

Fig. 2. Mass distributions for AT;%) (1120 to 1320 MeV) for
samples (a) A, (b) B, and (c) C. The solid curves show the distribu-
tions for Monte Carlo events.

Fig. 3. K'r™ mass distributions for samples (a) A, (b) B, and (c) C.
The solid and the long-dash curves correspond to cases I and II re-
spectively. The short-dash curves are the extrapolation of the cases
I and II. o

Fig. 4. A++TT- mass distributions for samples (a) A, (b) B, and (c) C,
and K+A++ mass distributions fof samples (d) A, (e) B, and (f) C.
The solid and the long-dash curves, the results from the model, bear
the same nreaning as those.shown in .Fig. 3. .

Fig. 5. -t distributions for safnples (a) A, (b) B, and (c) C,

~and -tp-A++K-:iIi<s:ributions for samplés (d) A, (e) B, and (f) C. The
curves bear the same meaning as those shown in Fig. 4.

F.ig. 6. -tK‘*"n" distributions for samples (d) A, (e) B, and (f) C.
The curves bear the same meaning as those shown in Fig. 4.

Fig. 7. COSG(K+TK-) disttibmtions for samples (a) A, (b) B, and (c)
C and ¢(K+1r_) distributions for samples (d) A, (e) B, and (c) C.
6(K+1r") and ¢(K+1r—.) are the Jackson angle and the Treiman-Yang
angle for the Ktn system. The curves bear the same meaning as
those shown in Fig. 4.

Fig. 8. Cos 6(A++1r-) distributions for samples (a) A, (b) B, and (c) C
and ¢(AI ITT-) distributions for samples (d) A, (e) B, and (f) C.

] (A++1T-) and ¢ (A++1r-) arc the Jaclkson angle and the Treiman-Yang
angle for the A++1r- system. The curves bear the same meaning as

those shown in Fig. 4.
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Fig. 9. Toller angular distributions for samples (a) A, (b) B, and
(c) C. Thé solid and fhe long-dash curves bear the same meaning as
those shown in Fig. 4. The dash-dot curve indicates the phase space
normalized to each saniple.

Fig. 10. K'n~ mass distributions with -t(Ki'K') and -t(pa'™) less
than (a) 1.0 GeV/c)?, (b) 0.5 (GeV/c)?, and (c) 0.3 (GeV/c)%. The
solid and the dashed curves bear the same meaning as those shown in
Fig. 3. '
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Table I. XZ values for sample B. 2

: 2 b Confidence 2 b Confidence
Distribution X d.f. ~level(%) x© d.f. level( %)
M) 8.4 14 88.3 16.4 13 17.14
M(a trT) 18.3 114 7.3 15.2 10 12.5
mxtath 8.7 9 ,46.4 10.8 8 21.5
“tye 20.8 6 0.2 11.4 5 4.4
“ton 3.8 3 27.9 3.5 2 17.7
“toer 5.9 .5 31.5 64 4 19.1
-t 20.3 7 0.5 12.9 6 4.5

T L. .
Cos 0 (Ktn") 22.2 12 3.5 12.9 11 29.4
o (K'e) 23.3 17 144 19.6 16 - 23.9
Cos6(a’ sy 32.3. 15 0.6 19.3 14 °  15.3
sattay 28.2 12 .8 18.0 11 11.5

1.2 15.8 9 7.0

Toller angle w 29.1 10

3See Ref. 6.

'bDegrees of freedom.

Table II. Comparison of the number of events from the model and the phase space with
the data under different kinematical criteria.

M(K¥r7) 2 1540 MeV MK r) < 1540 MeV

-tKKand -tpA -tKKand _tpA —tKKand -tpA

Sample A Sample B Sample C < 1.0 (GeV/c)Z <0.5 (Gev/c)z <0.3 (Gev/c)z

Data 511 . 287 115 1804 ©- 1375 953
Case I 536 . 287 127 327 T 307 251
Case II 500 287 132 461 404 ) 318

Phase space 1805 287 54 2565 - 824 330
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APPENDIX II
EXPERIMENTAL DETAILS AND THE CROSS SECTION FOR THE REACTION

+ + - +
Kp—= Kannp AT 9 GeV/c

A. Experimental Detaiis

The experiments were carriéd out in the Brookhaven National Laboratory
80-inch hydfogen bubble chamber exposed to a 4.6-GeV/c.and a 9-GeV/c.rf-
separated'K+ beam a£ the Alternating Gradient Synchrotron (AGS). There
were.abQut 50,000 gnd 200,000 exposures taken for the 4.6- énd 9-GeV/c
experiments respectively. The events from both experiments were measured
on the Lawrence Radiation Laboratory Flying-Spot Digitizer (FSD) and
remeasurements were carried out on the conventional digitizing machine

(Franckenstein).

1. K'pat 4.6 gev/c

o+
The K beam momentum was 4600£40 MeV at the entrance to the bubble

chamber. A beam track was defined as one with a measured momentum within
- . ‘
)T+ (&p

beam

three standard deviations of 4600 MeV, i.e., 3,\/(ApmeaLS

The Ap was the measured error of the momentum and Ap =+ 40 MeV.
mea.s beam

For a beam track event, the coordinates of the main vertex (xo,yo,zo)

were constrained to lie inside the interaction fiducial volume:

- 63.8 - 0.48z0>§ X, = 38.55 + 0.03u5zo cm;
- 9.5 -‘o.209z07é ¥, £25.0 cm, and
-3.05z = 66.0 cm.

+ . . :
The K beam is approximately parallel to the x direction. TFor events
with an associated "V", the decay vertex (xv,yv,zv) is further restricted

to lie within a decay fiducial volume:
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~.63.8 -‘o.u8zV s 51.5 cm,

&

A

-25.0 = 25.0 cm, and

Iy

5.0 £ z 60.0 cm.

A

v

If an event failed to satisfyvthe above criteria it.was rejected.
Other sources of rejects were: frame number errors, unreadable data boxes,
immeasureb;e tracks due to chamber distortion, film damage, etc. To accept
an event, two criteria had to 5e satisfied: The X2 of the fit had to be
within the 1% confidence level, and the observed ionization had to:be
consistent with the fitted momentum and the mass assignment for each
track. The geometric reconstruction and the kKinematical fitting of the
events were performed through the program PACKAGE. To analyie the accepted
events, the program CHAOS was used at various stages: calculating the
kinematical variables interested, selecting events under particular

kinematic -criteria, and making histograms and scatter plots, etc.

2. K'pat 9 Gev/ec

The 9-GeV/c experiment conslsts of two runs with aboqt iO0,000 expo-
sures for each. The.K+ beam momentum at the entrance to the cﬁamber was
9000£65 MeV for the first run and 8950165 MeV for the second run. A
beam track was defined as‘oﬁe with a measured momentum within three
standard deviations of 9000 and 8950 McV respectively for the two runs.

The interaction fiducial volume was defined as

- 100.0 = x = 100.0 cmy

A

1A
N
A

'. - 3.0 66.0 cm.

For these events with a "V", a decay fiducial volume was defined

for the decay vertex (xv,yv,zv) as
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- 90.0

s X, £ 50.0 cm,
- 23.0 = ¥, S 23.0 cm, and
0.0 = zZ, £ 50.0 cm.'

The reject and acceptance criteria for the events were the same as those
described in the preceding section for the 4.6—GeV/c experiment. The
geometric reconstruction and the kinematical fitting of the events were

performed thfough SIOUX and the data analysis by CHAOS.

, - ' + - l
B. The Cross Section for the Reaction Kfp -2 K= nfp at 9 GeV/c

+ ‘
Normalizing to the K p total cross section, the cross section for

the reaction

+ + - + '
Kp—- Knnp at9 GeV/e (1II-1)
can be written as
- N -
o =0, N, (11-2)

where UT is the K+p total cross section at 9 GeV/c, and NT and N are the
total number of events and the number of events fitted as K'n n'p final
state in an uﬁbiased sample. To determine the croés section of the
reaction (II-1), we rescanned three rolls of film and fitted those four-
prong and four—prong-with-a-"V" events. Comparing the events from the
rescan with the results of the first scan.and the o0ld measurements, we

found 2211 events in gross total, of which 182 events were newly found

and 120 events were found with a possiblé wrong event type assignment

in the 0ld (the first and the second) measurements. The latter included

all the four-prong and four-prong-with-a-"V" events that were not fitted
and some six-prong and two-prong events that might be assigned wrong.
The results of the thfee mea surements are summarized in the following

table.
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Results of the measurements for the events of event type 40.2

- + . .
K+n T p 1C-fits and Accepted Falled.ln
geometrical
ho-fits MM events events reconstruction
1st meaéureﬁent '
(FSD) : 54 375 ko9 264
2n?F§;?surement 20 | 49 69 203
3rd measurement '
(Franckenstein) 2 138_ 164 h
Results after 100 562 662 7h

three measurements

a'Event type 40 refers to four-prong events with no sudden change of

curvature of any track.

After the third measurement we found that among the 40's there are
17 rejects and 23 events that do not fit as K n ' p 4C-fits or 1C-fits
but have é missing mass less than 300 MeV. There were 21 events of the
latter category after the second FSD measurement. But from the third
(Franckenstein) measurement, -10 of them remaiﬁ in the éame category,
another 10 of them either are fitted as 1C-fits or have ; missing mass
greater than 300 MeV, and one of them is fitted as the K+n-n+p final
state.

Events from other topologies, e.g., h-prong—with;a-"v" and 4-prong
with one of the tracks decaying, may also fit as the K&n-n+p final state
because: of wrong assignment of V or that K+ or ni decay. There were 120
events of this category remeasured in the third (Franckenstein) measure-
ment; 4 of them were fitted as the K+n—n+p final state, 14 of them failed
the geometrical reconsfruction, and 102 ot them were titted as t'inal states

other than the K n n'p final state.
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Based on the above information we found the cross section in the
followlng steps:

1) There were 100 + 562 + 23 + T4 + 17 = 776 "LO's" of which 100 events
were K%n-n+p hc-fits, 17 events were rejects, and 23 + T4 = 97 events
were unresolved. |

2) We assumed that rejects were independent of tdpology. Based on the

reject rate of 40's, we corrected the total number- as

o1 L o 17 . : ‘
Np = 2R11 - PP11 Xz~ P1A2.6 (11-3)

PR
3) The number of K n n p 4C-fits was equal to

' 100 1 4
N—lOO+7hx36§+23x?l-+'l++1l+x—l-62-~116.8 . (II-%)
. —~— / Ny’
contribution from 40's contribution from non-4O's

4) We assumed that the errors in N and N,, were purely statistical.

T

Based on N, = 2162.6t46.4, N = 116.8%10.8, and 5

+ + - +
found that the cross section for the reaction K p 2 Knnxp at 9 GeV/c

= 17.3*0.2 mb, we

was

¢ =0.94+0.18 mb . ‘ (11-5)
The K+pltotal cross seétion at 9 GeV/c, 0, was ésﬁimated from the existing
data points between 8 GeV/c and 10 GeV/c in Ref. 13 .

Based on a total of 7555 events of the K+n_n+p final state in the
whole expéeriment, one finds that this cross section corresponds to approxi-
mately 8 events/ub.

The error of the cross section given in (II-5) is quite large because
both N and NT are small numbers and their statistical error is large. An
alternative method for reducing the érror of the cross section is to use

the information available in a larger sample and assume that the correc-

tion made in (II-3) and (II-4) is true even for the larger sample.
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Consider an unbiased sample and let Né and NT be the total number of events

before and after the correction, NLO and Ny, be the number of 4o's before
+ -+

and after the correction, and N' and N be the number of the K n n p 4C-

fits before and after the correction. Write

Ny = Ni(1 + C and N=N'(L+¢C) .  (11-6)

T T)

From (II-3) and -(II-4) we obtain
17

CT=-7,.(76 : (1T1-72)
ok, 123 by Tk, 5.6
C"Eé'éJrﬁ"(zl’Ll‘:lhx_loz “ %2 TN

N e

The last step of Eq. (II-7b) was to replace N' by 100, since 5.65 events

is the correction for N' = 100. By treating the numerator and denominator
of each fraction in Eq. (II-7) as independent nﬁmbers and considering

the stat;stical error in each independent number, we obtain the error

in C and.CT, namely AC = 0.137 and &Cq, = 0.005. Re-express Eq. (11-1)

= N'(l'i-C) _ N? )lo 1+ C )
a = a, NI+ cCp) ™ <#L;> <§% > ﬂT %E—I—Eiy . (1I-8)

From a large unbiased sample, we found that NLO = 33891 and N' = 3690.

as

Substitute these numbers in the first factor in Eq. (II-8) and use

NLO = 776 and N! = 2211 (found in the three rolls rescanned) in the

T
second factor in (II-8). We obtain

17
_ (3690 . (116 (1 - 77)
~ %2 * 106
Neglect the error introduced by Ojil) | X (Nlio
: N), large sample ﬁ¥_ 3 rolls rescanned

and consider the error introduced by UT’ C, and C,, only; we obtain

T

— . + - .
A0 = 0.09 mb. Therefore the cross section ror the K x n+p channel at 9

GeV/c is
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0 = 0.79£0.09 mb . (11-9)

Comparing this result with what we obtained earlier (based on three
rolls of film), we found that the values of the cross section, 0, in the
two cases are comparable and within errors they are consistent. The new
error given in Eq. (II-9) has been reduced by a factor of 2 as compared
with the old result [Eq. (II-5)].

For a total of 7555 K n n b 4C-Pits we found that the cross section
given in Eq. (II-9) corresponds to aﬁproximately 9.6 events/ub.

We adopt the value given in (II-9) as the cross section for the

reaction K p — K&n-n+p at 9 GeV/c.
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FIGURE CAPTIONS

Fig. 1. (a) The exchange diagram f&r the reacfion K+p - K+n-A;;36.
(b) The Gottfried-Jackson frame for the K™ system.

Fig. 2. Triaﬁgle plot, M(K+n') vs M(pr'), for the 9-GeV/c data.

Fig. 3. (a) M(K+n-) and (b) M(pn+) projections of Fig. 2.

Fig. 4. Triangle plot, M(K ") vs M(pr ), for the 4.6-GeV/c data.

Fig. 5. (a) M(K+n_) and (b) M(pn+) projections of Fig. L.

Fig. 6. Dalitz plots for the K« A& channel at 9 GeV/c with (a) no |t']
cut and (b) |t'] < 0.1 (Gev/c)?.

Fig. 7. (a) M(K'n") and (b).M(Af+n;) spectra for the K 7 o' channel
at 9 GevV/c.

Fig. 8. Dalitz plots for the K'n A channel at 4.6 GeV/c with (a) no
|t*] cut and (v) |t'] < 0.3 (va/c)e.

Fig. 9. (a) M(K+n-) and (b) M(Ar+n_) spectra for the Kot channei
at 4.6 gev/c. ‘

Fig. 10. M(K%n-) vs (a) p3‘3, (b) Re P31’ and (c) Re P31 for the 6{236

’ ’ ’

in the K+n—A;;36 channel at 9 GeV/c.

Fig. 11. MK x") vs (a) p3.37 (B) Re py 1, and (c) Re py _ for the A{;36
in the K+n_A;Z36 channel at 4.6 GeV/c.

Fig. 12. Dalitz plots for the Kggo n+p channel at 9 GeV/c with (a) no
[t'] cut and (b) |t'| < 0.3 (GeV/c)Z.

Fig. 13. (a) M(prc') and (b) M(Kéeo %) spectra for the Kggon+p channel

90"
at 9 GeV/c.

Fig. 1lk. Dalitz plots for the Kggon+p channel at 4.6 GeV/c with (a) no
1] cut and (b) |t'] < 0.3 (cev/c)Z.

Fig. 15. (a) M(px') and (b) M(Kggnn+) spectra for the Kggon+p chgnnel.

at 4.6 ceV/ec.
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+
Fig. 16. M(pn') vs (a) pg o5 (b) Be py o, and (e) py ) for the Kggo
in the Kggon+p channel at 9 GeV/c. _ '
+ : *0
Fig. 17. M vs b) R and (c for the
g. 17. M(pr ') (a) Po, 0 (b) Re Py, 0° (c) Py,-1 K890
in the Kggon+p channel at 4.6 Gev/e.

Fig. 18. Dalitz plots for the Kiy.x p channel at 9 GeV/c with (a) no

1420
|t'] cut and (b) |t'| £ 0.3 (GeV/c)Ea
. ' ] *0 +
Fig. 19. (a) M(pn ) and (b) M(thzon ) mass spectra for the K hoo™ P
channel at 9 GeV/ec.
1&20“ p channel at 4.6 GeV/c with (a) no
|t'] cut and (b) |t'| = 0.3 (cev/c)?

Fig. 20. Dalltz plots for the K

e +
Fig. 21. (a) M(pn ) anq (v) M(Km20 ) mass Speutrd for the Klugon o)
channel at 4.6 GeV/c.

Fig. 22. (a) A double-Regge-pole-exchange diagram associated with the

++ - ' -t
low A n enhancement (for the K ®x A" channel). (b) A single-exchange

diégfam for K* resonance productions (for the K+n—£f+ channel).
Fig. 23« It'l distributions for the events in the Kggo region in the
K89OA;236 channel at 9 GPV/c. (a) A1l evente in the Kggo region,
(b) cos 6(X'x") < - 0.5, (c) cos e(K+n') 2 0.5, and (d) - 0.5 S
Ccos 0(K'n7) <0.5.
Tig. 2&. |t'l distributions for the events in the Kggo region in the
ggOA;:j6 channel at 4.6 GeV/c. '(a) All events in the Kggo region,
(b) cos 8(K n") < = 0.5, and (c) cos 6(K x") Z 0.5.

: + - + -
Fig. 25. cos 8(K n ) vs (K n ) decay angular correlstion plots for the

+ : ‘
events in the K§ oA ¢ channel at 9 GeV/c with (a) |t'| <o0.1 (Gev/c)?

and |t']| > 0.1 (Gev/c)?
Fig. 26. (a) cos 6(K'n") and (b) ¢(K'n~) projections of Fig. 25a, and

+ - + -
(¢) cos 6(K'n ) and (d) @(K n ) projections of Fig- 25b.
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Fig. 27. cos 6(K x") vs ¢(K¢n-) decay angular correlation plots for the

events in the KX° AT chammel at 4.6 GeV/c with (a) [t'| < 0.07

K890P1236
(GeV/c)® and (b) |t'] > 0.07 (GeV/c)Z.
+ - -

Fig. 28. (a) cos 6(K n ) and (b) ¢(K+n ) projections of Fig. 27a, and

(c) cos 6(X'n") and (d) (K = ) projections of Fig. 27b.
Fig. 29. Spin density matrix elements (a) Po,0’ (b) P1,-1’ and (c) Re P1,0

%0 . vl *0 L+t
for the K89O as a function of |t | in the K890A1236 channel at 9 GeV/c.
+

Fig. 30. The 0]

%0 s 1 . *0 ++
for the K89O as a function |t | in the K89061236 channel
at 9 GeV/c.
Fig. 31. Spin density matrix elements (a) Po, 0’ (b) Re P1,0° and (c) Py,-1

*0 1] s ®0 ,+t ’
for the K89O as a function of lt I in the K8 A1236 channel at 4.6 GeV/c.

+ -

1 1
*0 ++
K89OA1236 channel at 4.6 GeV/ec.

o
90
Fig. 32. (a) 20, and (b) 20, for the Kggo as a function |t'| in the
Fig. 33. The coefficients of the expansion 2, an cos en(K+n_) for the
events in the Kggo region for the 9-GeV/c data with cos 9(K+n_) < 0.5;
(a) as (v) a,, and (c) aye |
. + -
Fig. 34. The coefficients of the expansion X a  cos Gn(K % ) for the -
events in the Kggo region for the 4.6-GeV/c data with no cut in
ot - v : '
cos 8(K'n ); (a) a_; () 8 and (c) aye
Fig. 35. Spin density matrix elements (a) p, ., (b) Re p, ., and (c) Re p
3,3 3,1 3,~-1

+
for the K580A1;36 events from the 9—GeV/c data as a function of |t'|.

Fig. 36. Spin density matrix elements (a) p, ., (b) Re p, ., and (c) Re p
3,3 3,17 3,-1

o
Q0

. i 1 . . . . * ++
Fig. 37. The 't | distributions for the events in the th2OA1236 channel

++ : '
for the Kg A o3 events from the 4.6-CeV/c data as a function of |t']|. -

from (a) the 9-GeV/c and (b) the 4.6-GeV/c data.
Fig. 38. The cos 6(K+n;) vs @(K+n_) decay angular correlation plots for
' . *¥0 it . 'l
the events in the th20A1236 channel at 9 GeV/c with (a) lt | <o0.1

(GeV/c)? ana (b) [t'] > 0.1 (ceV/o)?.
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Fig. 39. The cos 6(K x ) vs (K x~) decay angular correlation plots for
the events in the K12204{236 channel at 4.6 Gey/c with (a) |t'| < 0.07
(GeV/c)® and (b) |t'] > 0.07 (GeV/c)®.

Fig. 40. (a) The cos G(K#n-) and (b) the @(K+n_) projections of Fig.
38a and (c) the cos 0(K n") and (d) the @(K+n-) projections of Fig.

38b. The curve shown in Fig. 40a is a fit to the Legendre polynomial

I + -
ng azPZ(cos (K x )).

Fig. 41. (a) The cos 6(K'n ) and (b) the ¢(K'n ) projections of Fig. 3%,

and (c) the cos 9(K+n-) and (d) the ¢(K+n-) projections of Fig. 39b.-
, + - o : *0 bt
Fig. 42. The cos 6(K n ) distribution for all the events in the Klu2061236
channel at 4.6 GeV/c.
Fig. b in density matrix elements for the A ._, in the K*0_ A+
ig. 43. Spin density matrix elemen or Aﬁ236 in the 142001236
channel at 9 GeV/c; (g) p3’3; (b) Re P31 and (c) Re P31
. . ++ %0+t
Fig. 44.  Spin density matrix elements for the Al236 in the K142OA1236
chgnnel at 4.6 teV/e; (a) P33 (b) Re P3,1? and (c) Re P3,.1"
Fig. bs5. M(pn+) vs cos 6(pn’) for the events in (a) the Kggo and (b) the
*0 s o ‘ ' A
K1420 rogiono from the 9'G€V/L.débd- . |
KN . '
Fig. 46. M(pn ) vs cos 9(pn+) for the events in (a) the Kggo and (b) the
| H*0
KlHQO regions from the 4.6-GeV/c data. |
+ -
Fig. 47. M(K n ) vs the forward-backward asymmetry (F-B)/(F+B).plot for
_ + - . + -+t
the K n  system in the K 1 &  channel at 9 GeV/c.
Fig. 48. The |t'| distributions for the events in the K n A ' chennel
at 9 GeV/c with the criteria (a) all events with M(K x ) < 1.54% GeV,
(b) cos 6(K'x ) < 0.5 and M(K' %) < 1.5k GeV, (c) cos 68(K' n") Z 0.5
I . - - -
and M(K'n ) < 1.5k GeV, and (d) cos 6(K x") 2 0.5 and M(K n ) 2

‘ + -
1.54 GeV. Actually most of the events with M(K n ) > 1.54 GeV are

' o+ - |
in the forward cos 6(K n ) region. (e) The same |t'| distribution

as Fig. 48a with a large scale.
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. . + -+
Fig. 49. The It'l distributions for the events in the K x & channel
. N + -
at 4.6 GeV/c with the criteria (a) all the events, (b) cos 6(K n ) <
0.5, and (c) cos Q(K&n-) z 0.5.
+ - + - . + - 4+
Fig. 50. M(K n ) vs cos 6(K n ) plots for the events in the K x A
channel at 9 GeV/e with (a) |t']| < 0.1 (GeV/c)® and (b) |t'] 2 0.1
+ - + - ] + - 4+
Fig. 51. M(K n ) vs (K n ) plots for the events in the K = A channel
at 9 GeV/c with (a) |t'] < 0.1 (GeV/c)® and (b) |t'| 2 0.1 (Gev/c)Z.
+ - + - ' . + - ++
Fig. 52. M(K n ) vs cos 6(K n ) plots for the events in the K n A
channel at 4.6 GeV/c with (a) |t'| < 0.07 (GeV/c)? and (b) |t'| z
0.07 (GeV/c)?. ‘
+ - + - o, + -+t
Fig. 53. M(K'w ) vs ¢(K n ) plots for the events in the K = A channel
at 4.6 GeV/c with (a) |[6'] < 0.07 (GeV/c)® ana (b) |t'| 2 0.07 (Gev/c)Z.
- : - + -
Fig. 5k. M(K+n ) vs (Yg) and Re (Yi) for the K system in the K =« N
channel at 9 GeV/c with |t'| < 0.1 (GeV/c)® and with (a) L = 1,
() L=2, () L =3, (@) L="4, (e) L=5, and (£) L = 6.
Fig. 55. M(K'n") vs (YS) and Re (Yi) for the K n~ system in the K n A '
(o]
channel at 4.6 GeV/c with  |t'| < 0.3 (GeV/c)® and with (a) L = 1,
(b)) L=2, (c) L =3, (4) L=24, () L =5, and (f) L = 6.
- - 4+ .
Fig. 56. The K+n mass distributions for the K+n A channel at 9 GeV/c
with |t'] <o0.1 (Gev/c)2 and (a) cos 8(K x~) 2 0.85, (b) 0 = cos 6(K ")
< 0.85, and (c) cos 6(K'«") 2 O.
. A + - s + -
Fig. 57. The K n mass distributions for the K x A channel at 4.6
GeV/c with |[t'] < 0.07 (Gev/c)2 and (a) cos 6(K'x") 2 0.85, (b)
0 = cos 6(K+n-) < 0.85, and (c) cos G(K#n;) z 0.
Fig. 58. Superpositions of the corresponding K+n—.mass distributions of
Figs. 56 and 57, namely, (a) Figs. 56a and 57a, (b) Figs. 56b and 57b,

andi(c) Figs. 56c and 57c.
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Fig. 59. The K n mass distributions for the events in the K x A channel
at 9 GeV/c with the cuts (a) no |t'| cut, (b).[t'| < 0.1 (GeV/c)® ana
(¢) |¢'] 2 0.1 (GeV/c)®. The shaded portion of the histogram corre-
_sponds to the events in the |t'| region with cos 6(K+1r-) < 0.5.
+ - s cdgmd Tovad 4 . + - 4
Fig. 60. The K n mass distribution for the events in the K n &4 channel
at 9 GeV/c with [t'] 2 0.05 (Gev/c)2 and cos e(Kfn') <o0.
Fig. 61. The K'n  mass distributions for the events in the K x A @ channel
at 4.6 GeV/c with the cuts (a) no [t'] cut, (b) |t']| < o0.07 (GeV/c)e,

and (c) |t'] 2 o.o7_(Gev/c)2.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.









