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REVIEW OF PARTIAL-WAVE ANALYSES OF THE KN SYSTEM

- *
ABOVE 1.1-GeV/c K~ BEAM MOMENTUM

Angela Barbaro-Galtieri
Lawrence Radiation Laboratory

Berkeley, California 94720

ABSTRACT

A review of all partial-wave analyses done so far in the mass re-
gion 1850 to 2250 MeV is presented. Only the Am and Zw channels
have becn analyzed in detail for hyperon states in all partial waves.
Some information is also available for the K'p and K°n systems as
well as the =K system. A total of four 1=0 states and sevenI=1
states have been claimed in this energy region, of which only one
and five respectively have been seen in at least two channels. The

uniqueness of solutions obtained in the analysis of a single channel
is'discussed. :

1. INTRODUCTION

The energy region discussed in this review starts at the upper
end of the large bump seen in total cross section at 1 GeV/c inci-
dent K momentum. The isospin 0 and isospin 1 components of the
total KN cross section are shown in Fig. 1. These are taken from
Lynch's review of total cross-section measurements presented at
this conference.

The partial-wave analyses p’erforrixed in the 450- to 1100-MeV/c
region have been reviewed by Plane.“ This paper is a review of all
the analyses done at higher energy. The region in question is shown
in Fig. 4. The I=0 cross section shows only one bump, whereas the
I=1 shows two bumps. The analyses discussed in this paper claim
4 states in the I=0 and 7 in the I=1 states as listed in Table I. Of
these 11 states only 6 are present in more than one channel.

This energy region has not been as extensively studied as the
lower one. The analysis is more complicated because many partial
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FIG. 1. The I1=0 and I=1 part of the total KN cross section taken
from Lynch. 1 Horizontal bars indicate the region discussed in
this paper.
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Table I. Proposed states in the M = 1850-2250 MeV region.

Arrows indicate new states and states not yet confirmed.
Crosses indicate the channels where each state has been

claimed. Pp means possible.

State K-> KN Am P =K
I=0  A(1870) F _or Py,< X
A(2015) F, - X
A(2040) Dys - X Po
A(2100) Gy X X X
I=1 >(1900) P,, - X
=(1915) F,s X X X
=(1940) D, - X X Po
%(2020) F,q X X X X
=(2070) P, - X
= (2120) Gy < X X
g5 (2250) Gyqor Fyq X Po X

%This resonance is really outside any of the partial-wave analyses
performed, except for the K™p, as it can be seen in Fig. 2. Some
of the analyses, however, have included it as a G4g9 amplitude, of
which only the lower tail is used.

waves are involved and the uniqueness of a solution is very ques-
tionable. Many channels are open: in addition to the two-body
channels (KN, Aw, Zm, ZK), many quasi-two-body channels are
certainly possible [A(1405) ™, A(1520) 7, Z(1385)m, Z(1765)m, etc.].
The elasticities tend to be small; in fact, as seen in Fig. 1, none
of the bumps seen in total cross section is very large, although the
spins tend to be larger than at lower energy. [The contribution of
a resonance ta the total cross section at resonance is

o = 4T R2(T +1/2)x,].

Figure 2 shows what data have been used for partial-wave anal-
yses and which channels have been analyzed. For the elastic chan-
nel no complete analysis exists as yet; that is, a simultaneous fit
of the K p and K°n data.

Throughout this paper the definitions used for the differential
cross section do/dQ and polarization (P) expansions, unless other-
wise stated, are as follows:



Published analyses of K N data (Py=> 1.1 GeV/e)

K~ momentum (GeV/c)
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FIG. 2. Summary of published analyses abuve 1.1-GeV/¢ incident
K™ momentum. Each mark on the lines at left represents a mo-
mentum at which data are available. In the column marked anal-
ysis, the symbol e.d. p.w.a. stands for '"energy-dependent partial-
wave analysis.' References are given to papers where the data
have been analyzed.

do 2

dﬁzk ?Aipi(cose)’ (1)
= do6 _ =2

P g nk T BP; (cos 0), - (2)

where X = i/p, p being the momentum of the K~ in the K’ N c.m. s.;
P; are Legendre polynomials; and Pi1 are the first associated
Legendre functions. The coefficients Aj and B; are expressed in
terms of the amplitudes squared or product of amplitudes.

All of the partial-wave analyses reported here are energy-
dependent analyses; that is, the amplitudes have been given an en-
ergy dependence assumed valid over a wide range of incident mo-
mentum. For each partial wave the assumption is:

T=Ty + et PTg, (3)
where Ty is a background amplitude, @ is an arbitrary phase, and
TR is the Breit- Wigner resonant form. The background has been.
parameterized as > 5

Ty = (A +Bk +Ck” +Dk”)+i (E + Fk + Gk + Hk") (4)
4



or as 2, i(d+ek+fk2

Ty = (a+ b k+ckd)e(dHe ), (5)
where k is the incident K~ momentum (or a simple function of it
like k = pgk- Pg ) and the coefficients are real constants. For Tp
the expressmn used is

s EX t

Tr= €-i €-1 '’ (6)

where x, is the elasticity of the resonance, x = T./T"is the branch-
ing ratio into the channel ¢ in question, and € is (E- ER)/(I‘/Z) or
a more sophisticated expression which includes centrifugal barrier
factors etc. 3 The sign £ is related to the SU(3) multiplet to which
the resonance belongs. It is always positive for the KN channel
and it can have either sign for the other channels.

The sign convention used here agrees with the one used by Levi-
Setti? and used in the Particle Data Group Tables of SU(2) and
SU(3) coefficients.” Whenever necessary the sign of the amplitude
has been changed to agree with this convention. In order to avoid

confusion Levi-Setti's summary figure is reproduced here in Fig.
3.
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FIG. 3. Relative signs of the resonant Zm and Am amplitudes as
predicted by SU(3) using the currently accepted multiplet assign-
ment for these resonances.® The arrows indicate the predicted
and the X marks the observed phases. This plot is taken from Levi
Setti, 4 who uses the same sign convention adopted here.



2. THE ELASTIC CHANNEL

As mentioned earlier, a complete partial-wave analysis of the
elastic channel has not been performed yet. By ''complete'' anal-
ysis is meant an analysis of K p6 K°n differential cross sections,
polarizations (available for K p)°, and total-cross-section data.

The difficulty of this analysis is due to the fact.that the major
contribution to the K p differential cross section comes from dif-
fraction scattering. Even in the backward direction the contribu-
tion from the background is comparable with that from the res-
onances, as illustrated in Fig. 2 of the paper by Daum et al,
Table II summarizes what analysis have been done in the elastic
channels.

The discovery of two J=7/2 states in the 2000-MeV mnass re-
gion goes back to 1966 when Wohl et al. ' reported the evidence for
these two states in the K’°n and A7 channels. The elasticities of .
each were found to be equal, as seen in Table II. In this paper,
however, only the A and A, coefficients of the Legendre polyno-
mial expansion were P fitted and only these two states were included

in the analysis, so the presence of other states was not tested.

Total—crosa-'scctioré measurements in this energy region by Cool
et al. and Bugg et al.,® confirmed the presence of two bumps in
the total cross sections (Fig. 1). The two experiments are in

very good a,greement'1 and the elasticities for the two J=7/2 states
are reported in Table II. These measurements showed an

Table II. Results of the analyses of the elastic channel data.
States listed here are only the ones that have been included in
thc analyses. The last four columns list elasticities quoted
by the various authors.

States M r Wohl ' otot8 Daum6 Bricmaniu
A(1870) 5?1870 ~ 40 10 .07
A@100) Gy, 2120 ~145 .25 .33 .33 24
T(1915) F,. 1910 ~ 50 40 .12 .07
£(2020) F,, 2040 ~125 .25 .40 .11 27
Pr(2250) 17,37 2240 ~180 .08 .08 .04

%The partial-wave analysis of Armenteros et al. L 8ggests this
state; the elasticity was ggund to be . 12 Bugg et al.® quote x=.10;
however, Conforto et al. suggest JP= 3/2 See Sect1on 7.
Elasticity obtained by assuming J = 7/2.
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additional small bump in the I=1 cross section.at M=1915 MeV.
It has been argued for some time that this bump may be due to the
unfolding technique used, since it does not show in the measured
cross sections (see Fig. 4 for the K p data). A resonance is now
seen in the partial-wave analyses of Zm and Aw channels, as dis-
cussed later, as well as in a production experiment, 9 therefore it
is fairly well established.

Daum et al. 6 have measured the proton polarization of the K p
elastic scattering. They have done a partial-wave analysis that

55 T T T T T
I
50 |- i .
it
i
’.' ' K™ p total cross section
i f:
45 - ¢ ¢ N
i ¢
! ©
! !
- !
e Y
- 40 I —~
4
c i
. ;
° ]
@ - -.
2 35 B ?1 ] 7]
§ ;‘. .“‘o-v‘o’
S P
"\\ ";" qo
. L4
30 ' N ¢ 7
K el ”3-%%
\ %
.\. \Q“%&_o_ 9-0-0-0gr.
BN
\.
S
25 ' 7
jo———————
20 1 | 1 | |
1.0 L5 20 25 3.0

K” laboratory  momentum  (GeV/c)

FIG. 4. 'Compilatior#é)f the total K p cross section data, 8 taken
from Bricman et al. ©° The dashed line is their fit to the data, the
solid line is the contribution from the assumed linear background.
The horizontal line shows the region of interest in this paper.
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included the differential cross sections and polarizatjons for the
K™ p channel as well as the total-cross-section data.® The back-
ground amplitudes were parameterized in three different ways,
one being our expression (4) carried only to the linear term. The
results of the three analyses are in agreement. The JP assign-
ments of Wohl et al. 6 for 2(2020) and A(2100) were checked, but
no new states were added in the analysis. The results are shown
in Table II. As for Z(2250) the analysis could not find a definite
JP assignment; everything from 5/2 to 11/2 fits the data equally
well. . : . . .

Finally Fig. 5a shows the total cross section for the charge ex-
change reaction K p—>K°n as measured by Bricman et al. 10 " At
resonance the contribution of a resonance to this cross section is

| o= mx (T +1/2) x5,
where x is the elasticity and the I- spin factors have been included.
The contribution of the same resonance to the total cross section
is
o = 21 %% (J.+1/2) x.

Bricman et al. have fitted the K'p cross section of Fig. 4 and the

n cross section of Fig. 5a to the sum of a background term [Eq.
(4) quadratic in P_.-] plus resonances. In the region of interest
they have includecF’che resonances listed in Table II and obtained
the elasticities quoted. Figure 5b shows the effect of Z(1915): the
contribution of each resonance to ¢ is shown as a solid line, where-~
as the interferencf terms are shown as dashed lines. They find '
that the large 5/2° interference term is necessary to fit the data
and substantiates the presence of Z(1915), Fits to the data without
this resonance give considerably worse X2(4OO compared with 145
for the best fit, where 133 is expected).

Table II gives a summary of the situation. The evidence for the
Fy- state listed as A(41870) comes from partial-wave analysis of
the lower-energy datall and it is discussed in Plane's review.
Masses and widths listed are estimated values consistent with the
ones used by the various authors. Finally, the comparison with
Table I shows that six more states have been claimed in other chan-
nels and are not included in the elastic channel. As usual, a more
detailed analysis is likely to show more structure, therefore we
will have to wait.

3. THE Aw CHANNEL

The partial-wave analysis of the differential cross-section and
polarization coefficients has been done by five different groups.
Table III is a summary of the results. In this table the signs of t’
[the amplitudes at resonance defined by Eq. (6)], have been
changed whenever necessary to agree with our sign convention.

8



04 B
’ AU1820)
H {a)

i \ 20910

o3 ’ I £12030) .
! A (2100)
1
B I xlzzso) -
A(2380)
02 | :(z«so) -
3
ﬁ(nso) /‘ . At2600}
£ (2600}
N»v«!
""“—-0— 3ot
—_—
" :
h -
< 1 I 1
~
8
g (b) -
2
(5]

-
]

»

~N

K~ laboratory momentum (GeV/c)
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tribution of the background, and the vertical lines indicate the po-
sition of the resonances included in the fit. (b) The solid lines re-
present the contribution of the resonances to the fitted curve, the
dashed lines represent the interference terms for each partial wave.

1) Smart'12 made an analysis over _a wide region, including the
data of Wohl et al. / and Dauber et al. 20 The background param-
eterization used is given by Eq. (5), with the expansion up to dif-
ferent order for different partial waves. Each resonance had four
parameters, one being a free phase. A P,, state was first re-
ported by this analysis as shown in Table III. Figure 6 shows the
amplitudes corresponding to the best fit obtained. The P43 and
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or

Table III. Results of partial-wave analyses in the Am channel, In the second column N =50 means that 50 param-

“‘eters were used in the overall fit. In the first row to the right, N, , indicztes how many parameters were used
for that partial wave. 2(4) means that the resonant amplitude included four parameters (M, T, (t],®).

_ d
Noar Pyq Py3 Dy3 Fys Fyq Gy7 Gyg
aSmart A", An® Np..  4-R(4) 6 6 44R(4) R(4) 3 3
.75-1.9 GeV/c M~ 18£2#40 : 1902+11  2032%6
2 N=50 ‘ r 272+150 52+25 160%16
x“/DF =418/390 t -.41+.03 -.08+.02 . 21+.01
crst3 : Ax° Ijlpar 4 8 4 B+R(4) =  R(3) 4 ---
1.134-184 GeV/c 1 1910+20 203010 .
5, N=39 ro 60£20 165+3
x°/DF =319/295 t -.10%.02 :20+.02
Peox et al. 16 s Npar b 34R(3) 3 3+R(3) R(3) 3 3
1.18 -1.74 Gev/e M 5 10020 1903+40  2027+6
,, N=40 r 8720 77227 158+16
x“/DF =258/199 t -.16+.03 -.09%.02 .19+.01
©Litchfield !’ An”, Ar° Noae  5-R(3)  4+R(3) 4+R (3) 5+R (3) R 7 -
1,0 -1.85 GeV/c M 1920430  2070+30 194030 189510  2022#4
, . N=54 . 170+40 25040 280+40 70415 17015
x“/DF =705/636 t -.14+.03 -.09+.03 -.14+.03 -.070£,015 .200%.008
®This pager Aond Npae  44R(4) 4 R(4! 4+R (4) R(3) R(3)  R(4)
1.0 -1.85 GeV/c M 1950450 1940450 1905430 201015 2060420 [2250]
5, N=38 T 20050 200450 70420 - 11515 7030 [140]
x°/DF =299/245 t - o£94.04 -.12+.04 -.14%.03 .16+.03 -.07+.02 -.18

2The F, - state Z(1765) was also :ncluded in -he analysis; the following parameters were found: M = 17757,
T = 1435’*9, t=-.266+.017.

bParamete:rs reported here are the onzs of fit 13, except for the Py3 where mass and errors have been estimated
by us, examining th= various fits reported by the authors. The other errors are only statistical.

“The results quoted are the ones ircm fit A.

4x2250), G
baqurouné

®Quantities in square brackets have been kept fixed. See text for z fit fromr. .61 to 1.85 GeV/c.

9 is really outside the range of most analysis, but its lower tail can be included instead of a Gyq



KN - Amw amphtudes (Smart)
P =.75-1.9 Gev/c

Im7T

FIG. 6. Partial-wave amplitudes for the reaction KN - Aw obtained
by Smartl2 (rotated by 180 deg so as to agree with our sign con-
vention). Arrows represent the direction of 1ncreas1ng energy.
Dots represent the various momenta used. P, - = 1.1 GeV/c is be-
tween the eighth and ninth points (where a line is drawn).

D43 amplitudes were not parameterized as resonances, but had a
quadratic background dependencc on Pr-. The errors quoted in
Table III are twice the statistical errors. »

2) Berthon et al. 13 called ERS in the table, have included some
data of the CHS collaborationl? in order to determine the Fq5 am-
plitude in the 1915-MeV region. Their parameterization of the
background differs from Eqs. (4) and (5) in that, for each partial
wave, theyuse:

T, =T £ P_(k (7)

where P, are Legendre polynomials, k is the incident momentum,
and f, are complex constants. This parameterization does not
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differ from Eq. (4), but the authors prefer it because it savestime
in their fitting procedure. The order of the expansion for each
partial wave was experimentally determined to be the one that fits
the data better. -

Only the F45 and F 7 resonances were included in this analysis.
The parameters reported in Table III were obtained by examination
of the results of many different fits. As for the D43 which had been
reported earlier in the Zv channel, 1 the authors state that ''the
D3 is adequately parameterized by a linear background.' We will
discuss the D43 in more detail later. Figure 7 shows the partial-
wave-amplitude results of their fit A, excluding the F17 resonant
amplitude.

3) Cox et al. 16 have used the reaction K n—>Am . The back-
ground parameterization was the same as the previous analysis
(Eq. 7). These authors suggest a new state in the P43 partialwave
at a mass of ~2100 MeV. Figure 8 shows the partial-wave ampli-
tudes corresponding to their fit 13; the D,; is again a straight line.

4) Litchfieldif has made a detailed analysis of allzt}ie‘)’ avfillaéble
data is the 1.0- to 1.85-GeV/c momentum intervalls 12, 13,14,

The background parameterization used is given by Eq. (7) and the
method used is the one described in the CRS analysis above. He
has in addition used a second method; that is, instead of param-
eterizing ReTy and ImTy, as in Eq. (7)2'he uses M and 6 expanded
as in Eq. (7) and then writes Ty = (ne 16-1)/21. The two methods
give similar results. In Fig. 9 the amplitudes obtained with meth-
od A are shown. The Dy3, which was not present in any of the pre-
vious analyses, is now included and seems to be required by the
data. The P,, and P43 are also included as resonances added to
background.

5) This analysis. The analysis of Litchfield was not available
to me before this conference, therefore I made a fit to thf data of
Berthon et al. 13 as well as data of the CHS collaboration’? from
.617 GeV/c, in order to test the possibility of the D 43(1940) res-
onance "> being present in the A system.

- The data were fitted in two separate parts: (a) from .617 to 1.2
GeV/c, (b) from 1.0 to 1.85 GeV/c, and finally all together from
.617 to 1.85 GeV/c. In each fit partial waves up to Gyg were used,
parameterized as linear background (S44, P43), linear background
plus resonances (P1,1, D45, Fyg), as resonances alone (F17, Gq7s
Gy ), and as a sum of two resonances with a free phase (D13).
Various fits were obtained.

A) The best fit for region (a) had a x2= 179 for 2418 degrees of
freedom (35 variables were used, including t values for all the res-
onances above 1.2 GeV/c). For the D13 and Dyg resonances the
following parameters were obtained:

12



Kp=>An~
partial-wave amplitudes (Berthon et al.}
1.134 — 1.84 GeV/c

ImT

14
1 P3
D5
i !‘\ \ —
iy \ ey X 2 ReT
+

FIG. 7. Partial-wave a.mphtudes for the K p— At reaction ob-
tained by Berthon et al. 13 (rotated by 180 deg so as to agree with
our sign convention). Fit shown here is fit A. The F; circle is

not shown.

Kn-An-
partial-wave amplitudes (Cox et al.)
Pg-=1.18 - 1.71 GeV/c
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FIG. 8. Partial- waye amplitudes for the reaction K n—+An ob-
tained by Cox et al. (rotated by 180 deg so as to agree with our
sign convention). Arrows indicate the direction of increasing energy.
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Dy3 Dys

M = 1665 + 10 MeV M = 1765 + 10 MeV
I' = 5010 MeV ' = 115 % 10 MeV (8)
t = .09 %.02 t =-.22 £.03

The errors quoted are estimated by inspection of different fits ob-
tained with different background conditions.

B) The best fit to region (b) is the one shown in Table III.
The values for M, T, t and their errors quoted in this table are ob-
tained by inspection of all the various fits done (including C and D
below).

C) A first fit to all the data (from .6417 to 1.85 GeV/c) was
attempted by alternatively fixing the background parameters in one
of the regions- and letting the background of the other region and
the resonance parameters readjust over the entire energy region.
The best fit was obtained for y: /DF = 435/452. The resonant pa-
rameters changed within the errors quoted in (8) and Table III.
Figuroe 10. and 14 show tho A; and By coefficiente as functions of
incident K momentum; the curves represent the fit to the data
just described.

D) A final fit was donc ovcr the wholc region, using the
same method as C above, with the additional condition that the am-
plitudes at 1 GeV/c be the same for the lower and the higher re-
gion. The y2 got worse as expected (XZ/DF = 582/450), but the
parameters of the resonances changed within the errors quoted in
(8) above and Table III. Figure 12 shows the amplitudes obtained
in this fit, which have the same features as the ones obtained for
the other three fits, but are different enough to increase the y* to
582 (from 435). Obviously some of these partial waves are not
adequately represented by a linear momentum dependence.

4. CONCILUSIONS ON Am ANALYSES

An inspection of Figs. 6-9 and 12 and Table III tells us about
the agreement of the five partial-wave analyses discussed so far.
All five groups claim to have found no alternative solution to the
one shown and all claim a good y“. Different sets of data points
were used by the different groups, but the various sets of data are
in very goo)f].?agreement as testified by the good XZ obtained by
Litchfield, who has used all available data.

Are there any differences between the five analyses?

Out of eight partial waves, three agree and five do not agree.

14
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a) The D,g, Fy5, and F, - are in good agreement in all five
analyses. It is reassuring to note that the F,s, Z(41915), turns out
to be the same in all five analyses, although 1d§.fferent background

was used.

b) The S'li’ PM’ P13, Dy3, G1 amplitudes are somewhat in
diagreement in the five ‘analyses, aZthough, except for the G47 they
are not any smaller than the Dyg and Fyg- :

KN~ Am
partial-wave amplitudes (Litchfield}
1.0-1.85GeV/c

Im T

\\ G7 P3
' -.05 H \\' v N ReT
-~

-05+ F5
4

F7
AR
St
" 1
N
a4

FIG. 9. Partial-wave amplitudes for the Aw channel, result of the
analysis of Litchfield. 17 Only fit A is shown, fit B being very
similar. Litchfield used all the data included in the three previous
analyses.
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1) The S44 of Cox et al. 16 and of the analysis reported here

do not agree with the other three analyses and neither agree with
each other.

2) The P44 of this analysis goes in the opposite direction of
the other four. Notice, however, that a resonance with a negative
t is included in the analyses of Smart, 12 Litchfield, 17 and this
paper and the amplitudes of Figs. 6, 9, and 12 are not very in-
spiring. No doubt this state has to wait until it is found in some
other channel, possibly with less background.

3) The P43 of the three British analyses agree with each
other, while Smartand this paper do not agree with the other three
analyses and neither agree with each other. 1Is there a resonance
in this partial wave? In view of the disagreement I would suggest
waiting for confirmation from some other channel.

4) The Dy3 of the five analyses have in common only the av-
erage valie in tnat they lie in the same quadrant, but the orienta
tion and variation with energy are in bad disagreement. Litch-
field17 and the analysis reported here have included a resonance
whose parameters are in good agreement although different back-
ground was used. So what should we do with this state? We will
come back to this question in Conclusions.

5) The G47 is the smallest amplitude present in these anal-
yses and it again is different in the five analyses. At least three
possibilities are present: II quadrant, IIT quadrant, resonance
across III and IV quadrant. We will again discuss this amplitude in
Conclusions.

In conclusion, the differences between the analyses reported here
show that, assuming that none of the analyses is wrong, the unique-
ness of the solution is a myth. Obviously we have to be very care-
ful in accepting resonances found in only one channel. It would be
desirable to accept a state only after it appears very clearly, i.e.,
practically background-free, in at least one channel. Unfortunately,
if the elasticity is very small, conclusions can be drawn only by
looking at many channels simultancously.

5. THE Zm CHANNEL

In the =m channel both I-spin zero and I-spin one are pgesent,
which makes the analysis more complicpted. Since the Z"m chan-
nel is very difficult to measure, only Z m* data are used, and only
=" provide polarization information. Therefore, compared with.
AT channel, we have twice as mapny arpplitudes, but only one addi-
tional piece of information (Aj, B;, Aj ).

. . 5
So far only one complete analysis is available for this rev1ew;1
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FIG. 12. Partial-wave amplitude result, for the reaction

K p— An’, from the analysis reported in this paper (fit D). The
analysis extends from .617 to 1.85 GeV/c. The 1.0 GeV/c point
is where a sharp change occurs. Arrows indicate the direction
of increasing energy.

in addition, at this conference new data and a new analysig from
the CRS collaboration have been reported by Butterworth1® ina
preliminary fgsm, but not yet available for inclu§iq‘_n here.
Dauber et al. have published an analysis of the = w data
around 2.2 GeV center-of-mass energy, which shows the presence
ofaJ=9/2 partial wave, which can8probab1y be associated with the

=(2250) seen in total cross section,® although the width quoted by
Dauber et al. (80 MeV)is smaller thanthe one seenintotal cross sec-

tion (d@bout 200 MeV). It is possible that more structure will appear
at this mass when more data become available.
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The analysis performed by this author was done as described -
for the AT channel.. The overall analysis goes from .617 to 1.95
GeV/c. Below 1.2 GeV/c the data used were taken from the CHS -
collaboration, 21 the 1.35 GeV/c point was taken from Trower,
above 1.7 GeV/c the data from UCLA were added, 20 and in the 1.2
to 1.7 GeV/c a few A coefficients from the CRS collaboration18
were included. The analysis was performed first in region (a),
that is, .617 to 1.2 GeV/c, then in region (b) (1.0 to 1.95 GeV/c),
and finally in the whole region. The partial waves included in the
fit were S through Gg waves. They were parameterized as follows:

Linear background Sqqs P'li’ Pgp3s P43
Linear back. + reson I phase 501, Pyys D15, Fus
One resonance D05, FOS’ FO?’ F17, GO7’
G G
17 , .
Two resonances +aphase DO3’ Dig

3

The following four solutions were found:

A) The best fit for the lower-energy region had x~/DF = 567/400
(58 parameters were used, including the t values of some of the '
higher-energy resonances).

B) The best fit for the higher-energy data (above 1.0 GeV/c gaive
XZ/DF = 428/267 (321 data points were included and 54 parameterss
were used). ’

C) The lower- and higher-energy data were fitted at the same
time by fixing the background amplitudes in one of the two regions
and letting all the other parameters readjust. The best fit had
x“/DF =898/608 (a total of 673 data points were used and 65 vari-
ables were varied). 'I'he curves shown in l'ig. 13 were obtained
with this fit.

D) Finally the background amplitudes for the lower- and higher-
energy part were required to be the same at 1.0 GeV/c. The best
fit found for this case had x2/DF = 1022/609 (the fit got worse, as
expected), but the main features of the amplitudes and the res-.
onance parameters remained the same. Figure 14 shows the
partial-wave amplitudes obtained in this fit. '

Notice that the XZ/DF obtained in the four fits above are consid-
erably worse than for the Am case. The fits of the CHS collabora-
tion at lower energy also show the same trend.

The results of the above fits are-shown in Table IV. Here
again the parameters quoted have been obtained by inspection of the
various .fits done. Only results at the higher energy (M > 1850
MeV) will be discussed here; see Ref. 15 for discussion of the re-
sults at lower energy.

-~
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FIG. 13. Some data for the reaction Kp-— Zm. (a) and (b) The

Ag = 0/47x2 coefficients for the Z'n” and T v channel respec-
tively. (c) and (d) The Ag coefficients for the same two channels.
Data are from Refs. 241, 15, and 20. The curves are the result
of fit C discussed in the text.

(2) I = 41 states. This analysis, as previously reported, 15
gests two new states, the D13(1940) and the G47(2120), out of the
four indicated with an arrow in Table I. The preliminary analysis
of the CRS collaboration presented at this conference-® does not
include either of these two, whereas a D 5 at 2070 MeV is sug-
gested. The results of the CRS analysis in final form are not
available to me, but we_,_have compared the Legendre polynomial
coefficients (Aj, Aj, B;j) found in the two experiments and there
is no difference in the behavior of the coefficients except that the
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FIG. 14. Partial-wave amplitudes for the K p = Zm channel re-
sult of the analysis reported in this paper (and Ref. 15). The

1.0-GeV/c point is where a sharp change occurs. Arrows indicate
the direction of increasing energy. -

CRS data is more numerous, the new data points fitting- smoothly in
with my old ones. Here again the question arises:

Are these two different solutions?

The results on 1':heA F,15('19 15), however, are in agreement in the two
experiments, the values of t being compatible within errors. (CRS
quotes t = -.13+£.03).
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Table IV. Results of the partial-wave analysis for the Zw
channel. Quantities in square brackets have been
kept constant. N_, . is the number of parameters used
for that particular partial wave.

N

par M(MeV) T"(MeV) t

Sy, 4HR(4) 1683 +5 25+5 -.29%.03
Py, 4*R(4) 1690 10 225 -.43£.03
Dy3 R(3) 1680 5 85+ 10 -.31+.03
Dy R(3) 1840 £ 15 150 + 30 -.16+.03
Fys R(3) 1820 10 100 =20 -.26+.03
D3 R(4) 2010 £30 130 £50 -.20 £.04
Foq R(3) 2020 20 160 = 30 -.15+.02
Gyq R(3) 21410 £20 60 £25 06+.03
D,, R(3) 1662 £5 48+5 .18 +.06
D,; 4+R(2) [1765] [115] .06+.03
F,s 4+R (2) [1900] [ 70] -.06%.03
D,, R(4) 1940 £40 200 £50 -.12+.03
Fyq R(3) 2000 +20 100 £ 40 -.052 £.010
Gy, R(3) 2120 30 135 +30 .43 +.02
G19 R(1) [2250] [140] .07

(b) I =0 states. This analys1515 suggests again two new states,
7(2015) and D33(2040). Here again the preliminary analysis of
%S disagrees, t%eu best solution requires a Dgg at 2110 MeV,
therefore the same question as above applies.

We will discuss this point farther in Canclusions.
6. THE EK CHANNEL

Data in the ..'-':.'-K+ and E°K’ are very scarce because the cross
sections for these two reactions are very small. For = K the cross
section in the region of interest is less than 180 pb, for the E°K
channel, it is less than 80 pyb. The = K presents the additional
problem that only 1/3 of the K have visible decays, therefore the
available statistics are very small. For these reasons only two
groups have done partial wave analyses so far.
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Burgun et 3.122 have done a partial wave analysis in the 1.26-
1.84 GeV/c region. The background amplitudes were parameterized
as linear functions of the K~ momentum (Eq. 4). Figure 15 shows
their AO coefficients, Fig. 16 shovzs 1_:'_he coefficients Ag through Ay
as function of momentum for the = K reaction. The curves shown
correspond to the best fits obtained: (A) with constant background
and the A(2100) and 2(2020) resonances included, (B) with linear
background and the same two resonances, (C) as B with the addition
of a new state at 2070 MeV, T'~ 120 MeV, J = 3/2% and x, x=.015
+.003. The parameters obtained for Z(2020) and A(2100)
tion B are shown in Table V.

Table V. Results of partial-wave analysesin the SK channel.
Quantities in square brackets were kept constant.

Burgun et al. 22 Muller23v
M(MeV)  I(MeV) 2 M(MeV)I(MeV) t
>(2020) F,, [2030] [160] <.05 [2030, 120] .023

A(2100) G,, 2080£10 80%10 .09%.01  [2100, 140] .003

2These authors quote only x', in order to calculate t = N x x' we
assume that they used x_ from the Particle Data Group® compi-
lation of August 1968. Values quoted are from solution B.

1.9 2.0 21 Ec.ms. OV
T i T M 1 T T
Kp—eK®s" H
o=
onw’ — Kz ¢

0 " 1 n 1 2 1 1 1
12 1.4 [A) 1.4 FK-OIV/C

FIG. 15. The A = o/4mx% coefficient for the K p—~ 5 K" and =°K°
channels. Plot taken from Burgun et al.22
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FIG. 16. The coe_ffi_ﬁzients of the differential crggs section for the
reaction K p = 5 K reported by Burgun et al. The curves

correspond to the three fits discussed in the text.
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Muller23 has analyzed the LRL and UCLA data (see Fig. 2) in
the momentum region 1.2 to 2.7 GeV/c. In this analysis the partial
waves up to Dy were parameterized as baryon-exchange amplitudes;
the higher partial waves included only resonances. The results ob-
tained for the F4; and Gp7 resonances are shown in Table V. As
for the lower partial waves, they look very similar to the ones
shown for the Am or Zm channels. Figure 17 shows three of these
partial waves. Whether they include resonances or not is hard to
say at the moment, but certainly the possibility is not excluded.

The D43 has also the characteristic '"'loop' behavior.

K'p—==HK
Partial-wave amplitudes
(Muller) (1,22 —2.1GeV/c)

-2 0 .2
| A I I T

SOl

7/
,’ /)\ Sl
! — —0
.O \\ DO3 f
~

Im T

'.2 — ‘ —=2

L]

as found by Muller®~, using a u-channel exchange parameterization.
_The energy range shown here is from 1.22 to 2.1 GeV/c. -

FIG. 17. Some paﬁ&ial-wave amplitudes for the reaction K N— =

Both analyses show a surprisingly small amplitude for the
NA(2100), which indicates that the enhancement at this mass in the
cross sections of Fig. 45 has a different origin. The CRS fit C
suggests the possibility of some other resonance in this region. .
Muller's fit does not completely account for the peaks in Ap, and b

y
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shows a contribution from A(2100) even smaller than the CRS value.
It is clear that more data and more fits are necessary.

The Z(2020) also has a small coupling to this channel, as seen
from Table V. Muller included in his analysis all the Y resonances
with J 25/2 listed in the Table of Particles of the Particle Data
Group,5 and found that, except for Z(2020), all the amplitudes for
these res]onances are less than 0.01 [Z(1915) has an amplitude
t = 0.008].

7. CONCLUSIONS

The main conclusion to be drawn from this review is that the
uniqueness of a fit, when so many partial waves are involved, is
quite in doubt. In the Am channel, with five analyses performed,
only three out of eight partial-wave amplitudes are in agreement,
as discussed in Sections 4 and 5. At lower energy (P - < 1.1 GeV/c)
the prf?lem seems to be leszsl5 serious. The analyses by Armenteros
et al. and Conforto et al. for the KN channel differ only in that
the A(1870) resonance appears as a Pp3 resonance in the latter and
an Fy7 in the former; the rest of the partial waves are in agreement.

All the analyses discussed here were energy-dependent analyses
that used similar types of background (Eqs. 4 and 5 differ only in
that the first one tends to find straight lines, the second one prefers
curved lines). How many solutions will be found when an energy-
independent analysis is attempted is for anybody to guess.

My conclusions are the following:

(2a) We should not accept a resonance claimed in only one chan-
nel, unless the resonant amplitude is large (for example, |t| >0.2)
and the partial wave involved is background-free.

(b) A resonance which is suggested by more than one channel,
but is always accompanied by a large background so that its Argand
plot does not look like a resonance at all, is very suspicious. We
should wait and accept it only when it looks like a circle or part of
a circle in at least one channel.

Following these rules, let us now go through the 11 states dis-
cussed in this paper. Table VI is a summary of the results dis-
cussed earlier.

~ Fp7(1870). The status of this resonance is probab:1F¥ discussed
in Plape's review. It is included here because, if its J© assignment
is 7/27, the partial wave analyses done above 1.1 GeV/c should in-
clude it along with the other J = 7/2 states. This state is not re-
quired by the Tw or ZK analyses, so there is no way at present to
confirm it. The fact that its width is narrow makes it difficult with
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Table VI. Summary of the results obtained for the 11 states
discussed in this paper. M andI'are expressed in MeV.
For the KN, x,the elasticity, is listed. For the other chan-
nels the quantity listed is t, the amplitude at resonance (Eq.
6). The last column is this author's rating for the res-

onance.
RN Av - Zw =K

M T X t t t Status
A(1870)  Fg.? 1870 40 .10 Poor
A(2045) F,, 2020 160 -.15 i Wait
A(2040) Dg, 2010 130 -.20  (?) bWai’c
A(2100) Gy, 2100 60-145 .29 .06 seen Good
z(1900) P,, ~1900 200 -1 Poor
>(1915) F,c 1905 60 .10 -.09 -.09 .oog Fair
=(1940) D,, 1940 200 .13 -.12  (?)° Wait
z(2020) F,, 2020 100-170 .1-.25 .19 -.05 .023 Good
2(2070) p13 ~400 87-250 =.12 Poor
z(2120) G,, 2100  ~100 -.07 .13 T Wait
€x(2250) G19? 2040 ™60 .05 (-.18)¢ (.07)€ Fair

a. The analysis of Burgun et al. 22 suggests a J = 3/2 state with
either I -spin in this mass region. 22 23
b. The two analysis of the ZK channel™™’
value, see Table V.

c. This state is rcally outside the region where the analysis have
been done. Here it has been assumed {g be a G 19 state, as sug-
gested by the analysis of Dauber et al.

do not agree on this

the present data to draw any conclusions. As mentioned earlier,
the analysis by Conforto_et al., who used the same dat%a

has yielded a different P assignment for this effect (J 3/2 ) w1th
parameters M = 1873 +£10 MeV, T"= 70+20 MeV, x = 0.21+0.03.

So the situation is more confused than ever.

Fo7 (2015). The analysis of the Zw channe115 requires this
amplitude to explain the large difference betweenthe T 7 and Z'w
data. Figure 13 shows the Ay and Ag coefficients, where this dif-
ference is evident. In fact the interference of two F, resonances

+
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and two G resonances can easily explain the data. In view of the
fact that it is seen in only one channel we should probably wait for
confirmation.

D3 (2040). This state also is seen in only one channel; the
Zm data of Ref. 15 suggest this state, but a fit to the data with linear
backgro%nd instead of aresonance is still acceptable, although
worse. 19 It is difficult to detect a 3/2 state in a region where al-
ready four 7/2 states are present. Again we should wait for con-
firmation from another channel.

Gg7(2100). An I-spin zero bump at this mass is clearly seen
in total'cross section. The Gg7 assignment is not challenged yet;
however, the width from the total cross section data seems to be
larger than from partial-wave analyses, supporting the possibility
that the F7 and Dg3 just discussed may contribute to this bump.

P44 (1900). As this is seen only in the Am channel, as dis-
cussé&d in Section 4, the evidence is not compelling, as of now.

F45(1915). For the first time since it was suggested in 1966
by thetotal cross section data, this state appears now to be on
somewhat stable grounds. As mentioned in Section 2 it appeared
in the I = 1 total cross section only after the unfolding of H}e K'p
and K'd data. The K’n cross sections of Bricman et al. (Section
2) indicate its presence, so do the Am and Zw analyses. It is not
clear which bu.gnp has been seen in the production experiment by
Barnes et al., 7 since no spin analysis is available as yet. However,
their quoted width (I" = 100 £30 MeV) seems to exclude the other two
candidates at this mass, P,y and Dy3. One more reassuring fact
about =(1915) is that now it seems to fit well 32 the SU(3) 5/2" octet.
As reported at this conference, Plane et al., using values,and
signs of t as given in Table VI, obtain a good fit for the 5/2" octet, .
therefore the ''flip-flop' situation described by Levi-Setti at the
Lund Conference® seems now to be cured.

D43(41940). This state has been reported in two channels, so
one has more confidence than for the other states classified as
"poor' or 'wait' in Table VI. The situation of the D, 3 amplitude
in the A7 channel, as discussed in Section 4, is not very reassuring.
In addition it should be pointed out that, as shown in Fig. 2, this en-
ergy region is at the lower edge of the ex%eri.tnents discussed here
and at the upper edge of the CHS data. 14,21 This condition may be
acceptable for studying the higher-spin F45(1915), but it makes
studying the underlying structure difficult. My suggestion is to
wait rather than to accept this state.

F47(2020). There seems to be no problem in accepting this
resonance, although the coupling to the Zm channel is somezvl}aét 57
smaller than the SU(3) decuplet assignment would require. ** “™
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P,3(2070). Seen only in Aw, where the various analyses do
not agree (see-Section 4), this needs confirmation from some other
channel.

G47(2120). The rcason for waiting before accepting this state
is that it 15 at the upper edge of the experiments done so far, there-
fore the data are scarce. From the analyses of Am and Z done by
this author, it appears that a resonance fits the data quite well;
however, caution is seldom regretted.

Z(2250). The JP assignment (9/27) is only tentative, and the
values of t for Zm and AT are to be considered tentative also, be-
cause the Z(2250) is almost completely outside the energy range
used in the fits. The main evidence comes from the total cross
section data.

In conclusion, the status of the analyses above 1.1 GeV/c does
not look very good at the moment. Other experimental data and
other analyses will shortly appear on the scene?8 and undoubtedly
will help in understanding the situation. In addition to the two-hody
reactions just discussed, the quasi-two-body such as Z(1385)m,
Z(1660)T, or A(1820)7 should help con51derab1y

The next question that may arise is: Assuming’ that more than
the four states classified as good or fair are really present in these
analyses, it there room for them in the current baryon spectros-
copy? ‘Meshkov2? (in his paper presented at this Conference) dis-
cusses baryon spectroscopy using the quark model. There is cer-
tainly room for new D3 and D,3 states as well as for new F(Q7
and Gq7 states, if we believe tﬁat for each N* found a A and a2 =
state are needed to form an octet, and for each A found one has to
find a © resonance to complete the decuplet. By an inspection of
the Baryon Table of the Particle Data Group one can easily see that
each of the 11 states, except F(7(1870), has one or more possible
companions to form an SU(3) multiplet. Ilowever, as au exper-
imentalist, I think we should apply ourselves to understanding what
the data tell us before gettlng into the classification of every pos-
sible curve we may detect in an Argand diagram.
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