
Lawrence Berkeley National Laboratory
Recent Work

Title
PARTIAL WAVE ANALYSIS OF THE KN SYSTEM FROM 360 TO 1320 MeV/c

Permalink
https://escholarship.org/uc/item/8vw8f4x3

Author
Alston-Garnjost, M.

Publication Date
1977-11-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/8vw8f4x3
https://escholarship.org
http://www.cdlib.org/


J 

Submitted to Physical Review D 

PARTIAL WAVE ANALYSIS OF TIIE EN SYSTEM FRa.f 
360 TO 1320 MeV/c 

M. Alston-Garnjost, R. W. Kenney, D. L. Pollard, 
R. R. Ross, R. D. Tripp, H. Nicholson, and 

M. Perro-Luzzi 

November 1977 

Prepared for the U. S. Department of Energy 
under Contract W-7405-ENG-48 

LBL-6784 C.. 0 
Preprint 

f ·~· 

] 
TWO-WEEK LOAN COPY 

This is a library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 
Tech. Info. Dioision, Ext. 5545 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



.. 

- * PARTIAL WAVE ANALYSIS OF THE KN SYSTEM FROM 360 TO 1320 MeV/c 

M. Alston-Garnjost, R. W. Kenney, D. L. Pollard, R. R. Ross, 
and R. D. Tripp 

Lmvrence Berkeley Laboratory, University of California, 
Berkeley, California 94720 

and 

H. Nicholson 
Mt. Holyoke College, South Hadley, Massachusetts 01075 
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CERN, 1211 Geneva 23, Switzerland 

ABSTRACT 

In this paper we use new data from several recent KN experiments 

in conjunction with older data to make an energy-dependent partial 

wave analysis of the KN system. The important new additions never used 

before in a partial wave analysis, are: our precision measurements of 

the charge exchange total cross sections, our measurements of the charge 

exchange angular distributions, and the first measurements of the K p 

polarization at these low momenta. A new feature introduced in the 

analysis is the S wave cusp treatment at the An and ~ 0n h h ld ~... t res o s, 

which we find necessary to describe the observed behavior in the charge 

exchange total cross sections near these thresholds. Other features 

include a single channel unitary formulation for resonances and back-

grounds and a parametrization of these amplitudes incorporating centri-

fugal barrier effects. New values for masses, widths, and elasticities 

for resonances in this region are reported and better evidence is 

found for several of the less well established resonances. None of the 

new resonances suggested by recent I=O and I=l total cross section 
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measurements are required.· Fits are displayed for all the data used 

and predictions of this partial wave analysis are compared with those 

of two other recent analyses for certain quantities yet to be measured. 

A table of the amplitudes, in steps of 20, MeV/c, is provided. 
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I. INTRODUCTION 

During the past several years, a number of experiments have been 

done with counters and with bubble chambers which have considerably 

·improved the precision of measurements in the KN system. For this rea·-

son we have undertaken a new partial wave analysis of the KN channel in 

order to search for new structures and to re-evaluate the resonances 

derived from analyses of the older experiments. 

We have chosen to study the KN channel alone rather than perform 

a multichannel analysis since most of the new data are from the elastic 

and charge exchange reactions. The other two body channels ( An , LTI , 

An , Ln ) are exceedingly useful when the resonances have dominant branch-

ing fractions into these channels, hence a low elasticity. However, 

·.~ssentially all the information on resonant structure in these reactions 

can be obtained via single channel analyses because at the energies 

under consideration most of the beneficial constraints of a multichan-

nelanalysis are lost due to the complicating presence of several addi-

tional three. and .four body channels with substantial cross sections. 

Only at low energie's where the three body cross sections become small 

1 
has a multichannel analysis been found to be really useful. 

The momentum spanned by this analysis, 360 to 1320 MeV/c (1507 < 

E < 1941 HeV), was dictated by the available new data and by the exist-
c.m. 

ence of prominent resonances with well-established quantum numbers, 

at the lower and upper energies, with which to anchor the analysis. 

Experience has shown that an energy-dependent partial wave analysis 

in regions with such resonances leads to an unambiguous determination 

of the various amplitudes. In energy regions devoid of prominent 
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resonances the amplitudes become much less certain. The latter is the 
~ 

case for the KN system from above 400 MeV/c to at least 700 MeV/c. Thus 

we found it essential to extend our analysis downward in momentum to 360 

MeV/c in order to encompass the prominent A(l520) resonance and thereby 

stabilize the other partial wave amplitudes whose behaviors are uncertain. 

For this we also benefitted from the recently-published high--statistics 

bubble chamber coverage of the A(l520) region. 2 The upper limit was 

likewise determined by the co-existence of the very elastic A(l815) reso-

nance and the new high-statistics bubble chamber experiment of the 

Rutherford Laboratory and Imperial College (RL-IC). 3 

4-10 Among the numerous KN partial wave analyses there has been 

general agreement concerning resonances in the higher angular momentum 

states. Only among the Sand P wave amplitudes, where the non-resonant 

background is usually very large, have significantly d~fferent conclusions 

been drawn from the data. Often these differences are clearly apparent 

from inspection of the Argand diagrams. In other cases the Argand dia-

grams are similar and much of the difference in the resonances can be 

ascribed to differences in the parametrization of backgrounds and in the 

way in which resonances are combined with backgrounds. 

In this paper we describe in detail a partial wave analysis reported 

earlier. 9 We also present the results from a new fit with an expanded 

data bank containing our recently measured charge exchange angular 

distributions11 and having, in addition, constraints on the K-p and K n 

forward scattering amplitudes derived from a new dispersion relation 

1 1 . 12 ca cu at1on. 
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II. DATA 

Table I shows the various types of data used, their sources, and 

their contributions to X2 in the best fit we obtained. Of the many 

bubble chamber experiments in this region, we have included only those 

designed to study in a systematic way the energy dependence of structures . 

arising from the formation of resonances. Thus we have left out a number 

of older experiments of low precision or of ~imited momentUm coverage, 

but rely heavily, as do most previous analyses, on the extensive data 
,. 

of the CERN-Heidelberg-Saclay (CHS) collaboration. 13 As discussed in 

the introduction, new accurate bubble chamber data2 •8 •14 have also con-

tributed substantially to this analysis. 15 Recent bubble chamber results . 

for the reaction ~P + K8p have not been included since they involve 

assumptions concerning the positive strangeness KN interaction, thus 

introducing additional and unknown systematic uncerta~nties. Nor were 

the very sparse data currently available on K-n elastic scattering from 

two older bubble chamber experiments16 considered to be of sufficient 

statistical weight to be included. 

For reasons of economy the computer program was limited to 100 

discrete momenta. Since the various experiments were done. at many more 

momenta, it was necessary to interpolate some of the data points; in the 

case of experiments of low statistical accuracy we simply displaced the 

published momentum, typically by a few HeV/c. 

A. K-p elastic scattering 

The bulk of the K-p differential cross section data comes from 

bubble chambers, with improved statistical accuracy from a recent 
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17 
Birmingham-Rutherford electronic experiment over the central third of 

our momentum region. Instead of fitting the differential cross sections 

directly we have, for economy of computation, fit both the shape-dependent 

ratios An/A
0 

of the Legendre polynomial coefficients through n = 6 and 

the integrated cross section (cr = 4n 12 A
0
). Correlations between the 

various orders of polynomial coefficients have not been included. The 

uncertainty on the integrated cross section depends mostly on the accuracy 

of the K- flux determination, hence it is essentially independent of the meas-

urement of the shape. We have also explicitly fitted the K-p differential cross 

section at 180°. Most of the points were obtained by extrapolation of 

bubble chamber data, there having been but one ad hoc counter experiment21 

to measure this quantity. Although this was a redundant use of the 

data described by the polynomial coefficients, it served to better con-

strain the fit in the backward direction which, for certain momenta,.was 

particularly difficult to fit. 

18 Only a few measurements of the K p and K-n forward scattering am-

plitudes have been made in the resonance region. However, they can be 

calculated with some reliability at all energies by means of a dispersion 

+ 
relation using all the available K-u forward scattering measurements and 

the total cross sections. For this we have used a new dispersion relation 

determination of the real parts of the K-p and K-n forward scattering am-

1 . d lZ h. h . 11 f h 1 K- d h p 1tu es w 1c 1ncorporates a o t e very ow energy p ata, t e 

recently measured real parts at higher energies18 and, in contrast to 

previous determinations,19 is constrained to yield the observed dip in 

the charge exchange differential cross section at 300 MeV/c.
2

'
20 

These 

results have been used in our partial wave analysis by introducing as 
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data points the real parts of the K p and K n forward scattering ampli-

tudes at approximately 100 MeV/c intervals with uncertainties of ± 0.05 

fermi. 

Polarization in K p elastic scattering had previously been measured 

. 22 
only above 860 MeV/c. This has now been extended down to 650 MeV/c 

23 by recent measurements at BNL. The polarization has been fitted di-

rectly at all angles and energies for which it has been measured. This 

was preferable to fitting the polarization coefficients because these 

coefficients involve an expansion of the product of the differential 

cross section times the polarization and therefore contains two inde-

pendent measurements. 

B. Charge exchange scattering 

For this reaction, polarization measurements have not yet been made; 

only the angular distributions and total cross sections have been mea-

sured. We again fit the shape-dependent angular distribution coeffi-

cients An/A0 and the total charge exchange cross section. Our precision 

24 
measurements of·the latter dominate the much less accurate bubble 

chamber data over most of the momentum region cove~ed by the analysis, 

while our recent measurements of the angular distributions for charge 

. 10 "-
exchange scatter~ng are also of substantially higher statistical 

accuracy than the bubble chamber data. 



6 

C. Total cross sections 

The other precision data used in this analysis are the total K p 

cross sections. Below 1 GeV/c these have been measured by three counter 

25-27 experiments. We have preferentially used the most recent and 

27 . 
accurate measurements of BNL, interpolated to momenta where other 

types of data exist. Between 360 and 430 MeV/c we have relied on bubble 

12 
chamber measurements of these cross sections, while above 1 GeV/c other 

25 28 counter experiments were used. • 

The individual I=O and I=l total cross sections were also fitted. 

27 
Below 1 GeV/c these were obtained from the analysis of Carroll et al. 

Because there is considerable disagreement between the various deter-

minations of the isospin-decomposed cross sections and because of the 

uncertainties associated with the deuterium corrections, we have en-

larged the errors on these derived cross sections to approximately 

± 5%. A partial wave analysis of bubble chamber data in the vicinity 

20 
of 400 MeV/c suggests an I=l total cross section some 10 mb larger 

than that of Carroll et al. Due to this discrepancy we have restricted 

the isospin-decomposed cross sections to those above 430 MeV/c. 

III. METHOD OF ANALYSIS 

The basic partial wave analysis program is an outgrowth of that 

used by CHS4 into which we have incorporated a number of sophistications 

deemed necessary for the elastic amplitudes in this energy region. Each 
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partial wave·amplitude through J=7/2 was given an energy-dependent para-

metrization, consisting of a non-resonant background upon which, if 

there were indications of resonant structure in that partial wave, could 

be superposed one or two Breit-Wigner resonances. An approximation to 

single channel unitarity was realized in the conventional way by writing 

the scattering.amplitude T as 29 
T = TB + SBTR where the subscripts B 

~nd R refer· to the background and resonant amplitudes. Two resonances 

in the same partial wave were similarly combined. 

Each background amplitude was made explicitly unitary by para-

metrizing it in terms of a variable scattering length A, viz., 

SA/ (1-if3A) • (1) 

It is essential to intr;oduc.e acentrifugal barrier factor f3 to accom-

modate the large momentum interval spanned by the analysis; for this 

. 30 we wr~te 

(2) 

where k is the incident c.m. wave number, E is the c.m. energy, R is the 

radius of interaction and !L is the orbital angular momentum. The com

plex scattering.length is conveniently written as A= a+ ib2 , so that 

the imaginary part which represents absorption always remains positive. 

Further momentum dependence is contained in the coefficients a and b 

which are expanded in Legendre polynomials: 

a = l: a P (y) 
n n n 

and b l: b P (y) 
n n n 

(3) 
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The argument y of the Legendre polynomial P(y) is linearly related to 

the momentum spanning the fitted interval, -1 ~y ~ 1. For the large 

S and P wave background amplitudes, three complex coefficients were 

usually found to be necessary in order to achieve a reasonable fit to the 

data; for the n3 waves one complex amplitude was sufficient, this being 

further reduced to one real amplitude for higher waves. Thus D and 

higher angular momenta backgrounds were parametrized by constant scatter-

ing lengths whereas S and P wave backgrounds assumed a more flexible 

behavior while retaining the unitary feature. 

Resonant amplitudes were expressed as Breit-Wigner resonances, 

__ r_e__ 
2(M-E)-if 

(4) 

where E .is the c .m. energy. M, the resonance mass, is a free parameter 

as are the total width at resonance rr and the elasticity x, related to 

the elastic width re and the total width r by X= fe/f . The energy 

dependent widths appearing in Eq. 4, f 

contain the centrifugal barrier factor B described previously, with Br 

evaluated at resonance. For SOl• Sll• and Pol resonances (we use the 

conventional notation Lr ZJ) where large non-resonant backgrounds are 

present, it was found necessary to introduce a phase factor in order to 

achieve a good fit. In principle, the introduction of this phase factor 

could result in the combined amplitude exceeding the unitary limit, but 

in practice these amplitudes !always fell within the unitary circle. For 

several of the prominent resonances, additional parameters allowing for a 

linear dependence of the elasticity x on the c.m. energy were introduced. 

Since no significant improvement in the fit was attained by this additional 
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freedom, the elasticities were taken to be independent of energy. 

At the thresholds for the processes K-p+An and K-p+E 0n a rapid rise 

has been observed in the reaction cross sections with a subsequent fall·-

off at higher energy, the overall behavior being consistent with Sol and 

S . . 31,32 
11 resonant exc~tat~on. Accordingly, we have introduced cusps to 

the elastic parametrization at the thresholds to reflect the observed 

enhancements in these channels. This was done by adding a partial 

width for these processes to the total width. Thus 

(5) 

replaced r in the above resonance expressions. Here p is the momentum 

of the n in the c.m. and r is the total width without the n channel 

while and are free parameters controlling the strength of the 

cusp. Since p .becomes +iiPI when analytically extended below threshold, 

the amplitude has a singularity in speed at threshold accompanied by a 

90° left-hand turn in the trajectory on an Argand plot as the threshold 

. 1 33 is traversed from be ow. 

34 The well established 3 and 4 star resonances were introduced from 

the outset with their accepted values of masses, widths, and elasticities. 

A minimum was achieved in these conditions by first varying the background 

parameters and then the parameters of the resonances. Attempts were then 

made to improve this minimum-structure solution by adding resonances to 

those background amplitudes whose energy dependences were suggestive of 

resonances or to those partial waves where resonances have previously 

beenidentified in the reaction channels K-p+En or K-p+An If a 

significant improvement in the fit was thereby achieved, the resonance 
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was retained. Several well-established resonances with masses above 

our fitted region but whose influence was felt at lower energy were 

introduced with fixed parameters, as was the D05 resonance seen clearly 

only in the ETI channel. The best fit had a X2 of 2523 with 1659 data 

points. 

IV. RESULTS AND COMPARISON WITH OTHER ANALYSES 

The results of this analysis appear in the following tables 

and figures. Table II lists the resonance parameters obtained in the 

best fit, while Table III contains those of the background and other 

parameters. The resulting partial wave amplitudes are tabulated every 

20 MeV/c in Table IV. The Argand diagrams for the Sand P wave ampli-

tudes are displayed in Fig. 1 where they are compared with those of the 

RL-IC analysis. 8 In Fig. 2 we exhibit the fits to the total elastic and 

charge exchange cross sections and in Fig. 3 the fits to the polynomial 

coefficient ratios An/A
0 

of both angular distributions. Figure 4 shows 

the fit to the elastic 180° cross section. Fits to the polarization are 

shown at selected momenta in Fig. 5 where they are compared with two 

other analyses. The resulting momentum dependence of the polarization 

coefficients B can be seen in Fig. 6. The total K p and individual 
n 

isospin-decomposed cross sections are shown in Fig. 7 while our real 

parts of the, forward scattering amplitudes for K-p and K-n appear in 

Fig. 8. Figure 9 shows the measured charge exchange differential cross 

section at 0° and 180° compared with our fit. We also compare the 0° 

cross section with the dispersion relation prediction of Ref. 12. 

Predictions for the so far unmeasured charge exchange polarization and 
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for the K-n angular distribution and polarization are shown at selected 

momenta along with those of other analyses in Fig. 10. 

A. S-waves 

We first discuss the individual partial wave amplitudes shown in 

Fig. 1 with emphasis on their resonant structure. Both the s01 and S11 

amplitudes exhibit cusp behavior at their respective An and En thres-

holds. The need for cusps is most evident in our precision measurement 

f h h h . 24 o t e c arge exc ange cross sect1on. Here the rapid variations ob-

served in this cross section as the thresholds are traversed cannot be 

followed with the cusps suppressed. Figure 11 is an expanded view of 

the region of these thresholds showing the fits to our data with and 

without cusps along with a comparison of x2 for the two cases. 

. 31 
In addition to the narrow s01 resonance at An threshold, we find 

that a second broad resonance in this amplitude makes a substantial im-

provement in x2
• This resonance overlaps the lower one so that the 

manner in which the two resonances are combined with each other as well 

as with the large s01 background seems to influence the mass found for 

the upper resonance. Thus,although our Argand diagram is similar to that 

of the RL-IC analysis,
8 

the mass they obtain for the upper resonance is 

about 100 MeV higher than ours. On the other hand, the two analyses for 

the lower mass narrow resonance are in reasonable accord with each other 

and with evidence found for the resonance in the An channel. A compari-

son is made in Table V of the parameters deduced for this and other 

S and P wave resonances found both by our single channel analy-

. d b h 8,31,32,35-38 s1s an y ot ers. · 
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The mass and width of the s11 resonance near En threshold agree 

fairly well with the values found from En production32 and with those 

found by the RL-IC analysis. 8 A second S11 resonance has also been sug-

gested by RL-IC to lie just above our region of investigation. We do 

not confirm this resonance because the introduction of this additional 

structure into our program did not bring about an improvement in x2
• 

B. P-waves 

The presence of a substantial and rapidly growing P wave amplitude 

in our lower momentum region is most evident in the swift rise in the A1/A
0 

coefficient for K-p elastic scattering as seen in Fig. 3. This leads to 

a very low value of the 180° elastic cross section in the vicinity of 

600 MeV/c (Fig. 4). Neither of these behaviors is well-fitted either by 

our analysis or by others. Most agree that the P wave interference 

needed to produce this behavior comes mainly from the P01 amplitude, 

and there have been several suggestions that it resonates in the vicinity 

of 1600 Mev. 5 •8 With the addition of our new charge exchange angular 

distributions, the mass and width of this resonance have changed con

siderably from that' of our previous analysis, 9 which did not contain 

these data. We now obtain a mass of 1700 MeV and a very broad width of 

b 600 M V Th h b th . 1 . 39 f h a out e • ere as een a recent eoret1ca suggest1on or t e 

p + 
inclusion of a ninth member into the stable J = 1/2 baryon octet with 

this mass,with an elasticity of 0.23,and with an even greater width of 

approximately 1000 MeV. Given the large uncertainty associated with such 

a broad resonance, our solution is compatible with this interpretation. 

However, a different parametrization of the background can seriously 
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alter the values found for such a broad resonance without appreciably. 

affecting the Argand diagram. Thus although the mass and width found 

in this analysis are quite different from those found in the RL-IC 

analysis and even from our previous work, ·the Argand diagrams are very 

similar. 

A second P01 resonance at a higher mass has been suggested by the 

RL-IC analysis, but when introduced into our program was not found to 

yield a lower x2
• 

The recent improvements in the data bank in the KN channel have led 

to much better evidence for a relatively narrow resonance in the P11 

amplitude in th~ intricate region between 700 and 800 MeV/c where three 

other amplitudes are known to resonate. Our P11resonance parameters 

agree quite well with those of Hart 35 who relies heavily on unpublished 

higher statistics KN bubble chamber data in this regio.n. However, we are 

only in vague accord with the RL-IC analysis which finds very different 

values for this resonance in their KN and in their LTI analyses (See 

Table V), leading them to suggest that there are in fact two distinct 

resonances. Since our KN and their LTI analysis agree in mass, this now 

appears to be an unnecessary complication. This resonance 

is nearly degenerate in mass and width with the well-established n13 (1670). 

The P
03 

amplitude grows to prominence throughout our energy region; 

but, as with other analyses, we find that this large amplitude is better 

parametrized at lower energies as a background with a.clear resonance 

appearing only near 1900 MeV. Apart from the well-known L (1385), the 

P
13 

amplitude shows no resonant behavior, in agreement with other studies. 
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C. · Other waves 

Most partial wave analyses agree concerning the existence and 

parameters of resonances in higher angular momentum states. In our 

former analysis, 9 the n
13 

(1670), which is known to have a relatively 

weak coupling to the KN channel, gave a mass and width discordant with 

better evidence from other channels. However, with the addition of our 

angular distribution data, these parameters are now in excellent agreement 

with accepted values. 

Finally we consider the recent indications for a number of narrow 

27 KN states found by Carroll et al. in the analysis of their total K-p 

and K-d cross sections. Although neither of these measured cross sec-

tions show direct evidence for new structure, when decomposed into pure 

isospin cross sections, four new resonances emerge in the I=l channel 

and two in I=O, all lying between 500 and 900 MeV/c. ~hey appear as nar-

row structures with low elasticity and their locations are indicated by 

arrows in Fig. 7. None of the other data in the KN channel show any 

evidence for these structures although most are too poor in statistical 

accuracy to reveal resonances so weakly coupled to the elastic channel. 

However, support for the most prominent of these structures, the I=l 

bump at 546 MeV/c (1582 MeV) comes from reanalysis of CHS bubble chamber 

data by Litchfield40 who identifies a n13 resonance of nearly identical 

mass and width in the reaction K-p+An. In our previous work9 we investi-

gated the consistency of I=l resonances at 546 and 602 MeV/c with the 

rest of the KN data and concluded that if they exist they are probably 

not in the S or P states. Our charge exchange angular distribution 

experiment showed no evidence for new structures, and one must await 
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further precise measurements to resolve these questions. 

D. Discussion of results 

In Table II we have indicated by stars the status of hyperon reson-

34 ances in 1976 as assigned by the Particle Data Group, and in parenthe-

ses have shown the changes in this attribution which we believe should 

be made on the basis of this analysis. 

We next consider the uncertainties inherent in this partial wave 

analysis. The problems of ambiguities that have troubled the energy-

independent pion-nucleon partial wave analyses have been of less concern 

in the KN system where, because the data are generally not as preci·se, 

energy-dependent analyses have been the rule. Here with several promin

* ent Y resonances (such as the D03 (1520), D
15

(1765) and F05(1815) whose 

quantum numbers have been established by a variety of means) extending 

over most of the fitted interval, ambiguities are effectively removed. 

Only in the mass region of 1600 MeV where there are no prominent struc-

tures could there be any possibility of radically different solutions 

fitting the data equally well. 

A more legitimate concern centers on the manner in which the back-

ground is parametrized and how this affec<ts the parameters and even the 

need for the less prominent resonances. ln·this regard it is illuminating 

8 to compare our analysis with the recent RL-IC work where the backgrounds 

were introduced in a very different way. A comparison of the Argand 

diagrams of the lower partial waves for the two analyses can be found 

in Fig. 1. The general structures appear very similar and will probably 

remain as lasting features of future partial wave analyses. It is in 
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the interpretation of these features in terms of resonances, particu-

larly when they are broad and of low elasticity, where the somewhat 

arbitrary choice of background complexity and parametrization plays an 

important role. The differences in resonance parameters found by the two 

analyses reflect this uncertainty. 

We have also explored another expansion for the background. As an 

alternative to the chosen parametrization (Eq. 3), the a and b coeffi

cients of the scattering length A=a+ib2 were instead expanded as 

(
P) 2n a= ~ a -

n n E and b = ~ b (~) 
n n E 

where P and E are the c.m. momentum and energy. 

2n 

For low energies such a dependence would be suggested by the effective 

(6) 

range expansion. This yielded X2 = 2842, i.e. more than 300 higher than 
I 

our best fit. Since this new parametrization is less adaptable to varia-

tions at low energy, it may argue for the existence of further structure 

in the lower part of our energy region where the data indicate that there 

are deficiencies in the parametrization. Unfortunately it is here, in 

the region above 400 and below 700 MeV/c, that the measurements are least 

accurate. 

We have also tried to reduce the number of background parameters 

since an over-parametrized background can to some degree simulate a 

resonance or at least reduce its contribution. On the basis of these 

attempts, a case could be made for diminishing the number of parameters 

for the P
11

, P
03

, and P
13 

backgrounds, while the other amplitudes appear 

to require the chosen expansion. It should be noted that the background 

amplitudes Ialone tend to have counter clockwise Argand trajectories as a 

function of energy in the manner of resonances, although with a different 
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energy dependence. With these considerations in mind, it is likely that 

a more refined analysis with better data will reveal greater resonant 

contributions to the amplitudes and perhaps more broad resonances than 

the solution which we present here. 

The uncertainties we assign to the resonance parameters appearing 

in Table II were estimated by studying the change when the backgrounds 

were altered in various ways described above, as well as by investigating 

the stability of the parameters to the removal of our charge exchange 

angular distribution data. There is, of course, further information 

available about many of these resonances from other two body channels, 

particularly if the resonance in question has a large branching fraction 

into another channel. 

Finally we consider how this analysis and that of RL-Ic8 and UCL10 

differ with regard to directly measurable quantities. In Fig. 5 we 

exhibit the polarization in K-p elastic scattering at severat recently 

measured momenta. Both our analysis (which uses these data) and that of 

RL-IC lead to very nearly the same polarization, in good agreement with 

experiment. However the UCL amplitudes do not accommodate the rapidly 

diminishing polarization displayed by the data below 750 MeV/c. Since 
. 1 

their J-
2 

amplitudes, in both S and P waves, differ substantially from 

ours and from RL-IC at low momenta, the K-p polarization reflects this 

difference. Presumably the major reason for this difference lies in the 

fact that UCL did not use the high statistics bubble chamber data in the 

vicinity of 400 MeV/c to stabilize the amplitudes at low momentum. In 

Fig. lOthe predictions for the unmeasured ~nand K n polarizations and 

the K n differential cross sections are displayed at four c.m. energies. 
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Again there are generally only minor differences between our solution 

and that of RL-IC whereas a major difference in K-n polarization at low 

energy distinguishes the UCL solution from the others. 

V. CONCLUSIONS 

We have presented in Table II our best estimates of the status 

and parameters of hyperon resonances with masses between 1500 and 1950 

MeV. These are based on our partial wave analysis of all the latest 

available KN data from formation experiments. Our amplitudes are in good 

agreement with those of similar analysis of older data by the RL-IC 

8 
group, although certain resonance parameters differ significantly. Some 

of these differences probably result from the inclusion of new precision 

data while others, pertaining to the broad resonances, can be ascribed 

to different background parameterizations and to a different way of 

combining resonances and backgrounds. On the other hand, our amplitudes 

in low partial waves disagree substantially with the recent UCL solution
10 

at low momentum where new polarization measurements have shown the UCL 

solution to be in error. 

Most of the momentum-dependent structure within the KN data bank 

can be well-fitted by the contemporary set of resonances with no 

compelling necessity for the introduction of further resonances. However, 

data between 430 and 700 MeV/c are sparse, sometimes discordant, and 

occasionally difficult to fit. Since there are no prominent resonances 
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in this region to guide the analysis, additional experimental work here 

would be highly desirable. In particular, it would be of interest to 

redetermine the individual I=l and I=O total cross sections to ascertain 

the systematic uncertainty inherent in the currently available cross 

sections and the reliability of the structures claimed therein. 
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Tlpe of data 

(1) dcr/dQ(K-p) 

(2) dcr/dQ(l80°,K-p) 

(3) D(K-p), D(K-n) 

(4) K-p polarization 

(5) dcr/dQ(:r'n) 

(6) a (K0 n) 

Total 

TABI..E I. 

References 

2 
13 

3 
17 

2,3,13,21 

12 

23 
22 

2 
13 
14 

3 
11 

24 

2 
27 

25,28 

27 
25,28 

-22-

Data used in the fit. 

Momentum (MeV/c) 

365 - 425 
436 - 12001 
960 - 1320 
610 - 943 

365 - 1320 

375 - 1320 

650 - 1071 
865 - 1330 

365 - 425 
436 - 12001 
862 - 1011 
960 - 1320 
515 -· 956 

515 - 1066 

365 - 425 
436 - 1066 

1080 - 1320 

436 - 1066 
1080 - 1320 

Data Points 

35 

396 

51 

22 

135 
374 

35 

295 

132 

48 

7 
36 

7 

72 
14 

1659 

r_ 
113 

360 

113 

63 

229 
389 ' 

93 

483 

312 

113 

28 
55 
22 

129 
21 

2523 

.. 

•. 
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TABLE II. Resonance parameters. 

· State (a) , M r Amplitude (,b) 

LI2J (MeV) (MeV) 
---

SOl 1<*** 1671 ± 3 29 ± 5 0.17 ± 0.03 

... 
;_' 

s **(*) 1725 ± 20 185 ± 20 0.28 ± 0.05 
·~ 01 

s ***(*) 11 1770 ± 10 161 ± 20 0.33 ± 0.05 

p *(*) 
01 1703 ± 100 593 ± 200 0;14 ± 0.05 

p **(*) 
11 1679 ± 10 38 ± 10 0.10 ± 0.05 

p - *** (*) 
03 1908 ± 10 119 ± 20 0.34 ± 0.05 

p13 **** [ 1385] 20 ± 10 0.'15 ± 0.05 

D03 **** 1520 ± 0.5 15.4.± 0.5 o:4s ± 0.03 

D03 **** 1692 ± 5 64 .± 10 0.22 ± 0.03 

D13 **** 1679 ± 10 56 ± 20 . 0 .. 11 ± 0.03 

DOS **** [1825] [90] ·0;02 ± 0.02 

Dl5 **** 1777 ± 5 116 ± 10 0.37 ± 0.03 

Fo5 **** '1819 ± 2 72 ± 5 0.60 ± 0.03 

Fl5 **** 1937 ± 20 161 ± 20 0.14 ± 0.05 

.. 
Fl7 ;'t'l\"i'<* [2030] [180] [0.2] 

G07 **** [2100] [250] [0.3] 

(a) Stars show the status of the resonance in 1976 as assigned by the 
Particle Data Group. Stars in parenthesis indicate the changes iri 
this attribution which we believe should be made on the basis of 
this analysis. 

{b)The amplitudes listed correspond to the diameter of the resonant 
circles. When absorptive processes are present they become 
nB f e/f where nB is the absorption parameter of the background. 

--
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TABLE III. Background and cusp parameters as defined in Eqs. 3, 2, and 5. 

Amplitude al bl a2 b2 a3 b3 

8
01 -.536 1.401 -.001 -.807 .145 .280 

811 .287 .783 .045 .019 .217 .084 

"'·' 

POl .078 .746 -.487 .079 -.497 -.147 

pll .085 .416 .105 .022 -.108 .012 

p03 .387 .155 .150 .280 .091 .. 045 

pl3 .030 .159 .175 .356 

D03 .227 -.332 

Dl3 .130 -.384 

DOS .125 

Dl5 .037 

Fo5 -.033 

Fl5 .000 

F07 .039 

Fl7 .025 
,. . 

G07 . 059 

Gl7 .030 

R 2.20 fm • 

YA . 104 

Yr .385 



TABLE IV. 

PBEAH 
.o360 

• 380 

• 400 

,520 

.5~0 

.560 

• 600 

.&20 

.&&0 

• io o 

o720 

• 760 

.reo 

.800 

,820 

,860 

• 880 

o920' 

1. 020 

lo D~D 

lo 060 
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1e100 

1e1ZO 

lol~O 

1o160 

lo, 180 

1o200 

1. zzo 

lo240 
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1. 280 

lo 30 0 

lo 321 

lo 340' 

ECM 
lo~069 

1o5Ul 

1. 5 379 

1. 5710 

1o 580 J 

t. ~ 98 0 

1.&070 

lo 0160 

1o&2S1 

1o &621 

1o &807 

1o 6901 

1o 7 089 

1.7183 

1o7271 

1.7 372 

le7t.b& 

1.1560 

1.77 .. 8 

lo 7 8 .. 2 

t. 1 ~36 

1. 8 030 

lo8123 

lo8217 

t. 8310 

1, 8 &tO 3 

1. 81589 

1. 8681 

1. 8771. 

lo9l32 
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Partial wave amplitudes. These are listed every 

with t_~:__r_':C}_~ ~~_:_!: __ a!>_~y~_i_!i~ iinagJ:.nary part·-~-

20 MeV/c 
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TABLE V. s and P wave resonance parameters. Comparison of 

this work with some other single channel analyses. 

Resonance Analysis Channel Mass Width Amplitude(a) 

SOl (I) Berley et al. (31) !::_n 1666 22 .24 
CHS (36) KN 1663 26 .14 
RL-IC (8) KN 1670 45 .17 

II (8) En 1670 45 .35 
This analysis KN 1671 29 .17 

Bricman et al. (3 7) , KN 1872 100 .18 
s01 (II) . RL-IC (8) KN 1823 230 .39 

This analysis KN 1725 185 .28 

s11 (I) Jones (32) En 1760 92 .23 

RL-IC (8) KN 1768 60 .14 
II (8) An 1710 68 .09 

This analysis KN 1770 161 .33 

s11 (II) RL-IC (8) KN 1955 200 .49 

POl{!) RL-IC (8) KN 1567 117 .24 
II (8) En 1584 191 .17 

This analysis 1703 593 .14 

POl (II) RL--IC (8) KN 1856 144 .22 
II (8) En 1846 180 .20 

-
pll Hart (35) KN 1658 40 .11 

RL-IC {8) KN 1738 72 .14 
En 1676 117 .16 

This analysis KN 1679 38 .10 

Conforto et al.(38) KN 1883 80 .2,5 
P03 RL-IC (8) KN 1900 72 .18 

This analysis KN 1908 119 .34 

(a)In our analysis the amplitude shown for the elastic channel when significant 
absorptive backgrounds are present is nBfe/f , corresponding to the 
diameter of the resonant circle. The amplitudes for other reactions, 
~ r er /f are listed here only to indicate the strength of the signal in 
that channel. 

,.., 

.. 
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FIGURE CAPTIONS 

Fig. 1. Argand diagrams of the S- and P- wave amplitudes. The solid 

curves are the results of this analysis while the dashed curves show 

the RL-IC
8 

solution. Numbers are c.m. energies in GeV with intervals of 

0.1 GeV indicated by bars. The locations of resonance masses in each 

partial wave are indicated by circles. S wave cusps at An and E0 n 

thresholds are explicitly accommodated in our analysis and manifest 

themselves on the Argand diagrams as singularities in speed accompanied 

b 90 0 d. . . . . d' . 33 · y 1scont1nu1t1es 1n 1rect1on. 

Fig. 2. The total elastic and charge exchange cross sections calculated 

in this analysis and compared to the experimental data which we fit. 

Fig. 3. The Legendre polynomial coefficient ratios An/A0 of the angu-

lar distributions for elastic and charge exchange sc·attering calculated in 

this analysis and compared to the experimental coefficients which we fit. 

Symbols are as in Fig. 2 except for "This exp t." which refers 

to Ref. 11. 

Fig. 4. The differential cross sections at 180° for elastic K p scat-

tering calculated in this analysis and compared to the experimental 

data which we fit. 

Fig. 5. Fits to some of the recently measured polarizations of Ehrlich 

et a1.
23 

in K-p elastic scattering at selected momenta. 
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FIGURE CAPTIONS Continued 

Fig. 6. 

1C~ B pl 

The experimental polynomial coefficients B of the product IP= 
n 

n n of the K p angular distribution times the polarization plotted 

at the momenta where we fit the polarization directly and compared to 

the predictions of our partial wave analysis. 

Fig. 7.. The total K-p cross sections and the I=O and I=l cross sections 

used in this analysis compared with our fit. The arrows indicate the 

27 locations and widths of six new resonances claimed by Carroll et al. 

Fig. 8. The real parts of the K p and K n forward scattering amplitudes 

in the lab. calculated by this analysis and compared to a dispersion 

relation calculation. The latter were introduced into the fit at 

approximately 100 MeV/c intervals with errors of ± 0.05 fm as indi-

cated by the open circles. Solid points correspond to actual measure-

ments of real parts. 

Fig. 9. The measured charge exchange differential cross sections at 

0° and 180° compared with the fit of this partial wave analysis. The 

Oo • d. d f h d. . 1 . f A M . 12 
cross sect1on pre 1cte rom t e 1spers1on re at1on o • art1n 

is also shown. 

Figure 10. Comparison between our predictions (solid lines), those of 

the RL-IC analysis (dashed lines) and those of UCL (dotted lines) for 

the unmeasured charge exchange polarization and for the K-n polarization 

and angular distribution at selected c.m. energies as a function of the 

K c.m. scattering angle. 

.. 
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FIGURE CAPTIONS Continued 

Fig. 11. Expanded view of the fit to our precision charge exchange 

cross sections of Ref. 24 in the vicinity of An and L
0 n thresholds 

showing the best overall fit obtained with and without cusps. The x2 

coming from these 20 data points in± 50 MeV/c intervals surrounding·the thresh-

olds is 55 with cusps and 185 without cusps. 2 
The total X decreases by, 266 

when the additional two degrees of freedom associated with the two cusp 

parameters and are introduced. 
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