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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 mea3ureﬁents of the charge
exchange angular distributions, and the first measurements of the K ]
polarization at these low momenta. A new feature introduced in the
analysis is the S wave cusp treatment at the An and: Zon thresholds,
which we find necessary to describe the observed behavior in the charge
exchange total cross seétions 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 afe reported and better evidence is
found for several of the less well established resonances. None of the

new resonances suggested by recent I=0 and I=1 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.



I. ‘INTRODUCTION
During the past several years, a number of experiments have been

done with counters and with bubble chambers which- have considefably

- 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 structuresand 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 ( Am , ZIm ,

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

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

.essentially all the information on resonant structure in these reactions

can be obtained via single channel analyses because at the energies
undervconsideration most of the beneficial constraints of a multichan-
nel analysis are lost due to the complicating presence of several addi-
tional three. and four body channels with substantial cross sections.
Only at low enérgies where the three body cross sections become small
has a multichannel analysis been found to be really useful.l

- The momentum spanned by this analysis, 360 to 1320 MeV/c (1507 <
E < 1941 MeV), was dictated by the ayailable new data and by the exist-

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



resonances the amplitudes become much less certain. The latter is the
case for the KN systém from above 400 MeV/c to at least 700 MeV/c; Thu:
we found it essential to extend our analysis downward in momentum to 360
MeV/c in order to encompass the prominent‘ A(1520) resonance and thereby ’
stabilize thé other partial wave amplitudes whose behaviors are uncertain.
For this we also benefitted from the recently-published highmstatisticé
bubble chamber coverage of the A(1520) region.2 The upper limit was
likewise determined by the co-existence of the very elastic A(1815) reso-
nance and the new high-statistics bubble chamber experiment of the
Rutherford Laboratory and Imperial College (RL-—IC).3

Among the numerous KN partial wave analysesz‘_10 there has been
general agreement concerning resonances in the higher angular momentum
states. Only among the S and P wave amplitudes, where the non-resonant
background is usua11§ very large, have significantly differenf 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
dis;ributionsll and having, in addition, constrainté on the K_p and K n N

forward scattering amplitudes derived from a new dispersion relation

calculation.12
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IT. DATA

Table I shows the various types of data used, their sources, and
theif cont;ibupions to x? in the best fit we obtained. OfAthe many
bubble chambef experiments in this region,vwe have ingludgd only,those
designed to study in a systematic way the energy dependence of‘structureS-
arising from thevférmation pf resonances. ‘Thus we have left out a nuﬁber
of older experiments of low prec;sion or of limited momentum coverage,
but rely heavily, as do mést previous analyses, on the extensive»data.

o

of the CERN-Heidelberg-Saclay (CHS) gollaboration.13 As discussed in
' 2,8,14

the introduction,lnew accurate bubble chamber gata have also con-
tributed substantially to this analysis. Recent bubble chamber:resultsl
for tﬁe reac#ion KLp > Ksp hgye nop been included since they ;nvolve
assumptions concerning the positive strangeness KN interaction, thus
introducing additional and unknown systematic uncertainties. Nor were
the>very sbarse data currently available on K n elastic scattering from
two older bubblerchgmber experiment_s16 considered to be of sufficient
statisticél weigﬁt to be included.

For reasons of economy the computer program was limited to 100
discrete mémenta. Since the various experiments were done at many more
momenta, it was necessary to interpolate éome of the data points; in the

case of experiments of low statistical accuracy we simply displaced the

published momentum, typically by a few MeV/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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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 of the Legendre polynomial coefficients through n = 6 and

0
the integrated cross section (0 = 4w {2 AO). 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~ leX'detérmination, hence it is essentially independent of fhe 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 uée of the

data described by the polynomial coefficients, it served to better con-
strain the fit in the backward direction which, for ce;tain momenta,- was
particularly difficult to fit.

Only a few measurements18 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 ail energies by means of a dispersion
relation using all the available KiN forward scattering measurements and
the total cross sections. For thié we have used a new dispersion relation
determination of the real parts of the K p and K n forward scattering am-
plitudes12 which incorporates all of the very low energy K p data, the
recently measured real parts at higher energies18 and, in contrast to
previous determinations,19 is constrained to yield the observed dip in

2,20

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

results have been used in our partial wave analysis by introducing as

Y



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.

Polérization in K—p elastic scattering had previously beep measured
only above 860 MeV/c.22 This has now been extended down to 650 MeV/c
by receﬁt ﬁeasurements at BNL.23 The polarization has been fitted di-
fectly at all angles and energies for which it has been measurgd. This
was preferable to fitting the polarization coefficients because thgse
coéfficienté involve aﬁ 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 qoeffi—
cients An/AO and the total charge exchange cross section. Our precision
measurements24 of the latter dominate the much less accurate bubble
chamber data over most of the momentum region covered by the analysis,
whilg our recent measurements of the angular distributions for charge
exchange scattering10 are al;b of substantially higher statistiqal

accuracy than the bubble chamber data.



C. Total cross sections
The other precision data used in this analysis are the total K p

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

experiments.zs_27 We have preferentially used the most recent and : o

accurate measurements of BNL,27 interpolatéd to momenta where other
-types 6f data exist. Between 360 and 430 MeV/c we have relied on bubble
chamber measurements12 of these cross sections, while above 1 GeV/c other
counter experiments were used.zs’28

The individual I=0 and I=1 total cross sections were also fitted.
Below 1 GeV/c these were obtained from the analysis of Carroll et al.27
Because there is cdnsiderable disagreement befween 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.;pproximately
+ SZ', A partial wave analysis of bubble chamber data in the vicinity'
of.400 MeV/czo suggests an I=1 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.

ITI. 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



pértial 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 éhannel unitarity was realized in the conventional way by writing
the scattering amplitude T as T = TB + SBTR 29 where the subscripts B
and ‘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.,
T, = BA/(1-1BA) . (1)

It is essential to introduce a centrifugal barrier factor B8 - to accom-
modate the large momentum interval spanned by the analysis; for this

.. 30
we write

| L, |
5=t (me) 2

where k is the incident c.m. wave number, E is the c.m. energy, R is the
radius of interaction and £ 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= Zn a Pn(y) and b = Zn b Pn(y) . | (3) .



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

the momentum spanning the fitted interval, -1<y <1. For‘thé'large

S and P wave backgréund amplitudes, three complex coefficients were
usually found to be necessary in order to achieve a reasonable fit to the
data; for the D3 wayes one complex ampiitu&e was suffiéient, this being
further reduced to one real amplitude for higher waves. Thus D and
higher angular momenﬁa backgrounds were parametrized by constant scatter-
ing lengths whereas S and P wave backgrounds assumed a more flexible
behavior while retaining thé unitary feature.

Resonant amplitudes were expressed as Breit-Wigner resonances,

_ Te
Tp = 2(M-E)-il (4)

where E is the c.m. energy. M, the resonance mass, is a free parameter
as are the total width at resonance Fr and the elasticity x, related to
the elastic width ', and the total width I' by x = Fe/F'. The energy
dependent widths appearing in Eq. 4, T = BI’r/Br and T, = BI’er/Br ,
contain the centrifugal barrier factdr B described previously, with B,
evaluated at resomance. For Sy, S7j, and Pgj resonances (we use the
conventional notation Ljp ZJ) where large non—resénant 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



freedom, the elasticities were taken to be independent of energy.
At the thresholds for the processes K p>An and K p~L’n a rapid rise
has been observed in the reaction cross sections with a subsequent fall-

'

off at higherlenergy, the overall behavior being consistent with Spp and

’ Accordingly, we have introduced cusps to

511 resonant excitation.
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

Tp =T+ vy() (5)

replaced T in the above resonance expressions. Here p is the momentum
of the n in the c.m. and T is the total widthlwithout the n channel
while Yp and YZ: are free pafameters controlling the strength of the
cusp. Since p becomes +i|p| when analytically extended below threshold,
the amplitudg has a singularity in speed at threshold accompanied by a
90° left-hand turn in the trajectory on an Argand plot as the threshold
is traversed from below.33

The well established 3 and 4 star resonances34 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»Im or Kp*Ar . 1If 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 D, . resonance seen clearly

05
only in the Im channel. The best fit had a x? 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 évery
20 MeV/c in Table IV. The Argand diagrams for the S and 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/Ao 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 Bn can be seen in Fig. 6. The total K_p and individual
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°
CYoss se;tion 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 Sp; and Sj3j
amplitudes exhibit cusp behavior at their respective An and In thres-
holds. The need for cusps is most evident in our precision measurement
of the charge exchange cross sectidn.24 Here the rapid variatibné ob-
served in this cross section as the thresholds are traversed cénnot be‘
followed with the cusps suppressed. " Figure 11 is an expanded Qiew §f
the region of these thresholds showing the fits to our data with and
wi;hout_cusps along with a comparison of X2 for the two cases.

In addition to the narrow Sp; resonance at An thresﬁold,3l we find
that a second broad resonance in this amplitude makes a substantial im-—
provement in XZ. This resonance'overlaps the lower one so that the
manner in which the two resonances are combined with eéch other as well
as with the large Sp; background seems to influeﬁce 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 uppér 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 channei. A cdmpari—
son is made in Table V of the parameters deduced for this and ofher
S and P wave resonances found both by our singlevchannel analy-

sis and bylothers.8’31’32’35—38
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The mass and width of the S1j resonance near In threshold agree
fairly well with the values found from Xn production32 and with those
found by. the RL-IC analysis.8 A second S;; 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 Xz‘

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 Al/Ao
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 POl amplitude,
and there have been several suggestions that it resonates in the vicinity

of 1600 Mev.”*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
anut 600 MeV. There has been a recent theoretical suggestion39 for the
inclusion of a ninth member'into the stable JP =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 thé RL-IC
anélysis and even from our previous work, -the Argand diagrams are very
similar.

A second POl resonance at a higher mass has been suggested by thé

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

yield a lower XZ.

The receqt improvements in the data bank in the KN channel have led
to much better evidence for a relatively narrow resonance in the Pll
amplitude in the intricate region betweenv700 and 800 MeV/c where three
other amplitudes are known to resonate. Our Pllresonance parameters
agree quite well with those of Hart35 who relies heavily on unpublished
higher statistics KN bubble chamber data in this region. However, we are
only in vague accord with the RL-IC analysis which finds very different
values fér this resonance in their KN and in their Im analyses (See
Table V), leading them to suggest that there are in fact two distinct
resonances. Since our KN and their Im analysis agree in mass, this now
appears to be an_unnecessaryAcomplication. This resonance -
is nearly degenerate in mass and width with the well-established D13(l670).

The PO3 amplitude grows to prominence throughout our energy region,
but, as with other analyses, we find that this 1argelamplitude is better
parametrized at lower energies as a background with a clear resonance

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

P13 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 D13 (1670), which is known to have a relatively
weak coupling to the KN channel, gave a mass and width discordaﬁt with
better evidence from other channels. However, with the addition of ouf
angular distribution data, these parameters are now in excellent agreement
with acéepted values.

Finally we consider the recent indications for a number of narrow
KN states found by Carroll et al.27 in the analysis of their total K p
and K d cross sections. Although ngither 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=1 channel
and two in I=0, all lying between 500 and 900 MeV/c. They 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 étructures, the I=1
" bump at 546 MeV/c (1582 MeV) comes from reanalysis of CHS bubble chamber

data by Litchfield40 who identifies a D,, resonance of nearly identical

13
mass and width in the reaction K p*Aw. In our previous work9 we investi-
gated the consistency of I=1 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 sfars.the étatus of hyperon reson-
ances in 1976 as assigned by the Particle Data Group,34 and in parenthe-
ses have shown the changes in this attribution which we believe shoﬁld
be made on the basis of this analysis.

We next consider the uncertainties inherent iﬁ 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, becauselthe data are generally not as precise,
energy-dependent analyses have beén the rule. Here with several promin-
ent Y* resonances (such as the DO3(1520), D15(1765) and F05(1815) whose
quantum numbers have been established by a variety of means) éxtending
over most of the fitted interval, ambiguities are effebti?ely remoﬁed.
Only in the mass region of 1600 MeV where there are no prominent struc-
tures couldvthere be any possibility of radically different solutions
fitting the data equally well.

A more legitimate concern centers on the manner in thch the Back—
ground is parametrized and how this affects the pérémeters and even the
need for the less prominent resonances. In this regard it is illuminating
to compare our analysis with the recent RL-IC work8 where ﬁhe 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 qncertainty.

We have also explored another expansion for the background. As en
alternative tosthe chosen parametrization (Eq. 3), the a and b coeffi-
cients of the scattering length A=a+ib2 were instead expanded as

2n 2n

_ P - P :
a= Znan<E) and b ann(E) (6)

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

For low energies such a dependence would be suggested by the effective
range expansion. This yielded 2 = 2842, i.e. more than 300 higher th?n
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 and P backgrounds, while the other amplitudes appear

11° P03’ 13
to require the chosen expansion. It should be noted that the background

amplitudes lalone tend to have counter clockwise Argand trajectories as a

function of energy in the manner of resonances, although with a different

ft
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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 backgroundé
were altered in various ways described above, aslwell as by investigating
the stability of tﬁe parameters to ﬁhe removal of our charge exchange
angular distribution data. There‘is, of course, further information
available aboﬁt many of these resonances from other two BodyAchannels,
particulériy ifvthe resonance in question has é iarge branching fraetion

into another channel.

Finally we consider how this analysis and that.of RL—108 and UCLlo

differ with regard to directly measurable quantities.._In Fig. 5 we
exhibit the polarization in K p elastic scattering at éeQéra} recently
measured momenta. Both our analysis (which uses tﬁese dé£a) and that of
RL?IC lead to very nearly the same éolarization, in good agreement with
experiment. However the ﬁCL émplitudeé do ﬁot accoﬁmodate the rapidly
diminishing polarization displayed by the data beloﬁ 750 MeV/c. .Since
theirlJ=% amplitudes, in both S and P waves, differ éubétantially from
ours and from RL-IC at low momenta, the K p polarizatiénbreflects this
difference. Presumably the major reason for this difference lieé 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

bFig. 10 the predictions for the unmeasured K°n and 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 wavé_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
group,8 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 solutionlo
at low momentum where new polarization‘measurements have shown the UCL
solution to be in efror.

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 spatse, sometimes discordant, and

occasionally difficult to fit. Since there are no prominent resonances
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in this region to guide the anélysis, additional experimeﬁtal work here
would be highly desirable. In particular, it would be of interest to
redetermine the individual I=1 and I=0 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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-k TABLE I. Data used in the fit.

Type of data References Momentum >(MeV/c) Data Points X
(1) do/d(K p) 2 365 — 425 35 113
13 436 - 1200

3 960 - 1320 396 « 360
17 610 - 943
(2) do/d0(180°,K p) 2,3,13,21 365 - 1320 51 113
(3) D(Kp), DK n) 12 375 - 1320 22 63
(4) K p polarization 23 . 650 - 1071 135 229
22 865 - 1330 . 374 389

(5) do/d(K’n) , 2 365 - 425 35 93
13 436 — 1200
14 862 - 1011 295 483
3 960 - 1320
11 515 - 956 132 312
(6) o (K° n) 24 515 - 1066 48 113
(7) op | 2 365 - 425 7 28
27 436 - 1066 36 55
25,28 1080 - 1320 7 22
(8) o, 0, 27 ' 436 - 1066 72 129
25,28 1080 - 1320 14 21

Total | | 1659 2523



‘state(®

L12g

fkkk
So1”

501**(*)
sll***(*)
(Pll**(*)
de***(*)
P13****
DOB****
DO3****
D13****
DOS****
Dls****
FOS****
Fls****
F17****

fekik
Co7°

(a)
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TABLE II. ReSonancé parameters.

™ o r oo ”x'»Amplitudegb)
Gev) (MeV) '

1671 + 3 29 +'5 0.17 * 0.03 -
1725 * 20 185 *+ 20 0.28 * 0.05
1770 * 10 161 + 20 0.33 * 0.05
1703 + 100 593 + 200 0.14 + 0.05
1679 + 10 38°+'T0 0.10 # 0.05
1908 * 10 119 + 20 0.34 * 0.05
[1385] 20 10 0.15 + 0.05
1520 + 0.5 15.4.% 0.5 045 + 0.03
1692 + 5 64.+ 10 0.22 + 0.03
1679 + 10 56 + 20 .0.11 + 0.03
[1825] 190] 10,02 + 0.02
1777 + 5 116 + 10 10.37 £ 0.03
1819 £ 2 72 5 5 0.60 * 0.03
1937 + 20 161 + 20 0.14 + 0.05
[2030] [180] (0.2]
[2100] (2501 [0.31

Stars show the status of the resonance in 1976 as assigned by the

Particle Data Group. Stars in parenthesis indicate the changes in
this attribution which we believe should be made on the basis of
this analysis.

(b)

circles.

nBFe/F where

The amplitudes listed correspond to the diameter of the resonant

When absorptive processes are present they become
g 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.

Ampliggde | alk .' EE - ' »k iz ' EE B fﬂ v Ei
So1 -.536 ,j ;.401 o 4.001 - .807 .145 .280
51, 287 »' 783 o045 .019 . .217 .084
Pyp 078 746 —.487 .079 -.497 -.147
P11 085 46 1205 .02z -.108 .012
Po3 .387 “. _.155 .150 - - 280 .091 ".045
P13 .030 - | .159 175 .356
D3 227 - -.332
LI 130 _ v'.i>%;384”

Dys .125
D15 .037
Fos ~ -.033
Fls .000
Foq .039
Fl 5 .025
Gy7 .059
G5 .030
R 2.20 fm.
Yy 104

Yy .385
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TABLE 1IV.
PeEAM ECM
360 1.5069
$380 105144
«600  1.5221
420 1.5299
W4e0  1,5379
W46U 145461
W480  1.5%45
W561 1.563%
0520 15715
WS40 1,583
+560  1,5891
$£80  1.5980
2600 1.607¢
1620 1.5160
Wb4d 146251
4660  1.6343
W68 1.6438
700 1.6523
o720 146621
TR0 1.6714
W760  1.6807
o780 1.6901
+800 1.6995
.820  1.7089
o840 1.7183
860 1.7277
4880 1.7372
2900 1.7466
+920° 1. 7560
J960 1.785%
4960  1.7748
2980 1.7842
1,000 1.7336
1,020 1.6030
10060 1.8123
1,060 1,8217
1,080 1.8310
10100 1.8403
1,120 1.849%
1160 1,8589
10160 1.8681
10180 1,877
10200 1.8665
1,220 1.8958
1,260 1.9062
14260 1,7161
1,280 1.9232
1,300 1.9423
1032 1,913
1,340 1,950
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Partial wave amplitudes. These are listed every 20 MeV/c

with the real part aygye:tﬁg

S0t
«066
773
071
770
077
2767
+082
«763
088
«769
09
757
«100
755

0106

.752
J111
WTEL
117
.75¢0
.122
JT50
.126
o751
.129
.753
+130
.756
.128
.759
.120
.761
.105
.757
.081
o733
1080
644
.230
.632
.293
.728
.286
.818
250
.882
.203
.927
150
.957
+095
.973
f061
.978

-.610
973

- 057
. 960

-.098
9k

-e133
.919

-162

4895

-.186
.870

-.205
+8L5

-.220
.822

~e231:

.799
-.240
o778
~4205
.758
-.249
o740
-4 250
.723
-4250
+708
-4 208
+695
-, 245
683
-.2b1
.672
-.235
662
-.228

cER4
=221
V6L8

St1
«207
346
207
369
e23a7
352
«21€
«353
206
+335
«20°
« 306
+ 205
#3786
.2‘\:

L0 3F6

2206
357
« 205
« 357
+208
« 337
« 206
357
«208
+3%8
« 210
338
«213
#3580
o217
«352
0222
e 3506

«229

.238
.237
.376
< 2ub
$381
$258
$332
2T
405
«285
b2t
$301
PO
w316
L84
. 328
531
.328
+600
. 262

o631
s
VT8
$178
+630
o1l
+638
110
J702
.01
o703

PO1
o111
028
»132
L

P11
~s016
+ 326
-+ 015
«029
=013
o032
- 011
+ 035
-« 008
033
~. 005
T
= 001
«din
« 004
o 043
« 309
053
015
o 357
« 021
061
.028
«166
+035
« 071
o 0bu
« 075
+053
. 083
«063
«091
076
«102
+ 085
«119
+092
o146
«078
«180
037
+191
013
«167

015 .
RLTN
0025 .

132
.035
o127
$045
o126
4053
o127
. 060
.129
+066
.132
071
'134
.075
.138
.079
o101
.082
o1bb

© 4084

168
«08b
o 1%1
«087
o156
. 083
«157
«088
160
. 087
o160
+ 086
167
. 085
170
$083
o172
.+ 080
» 175
$077
178
073
‘e181
» 069
+183
+0EW
. 186
<059
«189
« 353
e 191
047
19

P03
o061
« €05
+0€9
006

.« 076

. 007
4086
.008
J092
.018
+100
L011
.108
£013
117
015
.125
J017
V134
.019
D163
.022
J153
.025
'162
.029
172
.033
.1e2
.037
.193
042
. 203
J043

214

+054
225
<061
«236

<0068
o 2hl’

077
2259
.087
«270
.097
282

+1097

.293
122
$305
+136
. 316
WAE2
. 327

0170,
. 337
(189"

o 386
«210

« 356
0232

0361,
V257

. 366
288
. 368
$316
368
346
. 363

©J379
35 .

415
«338
<452
316
87

"+280

.520
237
546
186
559
. £32
.557
.081
.536

S043.

« 498
<024

e 452°

+023
L 406
«039
+ 3€8
-0
362
«0933
. 327

P13
=¢036
«008
~e 039
«009
e 041
«009
e 0bL3
+008
=045
008
~eD4b
003
- 047
«007
~e 048
007
~e 048
006
~e0ud
«006
~e 048
«005
~e 047
«005
“e 46
« 005
e Qbl
« 00w
=e 042
«006
- 040
s 004
- 037
«005
~e 034
«005
-s030
806
~s 026
.008
=e022
«009
=017
011
-e012
+ 0146
-+ 007
«017
-e 002
«0290
<0046
024
« 010
« 028
«016
«033
«822
«039
.28
+« 045
«038
«052
1 1}8
+059
047
+ 067
«053
<078
«059
« 084
«C6S
+ 093
071
«103
«077
113
«082
2126
088
+138
«093
«147
«097
*«159
0102
o171
«1C6
+183
o110
«196
o113
«209
«117

222,

<120
235

v122

e 249
125
o262

0ol
176
081
0222
029

~e122
o410
-e210
204
-e179
«120
~e151
085
-e¢130
«069
-«113
+060
-1 00
«0E0
-.087
+0€2
~«076
«050
~e064
«050
- U1
«051
~«038
o 0%L
-a023
<059
«.0006
+066
+013
079
036
+160
082
«132
«357
+180
«035
0233
=016
«268
-.073
267
~e112
2h2
~+130
0212
-e135
«187
-e133
«1€7
~e129
«153
~e123
il
-e116
*133
-e109
o127
-e193
122
~e097
o118
-e091
»115
-« 085
113
-«079
W11
=076
«110
-+ 069
«109
~e0€W
108
-.0859
107
-e0f4
107
-+050
«107
Q43
o1 C7
EXYL3Y
«107
-e037
«107
-+033
107
=+029
108
~s025

+108,

=e021
.+109
~.017
109

013
+006
«008
+008
006

_imaginary part. _

«0310°

007
«012
«009
o014
«010
016
o012
019
0l
022
0016
026
018
+030
021
«034
024
039
027
0065
«032
052
037
«059
Ok
«068
o054
+076
«068

«082°

<089
078
118
«056
o lhh
022
o152
~sddte
«139
=-+015

.12t -

«a016
107
- 013
«097
-« 009
+090
-+ 004
«087
+001
084
«005
«083
«009
083
«013
«083
017
«084
«020
008%
023
«086

026

.088
«029
.089
.031
.091
L0364
032
.036
«03%
2039
.096
$0h1
098
$043
2099
2045
.101
W0a7
.103
049
.105
.051

«107;

052
«108
«050

0110 .

+056

-ef12.

057
o1l

005
2004
+000
<005
+000
2006
2060
.008
000
+009
2000
+010
.000
012
«000
$013
«000
$015
«000
o017
« 000
+019
+000
J021
<000
$023
$001
«025
+001
w027
«0Ct
+029
+001
+031
T
$ 034
+001
1036
«002
$038
«002
s0bi
002
“043
.« 002
<046
+003
« 069
«003
051
+ 004
« 054
«004
«057
+005
+059
<006

T.062

«007
065
«009
«0E8
«011
«0870
«013
071
«0185
072
«018

R R4Y
T e 020

«070
o021
«069
+ 021
« 068
020
«069
+018
070

.+016

072
015
2074
« 016
«076
013
«078
012
081
012
«083

‘e012

+ 085
o812
«087
012
«089
0012
«091
012

015
+ 007
«000
«008
+000
L0110
«000
012
« 000
015
«000
<018
081
021
«001
02
#001
«029
«002
o033
«003
+038
003
o Oub
«00s
«05¢
«006
«057
«008
« 0565
<012
074
<013
«083
2 017
03
022
+106
+029
«119
«038
133
«049
«148
« 064
2163
« 08t
o177
o110
+189
o142
0194
183
163
230
2169
280
*131
*32¢
«077
«358

#017
«371

=elb1’

«363
=e088
°3h1
-e123
o312
~e146
» 280
=e15)
250
~+168
o223
“el?t
«20C
171
179
~e169
*162
“s165
o167
-e183
+1346
~el159
0123
o154
o1k
~e15(
o 10¢
=elbt
+03e
~elb2
2091
-o138
e 08E
-e138

$081°

-e131
« 076

Fo3

<001 -
<000

002
+000
002
«000
«003
+000
000
+000
+ 004
<009
«006
s+ 000
<007
« 000
+008
«000
«010
«000
012
«000
«01F
« 000
+018
« 001
«021
0001
«024
G011
«029
«001
«033
«002
633
+003
o005
o 00
+UE3
« 008
«061
« 007
071
+ 009
082
w12
+095
016
o111
2022
0129
«031
156
o 042
«175
«059
« 204
<083
«236
0120
«268
«173
«291
251
+289
357
235
78
«115
573
-.039
597
=s170
«549
=+251
469
=290
«390

=30k

. 326
- 304
272
.e297
0232
~e289
«201
-s279
176
- 270
«157
~e261

e1t1-

-e253
«129
245

+118 7

~.238
169
-.232
0102

Fo7

« 000

<000

«008
« 000
+000
o001
0000
«001
«000
s001
+Noe
«001
«000
001
2000
02
2000
«002
+000
002
«d00
002
«000
«003
«000
003
2U08
«003
4o
004
000
« 004
600
2203
+ 006
«005
«000
2005
«000

" <006

000
w008
«000
2007
«000
+007
004
2008
+000
«008
+000
#0093
« 000
«009
000
«010
«000
«010
«000
w011
«000

S e011

«J00
«d12
0090
«013
«000
013
<000
o0l
+000

W014

«000
015
<096
015
«000

W016 .,

«000
201k
+ 000
o017
000
018
«000
018
+000
119
« 300
019
«000
«020

ted 00

o020
«000

021
«000.

0d21
«300

217
001
+00D

e 001

001

000
001
000
002
000
002
290
.002
4000
<003

«000,

303
2000

-00%

« 000
«305
<G00
«005
»000
«006
«000
«007
«000
«008
A0
309
000
« 010
« 006

031t

«000
013
«001
«d1b
«001
013
201
017
«001
«013

«001-

«020
001
0022
.002
«02u
002
«126
«002
«023
«003
+03¢

“4903

«033
«004
«036
«003
«033
«006
002
007
o045
<008
w048
«003
«052
o011

«055,

«013
« 060
115
+06%
017

'«068

«020
<073
024
078
028
«083
$032
«008
<033
«093
L]
«097
0052
102

e 061

106
$071
.103
«083
111
NED

607

2000

+ 060
«0 00
«000
2001
«0C0
<001
« 0G0
001
000
« 001
«000
« 002
« 000

ce00C2

000
02

00040
"+ 003

<000
+« 004
+000
«009
+ 000
005
«0(0
+ 006
+000
007
«3 60
2008
«000
010

o000

311
.000
012
« 060
.0 14
4000
.016
.001
.018
$001
.020

~e 001

022
001
« 026
00
027
002
329
«002
032
«002
+035
J0C3
«038
« 004
062
« 004
« 045
005
2069
«0LB
« 053
007

s 057

008
€2
«010
066
011
071
013
<076
015
<082
018
o087
021
«093
o020
099
028
+106
2033
e112
«038
0119
+ 063
126
050
132

LOET7
139

«066
1 LB
+ 076

617
« 002
«000
+000
«000
« 000
« 000
«000
+ 004
«000
- 000
003
«000
« 000
+« 000
« 000
« 008
+002
«000
« 000
« 000
«00L
«0060
+ 001
« 800
001
» 000
« 001
+ 000
+ 001
« 300
. 001
. 000
001
« 000
«£02
«000
«002
« 000
+002
« 042
002
« 000
002
+000
«003
. 000
« 003
« 000
<003
+ 000
«003
«000
000
<000
« 004
+000
+ 004
<009
. 003
« 000
+ 005
000
« 005
« 000
«005
« 000
«006
+000
«006
<000
+ 006
«000
«007
« 000
007
+000
007
«000
«008
+000
«009
« 0090
«008
« 000
«003
«000
«009
« 000
«009
+ 003
«010
<000
010

© 4002

011
+000
011
« 0G0
<011
. 000
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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)

81 (D Berley et al. (31)  An 1666 22 .24
CHS (36) KN 1663 26 .14
RL-IC (8) KN 1670 45 .17
" (8) In 1670 45 .35
This analysis KN 1671 29 .17
Bricman et al.(37), KN 1872 100 .18
Sg1(II) . = RL-IC (8) KN 1823 230 .39
This analysis KN 1725 185 . .28
§1,(D " Jones (32) In 1760 92 .23
RL-IC (8) KN 1768 60 .14
" (8) Am 1710 68 .09
This analysis KN 1770 161 .33
51, (I1) RL-IC (8) KN 1955 200 .49
Py (D) RL-IC (8) KN 1567 117 .24
" (8) Im 1584 191 .17
This analysis 1703 593 . .14
P,y (I1) RL-IC (8) KN 1856 144 .22
" (8) I 1846 ' 180 .20
Py Hart (35) KN 1658 40 .11
RL-IC (8) - KN 1738 72 .14
- I 1676 117 .16
This analysis KN 1679 38 .10
- Conforto et al.(38) KN 1883 80 .25
Pos 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 n_ I'e/T , corresponding to the
diameter of the resonant circle. The amplitudes for other reactions,

dFeF /T 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-—IC8 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 Z°n
thresholds are explicitly accommodated in our analysis and manifest

themselves on the Argand diagrams as singularities in speed accompanied

by 90° discontinuities in direction.

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/AO of the angu-
lar distributions for elastic and charge exchange scattering calculated in
this analysis and compared to the experimental coefficients which we fit.

"

Symbols are as in Fig. 2 except for "This expt." 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

23 - .
et al. in K p elastic scattering at selected momenta.
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FIGURE CAPTIONS Continued

Fig. 6. The experimental polynomial coefficients Bn of the product IP=
- 1 ' - _ . .
K%rﬁgzlof 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=0 and I=]1 cross sections
used in this analysis compared with our fit. The arrows indicate the

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

'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
' 12

0° cross section predicted from the dispersion relation of A. Martin

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 Zon 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. The totai x2 decreases by 266

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

parameters YA and YZ are introduced.
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