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'BETWEEN 1.73 AND 2.41 GeV™
Daniel F. Kane, Jr.
Lawrence Berkeley Laboratory -

University of California
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July 4971

ABS'I:RACT

Cross-section, angular distribution, and polarization measure-
menté are pre’sénted for 17 energies. Results of a partial-wave anal-
yéi's. Eased on these data are presented. The presence of resonant
strhct_ures in the F15 and D13 waves is confirmed. The masses,
widths, and resonant amplitudes are determined: ER: 1.925+0.008
GeV, t =- 0..137:*:0.01—5, and I'=0.446+0.022-GeV for the F15;
ER |
D13. The D5 and FSY octets, F7 decuplet, a‘nd G7 singlet are studiel

=1.985 +0.005 GeV, t=-0.093+0.006, I'= 0.208 £0.022 GeV for tae

for SU3 symmetry of reduced coupling constants; pbs sible conclusions
are limited by uncertainty about the detailed energy dependence of the
couplings. The D13 resonance is shown to be compatible with the D3

. 7
nucleon resonance se€en around 2.040 GeV.
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- I. INTRODUCTION
'We have studied the reactions K-p-' #* =7 in the center-of-mass

e_nergy range 1.73-2.41 GeV. The data were obtained in two separate

exposures, using. the 25-in. hydrogen bubble chamber at the Lawrence

Berkeley Laboratory, Berkeley. 1,2

The following discussion pro-

- ceeds from the directly observed to the model-dependent 1nterpreta-.
tion. Section II describes how the data were brought into usuable
form. Section III presents the direct experimental results. Section
IV exploits Qell-established properties of the strongrinteraction tov‘
represent the results in a generally useful for’m-—the partié.l'waves.
Finally, Section V ‘attempts to interpret these r'es1:11ts' in terms of the
SU, symmetry model. ‘ vFurther details, both on the procedufes of

data reduction and about individual solutions of the partial-wave anal-

ysis, are presented in Ref. 2.

II. EXPERIMENTAL DETAILS

A. Normalization

Preliminary results of the first exposure have been pfesented?
“but the cross sections disagreed with those obtained in another exper-
iment.-4 We have renofmalized these aata. as described in Ref. 1,
based on a high- statistics beam coimt._ (We also reweighted events,
on an individual bésis as described below.) The normélizatien for the
second exposure was based on the 7T-decay mode (K™=« 1r+1r ). The

results are shown in Table I; the momentum spread is due both to the

momentum bite of the beam optics and to the ionization energy loss as.

the beam traversed the chamber. The mean momentum quoted was

determined from the distribution of events passing cuts in beam phase

»
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space and chamber fiducial volume. These distributions are shown

‘i'n_ Fig. 1. For the first exposure, fitted beam momenta from Z

events were used; for the s‘econdiexposure, the fitted momenta of the

T-decays were used.

B. Data Reduction

The film was scanned sepa-ré.tely for events W‘!.th kinking tracks
(for f_he sevcbnd.’eXposux"e, the 3-prong topology was sought in the same
scan). About 10% of the first exposure and 50% of thei second were
séanned a _seéorid time to determine the scanning efficiency. This
?aiied from 92 to 97% for a single scan and was 99% for those mo-
menta scanned completely twice.

The events were measuréd.oﬁ the COBWEB system of on-line
Franckensteins. > Geometrical reconstruction, kine.mé.‘tic fitting, and
logical selection of events were performe(i on. the FOG-CLOUDY-FA'R
sy‘stem of programs.6 Thé kinematic fitting prpce;eded as follows.
Wﬁer_xever" Ap/p (measurgd) for the connecting track was__>0.5, the fit-

tixig was first constrained at the decay vertex to determine the momen-

© tum of the connecting track. Since this was a zero-constraint fit, it

in general gave two starting values for the subsequent two-vertex fit.
Also for the =t events there were two decay modes: '1r+n and m°p.
The following production vertex reactions were attempted:

Kp— w BF

D% =z
- g ZFq0

Events that failed in geometrical _'reconstruction, or fail_ed to fit any

two vertex kinemati_c hypothesis with a reasonable x_z, or that fit

-
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more than one hypothesis well became candid#’t'es:forv remeasure.
Events with a well-measured éonnegﬁng tré.ck‘indica.iti\re of a‘iong life-
time were assumed to be meson (w*, K") de'cé.‘ys éﬁd ;yere eliminatéd
from the remeasure sample (a lifetime cut and reweighting procedure
accounted for any'gbod evenfs lost by this). An ionization scan was
carried out for events fitting more than one hypothesis; events whose
ambiguities could be so resolifed were also ehﬁinated from the re-
fn'easure sample. The events that"W'eré_ remeasured went through
FOG-CLOUDY-FAIR and an ionization scan.

‘There still remained events that failed at some stage of the data
reduction but that looked reasonable on the scan table. For the first |
exposure there were also some bookkeeping lossés. These losses
were taken into account in the determinatiovn' of cross sections. -

The scan for kihl(ing tracks missed tv(ro"c‘.lassés of Z eirents:
those for which the decay occurred too close to the production vertex
or outside the chamber and those with imperceptible kinks. These |
losses are rélated to the lifetime and decay angular distributions and
can be cbrrei:ted wifhouf biasing the study of the produétion reaction.
Thenafures of these distributionsv are known; for a given set of cuts
in the length of track and decay aﬁgles, each évent can be weighted by‘
the inverse of the fraction of the distributions paséing these acceptance
criteria. As the cuts are increased, a point is reached where the ivn-'
creé.se in weights just compensates for the events nery reje;:ted; the
Vweig}}ted nﬁmber of events ceases to-change (within statistical limi:c,s').
By this method we foﬁﬁd the appropriate cuts for use in determinix_lg
the. cross sectidns.

In acéepting evepté for angular distributio'ns, wheré absolute

numbers of events were not critical, the cuts were relaxed where
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losses were uncorrelated with the production angle. This primarily
involved elimination of the cut vin the azimuthal decay angle: for
decays toward or aWa'.y from the cameras, resulting in a small ap-
parent kink, there was about 35% loss of events. The affected por-

tions of this distribution were eliminated when determining

the cross sections, but these events were used in the angular distri-

butions. The events of the type zt. 7p were used only to obtain
polarizations; for this measurement each bin of the anguiar distribu-
tion is treated separately~even relative xiumb_ersof events from one
bin to another are not critical. The cuts used in this last case were
minimal, and the events were used unweighted. Finally, the cuts
made in the beam phase space for events used in angular distribu-
tions and polarizations were slightly less stringenf than those used in
cross-section dete rminatio(ns.v

The distributions of lifetimes were found f_:o be 'éxpdnential, as
expected, e‘xcept‘for losses due to very short tracks and decays out-
side the chamber. We detellmihe_d thevméa;n lifetimes for events
passing all (angular distribution tybe) cufs, using a2 maximum likeli-
hood technique. These mean lifetimes for the various decéﬁr types
are (in nsec): 0.453+0.005 for = - m n, 0.091% ':!:0.‘004 for z+->1r°p,
and 0.0850.003 for =t ntn.

III. EXPERI_MENTAL RESULTS

A. Cross Sections -

The details and results of the cross-section determinations are

presented in Table II. We have plotted these results in Fig. 2, along

with the data available in the literature. 4,7

.

The results from our ex-

periment are in good agreement with the results of other experiments

by
|
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evxcept in the case of the 1r+2- final state in the re.sonance‘region
a.rouﬁd 1.85 GeV. We underétand that .new dé.ta. will soon be available

in this region. 8

B. Angular Distributions

We have found the disi:ribution of events in the production cosine,
cos 0 = I:K . l:", where l: is the direction of the particle's momentum in
fhe overall center of mass. In Table ITa,b we present both the
weighted and the unweighted numbers of events in 20 equai bins of cos#f.
Because of limited sté.tistics we believe that this form of presentation
best preserves the information content of the experiment. When we
used the data for analysis, we grouped bins by an algorithm that tended

to preserve structure while increasing the statistical reliability of as-

~signed errors.

C. Polarizations

Since the Z decay is parity violating, the angular distribution of

the decay particles in the T rest frame takes the form
£( 6, cosyx) dcosx = A[1+ aP(0) cosy] d cosy

where y is the polar angle between the hyperon spin and the baryon
decay directioﬁs, ‘A and @ are constants. The polarization, P, may
de.pend on the production angle 6. We have observed such a decay as-
symetry for the type E+-—> -n'°p, for whicha = -1.0; for the decays
=% -rr:hn., the values of @ are approximately zero and our observa-
tions Were consistent with this. We have used cosy = ;p . n , whe;'e

Kp is the direction of the decay proton inthe X rest frame. The pro-

duction normal
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is not changed under the transformation from the overall center of

mass to the decay center bovf' mass. We present in Table IlIc the sum
of cosx and the number of events in each of 20 bins of cos 8. For use
in analysis we have grouped bins and dete'rmined the polarization and

its uncertainty by9

3Z cosy;

_ 1
P = aN ’

| /2
AP = . 3"'2' Q ’
‘ a N

where the sum is over the N events in the grouped bins. The quantity

Q is either (« P)2 or 1.0, whichever is smaller.

D. Legendre Coefficients '

We have expanded each production angular distribution, properly

normalized to the cross section, in the Legendre series

%QE_ = kz z An Pn (cos®B), (1?,)
n : '

- where 2wk is the c.m. wév’eiength of the K~. For the w-}3+_ final

state we also éxpanded the product of this distribution with the polar-
izations, in the first associated Legendre series.

do _ .27 \ 1, - ‘l
- C X" n Z Bnpn ‘(cos()). | (1b)

n.

o

Tl
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For this e:kpanéion do/d s Wasitake'n_from the E+-> 1r+n éve_nts and B -

from the Et' 1r°p events; also; because ot" limited statisfiés for the
latter decay, ‘information from adjacent groups of bins was not kept
strictly inde'pende‘nt.2 The coefficients of these expansions are tab-
ulatedvin Table IV and plotted in Fig. 3, along with the data from other

experiments. 4,7, 10

'Expansion to higher than seventh order in no case
significantly improved the fit or significantly changed any 6£ the lower-
~order coefficients.’ |
The’pav.rtia.l-,wave analysis of the data may be based either on
cross sections, anguiar distributions, and polarizations or on the
Legendre coefficients. We would expect the slight correlation of data,
in the expansion of P do/df, to render less meaningful the statistical
indicators ffom the analysis of the coefficients. vAlso,' althoughvthe'
distributions were normalized fo the crosé sectiqn, the greater uncer-
tainty of the latter (fewer évents due to tigiltef cuts, uncertéinty in
normalizatibon, etc.) was not _inco’rporate.d‘into the error structure of
the_ coefficients. Incorporating this might significantly increase the
errors for some of the Ao's. Clearly this ¢0un£ers the effects of the
above-mentioned correlation, increasihg fit Xz'vsv because of too-small
errors. Our original intent was to fit the Legendre coefficie_nts only
.to. obtéin starting values for fitting the cross sections, angular dis-

tributions, and polarizations directly. We discuss this further below.

IV. PARTIAL-WAVE ANALYSIS

A. Theory

The theory of partial-wave analysis for reactions of the form

spin 0 + spin 1/2-> spin 0 + spin 1/2 has been described in detail else-

11, 12

where. We wish here to gstablish our conventions. The
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transition operator must take the form

~

T = £(E, cosf) + g(E, cos 0) o-n

-

where o is the Pauli spin rhatrix; cos 8 and n are defined as in Sec-
tions III.B and IIL.C. th'e».- functions f and g, the hon-flip and spin-flip
a;mplitudes reSpectively, may depehd on the c.m. ene.rgy E and. the
éroduction angle. | Be.tausé of rofational inv_ariance the angulﬁr depen-

dence takes the form ‘

1 + -
f(E, cos8) = —— [(L+1) T, + L T, ] P, (cosb),

g(E, cos 0)= ——-—Vzi' It t. T.-] P 1(cos 0),

‘where k and k_are magnitudes of the c.m. momenta for the K™ and
m respectively. The partial waves Tf for our reactions are related

to the isospin eigenwaves by

o "
T = () TR=0) - T A=),

‘/3;

: + - : -+ _ '1 _ .1‘ x,.
TL(K pEj z )-(-—6—) ‘TL(I—OY)+2TL(I—1). |
The states affected by TI:E have spin J = L*14/2 and parity P= -(-1)1‘,

The obsérvables are expr-essed in terms of f and g as follows:

do k‘n‘ 2 2 . ;

=l +le) - (29)
L, 2k A | o

P3Z = —TRe(fg) 0. '. ~ (2b)

We may compare Eq. (2) with Eq. (1). Since the explicit dependence

on kﬂ_ is cancelled and X is inversely proportional to k, the An and

*

-Bn coefficients have a constant bilinear dependence on the TL . This
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dependence has been tabulated, for example, in Ref. 14.
Certain general properties are assumed to hold for the transi-
tion operator. The conservation of probability requires ITEI <£0.5

for inelastic transitions. The Wigner condition for causality re-

stricts the variation of the phase, §, of a partial wave“
22 > -R,

where the range R may be the inverse mass of a field quantum. We
emphasize that we have not imposed such conditions during the fitting

process.

B. Procedure
The partial-wave analysis was done on a CDC 6600; the fitting
- program used a modified version of the code VARMIT, which min-
imizes a fuhcti_on using a variable metric in fhe parameter space.

The function minimized was the XZ:

XZ = Z [(ci- xi )/AXI]Z'
i

The swm is over all data points; x, and Axi are the experimental
valﬁe and its error; and c; is the corresponding value calculated
from the partial waves. The program could fit either the Legendre
coefficients or the cross sections, angular distributions, and polar;
izations. |

In our energy-vdependent fitsv we have used a variety of param-

etrizations for the partial waves:
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_ P (q1+qZk +IQ3k ) exp[l(q4+q5k + q6k )]v

‘ : 2 . 2 '
Vi qu(k-qy) expli(q3 +q k + q; k7)],
9,93 di(E) eIQ4 .
(qZ'E) = iq3d2(E) )

The first two are background parametrizations and depend on the en-
ergy through the c.m. momentum of the K-_. The last is the Breit-
Wigner resonant parametrization. In the fitting process the energy
dependence of the coupling is not varied: the functions di are treated
"as constants for each energy. The resonant energy ERis q, and we
have fixed qy at either 0 or w. The (signed) amplitude at resonance
is '
R d, (q;) . iq
Y dziqz) _
and the full width evaluated at resonance is
I'= 24q3d;(qp)-
In our fits we have as'sumed the partial-width energy dependence sug-

gested by Glashow and Rosénfeld14

2

kK VK
Lo {—t—s ]t ==
i kiZ+X2 - E

= with X = 0.35 GeV/c;_ ki is the cm momenfum for the ‘channel, with
, Ei its orbital angular momentum quantum number. For determining the
.full.-width dependent:é, vdZ(E), rough appron’mation.s for decays into a
variety of channels were used. Blatt and WeiéskOpf have derived the

energy dependence of the partial width for the nonrelativistic case,
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which diffei's from the above forb,8>1.15

The values of t ai;d T were
not sensitive to our particular chéice of energy depe'ndenc:e'.2

.Frequently both a reéonant and a nonresvon'ant paramet.riZation
were included in a partial wave, in which case they were simply added.
‘Since the resonant parametrization contains an arbitrary phase, this
néed npt violate unitarity (conservétion of proba.bilii:y).12 We have not
needed to use this: arbitrary phase, however.

In picking starting values for a fit, we have attempted to use in-
formation already available. First some ot" the partial waves have
well-establishéd r‘esonances within our energy range. 16 These res-
onances are often seen in more than one reaction, which confirms their
interpretation. We have consistently included the vwell-establis_hed res-

17 : ' .
Other resonances were in-

onances in D05, D15, F05, F17, GO7.
troduced as seemed appropriate. Second, because of the observed
structure in the Legendre coefficients, it was clear that the higher-
order waves emerge only at higher energies. 'I_‘or this we have used
the V'paramet'rization, starting its q, siightly below our energy range.
All other parameters were started at vz‘ero.

‘The different fits are distinguished not so much by starting
values as By starting structure. The structﬁre of the better fits is
given in Table V; ;Sor ‘each wave the letters indicate the type of param-
etrization, the numbers indicate how many parameters were free to
vai‘y. For P (4) the quadratic coefficients were fixed t.o zero. The
phases for all resonances were fixed to either 0 or m. Note that the
fits E1 and G1 contain fixed resonances (0 free parameters) in D03 and

D13. These were the well_-establfshed resonances below-our energy

range. 16 In the B series the D03 resonance was included and varied,

but the results were not very meaningfu.l.



C. ‘Results

The results of the partial-waﬁre analysis for the three fits with
highest proi)ability are plotted in Fig. 4 and tabulated in Table VI The
Legendre coefficients predicted from these partial wavés are plotted
in Fig. 3,.' superimposed on all data. presently ava.ilabie for the two re-
actions in the energy range covered by the anaiysis. Since the param-
eters Obtained in the fﬁ:s specify the energy dependence, both Fig. 4
and Table VI present the bartial Waves at equally spaced energies. The
stafiétical indicators are given in Table V for the better fits to our |
Legendre coefficients (i.e., Table IV).i For these we have calculated
the XZ for two additional sets of data: both for the original data-—cfoss
sections, angular distributions, and polarizations—and for all the
Legendre' coefficients shown in Fig. 3. The average contributions are
given in Table V.

As poinfed out in Section III. D above, the statistical significance
of the fits to the Legendre coefficients is somewhat questionable.
However, éontinuing several of these fits by using the origixial data
showed that the results from a fit to the coefficients were not mis-

vleab,ding. 2 The partial waves were quite sirnilar and the probabilities
of fit were not drastically differént (4%__and 149, for the continuations
of fits A1 and C1 réSpectively). We also continued two fits with all
tile cbefficiehts shown in Fig. 3. Although the average X'Z contribu-
tion .re'mained re.la.tivelyl large (1.3 at .best), the resulting partial
.waves were in good agvreem'ent.with the fits vto our own data. 2 Be-~
cause of the large amounts of time required for the fits to the larger
data samples, we_haire ‘concentrated our efforts onﬁtting our Legendre

- coefficients.
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We point out that the coefficients predicted by different fits are
very similar where data are available; this may be seen in Fig. 3 for i
the three fits with highest probability. One can see that increased
statistics, giving smaller errors, would not distinguish these solu- . 1
tions at most energies. Only in the Bn for the T~ final state whgre :
polarizéti‘on data are unavailable do the solutions show marked differ- ;
énces. This means that a unique solution cannot be obtained without
supporting data from other reactions. There is some information |
available in the literature for the reactions K n — vg 26 in the lower !
half of our energy range.18 We have calculated the XZ from these
data within the range of our fits. The average contributions from the
cross sections (22 data po;intS) and from the angular distributions (4151.

data points) for our three solutions with highest probability were:

|
4

Cross sections Angular distributions

A1l 1.60 1.09

B2 - 2.40 .88 '

- c1 1.61 1.06
These data are not sufficient to distinguish among these three fits.

We also comment on the general properties of the partial waves.
There is certainly no violation of unitarity: none of the waves approach
the .unitary limit. .'I‘o. look for violations of éausalityin Fig. 4, con-

- sider the Wigner limit to be one radian per pion mass cléckwise. !
Since the symbols in Fig. 4 are spaced by 25 MeV, a clockwise move-
ment of more than about 10 deg between symbols constitutes a local
violation. Most waves actgally move counterclockwise, especially

for J= 5/2. In several low-order waves, notably in D03, these are



 -45-

;

clockwise movements. However, since these occur close to the origin
or near the end of our energy range, we do not cdnsider them serious
violations: 'other' energy variations not available to the parametriza-
: tibn are within errors of the waves shown. The violati_ons in the fits
shown in Fig. 4 are typical of those in all the fits listed in Table V.2
Finally we have listed in Table VII the means of the quantities
describing the resonances: ER' t, and 1".. The errors indicate the
Spread of values for different fits.and are not statistically significant.
Ih paftieular, two of the resonances had reasonable parametérs only
in a single fit and so have no error. (For details see Ref. 2.) The
first five resonances listed in the table are those that were previously
well established. ‘The values we have obtained for their'fesonant'pa-
ramefz;'ers'a‘r.e‘ not notably different from values prev‘iously.deter-

- mined. 16

Thé. ia.st_ three resonahc_:es lis_t'ed'a.re near ‘the_ extremes of
our energy réngé and are not strongly supported by our data alone.v
The two resonant structures near the upper end of our range, in F15
and F05, have been previously repori:ed.7 The resonance listed for
P11, at thev lower end of our energy r.ange, probably cannot be asso-
ciatea with the P11 resonance reported in the Aw final state.?? In con-
trast with these last three resonances, the resonant structures seen
in the F45 and I513 waves are well within our energy range and are
strongly supported by our data. 'nyath have been seen previously, the
first reférences being Ref. 20 an_& Ref. 10 respectively. Other partial-
wave analyses have been less able to see the structure in these two
waves because the energy rangés studied ended or began in the region
where the wé.v_es iresonate_, .wherea.s our data areiwell concentrated in

these regions. Although we obtain good solutions with Background

- parametrizations in these waves, the ""background' waves look very

",
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similar to the resonances: the wave moves coun‘terclockwisve through
the imaginary axis at about the same energy. A resonance is more
specifically characterized by the energy dapeﬁdeh-ce of the phase: ac-
celeration to zfesonance, then deceleration. However, the detailed
natufe of this variation is not well ﬁnderstobd (see below) and, further,
this variation may be affected by background (n.b., the presence af a
distant reson'ance.in the same wave). We fael that a fit with the more
structural parametrization of a resonance is preferable to one with a
general parametrization, ' even if the latter is slightly betfér statisti-
cally. The resonant structures in f‘iS and D13 are in this sense well

supported by our ahalysis.

V. SU, SYMMETRIES

The first six resonances in Table VII have all been previously
as sighed to mult.iplefs of particles based on the symmetry of the SU3
group. We have tried to obtain SU3 invariant coupling constants based
on the results obtained from our fits and results from‘reactions in-
volving the related resonances. The fheoretical details on which this
attempt is made ‘have been described, 21 and similar atterhpts have

22,23 All of the information we

~been carried out by several groups.

have used in our attempt is listed in Table VIII. This includes the val-

ues from Table VII plus recent resﬁlts on the decay of the A(F7) into

E+K+. 24 All other values are taken from the compilation in Ref. 16.

Where these authors have not given means and errors, we have esti-

mated them from the spread of values fdund ih different e#p_eriments.
If SU3 were a perfect symmetry, first all the particles ina

multiplet would have the same mass, and second, the couplings for

‘various decay modes would be related by certain SU3 projection
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coefficients. 21 We might assume that, although the masses vary

 within a multiplet, the breaking of SU, for the coupling constants might

arise only through the different kinematics. In this case the reduced
coupling constants should be related by the SU3 projection coefficients.

For a general reaction

- where g2 is the SU3 invariant coupling constant and c;s <5 are the pro-

jection coefficients. The kinematics factor we have used in fitting is

k2 Vi K
—_t —~— m,.,
k24X E "N

V,(E) =
which is the Glashow and Rosenfeld (GR) dependence mentioned above,
using the nucleon mass myas a scale factor. Since we are studying
the. s_cattering" of an octet (K, w, - - +) with an octet (N, Z,...), this
formulation is not satisfactory for couplings with resonant octets: two

couplings with octets are possible. In this case

£ d f d 1/2

tT = (c; getc gy -(cj- g + ¢ gd) [V/(ER) Vj(ER)] ,

where 8¢ and gq 2re the antisymmetric and the symmetriq couplings’
21 We have tried to 6btain values of 8¢ and g4 for the D5
and F5 octets, and the values of gz for the F'7 decuplet and G7 singlet.
We have fit diréctly to ‘the values of tI", which agrees with the proce-
dure used in Revf. 23. This procedure eliminates the dependence, re-

quired for fitting the I‘i, on sometimes po_oriy known elastic amplitudes.

It has the added advantage of introducing explicitly the relative signs of

~couplings.

-

LRl
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s We have plotted in Fig. 5 the values of gy By and gz obtained - !
from the various values in Table VIII, using the GR energy dependence |
with X = 0.35. .For the resonant octets the results in general are
pa‘rai)olas in the g, g, plane. We have assumed g4 >0, which fixes
the curves for inelastic reactions. The results from elastic reactions '
are straight lines, and we have chosen the intercept (sign of square |
root) fhat gives the best intersection with other curves. The best val-
ues of the -cbﬁpling.constants, using this energy dependence, are given ;
in Table IX. However, Fig. 5 shows fhat fhe assumption that the sym-
metry breaking ariées only through the kinematics is not well supp rted.

The energy dependence of the paftial widths, however, is n>t
well established; we have also fit the vaiugs of Table VIII using the
GR energvy dependence with different values of X, and using the Bl.tt
and Weisskbpf'energy dependence (BW).‘ ‘We found, as did the authors
of Ref. 23, that the best fits are obtained for the energy dependence

(ND) with no k2 dependence in the denominator.

X. 20; +1
A v, (E) « ';f_— .
The variations in xz for the various multiplets are shown in Fig. 6.
We emphasize that the stati‘stical siénificance is minifnal since the
errors in Table VIII merel;r reflect the spread of values from differént
fits. :
This last energy dependence is quite different from that used
in our original pa.rtia.l-wave analysis; the growth of the partial and fulli ’
widths is not moderated as in the GR and BW dependences. This pro-
cedure of letfing the interaction radius go to zero (equivalently letting

X'2 dominate the denominator) was first suggested for fittinglthe decay

rates of the 3/2% decuplet, based mainly on the distinction between. v
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widths_obs’er'véd in prqductié_n processes and in partial-wave é.nalyse sz;
These authors suggest that perhaps there is background under the x;es-
onance, ignbred in the partial-wave analysis. To te’sf this we per-
formed two fits differing only in the"ener.gy‘d‘epén'dence of the resonant
couplings: in the first we used our standard dependence, the GR type
with X = 0.35; in the second we used X = 10, which api;roximated the
ND dependence. The results were not conclusive. The fits achieved
probabilities of 43% and 17% respectively; however, several waves in
the forfner were in gross violation of the Wigner condition. We have
obsgrveci this same phexiorrienon—high probability solutions‘ which vi-
olate ‘causality-—whil'e fitting the data in limited energy ranges (se'e; for
example, Ref. 1);vand we have associated it with 6vef-para1rietrization.
In the present case the D13 wave was parametrized R(0) + R(3) + P(6)
in the notation of Table V. Before carrying these tests further, there-
fore, we plan to extend the partial-wave analysis to a broader energy
range. But since the energy dependence which best fits the data may
not be the one which best agrees with SU3 symmetry, it ma'y.be nec-
essary to introduce symmetry-breaking into the reduced coﬁplin’gs.
‘Finally we may make .a tentative statement about ’chel SU3 class-

ification of the new :resonance in D13. (Speculation about the last three
resoﬁances in Table VII would be premature. ). The resonant nature of
the D13 wave around 1.94 to 1.98 GeV has been seen in the Zw final
Stéte (_th_is experiment and Ref. 106) and in the Ar final state (only in
Ref. 10.). In both final states the resonant amplitud'e. t has fhe same
relative sign. On the basis of this evidence, the resonance could not
be associated with an SU, decuplet because the projection coefficients
for the two final states have opposite sign. It may be associated, in
an octet, with the D3 nucleon resonance seen around 2.04 GeV. In

i ' I‘|

|



-20-

Fig. ‘_'7 we have plotted the §a1ues of Bsr Bg obtained for these -res- :
onances by usifxg the GR dependence with X = 0.35 (analogous to Fig.
5). The information for N(2040) was taken from Ref. 16: ' = 274%24
MeV, tar = 0.47+0.06. For the T resonance our values are in good
agreemént with Ref. 10; we have used the following: T - 208 +22,

ts, = 0.10£0.02, and t, =0.13£0.05. We assigned a fairly large
error to the last since it deperids on only one 6Bservation. The results
for gf', gq are certainly no less compatible than those from the D5 and

F5 octets. The mean XZ contributions, though of limited significance,

are indicative: 2.2 for the D5, 2.9 for the F5, and 2.8 for the D3.

Vi. SUMMARY

We have performed a partial-wave analysis of the reactions
Kp-— w,:!: =¥. We have here presented the data on which this analysis
was based as Wéll as the results of the analysis. The pri'mar-y result
is the confirmation of resonant structures in the F415 and D13 waves;
these resonances are well within our energy range and are strongly
'_ 'suppbrted by our dafa. We have looked at the D5 and F5 octets, F7
decuplet, and G7 singlet for possible SU3 syrnmefry in fhe reduced
coﬁpling constaxﬁi{gs. We found that the energy dependence giving best
agreement with éU3 symmetry may not be the one which best fits the
data, but were unablé to test this conclusively. We found that the nevs
D13 resonance is compatible with the D3 nucleon resonance seen

around 2.040 GeV.

At
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-Center of Mass

o Table 1. Be.am normalizations. .
mw

24

Lab Momentum

- Energy GeV/c ,
GeV P * AP
1.732 .870  +  .025
1.754 ".917 * .016
1.782 .975 +  .026
1.798 1.010 ¢ .013
1.818 1.053 +  .013
1.844 1.109 +  .014
- 1.865 1.153 ¢ .011
1.887 1.201 + 022
1.919 - 1.271 s o2
1.937 1.310 +  .017
1.952 1.345 £ .020
1.970 1.384 +  .018
2.001 1.454 +  .023
2.022 | :1.500 + 020
2.051 1.567 % 019
2.084 1.644 017
2.106 1.694 £ .019

Events/mb
378 + 20
1280 + 79
1241 + 72
1549 .+ 84
831 + 42
325 + 23
435 + 18
1102 + 32
1068 * 32
866 + 27
515 % 23
- 489 s 22
935 + 34
617 + 25
537 + 24
551 + 25
804 +.32

-




Table II. Cross Sections
Kp » T K;p +.r_2+
Ec,n‘.~ Numbér Mean o *'Acg Number Mean* o % Ao
{GeV) ‘Unweighted Weight " (mb) Unweighted Weight {mb)
-1.732 : 169 2.14 1.17 + .14 101 ' 2.40 1.66 .23
1.754 547 2.10 1;07 + .12 374 : 2.40 S 1.76 .20
1.782 L4311 2.13 1.01 +# 11 268 2,38 1.48 = .17
1.798 678 2.15 1.15 *+ .12 457 2.35 1.80 * .19
1.818 - 400 2.19 1.29 + .14 220 2.43 1.67 + .19
1.844 174 2.18 1.44 + .19 74 2.51 - 1.50 + ,24
1.865 274 1.62  1.08 % .09 119 2.21 1.36 + .14
1.887 517 1.64 .83 + .05 324 2.10 1.42 + 10
1.919 325 1.64 .54 + .04 310 2.16 1.42 + .10
1.937 226 1.66 .46 + .04 »246 2.00 ©1.28 * .10
1.952 101 1.67 .36 .04 - 137 2.09 1.29 + ,13
1.970 95 1.72- .35 + .04 139 2.05 1.29 .13
2.001 208v 1.70 .40 * .03 237 2.08 1.20 + .10
2.022 118 1.70 .36 + .04 147 2.14 1.i18 * .11
2,051 97 1.74 .34 + .04 128 2.22 1.20 + .12
2.084 94 1.73 .33 & .04 137 2,21 1.30 * .13
2.106 121 1.74 .29 + ,03 168 2.09. 1,04 + .10
>::ﬁ)oef; not include factor due to decay branching fraction: '1/07472._

—(jz—
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Table I a. K'p ~ntz” data bihned‘in production cosine.

NUMBER WEIGHTED / M

IMBER UNWEIGHTED

1,732 GEV

CENTER 1..754 GEV | 1.782 g8V | t.798 eV | 1,818 GBV . B44 GEV
-. 95 19.77 185 as. 1, 71 4.7/ 58 68,1/ 46 | . 45.9/ =% 18. 4/ 13
-. 85 =5.9/ 26 | 100.6/° 76 | 105.5/ 77 | 152, %/112 S%. 6/ 68 3.6/ 24
-.75 56.2/ 28 | 128.0/ 94 | 118.4 89 | 168.8/128 89.8/ 66 29.t/ 21
-. 65 s2.1/ 25 | 106.3/ 82 5.5/ 65 | 111. 6/ B4 72.9/ B4 St.4/ 2%
-. 65 to.2r ® ) 79.7/ 62 | 66.5/ 51 106.3/ 80 80.%/ 38 18.9/ 14
-.45 | 2.9/ 19 62.4/ 49 7.3/ 29 70.2/ B4 g7.6/ 21 17.3/ 13
-. 35 12.6/ 10 7.8/ 30 8.3/ 30 42. 47 33 19.8/ 18 53 4
-.25 6.2/ S 5. 0/ 28 30.3/ 24 16.6/ 13 7.7 6 s.9 S
.15 1.2/ 1 6.0/ 21 13.8/ 11 2.0/ @3 14.0/ 11 6.4/ B
-. 05 2.4/ 2 ez.1/ 18 26.0s 21 24.9/ 20 17.8/ 14 8.1, 4
+. 05 8.8/ 7 e6.8/ €2 1.9/ 26 8.3/ 3t 1.1/ 17 7.8/ 6
+. 18 6.1/ s | =1.8/ 2¢ 2s.2/ 19 81,4/ 42 17.2/ 14 13.6/ 11
+.25 14.5/ 12 34.9/ 29 et1.8/ 18 64.5/ &3 5.3/ 29 £4.8/ 20
+.55 8.4/ 7 | 46.8/ 39 24.1/ 20 7.3/ 3 26.6/ e2 20.6/ 17
+. 45 15.7/ 13 4.8/ 29 21.6/ 19 | 37.3/ 31 st1.2/ 26 185.6/ 13
‘+.55 15.89/ 13 25. 5/ 21 135.3/ 11 ee.ov 18 £6.4/ 22 15,2/ 11
+.65 12.5/ 10 22,3/ 18 11,1/ 9 15.8/ 11 tt.0/ 9 10.8/ 9
+. 75 12.9/ 10 5.7/ 28 11. 47/ 9 22.7/ 18 18.8/ 18 8.% ®
+.85 st.2/ 23 43.9/ =3 3.5/ 2% 82.1/ 62 s9. 3/ 30 ge. 6/ 22
+.95 24.8/ 16 70.2/ 46 6B.4/ 46 | 131,77/ 89 | 110.8/ 78 47.8/ =%
TOTAL X28.8/255 |1060.4/822 | 824.5/6%1 |1282.2/975 | 776.4/586 | 361. 1/274
CENTER | 1.865 GEV | 1.887 GEV | 1.919 GBV | 1.957 GEV | 1.952 e&v | 1.970 GEV
-.95 =2. 7/ 28 €0. 0/ St " %7.9/ %2 S3.3/ 45 14.6/ 12 2s.8/ 20
-.85 52,7/ 28 48.9/ 42 26.7/ 2% 19.3/ 16 7.0/ & 14.3/ 12
-.75 41.7/. 36 2.6/ 20 14,17 12 12.9/ 11 5.5/ 3 4.7/ 4
-. 65 2.2/ 20 0.4/ 33 17.6/ 15 9.2/ ®© 4.6/ 4 5.8/ 3
-.85 18.5/ 16 26.6/ 23 15.2/ 138 8.7 5 4.6/ 4 5.6/ 3
-. 45 19.%/ 17 20.7/ 18 21.8/ 19 5.7 5 sS4/ 3 4.6/ 4
-. 35 6.8/ 6 10.5/ 9 5.8/ 5 11.4/ 10 s.4/ 3 4.6/ 4
-.25 2.3/ 2 7.9/ 7 2.9/ 7 8.0/ B 4.5/ 4 0. v ©
- 15 4.6/ 4 6.8/ 6 s.o/ 8 9.1, 8 S 4/ 3 t.27 1
-. 08 s.1/ ® 14.9/ 13 14.87 13 4.6/ 4 2.4/ 3 1.1/ 1
+.05 10.3/ 9 21.8/ 19 172.3/ 18 12.87 11 e.s/ 2 e.s g
+.15 12.6/ 11 37.8/ 53 27.6/ 24 18.77 t2 6.8/ 6 1.1/ 1
+.25 25.4/ 22 57.8/ 50 e7.6/ 24 s.2/7 8 4.6/ 4 0. 7~ ©
+.35 %0.3/ 26 | 46.7/ 40 53,5/ 29 18.4/ 16 4.6/ 4 10.47 9
+.45 19.9/ 17 .| S5.1/ 47 s1.4/ 27 17.47 15 7.0/. 6 2.4/ ©
+.55 19.0/ 16 | 44.9 %8 | .30.6/ 26 16.47 14 5.9/ 8 1.2/ 1
+. 65" 18.1/ 15 49,3/ 41 13.2/7 11 10.77. 9 5.6/ 3 S8 S
+.75 11.2/ o 37.0/ 30 24.4/ 20 9.7/ ® t1.0/ 9 6.1/ &
"~ .85 %6.3/ 28 5.6/ 89 | s1.9/ 25 5.5/ 28 18.9/ 18 18,1/ 12
+.95 63.%5/ 44 | 139. 4/ 96 | t101.9/ 72 8.0/ 63 45,1/ 22 63. 6/ 45
TOTAL 446.5/%70 | 832.5/683 | 510.5/420 | 572.6/304 | 162.2/131 .| 166.9/132
CENTER | 2.001 GEV [ 2.022 GEV | 2.051 GEV | 2.084 GEV | 2. 106 GEV

-.95 88. 0/ 47 29.7/ 24 27.5/ 22 30.1/ 24 5.8/ 28

-.85 24.3%/ 19 26.8/ 21 18.3/ 14 9.7/ ®© 19.1/ 15

-.75 15.6/ 13 10.7/ 9 10.8/ 9 12.47 10 8.8/ 7

-.65 ‘11.%/ 9 11.1/ 8| 9.0, 7 87?2 3 4.0/ S

-.58 6.9/ 6 5.5/ 5| 2.4/ 2 0.7 © 0. v ©

-. 45 “9. 4/ B8 5.5/ 3 3.6/ 3 4.7/ 4 5.9/ 3

-.%5 10.4, 9 8.4/ 7 1.2/ 1 1.er 1 6.1/ S

-.25 8.t/ 7 6.0/ 85 1.1/ 1 t.2r 1t 4.6/ 4

-. 15 4.5/ 4 11.67 10 2.3/ 2 0. /7 © ‘2.4 2

-. 05 2.3/ 2 e.s/ 2 1.2/ 1 1.2/ 1 2.3/ 2

+.05 2.3/ 2 0. v © 0./ © t.1/ 1 0. 7 ©

+. 15 2.8/ 2} 0.7 © 1.t/ 1 2.%% 2 S 4/ 3

+.25 4.6/ 4 2.8/ e t.1/ 1 0. 7. 0 0. s ©

+.355 5.7/ S s.8/ 5 t.27. 1 2% 2 N V2R

+.45 8.t/ 7. 9.4/ 8 1.4, 9 ess 2’ 1.1/ 1

+.55 5.5/ 3 5.5 3 2.3/ 2 4.6/ 4 5.8/ &

+.65 8.3/ 7 2.3/ 2 4.7/ 4 t.es 1t 2.4/ 2

.75 8.5/ 7 4.8/ 4 5.6/ 3 S.6/ .3 4.7/ 4

+.85 7.5/ %0 15.8/ 1t 17.5/ 14 e1.27 17 22.3/ 18

+.95 8.5/ 70 63.5/ 4% 64.6/ 46 2.2/ 38 | €7.8/ 49

'%%0. 4./261 154: /122

TOTAL.

213, 0/173

184. 5/143

196, 4/182
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d in production cosine.

NUMBER WEIGHTED / NUMBER UNWEIGHTED

CENTER

1.782 GEV-

1.754 GEV. | 1,782 GEV 1.798 GEV 1.818 GEV 1,844 GEV

-.95. 12.1/ 10 42.3/ 35 | - 35,1/ 29 43. 7/ 36 23.2/ 24 4.9/ 4
-.85 . 12.1/ 10 26.5/ 22 e7.8/ 2% 44.8/ 37 | .29.1/ 24 t8.3/ 15|
- 75 15,7/ 13 9.8/ 3% 27.8/ 23 47.2/ =9 1.5/ 26 4.9/ 4
-. 65 6.0/ 8 25.3/ 2t 26.8/ 22 57. 4/ 31 15.7/ 13 8.5/ 7
-.55 8.5/ 7 15.7/ 13 135.35/ 11 19.3/ 16 14.85/ 12 2.4/ 2
-, 45 4.9/ 4 23,0/ 19 3.6/ 3 6.0/ & 6.0/ S 0. 7 ©
-.35" 5.7/ 3 15. 47 11 6.0/ S r.2/ & 0./ © 0. 7~ ©
-.25 2.6/ 2 6.1/ 5 7.3/ & sS6/s 3 1.2/ 1 1.2/ 1
-.15 2.8/ 2 17.2/ 14 2.4/ 2 4.9/ 4 0. » © 6. » ©
-. 05 10.0/ 8 19.8/ 16 4.9/ 4 17.27 14 7.3/ 6 8.5 7
+. 05 S. 1/ 4 17.5/ 14 14.9/ 12 28.4/ 23 37 3 0. v ©
+.18 12.8/ 10 29.1/ 2% 22.6/ 18 42.47 34 19,9/ 16 1%. 67 11
+.25 14._3/ 11 x4k.77 27 35.5/ 28 4.4/ 43 20.1/7 16 5.0/ 4
+.35; 14.5/ 11 54.9/ 42 S4.2/ 42 66.8/ 52 7.0/ 29 8.9 7
+. 45 22.9/ 17 79.8/ 60 46.2/ 35 S6.7/ 74 20.7/ 16 6.5 S
+.58 8.6/ 17 | 80.5/ 89 72.9/ 54 €3.7/ 52 4.6/ 26 7.9 6
+. 65 17.5, 12 | 99.3/ 70 68.6/ 49 s8.2/ 71 24.7/ 1B 20: 4/ 15
+.75 28.9/ 17 62.8/ 42 50.0/ 34 82.9/ 57 6.2/ 25 22.8/ 16
+.88 21.8/ 13 70.0/ 43 44.5/ 28 s8.2/ 62 43.9/ 28 24.9/ 16
+.95 7.9/ 4 47.9/. 24 2.2/ 11 5% 2, 27 56.6/ 29 42.8/ 22
TOTAL. . 2435, 6/180 | B05.7/59% | 587.4/4%9 | S22.2/686 | 4%2. 0/317 | 201,.4/142
CENTER 1,865 GEV 1.887 GEV 1.919 GEV 1.937 GEV | 1.952 GEV 1.970 GEV
-. 95 11.6/ 10 45,5/ 39 41.2/ 35 46.3/ 40 21.0/ 18 17.3/ 15
~.85 19.8/ 17 48.9/ 42 9. 4/ B4 =% 6/ 29 10.4/ 9 9.2/ 8
- 75 9.3/ 8 18.7/ 16 0.3/ 26 29.0/ 25 12,77 11 19.8/ 17
-.685 8.2/ 7 es. 7/ 22 22.2/ 19 19.6/ 16 4.7/ 4 8.t/ 7
-. 55 4.7/ 4 2.3/ 2 10.5/ 9 8.2/ 7 2.3/ 2 %5/ X
-. 45 2.4 2 5.5/ 3 2.3/ 2 7.0/ 6 55/ 3 x5/ 3
-. %55 2.4/ 2 2.4/ 2 4.7/ 4 4,77 4 2.4/ 2 2.4/ 2
~-. 25 2.4/ 2 4.8/ 4 . » © 2.4 2 8.2/ 7 8.3/ 7
- 15 6.0/ 5 1.2/ 1 8.3 7 8.3/ 7 7.1/ 6 5.9/ 5
-. 05 5.6/ 3 7.2/ 6 15.6/ 15 20.2/ 17 6.0/ S 2.4/ 2
+.08 7.5/ 6 15.7/ 13 135.2/ 11 15.6/ 13 1351/ 11 14. 4/ 12
+.18 7.4/ 6 14.67 12 23.1/ 18 2s.0/7 19 10.8/ 9 16.9/ 14
+.28 8.7/ 7 28. 4/ 23 20.9/ 17 2s.2/7 19 12.4/ 10 15,7/ 13
+.35 15,8/ 11 %0.0/ 24 18.6/ 15 18.5/ 15 15.6/ 11 12.3/ 10
+.45 15.4/ 12 0.5/ 24 17.6/ 14 15.0/ 12 6.2/ 5 8.7/ 7
+.55 8.2/ 7 24.7/ 19 19.3%/ 15 12.87 10 1.3/ 1t 2.6/ 2
+.68 14.8/ 11 40.0/ 30 21.2/ 16 7.9/ 6 5.3/ 4 9 3
+.75 2,5/ 23 64.2/ 46 52.7/ %8 | X7.0/ 27 16.4/ 12 10.9/ ®©
+.85 28.8/ 19 86.7/ 57 61.5/ 41 63.8/ 43 1.3/ 21 29.5/ 20
+.95 58.5/ 30 160.6/ 86 | 204.8/111 107.2/ 60 80.6/ 45 | 74.2/ 4%
TOTAL . 266.8/192 | 655.6/471 627.%5/446 | 502.2/%77 | 269.2/196 | 269.2/201
CENTER | 2.001 GEV | 2.022 GEV | 2.051 GEV | 2.084 GEV | 2. 106 GEV

-.95 11.67 10 8.2/ 7 12.6/ 11 7.4/ 6 7.7/ 6

~-. 85 19.6/ 17 8.2/ 7 8.7/ 5 2.3/ 2 8.0/ 7

-.75 16.1/ 14 8.0/ 7 4.6/ 4 4.6/ 4 11.67 10

-.65 18.5/ 16 11.67 10 7.0/ € 5.5/ 3 5.8/ S

-.55 7.0/ 6 5.8/ 8 4.6/ 4 3.9 3 4.6/ 4

-. 45 5.8/ 5 B.2/ 7 e.s/ e 4.9/ 4 8.3/ 8

-. 35 7.0/ & 7.0/ & 5.8/ 5 5.9/ 5 s.8/ S

~-.25 9.5/ B 8.2/ 7 4.9/ 4 5.8/ S 2.3/ 2

-.15 16.4/ 14 T.0/ 6 5.8/ 3 5.8/ S- 5.8/ 5

-. 08 16.5/ i4 0.5/ 7 10.7/ 9 2.3/ 2 5.8/ 5

+.05 26.1/ 22 14,2/ 12 11.8/ 10 4.8/ 4 11.7/ 10

+.15 2.8/ 27 10.7/ 9 5.6/ 3 17.7/ 15 26.2/ 22

+.25 22.9/ 19 21,6/ 18 18.1/ 15 12.0/ 10 17.87 15

+.35 15.8/ 13 9.7/ 8 15,35/ 11 18,4/ 11 16.8/ 14

+. 45 12.5/. 10 6.1/ S 7.4/ 6 t2.2/ 10 5.6/ 3 -
+.55 1.3/ 1 6.5/ S 2.5/ 2 9.9/ 8 9.9/ '8

+.65 1.%/ 1 1.5/ 1 2.6/ 2 2.6/ 2 8.9/ 7

+.75 14,9/ 11 12.2/ 9 18.7/ 14 a3/, 7 7.9/ &

+.85 62.4/ 43 40.4/. 28 8.9/ 27 5.2/ 25 42. 47 30

+.95 . | 141,35/ 81 102.4/ 58 | 101.3, 58 | 107.2/ 63 | 125. 0/ 75

TOTAL 458.8/338 | 305.3/222 | 280.2/201 270.8/194 | 3%6.9/247
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d in production cosine.

Lo N SUM OF POLAR COSINE ./ NUMBER UNWEIGHTED |

CENTER | 1. 732 GBv | 1. 784 Gev | 1. 782 6BV | 1.798 GEV | 1.910 GV | 1.844 GcEV
T -, 08 1.8/ 6 |.. -3/ 18] -1.8/ @ -%.0/ 11 -1.8/ 9 C .es 7

-. 85 -1.8/" 11 -2, 27 17 . =4,87 14 -7.9/ 89 -8.87 13 2.4/ ©

-7 .o/ 9 -2/ 16 | -a.2/ 18 -5.8/ 18 -~1.9/ ® 1.7/ B |

-. 65 1.1/ S -2.8/ 19 -4.27 10| -3.2/ 18 -1.97 6 1.2/ 4

-. 55 1.27 4 -4.6/ 16 -3.8/ 10 -2.4/ 6 -1.8/ .2 1.6/ 3

- 45 .3/ 4 .9/ 4 2.4/ 8 RS-V ‘1.8 2 -8/ 1

- 55 -9, 7 -t.6/ 5 -.8s 7 -1, 0/ 4 -3/ 1 0. - .0

-.25 1.0/ 1 -2.5/ 3 NN L4s 1 0. v o 0. s ©

- 15 -1/ 5 .2/ 6 1.8/ 4 .es 3 0. 7 o -7/ 1

-. 08 -3/ 2 -1.1/ 5 1.4/ 4 2.3/ 7 -1.0/ -3 4

+.05 .6/ 4 1.9/ & 7.6/ 13 s. 1/ 11 t.&sr s “lts 2

+. 15 1.7/ 4 6.4/ 16 8.2/ 6 1.4/ 18 -2.e/ 8| -2.0r 7

+.25 t.8/ S 5.3/ 22 8.6/ 29 5.1/ 24 .17 12 -1.1/ 3
+.35 5.4/ 11 11,17 32 7.5/ 29 8.8/ 37 s.6/ 18 .27 8

+.48 5.2/ 15 9.7/ 45 4.8/ 37 .6/ 41 1.6/ 21 -.27 &

+.55 2.6/ 19 22.0/ 56 7.8/ 36 14,47 59 .9/ 22 -2/ 4

+.65 5.0/ 17 9.5/ 49 19.8/ 42 10.4/ 55 9.7/ 28 4.0/ 10

+.78 5.8/ 16 15.6/ 59 10.9/ =7 26.8/ 64 12.9/ 31 .9/ ®©

+.85 S. 1/ 11 9.9/ %7 6.7/ 26 12.0/ 40 10.4/ 30 2.0/ 11

+, 95 2.3/ 7 4.5/ 18 1.1/ 12 6.9/ 30 8.2/ 20 1.0/ 18
" TOTAL 0. /163 0. /445 0. /345 0. s481 0. /236 0. /107
CENTER | 1.865 GEV | 1.887 GEV | 1,919 GEV | 1.9%7 GEV | 1.952 G&V | t.970 GEV

- 95 -1, 2/ 9 .0/ 24 1.4/ St -2.1/7 29 -2.%/ 11 -t.1/ 6

-. 85 -.2/ 10 -1.4/ 26 -8/ 1% 2.6, 21 P 12 .1/ 3

-. 75 -8/ 8 5.7/ 21 .8/ 16 -.27 18 -1.9/ 4 -2. 47 7

-.65 -4/ 3 -5.6/ 9 A, 7 -4, 17 11 -6/ 4 -6/ 2

-. 55 .47 2 1.5/ 8 -t.2/ & ~-1.8/ S -2.2/ 3 -.6s 1

-. 45 -9, 2 -2.2/ 6" .8/ 2 -2.0/ 4 0./ o B/t

-.35 -5/ 1 -9/ 2 -~ 47 1 .47 1 0. 7 o 0., ©

~-.25 0. v 0 -8/ 1 -3 3 0./ © 1.5/ @ I VA |

- 15 -2.0/ % -1/ S -8/ 4 -2/ 10 47 2 .8/ 3

-.08 -8/ 5 .6/ B -8.6/ 10 .8/ 8 .6/ 3 -2.1/ 8

+.05 -t.or 2 -2.6/ S -2.8/ 17 -1/ 11 -1.1/ 3 1.3/ &

+. 15 -1.1/ 4 -2.0/ 12 ~-%. 4/ 9 -9.7/ 14 -8t/ 7 -.6/ 9

+.25 -1.8/ & ~2.4/ 16 -5. 47 18 -1.8/ 10 C-.8s 7 -1.5/ B8

+.35 -1.2/ 5 -4.67 20 -4.0/ 17 -4.87 11 -t.9/ 3 -8.6s 11

€. 45 -.%/ 10 -g.8/ 28 ~S.0/ 17 -5.8/ 13 -7 2 -e.8/ 8

+.55 1.8/ @8 -7/ 17 -4.2/ B -2.1/7 12 I VA | 0. » ©

+.65 6.3/ 13 2.7/ 20 4.0/ 15 ‘2.7, 9 1.0/ 4 771

+.75 6.4/ 16 10.2/ 34 6.8/ 23 5.9/ 13 s.2/ 6 1.3/ 4

+.85 11.0/ 30 15. 17 60 5.6/ 37 11.2/ 48 1.1/ 7 .9/ 6

+.95 6.3/ 36 7.0 70| 142/ 71 6.9/ 9t 8.2/ 45 . 7.7/ 2%
TOTAL 0. /172 0. /387 0. /324 0. /339 0. /146 0. /103
CENTER | 2.001 GEV | 2.022 GEV | 2.081 GEV | 2.084 &V | 2.106 G&V

-. 95 -4.0/ 9 YK .8/ 8 -5/ 5 -1.4, 2

-.85 -1.3/ 10 -1.8/ % 1.5/ S 1.0/ 1 .6/ 3

-.75 -1.47 © -2.0/ 6 .77 3 .o 3 -8/ %

~-.65 -.8/ @8 -t.4/ S .77 B .8/ 4 .8/ 2

-.85 -7, 8| -7/ 6] -3.1/ 10 -.4/ 3 -7/ 4

-. 45 1.8/ 10 -1.9/ 7 -8/ 4 B VIRE-3 RV

-. %5 2.2/ 7 1.5/ S B/ 1 0. v © -3/ 1

-.es 5.2/ .8 .5/ 2 .3/ 1 .9/ 5 t.27 2

- 15 .9/ 10 1.3/ S -0/ 3 1.1/ 3 2.0/ 4

-. 05 5.0/ 13 -.5/ 10 V- ~-1.%/ 4 .27 -3

+. 05 .6/ 1S -7/ 11 -.5/.10 | -.6s 2 -1.3/ 6

+. 15 -. 4/ 10 -8 . 4/ 8 1.6/ 9 -1.%5/ B ~2.77 11

+.25 -7/ 18. ~6. 4/ 14 -8/ 7 -1.%/ 8 -.% 7

+.35 =-1,6/ 15 1.4 11 -5.9/ 8 -7 5 .1/ B

+, 45 -t.2/ 7 .9/ .3 -.%/ 1 -2.t/ % -2.8/ 7

+.55 .S/ 1 0. 7 0 P70t ..85/ 6 1.6/ 2

+.65 -V ] 6/ t] -1.5/ a .5/ 1 1.2/ 6

+.75 -1/ 16 ~%/ 9 -.27 10 -7/ 6 2.3/ 1t

+.85 -?.9/ %% -2.27 St -8, 1/ 25 -2.2/ 15 -6.27 21

+.95 -2.8/ 82 ~2.1/ 43 -9.2/ 58 -.8/ 46 -5, 0/ 45

TOTAL. 0. /289 0. /180 0. /174 0. /128 0. /150
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Table IV. Legendre coefﬁéiénts.

«

A. FromK p - s angular distributions

Ecq | AoXT10+3 [ Ayx10+3 | Aox10+3 | Axx10+3 | A x10*3 | Agxt 0+ AgX10+3 | Aox10+3

1.732| s2¢ x|-14¢t 6| s2¢t ® 9t 9l-s1211 ] 4@t1S|-11218]| -2216
1.754 | s2¢ 1] -34¢ 5| 41t 4] 102 5|-1852 g 62t 7 2t 7|-132 @
1.782| 53¢t 2| -40¢t 4] 45¢ 5] s ¢ 6|{-1tat 7| 762 @8|-21¢t 8| 12¢ 8
1.798 | 64* 2| -31¢t 4| 59t 5| 40¢ 5] -11¢t ¢} 99 8| -162 8| -132 9
1.818| 76t 3| -24¢t 6| s2t 8| 44t 9 st11|1s2t1s| -1 213| 2724
1.844 | 92¢ 5 2t11 ]| s2t14| a0t17 st19f127223| S1 24| -272e9
1.865| 72t 3 7t 8| 83t10| 16212 20t14| 97t 18| Bm21c| -Bt1e
1.887 | 60t 2| 35t 4| est 6 2t 7| 55t @] 8 9j 4«12 9| -8t
1.919| 41t 2| 24¢ 4| a2t s 92 7| 46t 7| 46t 8| 412 3| -m2 g
1,937 Tt 2| 18t 4] 64t 6| 15¢t 8} 69t o] 27t 9| 482 3| 11210
1.961] 302 1| 24% 4| 682 6| 34t 7| 63t 8| S0 8| 8t 7| 112 9

2.001 | 38t 2| 1% 5] 97¢ B| 36¢10| B83*10| 2511 | s02 8] 11212
2.022| 35¢ 2 6t 6| 75t 8| B2t11] Tst11| a9t 18| sS2 1% | 47216
2.05t| 35¢ 2| 16% 7| 96¢t10]| Wati14| 77¢12] Bsetis| s52ec| sOtos
2.084 | B5t 3| 19¢ pl1o8tiz| sot14| S4tra] 40t1e| sO21B8] 19215
2.106 | 34% 2| 14t 7| 97+ 9| met12| ssti2| Sotis| 46211 ] itz

- -t - . . .
B. From K p v Z angular distributions

Ecm | AOX1O0*S | Ayx10+3 | Aox103 | Amx10+3 | AxX10%3 | Ax10¥3 | Agx10+3 | Apx10+3

1.732 73t 5 40t 10. S51t15 | -62¢ 17| -47t2s 9¢t32 | -222s3 -8t xx
1.754 | B84t X| 62t 6] 44t B|-66t10|-57212| -5218| 15214 15215

t.782 78t 3 50¢ 7 41 ¢ 8| -90¢t 10| -7t 12 ar1d 17214 -0t18

1.798 [ 100t 3| 75¢ 7| 62t 9| -85t 10| -e8212| 19t 18| -282 15| -24¢ 18

1.818 a7zt 8 S8t 12| 124215 | -24 2 18 -4t 21 74 25 te2es | -2t 3%

1.844 | 95% 8| 104t20|147¢t27| 40251 | satwy| s2tsc|-95t77| Baymi0

1.865 | 90t 6| Soti1s|[140t20| Satza| cotem| o1 232 2130 41241
1.887 | 100t 4| 108211 | 194215| s54%17| 92220 79t22| 19¢19| -7tz2e
1.919 | 108¢ 5| 107212 |220¢17 | t16t20 | 15atze| 151 te5| 26tz =121
1.957 11042 5| 6312|172+ 17| S5t 18| 156221 | evtaes | -eetas | -ast o4
1.961 | 108t 5| 10215179t 18| 120t 21 |210tez| 161225 | 49228 -21 125
2.001 | 112t 6| 118% 14| 160t 20 | 181228 |227tes ['200t27 | 112ee]| -2tes
2.02z2 [ 115t 7| 156t10| 188226 | 21632 |22utse | 1872 48| 64t 37| -3¢ sm
2.051 [ 122% 8| 170221 | 240+ 350 (226 ¢35 | 27130 | 1782 44 [ 101 2 41 | -26¢ 38
2.084 | 146+ 10 [ 224t 25 | 259+ 356 | 295+ 45 [ ss5¢t 43| w102 61 [211 251 ] smtre
2.106 | 116t 7 [ 166t 18| 211t2c |214t 352|268t xe |2zot 9| t09et38]| -15¢ 42

- -t . . L . .

C. From K p =+ m I (polarization) X (angular distribution)

Ecq | BoX10+3 | Byx10+3 | Bax10+3 | Bux10+3 | Byx10+3 | Bxx10+3 | Bgx10+5 | Box10+3

1.732 0t 0| -850t B|-a2¢ 7| -17¢ & -2¢ 5 -4¢ 5 -2 4 ~4% 5
1,754 ot ol-49¢ 6|-57¢t 5| -12¢ 4 5t 4 6t 4] -1t 5| -2¢ =
1. 7a2 0t 0|-47t 6| -65% & 12 4] -0 « 8t 4 6t s 1¢ %
1. 798 0t 0]-45% 7| -69¢ 6| -122 5| -19¢ 5 5t 4| ot 4 st x
1.818 0t 0| ~17t 9|-B12 B8|-12¢ 7|-a472 7| -8t 6| -9t g| -m¢t s
1.844 0t of-25t12| -7t18]|-a521x8| -atiz2| -0t11 6210 6t 10
1.865 o0t ol -12¢t 8| -avt 8| -a7¢t B|-32¢ 7] -4t 6] -0t & 4% s
1.e87 0 0| -~1x% 7| -29% 7{-412% 7| -29¢ 6| -10% 6 1+ 5 7t 4
_1.919 ot 0| 4t 7|-16t @|-52¢ 8 |-25% 7| -142 6] -2% 4| -22 4
1. 937 0% o 23% 7 -21¢ 7| -v5¢ 8 |-29% 7|-162 6| 10¢ 4« 5% 4
1. 961 ot o 8t gal-25¢t 8| -22¢ B8|-%5¢ 7] -14t & 2¢ 5| -0t 4
2. 001 ot o st. 9 9t 7! w0t 71 -0t 72| 15¢t 6] 13t. 8] 1ot s
2. 022 0t o Sot11| -ot11]| 2112 st12| 21211 | 24t @ ot 7
2. 051 0t 0] 25t 11| S5+t 11| 27+135] 21t 11| 14t10| 24t 8| 20¢ 9
2. 084 0t o 22t14| Z0%ta s¢16| ot1s5] 10t14] 16¢ 19 7t 9
2. 106 ot 0| 20t11 | 21¢t10]| 25tt10| 11210]| S1210| 28t B8] 1B 7
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Table V. Sumrfxary of paftial-wave fits to Legendre coefficients.

Fit At BL ¢ B2 c1 - ' c2 + C4 E1 G1
so1 P(6) P(6) P(6) P(6) P(6) &) | P(6) - P(4)
s14 : . ' l | '

PO14 : o X

P11 . ' : R(3) IR(3) + P(4)
Po3 b E ) P(4)
P13 X - . . l R(3) + V(5)
D03 R(3)+P(6)E R(3) + P(6) v [R(0) +V(5) [R(0) +V(5)
D13 v P(6) . P(6) R(3) R(3) . R(3) R(0) +R(3)
D05 |R(3) +P(6) | R(3) +V{(5): R(3)+V(5) |[R(3)+V(5): R(3)+V(5) \R(3)+V(5) [R(3)+V(5) |R(3)+V(5)
A R

F05 : R(3 +R(3) n(s)m(s)i 'R(3) +R(3)

F15 R(3) v(s) . ' ' v(5)

FO7 P(6) _ l : v(5) v(5) v(5) v(5) _ R(3)
F17 R(3) R(3) .+ R(3) R(3) .+ R(3) + RE) . R(3)

o | 4P R

G17 . - .-- --- ' --- --- v(s)

NV 90 91 90 84 88 81 91 83
xz/DF 296./278 |300./277 E 288./278 303./284 Esoe./zao Eszo./éé7 312./277 317./285
PROB. | 21% 17% E 339, 21% ' 14, L 8% 9 | o
(x5 | 0.94 0.97 .  0.93 095 | 098 | 0.98 1.01 1.11
(x5 1.57 158 ' 1.56 156 ' 154 L1486 1.81 1.62

NV = Number of variables; DF = Number of degrees of freedom.

(xz)i

<x2>2 =

Mean XZ contribution from all Legendre coefficients in Fig. 3.

= Mean x~ contribution from cross sections, angular distributions, and polarizations.




Table 'Vi. Partiél Waves Calculated From Fitted Pafameters

w

Een

t,728
1.750
1,778
t.800
1.82%
1.850
1.878
1.900
1,925
1,850
1.975
2. 000

2.085.

2. 050
2.075
2.100

1.725
1. 750
1.775
1.800
1.825
1.850
1,978
1.900
1.925
1.930
1.975
2. 000
" 2.025
2. 050
2,078
2. 100

S0t
. 097, .082
. 079, .076
. 066, . 061
. 056, . 047
. 050, .034
. 043, . 024
. 042, . 01S
. 040, . 007
. 040, =, 001
.041,~-.010
. 041, -, 022
. 038, ~. 036
. 051, -. 054
. 016, -, 072
-. 010, -, 086
-, 046, ~. 091
St
. 059, . 181
.096, .166
.128, 142
L1538, 111
.169, .07S
L 175, |, 038
. 173, 001
. 162, -, 033
. 143, =, 062
. 119, -, 084
. 092, -, 028
. 063, ~. 104
. 036, -, 103
.012, -, 09<
~. 0086, -. 079
-.018, -. 060

—

POt
.201, .080
. 223, -, 054
. 181, -, 151
.187,-,200
. 089, -. 214
. 076, -. 209
. 086, -, 188
. 108, -, 153
. 129, -, 092
. 130, -, 034
. 093, 025
. 043, , 049
. 001, .025
.01%,~-,014
. 067, .003
. 065, ,099

PIY

-. 059, ~. 0682

-. 045, -, 076
-. 035, -, 083
-. 0320, -. 084
-. 031, -, 081
-. 038, ~, 073
~. 046, -. 061
-. 053, -, 044
-. 056, -, 022.
-. 050, -. 001
-. 035, 015
-. 016, .020
-. 002, .012
-. 001, -, 003
-.017,-.009
-. 036,

e ———

.007;

A. For Fit Al

PO3

. 130, .187
.138, .118
L1368, . 081

. 123, .053
122, 034
.116, .020
L11s, L0118
L1138, . 005

{ -117, .o02
| .124, .000
. 135, 001

. 150, .004
L1687, .011
'o.187, 023
; . 208, . 041
i .es1, .066

[ 23]

-, 004, ~, 009
.021, .020

. 056, .025
.o88, .0t10
.108,~-.016

117, -, 044

.118, -, 068
.114, -, 086

.. 109, -. 097
.103,~, 100

. 099, -, 097

. 084, -, 088

.089, -, 073

. 082, -, 0S5

. 071, -. 036

. 053, -, 017

Do

.168,-.077

. 139, -, 036

. 108, -. 016

. 073, -, 008

. 044, ~, 006
.018,~. 004
-. 004, .00t
-.021, .01t
-. 031, .026
-. 031, , 048
-.019, .063
, 004, . 07S

! .035, .074
| .oes, .056
. .086, 021
. 086, ~. 023 |

D%
. 041, -, 015
. 030, ~. 053

-, 0085, ~. 075
-, 043, -, 074
-.069,~.062
-. 084, -, 049
-, 089, -, 043

~-. 086, -, 046
-. 076, -, 058
-. 057, -, 067
-. 028, -, 073
. 004, -, 069
. 030, ~. 048
.037,~,015
. 021, .006
. 001, .003

Dos

.012,-.070
-. 003, ~. 074
-, 021, -, 087
~. 030, ~. 120

.000,-.166

. 069, -, 165’

L1085, -, 117

. 1035, -. 076

. 088, ~, 052

. 073, -. 043

. 062, -, 044

. 061, -, 051

. 069, -. 056

. 086, -, 054

. 106, -, 033

. 121, -, 009

D15

. 007, .012

. 001, .. 075
-. 006, .108
-. 007, .101

. 001, .080
L0138, , 082

. 025, 025

. 035, .00t

. 045, -, 019

. 054, -, 035

. 064, -, 046

.074,-, 052

. 085, -, 053

. 096, -, 049

. 107, -. 058

. 116, -, 023

FoS
-. 068, -. 146
~.144,-.100
-, 165, -, 095
-, 126, ~. 180
. 034, ~. 249
.140,~-. 193
.154,-,149
147, -, 155
.141,-, 128
141, -, 124
. 148, -, 117
L 16%,-. 108
.174,~, 078
. 182, -, 042
.177, .002
. 152, . 046

13

-, 024, ~.004
-. 03¢, ~. 006
-.0359,-.010
~.049,-,017

-.060,~.029
-. 070, ~. 049
~. 073, -, 080
-.057,~. 117
-, 017,-. 141
. 026, -. 135
. 053, ~. 114
. 064, ~, 092
. 067, ~. 074
. 087, -. 061
. 064, ~. 051
. 062, -, 043

Fo?
. 004, .CO2
. 005, -. 002
. 007, .00
. 010, .004
. 014, . 004
.018, .005
. 025, . 006
. 029, .007
035, . 007
. 042, . 007
. 050, .007
. 058, .007
066, .006
073, ,004
. 084, .002
. 094, -, 000
e17
-.€08, -. 000
~-. 009, -, 001
-.011,~-, 00t
-, 014, -, COt
-. 016, -. 008
-, 020, -. 003
-. 024, ~. 005
-. 029, ~, 007
-. 036, -, 011
-. 044, ~. 018
-. 053, -, 0351
-. 060, -, 052
-. 053, -, 086
-.018,~, 115
. 028, -. 109
. 052, -, 082

G607
. 004, ,00C
. 005, .000
. 007, .00!¢
. 008, .00t
.910, .00!¢
o012, .002
.014, 003
.017, . 004
. 020, .006
. 023, .008
.027, .o012
.031, .o0te
. 034, ,026
. 035, . 037
. 051, . 0SS
. 020, .063
G117
0. , 0.
0. 0.
°. ;0.
0. , 0.
0. . 0.
0. . 0.
0. , 0.
0. , 0.
0. , 0.
0. 0.
0. ,0.
0. . 0.
c. , 0.
0. .o,
c. , 0.
0. , 0.

XBL 713-479
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Table VI. Partial Waves Calculated From Fitted Parameters (cont.)

B. For Fit B2

5 .

. S0t POt POS Dos FOS F07 Go7
1.725 | -. 001, .002| .252,-.132| 125, .144| .092,-.101 | -.019,-. 030 | ~.068,~.053 | -. 001, . 001 | -. 008, .000
1.750 [ .047,-.080 | .245,-.185| _ 117, 139 ]| .087,-.000 | -. 028, -, 055 | -, 082, ~. 069 | -, 000, .003 | .006, .000
1.776| .089, .027| .238,-.167 | .111, . 135 | ,055,-.007 | -.036,-.055 | -.103,~.140 | .002, .006 | .007, .000
t.800] .085, .092 | .e33,-.168] .107, .132 | .039,-.022 | ~.0%0,-.099 | -.080,-.255 | .007, .007 | .009, .00t
1.825| .055, .138| .2%0,-.160| .108, .130| .032,-.057 | .043,-. 133 | .078,~.267 | .012, .008 | .ot1, -, 001
1.850 | .026, .161 | .228,-.144) .10S, .130| .025,-.05¢ | .105,-.085| ,172,-.212| .019, .006 | .o014, .002
1.875 | .0t4, .169| .225,~.120] .106, .131 | .014,-.060| .1135,- 034| .210,-.14%] .026, .004| .0t?, .o00=
1.900 | .023, .166| .219,-.090 .109, . 153 | -, 002,-.064 | .106,-.002| .220,~-.089| .03%, .000| .021, .004
1.925| .050, .51 | .209,-.057| .115, .136|-.025,-.060| .097, .018| .220,-.046| .040,-.003| .o025, .007
1.950| .083, .117| .182,-.025| .1189, .159 | -.043,-.044 | .090, .055 | .216,-.012| .049,-,005| .031, .010
1.975 | .104, .063| .167, .008| .128, .144 |-, 055,-. 016 .005, .044| .210, .018| .057,-.008] .038, .017
2.000; .093, .001 | .134, . 055 | .13, ,149|-.05%, .017| .o082, .082 | .201, .045| .067,-.003]| .048, .020
2.025| .048,-.034| .095, .046 | .143, 1S5 | -.052, .046| .081, .089| .189, ,070| .077, .003 | ., 081, .047 |
2.050 | .004,-.018| .056, .045| .154, .161 | .002, .059| .082, .068| .178, .092| .086, .018 ] ,.o04s, .078
2,075 .0t7, .023| .o021, .028| .167, .167| .036, .048| .085, .069| .1%53, .110] .093, .032| .o014, .099
2.100 | .080, .001 | ~.002,-.004 | .182, 175! 052, .019| .091, .07t | .1%4, .124| .09S, .056 | -. 023, . 098
ecM s11 P11 Pts DS DIs FIS r17 617
1.725 | ~. 059, .164| .091,-.016| .074, .089 | -.157,~.080 | .03%, .060| .015, .0!5]~.0085,-,000|0. ,0.
1,780 | .010, . 167 | .062,-.049 | ,099, .063 | -.004,-.088 | -, 007, .098 | .o018, .017 | -.006,-.000|0. ~ ,o0.
1.775| .0%%, .188| .0%2,-.062| .110, .088 | -.040,-.071 | -. 087, .079| .o008, .00} -.008,-.00t {0. ,o.
1.800( .097, .137] .007,-.061( 115, ,018( -, 010,~.047 | -, 035, ,068 | -, 002, .019] -.009,-.001 {0, ,0.
1.825| .112, .114] <, 011,-,084| 116, .004 | .00S,-.021 | -.019, .044 | ~. 014, .012|-.012,-. 002 0. ,0.
1.860 | .129, .090 | ~-.02%,-.048| .112,-.005 | -, 0¢ct1, 002 | -. 008, . 038 | ~.022,-.009 | -.014,-. 002 | 0. ,o0.
1.878 | .139, .065 | -.030,-.038 109,-,007 | -. 017, .011 | .007, .022 | -, 014,~.040 | -.018,-.004 | 0.  ,0.
1.900 | .144, .043]| ~. 035, ~. 032 106,-. 005 | ~. 084, .004| .017, .011 ] .022,-.062}~.025%,-.006|0. ,oO.
1.928 | .146, .024 | -.0%9,-.028{ .102, .002 | -.040,-.0t> | .02%, .001 | .063,-.052|-.029,-.011 0. ,o0.
1.950 | .144, .008 | -.042,-.026 | .097, .012 | -.029,-.040 | .05%5,-.007| .086,-.024 | -.036,-.021 | 0. ,0.
1.975{ .140,-.006 | -. 046, -. 026 089, .02% | ~.002,-.082 | .04t,-.014| 092, .00%|-.041,~.04t 0. 0.
2.000| .136,-.016 | ~. 051, -, 028 078, .038| .027,-.043 ] .049,-.018]| .087, .085{-.027,-.071 |0. ,0.
2.025| .130,~.025| -.055,-,.058| .06%, .080| .04%,-.016| .059,-.019| .omo, .040| .0tS,-.078|0. ,o0.
2.050 | .125,-.028 | -.059,-.042 | .045, .09 | .0%6, .012| .070,-.018| .07f, .080| .036,-.085!0. ,o0.
2.075| .120,-.031 | -.060,-.053 | .02%, ,065| .0te4, ,02%| .082,-.008| .062, .057 | .039,-.055/0. ,o0.
2.100| .115,-.032(-.058,~.069| .002, .060 | -.002, .0t12 | .092, .012| .085, .06t | .036,-.024|0. ,0.

ot

Do
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Table VI.

|

1.
1.
[ I
1.
1.
f1.
1.
1.
1.
1.
.75

1

72%
750
775
800
8z2s
850
87s
‘200
925
850

2.000
2. 0258

2, 050

2.075
2.100

=len, ]

1.
1.
t.
1.
. 825
. 850
.87%
. 900

NNVNN!\’“.—"““

725
750
7S
800

. 950
. 975

000

. 025

050
075
100

sot
. 186, -, 012
. 140, .020
. 119, .052
.'101, .063
. 088, .067
. 079, .066
. 074, .062
. 074, .056
. 076, .047
.079, .03
. 083, . 020
. 086, .002
. 088, -, 020
. 077,~. 044
. 061, -, 069
. 035, -, 020

St

.15, .168
.190, .168

174, 155
.164, .141
. 159, .12%
. 186, .102
. 155, 079
. 154, , 085
L1581, o028
. 145, .00t
. 135, -, 027
. 120, -, 054
. 099, ~. 078
.072,-.098
041, -, 11¢
.00S5,-. 116

POt

. 093, -.070 !
. 099, -, 086
. 108, -, 098
.104,-,107
©.104,-. 111
L1038, -, 112
L1101, =, 110
. 099, ~. 104
. 095, -, 095

| .o091,-.08%
. 084, -. 070
.074,~, 055

. 062, -. 040
. 046, -, 02%
. 026, ~.011

i .003, -, 001

P11

-. 181, ,006
-, 091,~. 109
-, 000,~, 133
. 058, ~. 109
.081,~,079
. 083, -, 061
. 078, -. 057
. 055, -. 062
. 028, ~. 067
‘-, 005, -. 061
-. 032, -. 040
-. 039, -, 006"
-.022, .019
. 002, .017
006, .002
-.004, .004

i

C. From Fit C1

POS
L 147, 119
. 140, . 112
.1%6, .106
L1358, 102
L1352, 099
. 132, .097
L1354, . 095
138, . 095
. 143, . 095
. 149, .09
. 156, . 097
.16S, .099
.176, .101
.187, .103
.200, .10S
.215, .107
P13
.017, .032
. 039, , 033
. 059, ., 024
. 074, ,010
. 0835, -, 005
. 088, ~. 017
. 091, -, 025
. 094, -, 028
. 096, ~. 027
. 098, -, 020
. 098, -, 009
. 095, .006
. 089, ,023
.076," . 040
. 057, .088
. 054, . 063

Dos
. 158, -, 161
. 156, -. 096
L1384, -, 053
. 108, -, 027
L0755, -.014
. 046, ~. 009
.019,~, 004
-, 004, .00t
-.024, .Of1
-, 039, .025
~. 045, . 048
-.041, 067
-, 024, .089
. 0058, 108
. 044, 104
. 086, .085

D13

-.016, -, 002
-.019, -. 003

-. 023, -, 008
-, 027, ~. 008
-. 082, -, 01t
-. 038, -, 017
~-. 045, -, 026
-. 080, -. 040
-. 050, -, 060
-. 039, -, 083
-.011,~,099
.019, ~. 096
. 038, -, 081
. 047, -, 064
. 049, -, 050
. 048, ~. 040

Dos
~.057,~-.003
~. 048, -, 011
-. 089, -. 032
~. 054, -, 077

. 008, =, 118
. 067,~. 088
. 086, -, 049
. 089, -, 023
. 088, -, 007
. 087, .005
.087, .018
. 088, .024
. 088, .034
. 087, .044
. 085, . 054
.082, .066
D18
.017, .03
. 009, .070
-. 016, .066
-.009, .045
. 005, .030
L0127, 017
. 025, .006
. 032, -. 008
.057,-.014
. 042, -, 020
. 049, -, 028
. 056, -, 027
. 065, -. 024
.078,-.017
. 085S, -, 004
.092, .016

POB
‘=, 087, -. 038
- 118, -, 076
- 182, -, 147
-. 096, -. 250

.024,-.313
. 145, -, 280
.206,~-.208
227, -. 144
. 230, -, 094
.227,-. 055
. 220, -, 022
.210, .006
. 197, . 051
. 182, . 088
. 164, .070
. 144, 083
F186
. 009, .010
. 008, .08
. 008, .ot
-.008, .028
-. 028, .03
-. 048, .006
-, 053, -, 029
-. 033, -, 068
.011, -, 087
. 058, -, 078
. 080, -. 046
. 087,~. 015
.082, .008
. 075, .025
. 063, .03
. 083, . 041

Partial Waves Calculated From Fitted Parameters (cont.)

—_— e —

FOo7

-. 000, . 000
-. 000, .002
. 002, .004
. 006, .. 005
L0011, . 004
. 017, -, 000
.022,~.006
. 026, -. 012
. 031, -, 018
. 036, -, 024
. 043, -, 028
. 053, -, 030
. 068, -. 026
.078, -, 017
. 090, . 001,
. 097, .028
F17
-. 004, -. 000
-. 008, -. 000
-. 007, -. 00t
-, 008, ~. 001
~-. 010, -. 001
-.012,~. 002
-, 015, -, 003
-. 019, -, 004
-. 024, -. 008
-.030,-.013
-. 037, -, 025
-. 039, -, 048
-.015,-.075
. 023, -, 069
. 037, ~. 0486
. 037, -, 030

GO7

. 008, .000!
. 006, .000
., 008, .000
. 009, .00t
.0tt, .00f :
.014, 002
.017, .002
. 020, .004
. 0258, .005
.031, . 009 .
.038, .04
. 046, .023
. 058, ,.058

.038," . 100"
-.006, .116 !

G17

oo

e

. 0.

°

0.
. 0. |

coopooooooOOOPEE
[~}

.
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Table VII.  Resonance Parameters.

E
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WAVE (GZV) N
D15 1.765 + .009
DOS  1.832 ¢ .005
FO5 1.823 ¢ .003

| F17  2.034 ¢ .014
607  2.092 t .012
F15 1.925 + .008
Dls. 1.985 + .005
FOS  2.141 £ .006
F15 2.057
pli

1.772

T
t (GeV)
.074 + .017 120 + .038
-.138 ¢ .018 .088 + .010
-.268 + .027 .104 + .016
-.086 + .014 118 + .012
.096 * .037 .144 + .026
-.137 + .01S ©.146 * .022
-.093 + .006 .208 + .022
.156 * .013 .504 * .010
.104 .906
-.108 .080
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Table VIII. Data used for fits to SUj coupling _g_ons_tan@. Reactions
are indicated by Ng: 1, Nwr—+Nm; 2, NK~ NK; 3, NK -~ Zm;
4, NK - Aw; 5, Nm ~ ZK. |

S —
Mulh?let »_ (ﬁ:‘s’a;, jMEV) Ny s (x, xr)1/.2
D5 N(1670) 140 £ 35 El .420£.030
Octet $(1765) 120 + 38 2 .4364.018

| 3 .074 %.017

4 -.250 £.025

A(1832) 88 + 10 2 .090 £.040

) 3 -.438+.018

F5 © N(1688) 142437 1 . .620£.060
Octet £(1925) 146£22 2 .100 £ .030
3 =437+ .045

| 4 -.090 £.020

A(1823) 10416 2 639 £.006

3 | -.268+.027

F7 A(1950) 19030 4 .450 £.060
Decuplet ' | 5 -.090 £.020
$(2034) = 448%42 - 2 .200 %.080

| 3 -.086%.014

4 200 +.020

G7 - A(2092) 14426 == 2 .290 % .040

Singlet - » 3 .096%.037
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Table IX. SU;3 coupling constants from fits to data
in Table VIII, assuming Glashow and Rosenfeld
energy dependence with X = 0.35and the nucleon
mass as scale factor. ‘

D5
F5

F17
G7

g4 & &

88  -.14

87 .52 |
49
.51
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FIGURE CAPTIONS

F1g 1. Distribution of fitted momenta
| ~(a) From exposure descnbed in Ref. 1 (fltted momenta. of T
: events) |

(b) From exposure descrzbed in Ref. 2 (fxtted momenta of T

decays)

Fig. 2. . Cross sections from all available data for the reactions
studied.
(a) K'p—~ Tz,
(b) K'p~ n'z”.;;
Fig. 3’(3)‘. K ;): ™ 2 - Legendre series coeff1c1ents pred1cted by the
~ three fits with highest probab111ty from Table V. All available
data are super‘im.posed.f |
| Fig. 3(5). K;p - 1r+2_2- associated Legendre series coefficients pre-
: dicted by the three fits with highest probability from Table V.
No data are available here since the £~ polarization is not ob-
served. | ' _
Fig. 3(c). K p- 1r..2+ Legendre ‘se‘ries coefficients predicted by the
~ three fits with hlghe st probab111ty from Table V. All ava11ab1e
data are super1mposed
' F1g 3(d) K p—T E assoc1ated Legendre'seri‘es.coefficients pre-
| d1cted by the three fits with highest probablhty from Table V.

A11 ava11ab1e data are superunposed

Fig. 4. Argand diagrams for selected partial-wave fits to K p— ¥
reactions. The labels for the fits correspond to those in Table V:
(a) fit A4, (b) fit B2, (c) fit C4. The symbols are plotted at en-

- 'ergies starting from 41.725 GeV and separated by 0.025 GeV."
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Fig. 5 | SU3 co'uplninv_g”cori's'ta.nté calculated from the amplitudes for
indiﬁdual reéctio_ns .assuming‘the GR energy deperndenvce with
X =0.35. The ;:oufling-constants ﬁré dimensionless; the écaie
factor was the mié:l'eoh mass. 'E]aSt.ic-‘ reactions are indicated
qnlsr by the final state chahx;nel. |
(a) D5 octet. |
(b) F5 octet.
(c) F7decuplet.
(d) G7 singlet.

Fig. 6. Values of xz for fits t§ SU3 coupling constants for each multi-
plet. Three types of energy dependence were tried: the Blatt and
Weisskopf form (BW) and an interaction radius of 4 fermi; the
| Glashow aﬁd Rbsehfeld form (GR) w1th different values of the

form factor parameter X; and the ''no denominator' form (ND):

12hyp

Fig. 7. S'U3 couplihg constants for possible D3 octet including our
D13 resonance and the N(2040). The GR energy dependence with

X =0.35 is assumed.
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LEGAL NOTICE

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