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‘THE REACTION K-PLUS NEUTRON GOES TO
K-PLUS PI-MINUS PROTON AT 3.8 GeV/c

. Don Allen Marshall, Ph.D.
Department of Physics
University of Illinois at Urbana-Champaign, 1972

The ANL 30-inch bubble chamber was exposed to a separated XK'
beam at 3.8 GeV/c. The 300,000 pictures were scanned for 3 and k-
prong events. After measuring all of the 4-prong events with a stop-
ping track and 61% of the 3-prong events, 4919 events were recon-

" structed which kinématically fit the reaction K&D -+ Kin-PP; this cross
section was found to be 1.78 # ;lO mb. The reaction is dominate@ by

the quasi-two body interaction K&N‘ﬂ K¥0(890)P; this cross section was
found to be 0.80 % .07 mb. Results of an analysis of the spin density
matrix elements indicate O  exchange is dominant., The reaction

K'N -+ K#0(1420)P was examined for the effect reported by Firestone et gg__ol
The effect was confirmed, but the interpretation of the effect at 3.8
_GeV/c as a broad S-wave resonasnce is clouded by a possible interprets-
tion involving a secondary scattering between the spectator proton and

the decay products of the K#*(1420).,

l. A. Firestone, G. Goldhaber and D. Lissauer, Phys. Rev. Letters gé,

1460 (1971).
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I. INTRODUCTION

During the last ten years the mechanisms producing three and four

body final stetes produced in meson nucleon interactions at laboratory

' momenta above 1 GeV/c have become qualitatively understood in terms of

quasi two body interactions. The general features of these interactions
are succintly expressed in terms of Feynman diagrams.

As an example consider reaction I-l1 and its Feymman diagram I-2.

A+B->C+D I-1
A . C '

#e I-2
B D

Here A and B interact forming states C and D either or both of which may

- decay into one or more particles. The quantum numbers of the states B

and D are determined by the quantum numbers of the incident particles A
and B and the quantum members of the virtual intermediate state e. The
virtual nature of the exchanged particle e means that it will carry little
momentum from particle B to particle A; hence in the center of momentum

frame for the reaction the momentum of C (D) is nearly the same as the

- momentum A (B).

The allowed guantum numbers of the particles in the Feymman diagram
has been systematized by group theory in terms of SU3. The momentum trans-
fer of the virtual intermediate state e has been systematized by Regge

theory.




»

Although these two models have provided a qualitative formalism for

understqnding three and four body final states, their predictive power is
disappointing. Basically the problem is thatvmany virtual states, e,lare
allowed in reaction I-l. Hence many parsmeters are brought into any mathe-
matical description for reaction I-l1. Although at high energies there is
reason to believe that only a few parameters will be important, ﬁnfortuu
nately this is not true for reactions between l and 10 GeV/c° Fortunately
the formalism does relate different reactions. Hence by studying related
reactions there is the possibility of establishing the values of the
parameters. At the preseht time more data is still neéded°‘

This thesis forms a part of a continuing effort by laboratories
all over the world to gather more data on quasi two body interactions in

the laboratery momentum range above 1 Ge_V/co In particular this thesis

was filled with deuterium. The pictures were scanned for three

er W
er

_chamb

ard four-prong events. After measuring all of the four-prong events with
8 stopping track and about 65% of the three-prong events, 4830 events

were found which fit reaction I-3. :

KN >KTP I-3

In this reaction the K&ﬂ“ system is the only two body final state
which shows any significant structure. The KT system is dominated by

k*0(890) production although there is some K*®(1420) production. The
Sl e Ay —



decay angular distribution of the K system suggests that pion exchange

is dominant,
In contrast reaction I-l4 shows structure in the K'n~, Pnt and

K'ntn” systems.
+ - + :
K'P +Kpm P I-4

For those events. where the P'rr+ system lies in the region of the A++,
8 large fraction of the events appear to be described by reaction I-5
(for example see Abrams et giol)

K'P » k'™ I-5
Pion exchenge dominates this reaction. Because of the large mass of the
o+t reaction I-5 is kinematically restricted to higher values of momentum

transfer than reaction I-3, especially at high KT masses.

In contrast to both reactions 1I-3 and I-5, w exchange appesirs to

. be the dominant exchange mechanism for the production of the K9ﬂ+ systen

in reaction I-6 (see for example Shufeldta)o
kP » ¥n’p 1-6

This reaction also shows structure in both the K@n* and Pn'+ systems.
The K%N resction I-3 offers an opportunity to study the K system
which has been produced by pion exchange and which is free of backgrounds

from other channels.



-

Q

In the past the K system in reactiens I-3 and I-5 have been

studied by Chew Low extrapolation techniques,3 This method consists
of extrapolating to the pion pole and then parameterizing Xm scat-
tering in terms of phase shifte. Chapter IV develops an alternative
method for studying the mass dependence of the‘decay angular distribu-
tions of the K&n’ system. The method is found to have some definite
advantages. However unphysical values of some of the density matrix
elements suggest that the method could be improved if the density matrix
elements were written down in terms of amplitudeso_

8U3 suggests that there may be an S-wave enhancement in the Km
system and Regge theory suggests that it may lie under the K#0(1L420).
Firestone gﬁ}glfh has found evidence for an enhancemeht in tﬁe K#0 (1420)
region for reaction I~3o’ Although the effect seen by Firestone ég al.

at 12 GeV/c was also seen in this experiment, no conclusive result could

. be reached. The data does, however, suggest that a broad S-wave enhance-

ment may be present.

Both S and P-waves in the Km system contribute to the Kﬂ_mass plot
in the K*0(890) region. Models such as one pion éxchange with abQorption
make bredictions about the P-wave density matrix élements5 while models
such as the Reggeized one pion exchange model of Abrams and Maor mske
predictions about only one of the P-wave densiﬁy matrix elementso6 For
this reason it is important to develop methods of studying the contri-
bution of the 8 and P-waves separatelyo In Ghaptef VI this was done
using the method of Chapter IV. The t dependence of the P-wave was com-
pared with the predicti@ns.of the above two models and found in fair

agreement with them.




Reaction I-3 and reaction I-7 are very closely related since the
same t-channel exchanges are allowed in both reactions and since the

couplings of the exchanges are equal within & sign.
- -
KPsKnTN v I-7

For this reason a model for quasi two body interactions should be
able to explain both reactions. Chapter VII compares these twe reactions
by comparing the data from this experiment with the éorresponding data

from a K P experiment at 3.9 and 4.6 GeV/co7




II. EXPERIMENTAL PROCEDURE

A. Data Acquisition

The experiment is based upon an eiposure of nearly 300,000
pictufes in the MURA 30".bubb1e chamber filled with deuterium at the
Argonne 7° separated meson beam. A good description of the beam
transport system and the bubble chamber may be found in a Ph.D. Thesis

by J. Parko8

B. Scanning

Non physicists scanned the film for all event types except for
one-prong events without vees. The scanning was supervised by physicists
using the Illinois Master Event Library System,9

Of the 263 rolls of film in the experiment 141 rolls were double
écann.ed.° For each event the Master Event Library System generated a
record fér the results of each of the two scans and an "indicative"
record which contained sll the information necessary to identify the

event, A list of discrepancies between the two scans was genersated and

& scan of these events was made by a discrebancy scanner. The result of

this scan was used to update the "in@icative" record.
At the end of the experiment it was discovered that some double-

scanned eventsvcontained no record of the first and second scans. This

" arose in two ways. In the first case the discrepancy scanner found an

event or events in a frame for which neither of the first two scans was
correct. In this cese it was easier to rescan the frame thereby del@ting

the records of each of .the first two scans. In the second case a measurer
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decided that the event was wrongly identified. In fixing up the indicative

record, informamtion about the previous scans was lost.

Since the double-scanned events were used to calculate the scanning
efficiency, the loss of information sbout the results of each scan means
an uncerteinty is introduced into the calculation of the scan efficiencies.
The simplest solution is to divide the events without any scan information
in the same ratio as events found by scan one only, scan two only and
both scans. An upper limit on the error for the scan efficiency may be
found by assuming that half of the events without scan information recordé
were found by each of the two scans. Table II-1 gives the numbers of
events in 52 double-scanned rolls in the last half of the experiment:
and the‘efficiencies for these rolls. The calculation of the efficiency
uses the assumption that the scans are independent so that the efficiency
for an event being found by both scans is Jjust the product of the efficien~
cies for each of the single scans. Hence the total number of events

which is unknown is given by equation II-1.

Cnmhbér”bf“éﬁénﬁs)x(hﬁﬁﬁérﬁpfféﬁénts)

found by sean 'l | \fourd by scan 2 7.1

Total number of events = number of events found by both scans
The single scan efficiency € is given by equation II-2.
(number of events) (number of events)
;1 \found by scan 1 found by scan 2 172

s ° total number of events

The double scan efficiency, €q7 is the efficiency that an event will be
found by either scan; €4 is given by equation II-3 which calculates the

probability that an event will be unfound after two scans.
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TABLE II-1. Table II-l shows the number of events found by both scans, by'scan one; by scan
fﬁbKandfthe nﬁmber 6f'events without scan information records for 52 double scanned rolls
of film in the last half»of the experiment. The single and double scan efficiencies—gnd
égfors as well as the overall scan efficiéncy for the entire experiment.is also given,

_'The calculation of these efficiencies and their errors is described in the text.

events events events events single double overall
found found found without scan scan . scan
by both | by scan | by scan-{ scan | efficiency | efficiency | efficiency
scans 1 only 2 only information
3-prong | 4291 423 _ hls 1k5 911 & 019 | .992 &« 004 |.951 & 009 |
L -prong
s 2505 211 163 7 931 « .018 [.995 « .003 |.965 & .009
stopping . o . 003 |, *
track

£



4 ) - 2 : -
L-¢y= (l—es) II-3

4 If F is the fraction of the film double scanned, then the overall

scanning efficiency, GT’ is given by equation II-k.

eq = Fe, + (1-F) €, TI-k4

The three-prong events were measured on only 167 rolls. Of these

rolls iny 83 were double scanned. Consequently for the four-prong
events F is .536 while for the three-prong events it is .497.
K A study of the efficiencies shows that the efficiency is lowest
for frames with two or more events. Moreover these frames also contain
k a larger portion of events without scan information.
The errors on the efficiencies were calculated for frames with
only:one event as well as for frames with two or more events. The error
appearing in Table II-1 is the maximum of the errors calculated. This

error is taken as an upper limit to the error on the scanning efficiencies.

C. Path Length

The number of beam tracks entering the up-stream epd_of_the o
scanning volume wasrrecof§§d.ev¢py$f;fp§e§pvfpa@e@ T@e"ayenagehgugber
of beam tracks fpr tpe enpire gxperim@nt wasﬂ@Ogﬁéffqus“perfframgu

An event was taken as being in the fiducial volume providing:its. . . .
x coordinate lay between -22.0 and 22°O‘¢m wherg*thg\peam:@nayels ppimarily
in the direction of.increasing X, ?hg lower‘edge'ofmthgwfiduciglwvolyme

was taken because it was observed at x equal -22 cm that the number of
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fithhc threg and four;prongwevents gtartedﬂdroppipg off. “Th? quérvedge
of the fiducial volume was taken because it was observed that at x
equal 22 cm, the number of constraint reductions abruptly rose owing to
the fact that the SMP mirror”arrangement prevented long measurements
of one or more outgoing trackgo

The path length inside the fiducial volume was calculated from
the average beam track angles for events at thé beginning and end of
the fiducial volume. The average path length was 45.08 & .20 cm.

The total number of good pictures was 294,407,
The total fiducial track length was (1.402 « .009) 108 cn.

Moningerlo examined the pion contamination and concluded that it
was less than l%o This estimate agrees well with a more cafeful study of
the pion contamination in the Argonne 7° beam msde by Eisensteinll at

& slightly lower energy of 3.2 GeV/c.

D. Density of Deuterium

The density of deuterium was found by measuring the range of muons
from pion decays. The equivalent density of hydrogen was then adjusted
until the range-momentum tables gave the correct muon momentum. The
deuterium density was found to be .134k # .005 gm/cm3o The corresponding

density of scattering centers, p_ , is (4.00 & .15) 1022/cm3o

E. Attenuation‘

Aé the beam travefses the chamber, it decays and interacts;
hence the besm intensity is.attenuatedo The attenuation factor, 4,
takes into account this qepletion of the beé,m° The attenuation of the

beam is given by equation II-5. ) . -
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L
A= %&/f e B gy = (1 - ¢”BLy/(rL)
0

B = 0 * Gor
0% =vtotal'K&D interaction cross,gection
= 34.1« .3 mbat 3.3 GeV/c
et = (370.2 « 1.2)em 1I-5
y = Eﬁeam me = T.760 « .0T6
average path length of a beam track

v
no#

45,08 « .20 cm
by, = (4.00 & .15) 10°%/cn’

From the data following equation II-6, B is calculated to be (1L.71 ¢
.05) 10°3/cm° The attenuation factor, A, is then found to be .962

001,

F. DMeasursment Efficiency

The events were measured at the University of Illinois on SMP's
which were connected on line to the CSX-1 computer. The measurements
were processed through the standard University of Illinois reconstruc-

tion and fitting programs, SPACE8 and ILLFIT,13 on an IBM TO94% computer.

1. Four-Prong Events with Stopping Tracks

After processing the four-prong events with a visible stopping
track, it was found that .14l « .008 of the events either lay outside

the_fiducial volume or should not have been included in the datg sample
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due to scanning errors. ‘Events which failed or got no fit or which
were missed by the first measurement pass were reineasured° It was found
that .992 « .00l of the good events were measured. For those events
which were measured, the measurement efficiency was calculated as one
minus the ratio of NR to NT where N. is the number of even@s which

R

falled in the fitting or reconstruction program and N, is the total

T
number of events. The measuring efficiency was calculated to be

92 & 02,

2. Three-Prong Events

The three-prong events contain tau decays as well as interactions
with the deuterium. At the scanning stage a template was used to
classify events as possible candidates for tau decays. After pro-
cessing the tau céndidates, it was found that .139 &« .0l6 of the events
elther lay outside the fiducial volume or should not have been included
in the dats semple due to scanning errors. Events which failed or got
no fit or which were missed by the first measurement pass were remeasured.
It was found that .995 « .00l of the good events were messured. For
the measured events, the measurement efficiency was calculated as was |
done for the four-prongs. The meaéurement efficiency was found to be
.91 % .03. Only .0092 « .0018 (27 events) of the tau candidates fit
 the final state PPK'm .

After processing the three-prong non tau candidates, it was found
thaﬁ 142 & 003 of the evénts lay outside the fiducial volume or should
not have been included in the dats sample due to scanning errors. Only
.612 « 004 of the three-prong non tau eap@idates were measured. The

1

measurement efficiency was found to be °83@ .02,




Since the tau candidates amount to about .11 of the three-prong

events and Since less than .0l of the tau candidates fit the final state
PPK%ﬂ_Q the teu candidates can be ignored when the measurement efficiency

is calculated for the events leading to the final state PPKfn_o

G. Hypothesis Selection

Table II-2 shows the hypotheses tried in fitting the three-prong
and the four-prong events with a visible stopping track., For the three-
prong events the unﬁitted momentum of the unseen spectator was set to
0, +« 30 MeV/c in the x and y directions and 0. « 40 MEV/c in the 2z

direction. For the four-prong events, the momentum of the stopping

tracks shorter than about 5 cm was determined by range-momentum tables

while for longer stopping tra.éks the momentum was determined by both
range-momentum tables and curvature.

When there were severasl fits for an evént, the fits were ranked
geecording to their likelihood, which is defined to be the chi sghare
probability times the cube of the number of constraints. In the case
of missing mass fits which have zero constraints, the likelihood was
set to .1, Fits were considered ambiguous if their likelihoods were
within a factor of 25 of each other.

All of the four-prong events with fits, except for the missing
mess fits, and all of the three-prong events with fits having no missing
neutral particle wére ion scanned in order to eliminate fits which were
iﬁconsistent with the bubble densities of the tracks. According to
Robinsonlu about 2% of the events'were misidentified after the ien
scan., Whenever a fit with no missing neutral pﬁrticles was ruled

inconsistent; the event was ion xscanmd‘aga:lno



Hypotheses for 3-prong events

K+ wimn

K'D + PR )K"

K*D - P(P_JK'n " (n°)
K'D - PP e (6°)
KD o P(P_ KK (K°)
KD » (0K m'n”

|
|
{ KD » (B_) (WK™

Hypotheses for 4-prong events with stopping track

KD - PPK'm”

KD - éPK*n’(no)
KD » PPrin (K°)
KD 4 PR (X°)
KD - p(0)kMmte”
KD o PN K (X°)
K%D + DK™

KD » pKTKK"

TABLE II-2. Table I1I-2 shows the hypotheses tried for four-prong
events with a stopping track and three-prong events. The tracks in
/ : parentheses represent particles that are not associated with a measured

_ track.



For events in the final data sample, it was found thaﬁ the 4C

‘hypothesis, K+D 49K#n°PPS, was unambigucus with any other hypothesis for

9059% of the three-prong events and 95;4% of the four-prong events, It
was found that a hypothesis with & missing neutral ranked higher than

the 4C for 102% of the three-prong events and 0.7% of the four-prong
events. A 4C hypothesis was always chosen over a hypothesis with a
missing neutral. Anothérwgmhiguity'arises when there are two fast
positive tracks; then the hypothesis K#D'@’KfWDEPS may be ambiguous -
with itself. This ambiguity in the rest of this section will be referred

to as & 4C-UC ambiguity. There was a LC-4C ambiguity for 5.6% of the

| three-prong events and 1.6% of the four-prong events. These UC-UC events

tend to populate high Kﬁﬂb masses. In all cases of 4C-UC ambiguities,

“the fit with the higher likelihood was accepted.

H. Fitting Efficiency

The fitting efficlency for the final state K#n'PP was determined

' by remeasuring and then fitting ion scanned fits which were inside the

fiducial volume and which had a likeliheod greater than 0.3. Out of

152 three-prong events the fitting efficiency was found to be .99 « .02,
Cut of 132 four-prong events the fitting efficiency was found to be .98 #
.02,

A plot of the number of events versus chi squaréd probability
should be flat according to the theory of statistics. All bubble chamber
experiments, howevef, find an excess of events with very low chi squared
probability. Some of the events in this low probability tail are spurious

fits. Good events show a K*(890)peak, while spurious events should have
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a relatively featureless mass plot. By looking at the strength of the
K#(890) signal as a function of likelihood, it was fouhd that for likeli-
hoods less than 3.9 for three-prong events and less and 0.3 fbr four-
prong events, the K*(890) signal starts to decrease. Once a likelihood
cut has been imposed, it is necessary to estimate the number of good
events lost. This was done by assuning that for good events the K*(890)
signal to background is independent of likelihcod while spurious eﬁents
will not exhibit a K#{890) signal. YA background subtraction was then
used to determine the number of good events in the low likelihood region.
Using this estimate it was possible to calculate the fraction of the good
events lost by accepting events with a likelihood larger than some fixed
limit, For three-prong events, it was found that .939 « .012 of the good
fits will be seén if only fits with a likelihood greater than 3.9 are
accepted. In the case of the four-prong events with a stopping track,

it was estimated that .932 « .012 of the good fits will be seen if only

fits with a likelihocod greater than 0.3 are accepted.

1. Corrections'Besulting frdm the Use of Deuterium as a Source of Neutrons
The deuteron is a weakly bound (2.2 MeV) neutron proton system which
is an isospin singlet, spin triplet and has orbital angular momentum zero
with a smell admixture of orbital angular ﬁomentum two. Tb‘a‘first approxi-
mation for interactions at high lab momenta, only one of the nucleons
interacts. Therefore the momentum distributioﬁ of the other.nucleon, the
spectator, may be predicted from the wave function of the deuteron. This
is the impulse approximstion.
The impulse and clesure approximation modifies the predictions of

the impulse approximation to take into account the effect of the Pauli
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Exclusion Principle when a nucleon cherge exchange takes place. A de-
5

tailed treatment may be found in a thesis by W. Leeolg’ The impulse

and closure approximation predicts‘that the differential cross section

will be given by equation II-6.
q'_,—_—.-- om o - i:.a -
d% = (l H) d%) + (l H/3) dt)f II-6

Here H is & form factor which equals 1 when t equals O. The subscript f
means spin flip and nf means spin non flip. Although H is still above
0.15 for t as large as @Dl(GeV/c>2, the differential cross sections for
guasi two body interactions can not be corrected for the variation of
the form factor until‘a specific model is assumed to predict the spin
flip and spin non flip amplitudes.

The finite size of the nucleons means that sometimes one of the
nucleons will shield the other. This is called Glauber Sereeningolﬁ’
MOningerlO has calculated the effect for Glauber screening‘at 3.8 GeV/c
and found that the observed cross section off deuterium is a factor
0.984 4« .Ol4 smaller than the cross section would be off a neutron alone.

The motion of the target nucleon inside the deuterium nucleus
has two effects. The first of these is that the center of momentum energy
is not unique but rather smeared out. For 3.8 GeV/c the width of the
center of momentum energy distribution is about 140 MeV. The second
effect is that for a spectator moving in the beam direction, the target
nucleon will be moving so that the flux is lerger than when the spectator
is moving beck along the beam direction. This effect biases the spectator
distribution gso that it is‘qot isotrepic as would be expected from the im-

pulse approximation.
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- When the experimental spectator momentum distribution is compared

with the distribution predicted by the Hulthenm wave function, it is

seen that there is an excess of events with momenta larger than sbout

250 MeV/c. This excess is usually attributed to double scattering in

the deuteron. In discussing reactions such as K%D %>PPX% it is clear

that all events in the tail of the spectator distribution should be in-
cluded. However when reactions such as x'n > px° are discussed, it is less
clear what should be dorne. Two approaches are possible; the first includes
the“tail while the second chops off the tail at 250 or 300 MeV/c. The
second approach appears to be the more popular in the literature of the

reaction X'N >k n"P.

J. S8pectator Escape Correction

" wSince only four-prong events with a visible stopping track were
measured, it is necessary to correct .for those events where neither proton
was observed to stop. This was done by comparing the spectator distribhu
tion of this experiment with the distribution found in a w+D experiment
at 3.65 GeV/c 17 in which all four-prong events were measured regardless
of whethlier there was a stopping track. Below 250 Mev/c a proton hes a
range of less than 8 cm; hence virtuslly all such spectators will stop
inside the chamber. Because of differénces in treating very short specta-
tors,'a'cut"bn spectator momentum less than 110 MeV/c was made on the two
distributions. Table II-3 shows the numbers of events found by the two
experiments>for different spectator momentum regions and predicts the
number that would have been found, by this experiment if all four-prong

events had been measured.




| , P in Number of Number of ' Predicted
| Mev/c 4 -prong k-prong number of
| eyents in events with L-prong
| m D at a stopping exents in
| 3.65 GeV/c track for K'D at
| KD at 3.8 GeV/c
3.8 GeV/c if all
l-prong
events had
been
measured
0-110 631 81k 814
110-250 961 1563 1563
250~-300 162 168 264
p 250~ 723 265 1176

TABLE II-3. Table II-3 compares the spectetor distributions as a
function of momentum for g n+D experiment at 3.65 GeV/c where all four-
prong events were measured with this experiment where only four-prong
events with a stopping track were measured and with the predicted
number of four-prong events that would have been measured if all four-

prong events had been measured-in this experiment.
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According to the impulse approximation, the interaction with the
neutron should be independeéent of the spectator momentum distribution.
Hence the speétator escape correction becomes especially simple since it

merely involves scaling up the number of four-prong events with a stopping

~~track to the number predicted if all four-prong events had been measured.

The scale factor is 1.34 &« .05 for all four-prong events. If the specta-

tor momentum is required to be less than 300 MeV/c, the scale factor is

-~ 1.0k & ,05,

K~ Microbarn Equivalents

The microbarn equivalent is calculated by eguation II-T.

n event .. L A 10-30

b f
Cu
Poo = density of scattering centers
8¢ - (4,00 % .15) 102 em”3
II-7
Lf = total beam track éength in the fiducial volume
= (1.402 « .009) 10~ cm
A attenuationﬁfactof”'f

[

0,962 « 001

‘The microbarn equivalent is calculated to be 5.39 « .22 events/ub.

When the various efficiencies’are taken into account, the microbarn
equivalent for three-prong events is found to be 2.1 « .13 events/pbc
The microbarn equivalent for four-prong events with & stopping track is

4,36 ¢ .23 events/ub; adding the spectator escape correction, the



microbarn equivalent is 3.25 4 .21 events/ub for all spectators and

.19 « .30 events/ub for spectators with momentum léss than 300 MQV/QO

L. GSpectator Distributions

Figure 1I-1 is a plot of the spectator momentum; the curve which is
normalized to the area is the prediction of the Hulthen wave f’unc*c;:lonO]'8
The predicted distribution is given by equation II-8.

A (R S e

2 2 2 2
s PE + @ Ps + B

C is a constant
PS is the spectator momentum

45.778 MeV/c

il

a

5.18 o

B

The values of ¢ and B are those given by M@ravcsiKOIB The shaded area
in Figure II-1 is the contribution of  the four-prong events.
The agreement with the theoretical distribution for the spectator

momentum distribution is fair. There are two sources of deviation from

;the theoretical distribution. The first arises at low momentum from

the kinematic fitting of the three-prong events where the spectator

momentum is initially set to zero with an error on Px and Py of 30 MeV/c
and an error on PZ of 40 MeV/c. The second arises at high momentum from
double scattering and rescattering of oné of the final state particles |

with the spectator.
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FIGURE II-1. PFigure II-1 is a Plot of the spectator momentum;
' the curve which is normalized to the area 1_s"the prediction of the

Hultheh wave function. The cross-hatched area is the contribution

of the k-prong events.
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Figure II;Qa is a plot of cos éz where @Z is the angle between
the spectator and the normal to the film plane, the z axis, The shaded
area is the contribution of the four-prong events. Scanning biases
result in a loss of four-prong events when the spectator is traveling
up towards the camefasor away from them. The comﬁined plot for three
and four-prong evepts should be flat. With the exception of the first
bin for spectators traveling away from the cameras, the agreement is
good.

Figure II-2b is a plot of cos @b where @b is the angle between
the spectator and the beam. The shaded area is the contribution of thehr
four-prong events. Scanning biases result in a loss of four-prong events
when the spectator is hidden by the beam track or by an outgoing track.
The combined plot for fhe three and four-prong evenﬁs should show the

effect of the flux factor which depends upon (BK - ﬂN cos @b) wherevBK

is the beam velocity a,nd}BN is the neutron velocity. The minus sign

appears because the spectator velocity is the negative of the neutron
velocity in the impulse appm«goximatian° With the exception of an excess
of some events at SmallIGOS'@b, the agreement with the impulse approxi -
mation is fair.

Figures II-1 and II-2 indicate that the three and four-prong events
have been corrected appropriately for differences in scanning and

measuring.

M. Cross Section
The cross section for the reaction K'D > K'n PP was found to be

1.78 « .10 wb. There were 4919 events in this sample, 2481 of which
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'FIGURE II-2. Figure II-2a is a plot of the cosine

between the spectator and the normal to the film plane.

Figure II-2b is & plot of the cosine between the beam

and the spectator. The cross hatched area is the contribution

of the 4k-prong events.
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were three-prongs. The contribution of the four-prongs includes. a

spectator escape correction.
The cross section for the reaction K%N-ﬁ-K%ﬂBP was found to be

1.62 4 .11 mb. There were 4830 events in this sample, 248l.of which
were three-prongs. The spectator momentum was required to be léss than
300 MeV/c and a spectator escape correction was made. A Glauber
Screening factor of .984 « LOl4t has been taken into account; however
no corrections were made for the effect of the Pauli Exclusion Principle.

" Table II-4 lists the values of the quantities.used to determiﬁe
the cross séction, the percent error on these quantities and the section

describing the determination of the guantity.




odd prong even prong
quantity value perceht error value perceﬁt error.. section
scanning efficiency | .951 o§9% .965 0.9% RII;B
fraction of film measured .612 0.6% .992 0.1% II-F
measurement efficiency .83 2.h% .92 2.2% II-F
fitting efficiency .98 2.0% .99 2.0% . II-H
chi squared probability cut Kot 1.3% .93 1.3% II-H
microbarn equivalent 5.39 4.0% 5,39 4 ,0% II-K
e toreranmion s |
| Glauber correction -985 1.4% .985 1.h% II-1
spectator $scape correction
for K'N with P_<300 MeV/c - .o .962 L.8% II-J

TABLE II-4. Table II-4 lists the values of the quantities used to determine the cross section,

the percent error on these quantities and the section deséribing the determination of the quantity.

9¢



III. GENERAL FEATURES OF THE DATA

A. The Dalitz Plot

The Dalitz plot for the K'n'P finsl state, Figure III-1, shows &
strong K*(890) band and a weaker K¥(1420) band. There is an excess of
events aﬁ low Prr mass, but otherwise the Pm system appears featureless.
The lack of a diagbnal band is expected since no enhancements ha#e

ever been reported in the K%P system where resonances would be exotic.

B. The Pn  System

Figure III-2a shows the neutral Pr  mass spectrum for all events;
it is dominated by reflections of the K&n_ enhancements., The P system i
has & number of mass regions where enhancements might be expected; in
paerticular there is the Ao(1236) and several N¥* resonances. A number
of attempts were made to check for mass enhancementé in the Pr systemé
Among the cuts tried‘were forward Pr~ production, removal of K¥* regions
from the Dalitz plot and backwards decay of the  in the Pn“ Jackson
freme. Figure III-2b shows the results after removing the K¥* bands and
requiring that the ﬁ'decay backwards in the Jackson frame. Figure III-2c
shows the result after removing the K* bands and requiring peripheral
production for the Pn system. In Figures III-2b and III-2c there are
some hints of enhancements around the region of the A0(1236)9 the N#(1520)
and the N#(1680) - N#(1688), but none of the hints is of any statistical

significa,nce°
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FIGURE III-l.

K'N + K'n"P at 3.8 GeV/c.

Figure II1I-1 shows the Dalitz plot for the reaction
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FIGURE III-2. Figure III-2a shows the Prm mass spectrum. Figure
III-2b shows the Pnm~ mass spectrum after the K* bands have been
removed and for the Pr  Jackson cosine less than 0.2 where cosine
equal -1. means the nm~ is decaying backwards. Figure II-2c shows
the Pn~ mess spectrum after the K* bands have been removed and for
the center of momentum production cosine for the Pn~ system greater
than 0.9. The K* bands are defined by the mass of the K system
between 0.8% and 0.9% or betveen 1.32 and 1.55 GeV.
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C. The PK' System

Figure I1l-3a shows the PK+ wass. plot for all events; Figure II1I-3b
shows the result after removing events in the K* bands. Other attempts
to exhibit structure in the PK system produced results similar to those

shown in Figure III-3b.

D. The K'~ System
From either the Dalitz plot, Figure III-1, or the mass plot of
the Ktng system, Figure III-k, it is seen the K#(890) production is
- dominant and that there is some K#(1420) production., Fits to the msss
plot using a polynomial background and 2 Breit-Wigner's attribute
(36.7 + 1.2)% of the mass plot to K#(890) and (18.4 « 1.1)% to K*(1420).
The K%nm system is produced peripherally. The production aistriw
butions for both the K*(890) and K*(1k20) regions are shown in Figure III-5;
this data has not been corrected for the dip in the forward direction
which arises when the Pauli Exclusion Principle is applied to the inter-
action between the two protons in the final state. The results of expo-

nential fits for the forward slope are shown in Table III-1.

Mass range Slope for-%%" Range of t

K#(890) |(0.8% - 0.94)GeV | (8.9 # °8)/(Gev/c)2 .(ooé gufzo)l(cey/c)?

K (1420) [ (1.32 - 1.56)GeV | (5.1 & .4}/ (GeV/c)? (.12 - 566)l(G¢V/c)2

TABLE III-1. Table III-1 shows the results of exponential fits for the

forward slope.
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FIGURE III-3. Figure I1I-3a shows the PK mass spectrum. Figure
I11-3b shows the PK' mass spectrum after the K* bands have been
removed. The K* bands are defined by the mass of the Krm system
between 0.84 and 0.9% or between 1.32 and 1.55 GeV.



EVENTS/ .02 GeV

4919 EVENTS
hoo - -
300 - —
a0 —
0 v | 1 1
6 B8 1.0 1.2 1.k 1.6 1.8 2.0 2.2
: GeV

Mass (K*n' )

FIGURE III-4. Figure III-k shows the K'rn mass spectrum.
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FIGURF II11.5, Figure 111-5a shows the t distribution fof the
K*(890) fegion which is defined to Be for mass values hetween
N,84 and 0,94 GeV, Figure I1I11.5b shows the t distrihution for
the K*(1420) region which is defined by mass values hetween

1.32 and 1.55 GeV, No corrections have heen made at low t for

the Pauli Fxclusion Principle.
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Figure II1-6 shows the Jackson decey angular distributions in
the K#(890) region while Figure III-7 shows them in the K*(1420)
region. General symmetry principles for the decay of a résonance show
thaﬁ the Jackson cosine must be symmetric about 0.0 and that the absclute
‘value of the Jackson phi; Treiman-Yang angle, must be symmetric about
90°, The existence of an asymmetry in the Jackson angles indicates
.that the dominant partial waves interfere with a background. Ignoring
':the asymmetries, it is seen that the Jackson phi is relatively flat
and that thevJackson cosine is small at the origin and large at.the end
points. Together these two facts indicate that the density matrix
- element Poo is large and that hence plon exghange is the dominant ex-
change mechanism.

A closer examination of the K&ﬂa mass plot reveals that on the
low mass side of the K#(1420) there is a shoulder. This shoulder will
' be examined later in the light of the findings of Firestone et §£03
who in a K%D experiment at 12 GeV/c find evidence for an additional

resonance in this region.
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FIGURE 1II-6. Figure III-6a shows the K Jackson cosine angular
distribution in the K*(890) region.
Jackson phi angular distribution, the Trieman-Yang angular distri-
bution, in the K#(890) region. The K*(890) region is defined by
K mass values between 0.84 and 0.94 GeV.

Figure I11I-6b shows the Kr
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FIGURE III-T7. Figure III-Ta shows the Km Jackson cosine angular
distribution in the K*(1420) region. Figure III-7b shows tue Kr
Jackson phi angular distributiqn,-the Trieman-Yang angular distri-
bution, in the K*(1420) region. The K*(1420) region is defiued

by Kr mass values between 1.32 and 1.55 GeV. .
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IV. ATIEMPT TO FIT PARTIAL WAVES IN THE K#w_ SYSTEM

A, Theorya
The ampliture for reaction IV-l can be thought of as consisting

of two partsol9

a+bc+d V-1
e + T

The first part, SJm’ describes the production of the final state ¢ % d
where ¢ is a particle of spin J with JZ equal m in the Jackson frame.

The second part, (0,p), describes the angular distribution of the

A
hehf
decay of particle ¢ into particles e and f, where e has helicity Ae

and f has helicity Afo The explicit form of A is given in equation

A

e
V-2,
T & 1 J#, l
h, Er0) - 2\/“‘&? Mot o Dy (P19 -0) e
V=g m Ay

The factor MéfgcJ depends only on the masses of particles ¢, e and
and on the spin J of particle c.

In general the finsl state d + e % f could have been produced in
four possible ways, thrée of which would have involved the decay of an

intermedisate state. However in some special-cases it appears as ifr

particles e and f come from the decay of a number of intermediate




[

In such a case if barticles e and f are spinless, the

states; Cye

differential cross section is given by equation IV-3.

zf 2J + 1 J#
W=F mm'y  bm Mef,aj Dmo(m,@g=¢) Sta
J,J :

J! 2J" 4+ 1
3% wen IM%# / -
S J"m"Dm"O<¢’Q’ m)Méf,cJ, = V-3

Here F is & flux factor and is equal to 1/<Pd/§> where P_ is the momentum
of particle a in the center of momentum frame of the reaction and /5 is
the total energy of the system in this frame. The sum over J,J' allows
for the intermediate states to have differént spins.

If the ampliture SJm is taken to be & function of the invariants
s, t and the mass of the intermediate state ¢, the differential cross
section is seen to be s function of five independent variables. Hence
8, t, m, and the decay angles @,p form & natural set of variables to
study resction IV-1. Moreover from classical physics it is expecﬁed
that neglecting spin, this parameterization should uniquely describe
the reaction, providing the proceés is rptati@nally invariant around
the beam direction,

The cross section for the reaction is obtained by integrating the
differential cross section over phase spsce. Inléerms of the four vari-
ables, t, m, cos @, ¢, the differential for phase space, §, is given

by equation v-4,%0

L [ Fe at_ ‘a
b = éﬁa ‘_EE:=2mc dmc dcos@ dg) (2n 5@:@: §7§)| _ IV -k
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In equation IV-4, Pé is the momentum of particle e in the rest frame of

the intermediate state c, and Pa and Pd are the momente of particles a

and 4 respectively in the center»of»momgntum f}raﬁte. for-reaction IV-1.

The differential cross section as a function of the invariant
mass of c, g—%, is obtained from W by integrating W& over all t, cos@
and ¢. When %eu’cs” are made, the differential cross section,.g—% is
obtained by integrating Wd only part of the allowéd region of t, cose
and .

'];‘he moment with respec;t to B is obtained by multiplying W by
I*

DMO and integrating over cos® and ¢. The terms comtributing to a moment

are more easily seen by making use of relation IV-5.

J J! - S oIK GIK K
Dmn (R} Dm"n“ (R} = % mn '« Cnn 'y p,\a (R) V-5

The angular dependence of the differential cross section can now be

expressed by equation IV-6 which involves a sum of D functions.

< ]
FZM 8. ¥, , M 2 (-1)®
f £c Jm ~ J'm' “ef,e.,
JJ J Jd L V-6

1]
27 + 1 ?J"*l J 3L _JIL oL
\/ Co-m'y 00 0 Bio (q”@’”“’)

p =m-m'
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The moment may be readily obtained by remembering the orthogonality
relations for the D functions. From equation IV-6, it is seen that a

term will contribute to the moment of Dib only if equation IV-T7 holds.

J‘Q’JH+L;2N; N=l’2,3ycco
V-7
-7 <t

L<d+J

B. Model
The theory of the previous section describes the angular distri-

bution of the decay process. However it says very little about M

ef,c

. J
and even less about the amplitudeSJmo Simple arguments based on potential
theory sugégst that for spinless particles e and T, Méf e hsgs a threshold

. 3 J‘
dependence given by equation v-8,°t
_ Pg Jé
M = | == Iv-8
ef, Gy Emc _ . :

" In this equ&ti@n‘Pé is the momentum of particle e in the rest frame of
the intermediate state c which has spin J .

v_The-functional dependencequm§Jm upon 8, t and m, is unknown in
the &bové ﬁhe@ry; hence sdditional théQreticél agsumptions are needed.
Usually these agsumptions are cast iﬁ the form of abmodel such as one‘
p&rticle exchanges, absorptive one particle exchanges oOr Regge Igsoleso

o

Unfortunately these models do not predict the same functionsal’ f@rmo



L1

However they do all have one point in common and that is that they are

dg
dm

m, o The usual procedure for explainlng this is to say that the ampli»

not capable of explaining why = becomes large for certain values Qf
tude of the model is multiplied by a function of m, which exhibits the
proper behavior in the region of the peak. This function is univer-
sally taken ﬁo be a Breit-Wigner which has two parameters; one con-
trolling the central value of the peak and the other the width. The
functional form of the Breit-Wigner is also attractive from the point
of view of field theory which suggests this functicnal form for a
metastable intermediate state.

For this discussion the important point about the use of Breit-
Wigners in model dipendent calculations is that it says Méf,cJ behaves
like & BreitaWignér<in the regian of an enhancement.

To study the dynamics of elementary particle reactions and te
differentiate between the various models, it is necessary to extract
the 5 and t dependence of the amplitudes SJmo From arguments based upon

potential scattering it is assumed that the enhancements in %%- are

due to resonances in single partial waves, and that two partiai waves
do not resonate in the same mass region. Moreover it is assumed_th&t
the non resonant partial waves are small and that thelr mass dependence
is weak. UnQer these assumbtions it is possible to either ignore the
background or to subtract it. In either case thé differential cross

section, equation IV-6, reduces to a form involving a single J-value,

equation IV-9.
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By tsking appropriate linear combinations of D functions, it is possible

% ,
to project out the value of Mef,cT‘SJm SJmﬁ Mgf,cJ° In this manner it

is possible to study the s and t dependence of SJm S§mno

In order to simplify the notation, it is helpful to make the

definitions of equations IV-10 and IV-1ll.

BJ = Méf,c v V=10
J
JJ!
= S 3% -
Rmm” SJm SJmB IV 11

With these definitions equation IV-9 reduces to equation IV-12.

Jd m'
Ww.=Fp RY, B Bty (1) 2041 JJL L L i
J S Tm' T 0 . cm_mﬂpb Co00 Du@ (0,9, -0)

Iv-12

Jd

From equation IV-=12 it is apparent that Rmﬁ" is a density matrix element;

the superscripts merely indicate the spin of the resonance. In the more
general case where several spin states are present, the differential cross -

section is given by equatien EV-13019
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Here Rﬂip is seen to be a generalized density matrix describing the

interference of a spin state [J,m) with a spin state [J',m').

" The existence of gsymetries in the angular distfibutions in the.
resonance region indicates that the background partial waves interfere:
with the resonant partial waves. A study of these asymetries indicates
thét they have s weak mass dependence; however that mass dependence is
strong enough to make background subtraction techniques questionableQ
Moreover the existence of nonignorable or nonsubtractable background
alters the experimental procedure for extracting Rﬂiza For example,
the existence of an S-wave background in the region of a P-wave resonance

means that only Réé - Rii can be determined; whereas without the S-wave

background Ré% and Rii could be deﬁermined‘separateLyo

In addition Venezianc models which‘give the complete differential .
cross section for two particles going inte three particles suggest that
when there is one resonsnce in the Jth partial wave, there will also
be resonances in the same mass region for some or all of the lower
partial waves.

An examination of the differential cross section as expressed by

equation IV-13 reveals that each moment has contributions from only a



1
few of the generalized density matrix elements Riggo For example if

there is a P-wave resonance and an S-wsve background, the moment for

0 00 .11 11 :
DOo involves s sum of R@O’ BOO and Rll while the moment with respect

2 11 11
to pOO involves a sum of ROO and Rllo

density matrix elements only appear in those two moments. Since the

]
Riia,enter into the moments in a linear manner, it is possible to

Moreover these three generalized

7"[’
meke a least-squares fit for the Rii,, providing the experimental mass

dependence of the moment is known and s mass dependeqy parameterization

of B. has been hypothesized. This type of fit is especially simple

J
since it invelves only matrix algebra. In the sbove example a 3 by 3
matrix inversion and a matrix multiplication determine R889 Réé, and
11 ’
Rllo

The experimental mass dependence is very easy to obtain from data.
The mass dependent parameterization of the dominant resonant partial
wave is given by a Breit-Wigner. There is little theoretical guidance
for the mass behavior of the background waves; however their threshold
behavior .is indicated by equation IV-8. Assuming that the background
partial waves are small and have s weak mass dependence when compared
to the resonant partial waves suggests that the exact functional form of
the mass dependence of the background partial waves is relatively unim-
portant. Moreover since BJ enters into meny different moments which are
uncorrelated in the limit of infinite statistics, some discrimination
should be possible in selecting & parameterization for the background
partisl waves, BJ, when all the moments are fit simultaneously.

In summary, the following assumptions are used in gttempting to

fit partial waves in the K%n_ system for the final statse K%ﬂ’Pg
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1. Experimentally no structure is seen in the Pm or rx’ system while

structure is seen in the Kfn” system. Hence %%w- is assumed to be given
; ¥

by equation IV-13,
2. It is assumed that the isospin 3/2‘contributi@n to %%§% is negligible
in comparison to the isospin 1/2 part. This assumption is‘based upon
the fact that no structure has been seen in K#n+ or Ko systems., More-
over the 3/2 isospin state is exotic.
3. In the region of the K#(830) the P-wave is mssumed to be given by a
Breit-Wigner; in the region of the K#(1420), the D-wave is assumed to
be given by & Breit-Wigner. The background partial waves are assumed to
be small and to have a weak mass dependence when compared with the mass
dependence of the resonsnce.
b, The generalized density matrix elements Riiz may be obtained by
making & least-squares fit to the moments which are experimentally known.
5. Since the bsckground partial waves appear in many moments, there is
some discrimination in selecting a parameterization for them.

The model may be criticized on the following two grounds:
1. In the limit of infinite statistics, the woments are independent;
experimentally, however, the moments are somewhat correlated.
2, 8ince the density matrix elements are composed of bilinear terms in
the amplitudes, there are certain constrsint equations which muget be
satisfied by a physical solution for the density matrix. Equations IV-1k
and IV-15 are examples of such equations.

Rll 2 < Rll Rll

10 < Roo By Iv-1k

Rl]L >0 Iv-15
mm.:»
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The least;squares fitting procedure does not guarantee that the gener;
alized density matrix elements satisfy these equations of constraint.
However if the correct parameterizations of the partial waves were used,
the generalized density matrix elements would satisfy the equations of
constraint. |

The model has the following virtuess-
1. The fitting is very fast because it involves a linear chi squared
fit.
2. The results of the fit for each set of correlated moments may be
displayed at once so that it is possible to visually check the guality
of the fib‘for a given set of functional dependences for BJO
3. A second fitting program may be used to adjust parameters associated
with BJw This allows the selection of a best set of parameters for a

given functional dependence for BJm Again this is a very fast fitting

procedure.

C. Three Fits For the Moments in the Kmr System
A number of parameterizations for the factors BJ in equation IV-13
were tried. Of these parsmeterizations three of the most interesting and

successful are described in detail below.

1. First Parameterization

In the first of these, the mass dependence of each partial wave

was parameterized by equation!IV»l6°
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B~ (1 - . g
= (1 -ap) Biy +0, B e
J
op!
Bey =CE”)
[¢]
; 2Po o] PQ'QJ*I i
BW, = — =5 (?7) sing e IV-16

In this equation o, and 9y are constants, m, is the mass of the Km

J
system, P is the momentum of the 1 in the rest frame of the K system,
m is the mass of the resonance and P@ is the momentum at the resonant
mass . This parameterization for the Breit-Wigner has been chosen so
that it agrees with the formalization given by JacksonQQ and so that
BW will equal 1 at the resonant mass. The term BG in equation V=16
has been added to account for any non resanant contributions to the
partial wave. The functional behavior of BG has been chosen so that the
term has the proper threshold behavior for the decay of a particle out
of a potential well and so that BG will be 1 at infinite K masses.

In order to obtain the mass dependence of the moments the differ-

ential cross section needs to be multiplied by phase space. Rather

than using e peripheralized phase space, a polynomial in My WES used
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for §. This polynomial was obtained by making a chi square fit to the:

mass plot using equation IV-17.
' 3 3
= 2 2 :
Y »(@g_o ay |BWJI + 1 4 % BJ...UBGJ] )Pn(m-mc) IVQ;LT

In this equati@n‘Pn is an nth order polynomial in mass expanded abéut m,
@he constants Oy BJ and the coefficients of the polynomial were adjusted
.80 as to obtain a minimum chi square. The polynomial was expanded about
m, where m, is any mass inside the allowed mass region for the Kt system;
this type of an expansion tends to minimize correlations smong the co-
efficients of the polynomial. It was found that B was very small for
all J-values and could in general be ignored. The order of the poly-
nomial wag chosen so as to glve a good chi square and yet not be.so

high that there was structure in the region of the resonances. ln
genersl the appeasrance of the polynomial agreed well with what would be
expected for @ peripheralized phase space. .Table IV-1 lists the central
. values and widths of the resonances used in eguation IV-17. The shape
of the polynomial appears to be independent of whether one or twe reso-
nances are in the reglon of the K#(1420). Figure IV-la shows the fit to
the mass plot and Figure IV-1lb shows the shape of phase space. The F-
wave fesonance was included because prior fits indicated that F-wave is

| needed in the fitting of the odd vaﬁlued moments. The values of the

23

F-wave resonance are taken as those determined by Cords et al.
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FIGURE IV-1. Figure IV-la shows the fit to the mass plot
using a polynomial forlthe mass dependence of phase space.

Figure IV-lb shows the mass dependence of the polynomial.



Wave - Mess Width
(GeV) | (GeV)
8 1.385 .150
P .896 .05
D 1.448 115
F 1,760 .06

TABLE IV-1. Table IV-L shows the central values and widths of the
resonances used in fitting the mass plot in Figure IV-1. This fit was
used to determine the coefficients in a polynomial expansion for phase

8pace .

A survey of the moments for m values greater than 1 fails to show
either structure or significant nonzero behavior. Conseguently only the
moments for m less than 2 and L less than 7 were fit. In addition in an
attempt to reduce the number of parameters all generalized density matrix
elements with m values larger than 1 were set to zero. This is probably
a fairly good assumption for exchange diagrams do not directly populate.
these density matrix elements if there is no absorption. Moreover ade-
quate fits are obtained without using these density matrix elements.

In fitting the moments, the 4 Oy k Oy and the width and mass of
the S, P and D-rescnances were varied. Figures IV-2a-m show the moments
and the resultant fit. Table IV-2 shows the fit values for o, ¢ and the
masses and widths of the S, P and D-resonances. Table IV-3 shows the
raw numbers obtained for the generalized density matrix elements

and  thedir error. Note that for interference moments where J and J'
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FIGURE IV-2. Figure IV-2 shows the mass dependence of the moments with

respect to YLm in the Jackson frame for the Kt system. The curves are
the result of a fit with a Breit-Wigner and a background term in the S,
P, D and F-Partial waves, and with a polynomial for peripheralized phase g ‘

space.
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arelnot.eggal‘@gerg is“a real_part, Rii“’ and ‘an imaginary part)'Iﬂg,,

which contribute to the real part of the moment (see equation IV-13)°

wave S P D F
a .66 & 0k A3 & .02 :06 4 .03 .21 4+ .05
@ (rad) | .59 & .26 |1.37 & .13 | 3.1 & .9 9 & b
m (Gev) 1.37 « .01 .89594 .0009 | 1.431 « .003 -
T (Gev): .11 & .03 06 & .002 .097  .008 ———
TABLE IV-2. Table IV-2 shows the fit values for ops O m ;and Ty

Figure IV-3 shows the contribution of each of the partieal waves to

the mass plot; the contribution is proportional to BJB}%° From the figure

it is possible to estimste the number of events in the background under

the K#(890) and K*(1420). Table IV-4 shows the results of these estimates.

2. Second Parameterization

Although the first parameterization fits the moments well, it can

be criticized because the mass dependence of phase space was obtained by

fitting the mass plet with a polynomial.

The second parsmeterization

overcomes this criticism by using a’ peripheralized phase space given by

equation IV~

18,24

1 (md’mb)a‘t

T emd s Py

2

P' m_ dm_ dcos@ do dt
e ¢ c -

Iv-18




R(JJ";mm") -

R(00;00) 3.1 « 0,1
R(11;00) 12.8 « 0.6
R(11;11) .6 « 0.k
R(22;00) 3.1 « 0.3
R(22;11) 0.9 « 0.2
R{33:;00) 2,3 « 0.L
R(33;11) - 4« 0.2
R{20;00) 0.7 « 0.2
R(31;00) 0.0 2.3
R(31;11) 0,1 &« 1.5

R(11;10) ~2.3 + 0.2
R{22510) 0.5 « 0.1
R(33;10) -0.5 &« 0,1
R({20:10) 0,2 # 0.1
R(31;10) 0.6 « 0.7
R(31;0-1) 1.3 « 0.9

R{10;00) - h.9 « 0.4
R(21;00) “0,2 & 5.9
R(21;11) 0,2 &« 1.6
R(32:00) 4.3 & k.3
R(32;511) -3.3 &« 3.0
R(30:00) -0.6 « 0.7

R(10;10) =1.
R(21;0-1) -0
"R(21;10) -0
R(32;10) 0
R(32;0-1) -0
R(30;10) -0

TABLE IV-3. Table IV-3 shows generalized density matrix elements

and their errors from the fit.

Density matrix elements contributing to the moments

T(JT som* )

I(20;00)
1(31;00)
I(31:;11)

.Density matrix elements contributing to the moments

1(20;10)
I(31;10)
I(31;0-1)

Density matrix elements contributing to the moments

I(10;00)
T(21:00)
T{21;11)
I(32;00)
1(32;11)
1(30;00)

Density matrix elements contributing to the moments

1(10;10)
I(21;0-1)
1(21;10
I(32;10)
1(32;0-1)
1(30;10)
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FIGURE IV-3. Figure IV-3 shows the contribution of each of the
partial waves to the mass plot for the fit with a Breit-Wigner
and a background term in the S, P, D and F—ﬁaves , and a poly-

nomial for peripheralized phase space.




K*(890) region (.84-.94 GeV) has 137h.2 events in the fit.

partial wave ' events percent of total
: events in the fit

S 17h.5 « 6.6 (12.7 « 0.5)%
P 1199.0 « 48.9 (87.3 « 3.6)%
D 0.0« 0.0 (0.0 «0.0)%
F 0.6 « 0.2 ( 0.0 « 0.0)%

K*(1420) region (1.3%-1.54 GeV) has 1018.2 events in the fit.

s ‘ 377.2 + 1h4.2 (37-0 # 1.k)%
P 97.0 « k.0 ( 9.5 « 0.4)%
D 534.8 & 42,2 (52.5 « 4.1)%
F 9.2 & 2.3 ( 0.9 ¢'o°2)%

TABLE IV-4, Table IV-k gives the number of events and percen-
tage of the total events in the K#(890) and K*(1420) regioﬁs
according to the fit usiﬁg Breit-Wigner functions and a back-
ground term in each partial wave. B@cause of rounding, the

sum of the percentages may not add to 100%0

o




61

Here p is the pion mass. The form of periphe ralized phase space was
obtained from a pole approximation for. pien.exchange involving two
nucleons at one vertex.

In extrapolations to the picn pole, the differential cross section

deo‘

=

dmcdt
multiplying by gzol(mc)F(mcgt) where g iz a coupling constant, g, is the

is obtained by integrating equation IV-18 over all cos@ and ¢, and

cross section for physical Knm scattering and F(mc,t)'is & product of

25

form factors. The cross section oy is given by equation IV-19.

by

e (81243 [BP+s5 D%+, .. Iv-19
e

o’;
1 (P
The threshold behavior of $§, P and P in equation IV=19 is given by

equation IV-20.

S~ P’
e

P~ <Pé B TV -20

_ 033
D~ <Pe> ‘

The pole extrapolation technique suggests that the factors BJ'in

equatiod IV-13 should be parameterized according to equation IV-21,

S

ie

; d
By = (1) Bi; + a.BC; e
1 <Po> s | isJ
BWJ =55 \P s;nSJ e V=21

m 2741

0 PV

tandy = —5—3 (P )
mo = MM (o]



o L (2EV
J 2P m,
Iv-21
0 Sth?ﬁql con't
‘0L oy g am

In this equation oy and 9y are constants, mcbis the mass of the K system,
P is the momentum of thg final K in the rest frame of the Km system, my

is the mass of the resonance, and P@ 1s the momentum at the resonant mass.
This parameterization for the Breit-Wigner has been chosen so that it
agrees with the formalism given by Jackson22 and so that BW will equal

o 1/(2P) at the resonant mass. The term BG in equation IV-21 has been

| added to account for any non rescnant contributions to the partial wave.

. The functional behavior of BG has been chosen so that the term has the
proper threshold behavior for the decay of a particle out of a potential
well and so that BG will equal 1/(2F) at infinite Kn masses.

The mass dependegce of the moments was obtained by integrating
phase space, equation IV-18, from tmin to tmax’ multiplying the result

1 by equation IVw13 and using the orthogonality relations for the P-func-

tions. This procedure may be easily modified to take into account the

effects of "cuts" on either t or t' by integrating over the %llowed regionr

of tor t'.

In the fitting, only moments for m less than 2 and L less than 7

were fit, In addition all generalized density matrix elements with m

and mass of the S, P, and D-resonances were varied in order to obtain a -

|

i

|
values larger than 1 were set to zero. The 4 ay, L ¢y and the width
best fit in a chi squared sense., Figures ba-m show the moments and the



63

FIGURE IV-4. Figure JV-I shows the mass dependence of the moments
with respect to YLm in the Jackson frame for the K system. The curves b
are the result of & fit with a Breit-Wigner and a background term in

the S, P, D and F-partial waves, and with a peripheralized phase space

given by a pole approxigation@
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resultant fit. Table IV-5 gives the fit values for g and the masses

7 %
and widths of the S, P and D-resonsnces. The mass and width of the F-
resonance was held fixed at the values given in Table TV-lo Table IV-6

shows the raw numbers obtained for the generslized density matrix elements

and their error.

3%% wave .S P 'b. | F
a O & .03 | .16 & .02 .10 +7°0h' .21 & .05
« | o (rad) .00 « .08 | 1.10 4 .11 23 % .50 1.36 « .30
m  (GeV) |1.45 « .02 | .8962 « .0008 | 1.435 « .003 e
r (Gev) .25 % .05 | .0k & .002 | .093 4 .009 ——

TABLE IV-5., Table IV-5 shows the fit values‘for “J’ Op mO and PJ?

o
. Figure IV-5 shows the contribution of eaéh of the partial Waves
to ﬁﬁe mass plot. This fit has an unphysical value of R(33;11l) which
causes the F-wave to have a negative contribution to the mass plot.
However the total effect of the F-wave ié less than 0.3% of the mass‘
plot and its primary contribution lies at high K masses where phase
épace is f_’a.llingo The problem of unphysical generslized density matrix
elements will be discussed further in the l@st section of this chapter.
From Figure IV-5, it is possible to estimate the number of events
in the background ﬁnder the K#(890) and K#*(1420). Table IV-7 shows the

results of these estimates. .
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Density matrix elements contributing to the moments YOO (mass plot), Y20’

Yho and Y60°
R(JJ* ;mm* )

R(00;00)
R(11;00)
R(11:11)
R(22;00)
R(22;11)
R(33;00)
R(33;11)
R(20;00)
R(31;00)
R(31;11)
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pensity metrix elements contributing to the moments Y2l’ th, and Y6l°

R(11;10) 4.7 « 0.3
R(22;10) -12, « 0.2
R(33;10) 0.5 & 0.2
R{20310) ~0.1 « 0.2
R(31;10) 0.7 & 0.6
R(31;0-1)  -0.7 « Q.7

Igeo;lo)
1(31;10)
1(31;0-1)

Density matrix elements contributing to the moments Ylo’ Y3O’ and YSOQ

- R(10;00) 11
R(21;00) -12
R(21;11) -5
R(31;00) 5
R(32;11) 1
R(30;00) 2

N0 =3 = O\

TR XS A

Density matrix elements contributing to the moments Yll’ Y

R(10;10) -2
R(21;0-1) 0
R(21;10) 0
R(32;10) -1
R(32;0-1) -1
R(30;10) -1

I(10:00)
I(21;00)
I(21;511)
1(32;00)
1(32;11)
I(30;00)

1(10;10)
1(21;0-1)
T(21;10)
1(32;10)
I(32;0-1)
I(30510)

2.0
-2.0
<l .0
-1k
=3.0
0.0

RS

& F R

TABLE IV-6. Table IV-6 shows generalized density mstrix elements and

their errors from the fit.
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FIGURE IV-5. Figure IV-5 shows the contribution of each of
the partial waves to the mass plot for the fit with a Breit-
Wigner and a background term in the S, P, D and F-waves and
with a peripheralized phase space given by a pole approxi-
mation. The F-wave contribution is too small to be seen in

the scale used for the plot.



K#(890) region (.84-.9% GeV) has 1384.2 events in the fit.

partial wave events percent of total
- events in the fit

S 3.5 « 5.8 (10.% « 0.4)%
P 12L0.,7 & 55.2 (89.6 « 4.0)%
D 0.5 « 0.1 ( o;o + 0.0)%
F - 0,5 « 0.9 { 0.0 « 0.0)%

K*(1420) region (1.34-1.54 GeV) has 1013.5 events in the fit

S 551.7 4 22.k (54 b « 202)%

P 137.6 « 6.1 (13.6 « 0.6)%
‘D 326.2 ¢« 46.0 (32.2 « k.5)%
F - 2.0« 3.8 (-0.2 « 0.4)9

'TABLE IV-~T. Table IV-T gives the number of events and percen-
tage of the total events in the ¥*(890) and K*(1420) regions
according to the fit using peripheralized phase space, Breit-

Wigner functions and a background term in each paftiql wave.
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3. Third Parameterization

A. lLande has studied mP phase shifts and has concluded that they
may be fit over a fairly large energy range by phase shifts obtained
from a series of square well potentialsoe6 In his fits & different set
- of square wells is used for each partial wave. It is claimed that the
square well contains many relativistic features.

The féllowing{brief discussion attempts to show that relativistic
features are included in the square well. Equation IV-22 is the wave
eguation.

[Pi - m2

2 2 :
1t Py -m o+ 2V(r)ly = 0 IV-22

Here Pl’ Pé, X, and x, are k-vectors and V(r) is a "potential" which
depends only upon the magnitude of the space-time separstion of the two
particles. The evaluation of this equation is simplest in the center of

momentum frame. In this frame the change of variables of equation IV-23

. simplify the problem.

v-23

The h-vector P is just the oversll L-momentum of the system of particles

1 and 2 while p is just the 3-momentum of ome of the particles in the



center of momentum system. When the change cf varisbles is made in

equation IV-22, the problem separates into equations IV-2h,

(P® - Wo)e(K,r) = 0

Iv-2h

-2
o

e

- % ¢ vir)Jv(x,x) = 0

In equation IV-2L, W is just the invariant mass of the system of particles
1 and 2. The meaning of R is most sagily seen in the case vhere V(r)
vanishes for r large; in this case ﬁ is just the 3-momentum of one of

P the particles in the center of momentum frame. Equation IV=25'gives the

ﬁ?

relation between W and in the region where V(r) vanishes.

by k I 2 2 2 22
W + ml + m2 - 2W2ml = 2W2m2 - 2mlm2
2

bw™

22

Iv-25

Equation IV-25 is just the standard equation relating the 3mmbmentum in
the rest frame of the system of particles 1L and 2 to the invariant msss of
the system. Hence outside the interaction region equations IV-2k are an
expression of relativistic kinematics.

In the center of m@mentﬁm frame assume that the potential is given
by equation IV-26.
2

0 for r2v> A, &, =1

viz) 1= %

[

IV-26

L}

2 2 2
- for r <A, tl = tQ



[P

Once the potential has been described in the center of momentum frame,
it is defined in all frames which may be reached by a Lorentz transfor-
mation.

Substituting this potential into equation IV-2L4, one obtains the

set of differential equations of equation IV-27.

]

2
BQY B Y r>A
v-27

+ a;EY r<Ai.

©
2]
i

This is just a square well problem and the solution of the scattering
phase shift may be written down at once. Following Messiah's solution
for scattering from a square well, the phase shift is given by equation

1v-28,27

% 5 (ka) k(coa&x jé(kA).+ sing nﬁ(kﬁ>)

R = @oséz jz(kA) 4+ sin§

L 4

K? = k? + a2

Here Jz is the spherical Bessel function of order ¢ and n_ is the spherical

£
Neumann function of order 4. The prime (“) indicates the first derivative
of the Bessel function. For an S-wave, equation IV-28 reduces to equation

IV*QQ °

5, = -kA + mn‘l(% tan XA) IV-29
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in the square well parameterization, the quantities BJ of equation

IV-13 are parameterized according to equation IV-30.

18
B, = £ sinb; e IV-30

Here . is & form factor. Some form factor is required since for small

J
2J+1

P, 6§, goes like P while it i3 known that at swall F, B. should go like

J J

'Pfo .Here P is the momentum of the final K in the rest frame of the K

system. After studying the procedure used by Beaupre et al. in extraéting

mm phase shifts, the form factor f. was taken to be given by eguation

g
1v-31.28
P lg}uJ(RJPo)
p2 uy(RPT
IV-31
1 1 : v
u (x) = ng‘QJ<l + ”fg)
2% 2%

AAXEJ for x <<« 1

&.=g;=ln(hx2) for x >> 1
L 2
X

Here QJ is a Legendre function of the second™kind snd of order J. The
29

: 1 7
functions uJ are the Benegke«Durr functions for angular momentum J.

RJ is a constant; P is thé momentum of the final K in the rest frame of

the Kyt system. P0 is 8 normelization constant which was usually taken as

the momentum at which the phase shift passes through 90°.
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This parameterization can be looked upon as being just another

methed of parsmeterizing the individual partial waves. In & sense it

is ‘entirely equivalent to the parameterization using Breit-Wigner functions

plus & background term. However instead of four parameters there are
only three parametefs in each partial wave.

More optimistically the parameterization may have a greater validity.
However the validity is only approximate because no inelasticities were
put into the partial waves. Even so the resulting phase shifts way be
compared with those taken from various extrapolations to the 1 pole.
Unlike the first p@rameterization, once a resonance has been put into a
partial wave with a fixed central value and a fixed width, only one addi-
ticnal parameter, RJ, remains to be adjusted. In‘particularvthe phase,

6., becomes & function of mass and cannot be arbitrarily adjusted outside

J?
the resonance region.

In fitting, the peripheralized phase space of the second param-
eterization was used. For the P, D and F_partial waves, the phase shift
vas required to pass through 90° at the resonsnt mass. This was done by

adjusting the ﬁell depth, o, for a given width and resonant mass until

equation IV-32 was satisfied.

nk(kA)
né(kAj

K 9
k
jZ

)
7 = IV-32

(xa
(KA
Equation IV-32 was obtained from equation IV-29 by setting & equal 90°;
k and K are evaluated at the resonant mass. In fitting the P, D and F-

partial waves the width of the well, A, the resonant maess, m s and the

constant, RJ, were adjusted.
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" Unfortunately the mass dependence of the S-partial wave is rela-
tively unknown; hence much freedon is possible in determining the S-
wave squaré well parametersg‘ qur different types of bebavior were tried
for the S-wave phase shift. Some of these fits were more successful
than others; however none was &s successful as eiﬁher of the fits which
used & Breit-Wigner and a background. Nevertheless these fits are in-
teresting and will be briefly described.

In the first case the square well parameters were adjusted so that

the S-wave phase shift agreed as Well as possible with the S-wave phase
. shift in the K*(89©) region as taken from a Ker phase shift analysis in

reaction IVw33°3O

K'p -+ xTnatt | S IV-33

" In this case the S-wave phase shift was found to slowly increase but never
reach 90° for Km masses below 1.7 GeV. This solution gave goed agreement
in the K*(890) region; however the K*(1420) region was poorly fit par-
tially because there were not enough events on the low mass side of the
. K*(lhEO) and partly because there were toc many events on the high mass
side of the K#(1420). |

In the éecond case, the phase shift was required to be & multiple
of 180° for some m&ss between 1.6 and 1.7 GeV as suggested by Firestone

et al. who performed a pole exbrapolation in reaction IV- 3 at 12 GeV/co

KN+ K'n7P V-3




Many sets of square well parameters gave this type of behavior. In

order to restrict the parameters even further, the phase shift was re-

guired to produce an excess of events in the region of 1.3 GeV. The
resulting phase shift was found to oscillate about 0° and to be small.,
Peaks occur iﬁ the S-wave between .Th and .75 where 80 is =.0335 rad
and between 1.30 agqflo3l GeV where 60 is 070l rad. The phase shift
is zero between ;9éﬁand -99 GeV and between 1.70 and 1.71 GeV.

In the third case, the S»wéve phase shift was required ﬁo be 90°
at about .725 GeV, the mass at which a peak was once seen in the Ky mass

3 Many sets of square well parameters gave a phase shift which

spectfumc
goes to 90° almost at threshcld and then remains near 90°. Again in
order to restrict the parameters even furthef, the phase shift was re-
quired to produce an excess of events in the region of 1.3 GeV. The
resulting phase shift was found to be antiresonant. It produced anti-
resonances between .76 and .77 GeV and between 1035 and 1,36 GeV. The
phase shift was a multiple of 180° between 1.02 and 1.03 GeV and between
1,69 and 1.70 GeV. Not too surprisingly sin25 for the second and third
square well parameters was roughly identical in shape. However the rapid
variation of the S-wave phase shift of the third square well was found
to give poor fits to the interference moments YlO and Xllo Consequently
the chi square for the third éguare well was considerably higher than for
the second square well. This suggests that the S-wave phase shift must
be & slowly varying function of the mass of the Kt system.

In the fourth case, the S-wave phase shifb_waaﬁrequifed'to be 90% e
éround 1,30 GeV, where the down-down solution of Firestone et al. passes

through 9@°°25 In order to further restrict the. S-wave square well
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parameters, the phase shift was required to remsin relativelylconstant
over a fairly large Kr mass region batweéh the K#(890) and the K*(1420)
in agreement with the results of the fit by Firestone et §£°25 After
fitting the moments, the resulting ?hase shift wes found to be anti-
resonant, to pass through -90° at l.23 GeV, to'femain.relatively close
to -78° between .85 and 1.18 GeV and to pass through -180° between 1.71
and 1.72 GeV. |

The remainder of Sec%idn C3 will be devoted to elaborating further
upon the fourth set of Squafe well perameters. There are two reasons
for this. . First, all of the fits have many features in common which
may provide further insight into the mass dependence of partial waves,

especially the resonant partial waves.  Second, the behavior of the

A
a

absolute vgiue of the S-wave pﬂ&se shift 1s very similar to the S-wave
behavior found by Firesténe et al. in their down-down solution; hence
the fit may have some truth to it,QE |
In the fourth square well fit, the resonant mass, Bog? width of
the square well, AJ, and the constant RJ vere adjusted to obtain a best
set of square well parameters in e chi squared sense. For each mﬁJ and
- the équ&re well depth, O s vas adjusted so that the phase shift was

J
an odd-integral multiple of 90°. Teble IV:8 shows the values of g9

A

AJ, 0 ) and RJ for the fit.
Unlike the fits using & Breit-Wigner and a background term in each
partial wave, the F-wave resonance was not constrained to lie at 1.760

GeV and to have a width of 60 MeVQ The resulting fit pushed the location

6f the F-wave resonance tc 1.93 GeV which is nearly‘EO‘MéV above the .
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S p D F
A 7.51 0.608 1,769 3,79
- a k.79 10,314 L ,288 2.18
m, 1.23 0,893k 1.430 1.93
R 2.0k 0.00127 0.00132 0.012

TABLE IV-8. Table IV-8 shows the values of the square well width, A,
the well depth, a, the resonant mass; L and the form factor constant,

RJ, for the fit.

upper edge of the mass region used in the fit. For this reason the
F-wave square well parameters should not be taken seriously.

Figure IV-6 shows the mass dependence of the phase shifts for the
S, P, D and F-partial waves. The behavior of the P-wave phase shift
above the X*(890) is typical of the behavior of a square well phase
shift above & resonance. Unlike the Breit-Wigner, the square well does
not force the phase shift to go to 180° at Kv masses much higher than
the rescnant mass. From Figure IV-6 it can be seen that the P-wave
phase shift levels off at about 160°.

Figures IV-Ta-m show the moments and the results of the fit for
 moments with m less than 2 and L less than 7. in the fit all generslized
density matrix elements with m values larger than 1 ﬁere set to zero.
Vmable IV-9 shows the raw numbers obtainedvfgr the generalized density
matrix elemenfs and their errors.

Figure IV-8 shows the contributipn of each of the partial waves

to the mass plot. From the figure'it is pessible to estimate the number
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FIGURE IV-6. Figure IV-6 shows the mass dependence of the
Kr phase shift for the S, P, D and F-partial waves for the
fit with square well potentials and a peripheralized phase

space glven by a pole approximation.
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FIGURE IV-T. Figure IV-T shows the mass dependence of the moments with
respect to'YLm in the Jackson frame for the Kt system. The curves are the

result of a fit with square well potentials and a peripheralized phase

space given by a pole approximation.
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-Density matrix elements

&Iild Y@ 3
R(JT smm")

R(00;00)
R(11;00)
R(11;11)
"R(22;00)
R(22:11)
R(33;00)
R(33;11)
R(20;00)
R(31:00)
R(31;11)

N

o o o

g
o o o

°

°

ANV HFEFOFOFON &
N MO & W wW =]

Density matrix elements

R(11;10)
R(22;10)
R(33;10)
R(20310)
R{31;10)
R(31;0-1)

4.0
-0.9
-0.3
-0.3
2.0
3.1

Density matrix elements

R(10:00)
R(21;00)
R{21;11)
"R(32;00)
R(32;11)
R(30;00)

Density matrix elements

R(10;10)
R(21;0-1)
R(21:10)
R(32;10)
R(32;0-1)
R(30;10)

TABLE IV-9. Table IV-9 shows the raw numbers obtained for the generalized

density matrix elements
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contributing to the moments

contributing to the moments

I(JT' smm")

I(20;00)
I(31;00)
I(31;11)

1(20;10)
I(31;10)
1(31;0-1)

1(10;00)
1(21;00)
I(21;11)
1(32;00)
1(32;11)
1(30;00)

1(10;10)
1(21;0-1)
1(21;10)
1(32510)
1(32;0-1)
1(30;10)

and their errors.
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FIGURE IV-8. Figure IV-8 shows the contribution of each of the
partial waves to the mass pPlot for the fit with square well po-
tentials and a periphersalized phase space given by a pole

approximation.
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of eveﬁts in the background under the K#(890) and K*(1420). Table_IV;lo
shows the results of these estimates. h
D; Conclusions

In the last section three different fits for the decay angular
distributions in the Km Jackson‘frame were described. All three fits =
were able to account for the major structure observed‘in the moments.
The first two fits had a chi square of 1.05 or less per degree of free-
dom, while the third fit had a chi sQuare of 1.15 per degree of freedom.

The moments were fit by several hypotheses. Ihe agreement between
the fits in the K*(890) region was fairly good (see Tables IV-4, IV-T,
. and IV-10)., The agreement in the K%(thO) region was not as good; how-
ever the fits do suggest that between 37% and 54% of thé_mass plet in
the K*(1420) region is due to S-wave(see Tables IV-4, IV-7T and IV-10).
Althoﬁgh it was not possible to find a unique mass behavior for either
of the S or F-partial waves, fitting procedure was able to eliminate
many mass dependences as being inconsistent with the behavior of the
vmomentsa

The main advantages of the model are that it is able to param;
efforize the mass dependence of the ﬁoments, and it is able to rule
out some mass dependences for the various partial waves. On the other
hand, the fitting program does not yield a unigue solution for the
behavior of the partial waves.

In addition, all of the fits have a few generalized density
matrices which are unphysical. That is, equations like IV»l% and IV-15

are not alweys satisfied. This problem especially arises in regions



K#(890) region (.84-.94% GeV) has 1374.8 events in the fit.

partial wave events percent of total
events in the fit

S ‘ 175.7 ¢« 6.9 (1é°8 * 0.5)%
P 1199.1 « 47.8 (87.2 « 3.5)%
b 0.0« 0.0 ( 0.0 « 0.0)%
F 0.0 « 0.0 ( 0.0 « 0.0)%

K#(1420) region (1.34-1.54 GeV) has 1016.4 events in the fit.

s 453.0 « 17.9 (4h.6 « 1.8)%
P 86.2 « 3.k ( 8.5 « 0.3)%
D 457.5 « 5k.3 (45.0 « 5.3)%
F - 19.7T « 3.3 (1.9 «0.2)%

TABLE IV-10. Table IV-10 shows the number of events and the per-
centage of the total events in the K#(890) and K*(1420) regions
according to the fit using peripheﬁ@?lized phase space and phase

shifts from square wells.
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Where many generalized density matrix elements contribute to a moment;
then the fit adjusts the density matrix elements so as to minimize- the
}chi square. As a result when a density matrix is relatively large over
a fairly smali mass region, the fit may make the contribution of that
density matrix element so large that it badly violateg the equations of
constraint. This is especially true whenever the F-wave interferes
with P, D or F-waves and for some of the interferences between P and
D-partial waves.

This latter problem is a serious criticism of the model and one
that is hard to fix up. One way of making the generalized density
matrix elements physical would be to write them down in terms of the
amplitudes SJm (see equation IV-1l). This procedure would alse¢ have
the advantage of allowing’the amplitudes for the same partial wave to
have'slig@tly different mass dependences as is suggested by various

exchange models.




V. THE EFFECT OF FIRESTONE ET AL.

A. Introduction
‘In a K'D experiment at 12 GeV/c, Firestone et al. found evidence
for an additional resonance in the region of the X*(1420) in the charge

exchange reaction V-lou
'V - kK'nP B VA

They suggest that the enhancement is a resonanc; with a mass of about
1.370 GeV and a width of less than .150 GeV. They interpret the en-
hancement as baying JP equal to O+ and as being produced by pion exchangeo
An examination of the K'n~ mass spectrum‘in'the regionvof the
K#*(1420) for this experiment (Figure V-1a) reveals a shoulder on the low
side of the K#(1420). Following the procedure of Firestone et al., the
K*(lh20).region was examined under equatorial (Figure V-1b) and polar
(ﬁigure V-1c) cuts on the K Jackson cosine. Since it‘had been éuggested‘
that the low-mass enhancement wes 0+,vthe polar cut was given by equation

V-2,

cos @Kh > JTh6 Vf2

- Such a cut meximizes the separation of S and D-waves when the D-wave 1is

produced by pion exchange.
The Jackson cosine in the K¥(1420) region exhibits considerable

ssymmetry. For this reason the forward and backwards ﬁolar regions were
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Figure V-1. Figure la shows the K mass spectrum for the reaction
KD -+ Kfn-PPB at 3.8 GeV/c. Figure 1b shows the Km mass spectrum
when the absolute value of the Jackson dosine for the Kr system is
required to be less than .Th6, Figure lc shows the Kn mass spec-
trum when the absolute value of the Jackson cosine is greater than
LTh6,
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compared and the forwards and backwards equatorial regions were compared.
However no stétistically significant differences were seen in either case.

The mass plot was subjected to t' cuts as well as polér and equator-"
ial cuts. Table V-1 shows the results of fitting the mass plots with one
Breit-Wigner function in the K*i(:ll&.EO) region. Table V-2 shows the results
of fitting the mass plots with S and D-Breit-Wigner functions in the
K¥(1420) region. Summarizing these fits, it is clear that the peaking
'iﬁ the equatoriéi region occurs at lower masses than the peaking in the
polar region. Ignoring the high t' regioﬁ, the peaking ofi#the D-wave
is the same in the polar cuts and in the mass fits using two Breit-
Wigners; however the widths are different with the narrower widths
appearing in the two Breit-Wigner fits. The fits in the equatorial
region show considerable fluctuation; however the width also appears
wide. The agreement between the equatorial fit and the S-wave part of
‘the two BW fit is not as good as was the case for the D-wave. These
fits suggest that if there is an S-wave resonance; its width is fairly
wide. In such & case, changes in the shape of phase space due to cuts
on t' could cause an apparent shift in the location of the central value
of the S-wave resonance. In any event, enhancement seen at 3.8 GeV/c
seems to be wider than the effect seen by Firéstone et al. at 12.0 GeV/c.

If the enhancement is a 0+ resonance produced by pion gxchange, a
similar enhancement is expected in the Kir system for reaction V-3 where
pion exchange is dominant.

++

kP o+ KA V-3
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t' ¢ .08 1.446 « 006 .13 &« .03 0.99
08 < t' < .3 1.436 « .006 <1k « .03 | 0.85
3 <t >1.470 .16 & .03 0.85
Equatorial region lcos @l £ .7h6 _
t' cut mg (GeV) s (GeV) 7?/data point|
all t' 1038'¢ .01 - .17 & .03 1.28
t' < .08 1.31 & .02 >.3 0.86
08 <t < .3 1;36 & 0L b & .03 0.83
1.41 « .01 .20 & 0.6 1,07

Breit-Wigner function in the K#(1420) region.,

TABLE V-1. Table V-1 shows the resultg of fitting the mass plots with one




t' cut my (GeV) r p (GeV) mg (GeV) [ g (GeV) x°/date point
| all £ : 1.434% « .005 .10 & .02 '10314, & .02 178 « .06 .96
t' < .08 1.431 ¢« 006 < .06 1.33 ¢ .02 > .03 .8k
08 < t' < .3 1.43 ¢ ,0L .08 & .03 | 1.39 &« .02 18 & .0k | .70
3< t! | 1.449 & 009 .20 & .0k < 1.25 13 & .1k .95

RS

TABLE V-2. Table V-2 shows the result of fitting the mass plots with S and D Breit-Wigner

functions in the K*(1420) region.

g6
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Figure V-2a showssthe mass plot in the region of the XK#(1420) for
reaction V-3 when the data from experiments at 5.0, 505 and 7.3 GeV/c

are cembinedo32 Figures V-2b and ¢ show the effect of polar and equatorisl
cuts upon the data of Figure V-2a. Table V-3 shows the result of fitting
the K*(1420) region of these mass plots. When the fits of Table V-3

are compared with the fits in Tables V-1 and V-2, it is seen that the fits
for the D-wave resonance parameters are roughly consistent for comparable
fits. The central value of the é~wa§e resonance is also comparable;
however the width of the S-wave for the K&P reaction is much wider than
the width for the K&N reaction. In fact the S-wave resonance is so wide
that it miéht best be described as an S-wave background.

There are several possible explanations for the differences be-
tween the 12.0 GeV/c K'N data, the 3.8 Ge¥/c K'N data and the combined
K&P data at 5.0, 5.5 and T.3 GeV/co Unfortunately these hypotheses ex-
plain some of the differences but not others. The O+ effect observed at
12,0 GeV may be produced . at very small t values. In this case the kine-
matic boundary of K&N at 3.8 GeV/c and the kinematic boundary for the‘
combined xtp data would prevent sufficiently small t values from being
reached. If this is the case, then it is hard to understand the dats for
K'N at 3.8 GeV/ec. |

A second explanation is that the effect in K'N at 3.8 GeV/c and
12.0 GeV/c is the same, but the enhancement is not produced by pion ex-
changeo In this case there would be no reason why the K%P reaction
should exhibit the effect since pion exchange is dominant. Thble V-l
shows the results of fitting the Kr mass plot for K&N at 3.8 GeV/¢ for

different t' cuts. In these fits the S-wave central value was 1.385 GeV
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FIGURE V—24 Figgrg 1;2 shows the K mass spectrum for the
reaction K'P -+ Km & when data from experiments at 5.0,
5.5 and 7.3 GeV/c are combined.32 Figure V-2b shows the
Krt mass spectrum when the absolute value of the Jackson
cosine for the Km system is required to be less than .TL6.
Figure V-2¢ shows the Km mass spectrum when the absolute
value of the Jackson cosine is greater than .746.



m (GeV) rp (Gev) mg (GeV) ry (GeV) [¢°/data point
all events 1.422 « ,005 © .13 « .02 - —— 1.52
all events 1.427 « .005 .10 « .01 1.35 #+ .05 > .6 1.16
polar region
cos © >.Th6 1.438 ¢ ,003 12 « .01 . ——— 1.05
- equatorial
region
cos © <.,746 .- S 1.36 « .01 .3 % ,1

1.35

TABLE V-3. Table V-3 shows phe result of fitting combined dats from 5.0, 5.5 and 7.3 GeV/c

.for the reaction kP« x'n ot in the K*(1420) region. The A"+ region is defined by LI be-

tween 1.12 and 1.32 GeV.

10T



t! regien total.events -“ S-wave events | D-wave events S-wave events |
in fit ‘ D-wave events
g1l t° 715 550 % 90 390 + 80 1.h & 0.k
t' < .08 1589 280 ¢ 70 70 & Lo 4L.0 « 2.6
08 < t' <3 1502 290 « 70 130 # 4O 2.0 + 0.8
3. < t!' 1428 110 ¢ 60 210 « 4O 0.5 ¢ 0.3

TABLE V-4.  Table V-4 shows the results of fitting the Km mass plot for K'N at 3.8
GeV/c for different t' cuts. In these fits the S-wave resonance is at 1.385 GeV

with & width of .150 GeV, while the D-wave resonance is at 1.448 GeV with a width

of .115 GeV.

c0T
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with & width of .150 GeV while the D-wave resonance was at 1.448 GeV
with a width of .115 GeV. From Table V-U, ‘it is seen that there are
roughly equal numbers of S-wave events in two regions, t' less than
.08 (GeV/c)2 and t' between .08 and .3 (GeV/c)e, even.though the total
number 6f events in the fits are comparable. If pion exchange produced
the o* enhancement, it is expected that the number of S-wave events
decrease as t' increased. The opposite effect is seen. However the
meaning of these fits becomes uncertain when it is noticed that the.
ratio of S-wave events to D-wave events decreases as t' increases (see
Table V~4)° This means that the S-wave enhancement is produced more
peripherally than the D=wave enhancement. Yet the density matrix ele-
ments for the D-wave enhancement suggest that pion exchange dominates.

A third explanation is that the enhancement in the K%N data is
produced by a secendary scattering involving the spectator proton and
decay products of the K*(lh20)°33 This argvment procedes as follows:

The K%(l&EO) is produced by pion exchange, so it is produced mainly in
the férward direction. In addition the decay distribution for a 2+
object produced by pion exchange favors decay either parallél or anti-
parallel to the beam direction. One of the decay mesons then scatters

off the spectator proton. After the scattering, the Km system will be
found to be produced less peripherally and the decay angular distribution
will be less peaked at cosine equal « 1. In the experiment at 3.8 GeV/c,
‘the K#(1420) is produced near the edge of phase space, so the mass of the
'Kh syétem can only shift to lower Km masses. Although this argument seems
to explain the data at 3.8 GeV/c, it cannot explain the effecﬁ at 12.0

GeV/c where the K*¥(1420) is far from the edge of phase space. In addition
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at higher energies the momentum of the K#(1420) will be lafge s0 that )
the K#(1420) will travel further from thé interaction region before
decaying; hence the probability of the scattering will decrease.

A fourth explanation is that in the K™N reactions the enhancement
is either completely or at least in part due to an interference between
the resonant D-wave and obhef partial waveS"in“tQE”Khwsystem and/or
background from other channels° Berger commented that uniterized models
suggest that other chaﬁnels may be very important in understanding the
background°3h As a result there is no reason to &%fpect that the K%N
reactions and the K*P reactions should exhibit the same structure if

interference effects are playing an important role.

B. Mass Dependence of the Moments in the K#*({1420) Region

The mass dependence of the moments with respect to the Yim for
the decay of the K system in the Jackson frame in the K#(1420) region
are important for two reasonsov First, they are importanﬁ in the de-
terminetion of the JP guentum numbers of the enhancement. Second, a
detailed examination of their behavior offers information about the
importance of interference effects.

Figures V-3a-i show the mass dependence of the moments YLm in the
K#(1k20) region for L less than 5 and m less than 2; All other moments
wére consistent with being zero in the K#{1420) region. The mass plot,
Figure V- 3m, shows. the presence of a low maés shoulder; however none of
the other moments have a fluctuation in this region.

Although it is possible for either a P-wave or & D-wave reésonance

to give an enhancement only in the mass plot, it seems rather uplikely
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FIGURE V-3. PFigure V-3 shows the mass dependence of the moments with

respect to ¥, in the Jackson frame for the Kmr system.

Lo
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‘since a special relationship among the density matrix elements would be

required for that partial wave. For example assuming the shoulder is
due %o a P-wave resonancé, this would require that equations V-k be

satisfied.

PP PP
Poo ™ Py V-ba
Re @ig =0 V-ho

By arguing that the K%(890) is produced by pion exchange and then looking
at thelt distribution, one concludes that pion exchange is probably im-
portant in the K*(thO) region. Since pion exchange only contributes

to pgg, this meaﬁs_a second exchange is responsible for the value of

ﬁiio However this second exchange must contribute in just such a way
that equation V=lta is true. If only pion and vector exchange were present,
Re pig would be zero. However absorption effects would generally produce
non zero values for Re pigo‘

As a conseguence of arguments of this type it appears as if the

most likely JP value for the enhancement is o',

C. Results of Three Fits to the Mbmeht§ 

In Chapter IV a parameterization of the differential cross sgction
in terms of the mass dependence of the moments was described and details
ofvthree fits were presented. In this section these fits will be used
to predict the overall mass spectrum in the K%(thO) region as well

as the effect of poiar"and'kquatorfal cutss
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Before going into the detailed predictions of'each of the fits
to the méments, the fecllowing comments should be made.
l. When no’cuts are made on the Jackson cosine, the mass plot is pro-
portional to Yoo; this is the only time the partial waves add incoherently.
2. When symmetric cuts are made on the Jackson cosine, the moment with

respect to ¥, will contribute to the mass plct only if L is even and

Lm
m is zeroc.
3. .When symmetric cuts are made on the Jackson cosine, the only genera-
lized dehsity matrix elements, Rigz, contributing to the mass plot are
those where m equals m' and the sum of J and J' is an even integer.

Figure V-4 compares the Xm data in the K*(1k20) region with the
results of the first fit of Chapter IV. From Table IV-2 it is seen
that this fit has a .1l GeV wide Sawave.resonance located at 1.37 GeV.
-The S-wave resonance sits on a large background, as can be seen from
Figure IV-3. Tﬁe fit agrees well with the overall mass plot, Figure Vol
The agreement of the fit with the mass plot in the equatorial region is
not quite as good (see Figure V-Ub). The agreement of the fit with the
mass plot in the polar region is very good. Table IV-I estimates that
(37.0 « 1.4)% of the mass plot is due to the S-wave.

Figure V-5 compares the Km data in the K¥(1420) region with the
' reéults of the second fit of Chapter IV. From Table IV-5 it is seen
thet this £it has & .25 GeV wide S-wave resonance located at 1.45 GeV.
From Figure IV-5 it is seen that the S-wave resonance intefferes with
a-large S-wave background. The agreement of the fit with the‘overall

mass plot, Figure V-5a, and the mass plot in the polar region, Figure

V-5c, is very good. The agreement of the fit with the mass plot in the
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fit of Section IV-Cl with the Km mass spectrum in the KN
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equatorial and polar regions with the results of this fit.
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equatorial and polar regions with the results of this fit.
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equatorial region is fair. Table IV-7 estimates that (5h.b & 2.2)% of

"the mass plot is due to the S-wave.

The peripheralized phase space used for the second fit may be
easily modified for use in reaction V-3. This modification amounts to
replacing the integral of t/(ug_tg>2 in equation IV-18 with the integral
of l/(u2»t2)2 and changing the mass of oy from a nucleon mass to the

mass of the A(1238). Figure V-6 compares the combined Kit data in the

K#(1420) region for reection V-3 at 5.0, 5.5 and 7.3 GeV/c with the pre-

dicti@ns of the second fit after changing phase space. The prediction
agrees fairly well with the overall mass plot, Figure V-6a, and the mass
plot in the polar region, Figure V-6c. The fit reproduces the abrupt
fall off,gﬁ the mass plot in the equatorial region. The agreemént be-
tween the fit for reaction V-1 and the data for reaction V-3 suggest
that reactions V-1 and V-3 are very closely related inspite of differ-
ences in absorption and differences in the contributions ffom non pion
exchanges .

Figure V-7 compares the Ki data in the K#{1420) region of reaction

V=1 with the results of the third fit of Chapter IV. From Figure IV-T

it is seen that the S-wave has a broasd enhancement centered at 1.28

GeV. In Figure V-Ta, it is seen that the fit reproduces the overal;
mass dependence of the mass plot, although it is somewhat low in the
region of the shoulder on the low mass side of the K¥{1420). The fit in
the equatorial region reproduces the general features of the data. The
interference between the S and D-waves is partly responsible for filling
in the region between 1.28 GeV where the S-wave peaks and loha GeV where

the D-wave peaks. The agreement between the fit and the dats in the




EVENTS/.025 GeV

V-6b
IUO | — I T ] * ! I
% 7 - -4
&) 5 -
- . . W T46
o b TR e <
S sl [ -
. 25 - -
E s \L{‘fl~Ll;Lj] 11
.\\V/ l
0 L J 1 l 1 I L
1.0 1.2 1.4 1.6 1.8
| V;6c
| 120 T 1 T T T I T
i I |cos| > 746 ]
e
\° -
é A
S Ligy
+-M 1
1.8
Mass (Km) GeV

FIGURE V-6. Fiéure V-6a compares the prediction of the

fit of Section IV-C2 after modifying phase space with the com-~
bined Kt mass spectrum for the K&P reactions'at 5.0, 5.5 and
7.3 GeV/c. Figures V-6a and V-6c compare the equatorial and

polar regions with the predictions of the fit.
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volar region is good. Table IV;lO estimates that (44.6 & 1.8)% of the
mass plot is due to the S-wave.

Figuré V-8 compares the combined Km data in the K*{1420) region
of reaction V-3 at 5.0, 5.5 and 7.3 GeV/c with the predictions of the
third fit after changing phase space. The agreement with the data is

similar to the agreement found between the data and the second fit.

D. Summary and Conclusions

The Krt system in the region of the K*(1420) was examined for the
effect reported by Firestone et al. in reaction V-lvat’12oo Gev/coh
The effect was seen in the date for reaction V-1 at 3.8 GeV/c. ‘Te
interpretation of the effect at 3.8 GeV/c is clouded by a possible in-
terpretation involving a secondary scattering between the spectator
proton and the decay products of the K#{1420). |

An examination of the moments suggests that the effect may Be due
0 either an enhancement in the S-wave or an interference between the
S and D-waves. TFits to the moments indicate that between 35% and 55%
of the mass plot in the region 1.34 to 1.54 GeV is due to the S-wave.
The fits also indicate the primary difference between reactions Vwi and
V-3 may be.attributed_to a large exﬁent to differences in peripheralized

phase space.
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Figures V-8b and V-8 compare the equatorial

polar regions with the predictions of the fit.
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VI. K#(890) REGION

A. Introduction

Production of the K#(890) is the dominant feature of reaction VI-1.

KW » KPn P : VI-1

ﬂhblg*Y¥\}\fffff~EE¢ mass and width of the K#(890) for the two fits
described in Sections IV-CL (Thbléhiv 2) and C2 (Table ‘IV-5) along with
| the mass and width listed by the Particle Data Group°35 mhe mass of the
K*#(890) is somewhat higher than the wass given by the Particle Data Group
wlggggwjgfiwidth is somewhat narrower. These differences sre attributed
to the exact_details of the fitting procedure. Some of the major dif-
fereﬁces are listed below:
lo_ The fits use all of the moments rather than just'fhe;mass plot.
2, The_Erei£~Wigner was allowed to interfere coherently with a bagkgroundo
3. * The Brai£=w1gner was muimiplied by a periphewalized phase space.
ﬁe The Breit-Wigner used an energy dependent width as formulatéd by
Jackson°22
5. ‘The fits used a rathér coarse mass binning of'OOE GeV.
6. The mass resolution of the experiment was not folded into the mass
dependence of the moments. |
'Eablé.VIwE compares the resulté of the three fits of Section IV-C
in the K*(890) region which is defined to be .84% to .94 GeV. Table VI-2
shows the fraétion of the‘events due to Sywave'and thave'frum‘iables

IV-k, IV-7 and IV-10, the density matrix elements pgg, pgg, pii, and
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fit of section fit of section |: naminal values from
wv-cl. Iv-c2 Particle Data Group3

Mb (GeV) 8959 &« .,0009 .8962 & ,0008 .89255 4 00045

r (Gev) o6 & 002 0k9 & 002 053 & ,0011

TABLE VI-1. Table VI-1 showé the maés and width of the K%(89O)7fof two
fits described in section IV-Cl and IV-C2 along with'the ﬁass and width
from the Earmicle Data Groupo35 Differences between the fits and the

mass and width from the Partiéle Daté Group are attributed to the exact

details of the fitting procedure (see text).

Re pig; and cross section times the density matrix elements. As explained

in Section IV-C, the moment Y. . and hence the density matrix element pifl

22
was not fit becsuse no significent structure was seen in the region of
-the K#(890) for this moment. The interfgrence densiﬁy matrix elements
Re pgg end Re pig were also fit. The mass dependence of these matrix
elements, however, is of such a nature that their value is very dependent
upon the low mass end point (see Figure IV-2h, k or IV-4h, k or IV-Th, k);
for this reason the value of these density matrix elemeﬁts was not in-
cluded in Table VI-2.

Before leaving the topic of these interference demsity metrix
elements, it is interesting to point out that the interference density

matrix element as well as the product of the mass dependences are complex

functions (see equation IV-13); hence the imaginary part of the inte#ference
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Vi-2a
fraction
Ss PP PP PP
£it P00 of events Poo pll Re plO
in P-wave : .
Ccl . 1274.005 87,0k .514.,02 .1834.014 ~,1834.013
c2 - 10k ,004 90&.04 | 524,03 .1864.015 -.191+.013
c3 - 128,005 87,0k 564,02 .1574.013 -.197+.012
VI-2b
The cross section seen in the K#(890) region (.84-.94 GeV) is (450#30)ub.
85 cross PP PP oR PP
Fit Pg section Poo P11 €P10
(wb) for P-wave (ub) (ub) (ub)
cl 5745 400430 230420 8349 =836
ce L7 410430 24020 8he9 | -8746
c3 | 58k 400+30 250420 7148 -85
SS PP
TABLE VI-2. Table VI-2a shows the density matrix elements Poo’ Poo’

pii and Re pig in the Jackson frame and the fraction of the total events

' in the P-wave atcording to the fits of sections IV-Cl, IV-C2 and IV-C3 in
the K#(890) region. Table VI-2b shows the density matrix elements times
the cross section, apgg, qug, ¢p§§,che pig, in the Jackson frame and
the cross section for the P-wave according to the fits Ci, ¢2, and C3

of Chapter IV in the K*(890) region. The K*(890) region is defined to

be between .84 and .94 GeV.
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density matrix element will contribute to the real part of the moment.

If it is known that the imaginary part of the interference density matrix
element is zero, then it is possible to use the known phase dependence

of the P-wave to predict the phase of the S-wave at the point where an
interference moment passes throuéh zero. Note however that if the iﬁter_
ferenée‘density matrix element is imeginary and if it were sssumed to

be real, then the resulting S-wave phase as estimated from the zero of
the moment would be off by 90°.

From Table VI-2, it is seen that about (88 & L)% of the eventsvin
the K*(890> region are due to the resonant P-wave; the S-wave accounts
for the rest of the events. The fits of Section IV-C indicate that the
contribution of the D and F-waves in the K#(890) region is negligibleo

The fits indicate that is about (053 & ,02)., This means that (60

"oo
3)% of the ijave cross section comes from opgg and indicates that pion
exchange is the dominant production mechanism for the P-wave. In addi-
tion pion éxchange is the dominant production mechanism for thevsmwave
since vector exchange withoubt absorption does not contribute to O+ pro=
duction. Hence pion exchange is responsible for about (72 4 4)% of the
cross section in the K%(890) region. The non zero value of piﬁ indicates
the presence of either other exchange mechanisms or absorption effects.
The non zero value of Re pig indicates the presence of either axial vec-
tor exchange or absorption effects since pion exchange and veétor exchange
together without absorption do not contribute to Re pigo

Figure VI-1 shows the differential cross section, do/dt; for the

K#(890) region. The dip in the forward direction is primarily due to

the shape of the.kinematic boundary of the t versus mKn plot. Im addition
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cross section for all events in the K*°(890) region
(.84 - .94 GeV). The differential cross section
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no corrections have been made for the effect of the Pauli Exclusion

Principle (see Section II-I).

The slope of the reaction for t between .02 and .20 (GeV/c)g was
fit and found to be (8.9 & o8)/((}@%}’/@)2 in the K#(890) region (see Table
III-1). The differential cross section appears to have a change in slope
for t about .2 (Gev/c)eo Lissauver sees & similar break in the slo?e for
reaction VI-1 at 12.0 GeV/e°36 However the slope is (20 ¢ 2)/(GeV/c)2
and the break occurs for t sbout .1 (Ge‘V/c)ao A similar behavior for
do/dt in K%OA++ production in K%P date along with a study of the density
matrix elements as a function of t in the K'P data has led O'Halloran to
suggest that the change in slope and the t value at which the bregk oceurs

may be evidence for shrinkage of the pion trajectoryo37

B. t Distribution for K*{890) Production

The method described in Section IV-Cl was used to study the t
dependence of the density matrix elements pgg, pgg, Re pﬁg and pfgl in
the Jackson frame. Table VI-3 gives the numerié values of the density
matrix elements and Figure VI-2 displays the t dependence of the density
matrix elements. Table VI-4 gives the numeric values of the density
matrix element times the differential‘cfoss section do/dto Figure VI-3
displays the t dependence of pgg %%3 pgg %%3 p§§ %% and -(Re pig) %%
on a log plot.

The fitting procedure is as follows: The Krm mass spectrum was
subjected to a number of t cuts which were selected so that when the mass

dependence of the datas was plotted in 0.1 GeV bins starting at .74 GeV,

there would be at least 20 events in each of the first four bins. This
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t region Ss PP PP . PP PP

(Gev/c)2 | Poo Poo P11 Re P10 P1.1

.00-,02 144 .0k T2, 12 074,07 | -.08¢.06 °62¢006
.02~ .04 .20¢,03 .5k#,07 o134, 0k - 1640k 024,04
.0k .06 1,02 66,08 .10%.05 -.23«,0k | -.,08¢.04
.06-,08 144,03 63,08 124,05 »019¢;0h 06,0k
.08-,10 054,02 694,09 .13#.05 -.254,0h -,06&,05
.10-.1k .104.02 .66%.09 oiéﬁqos _oehéooh _“=°@3¢004
1k-.18 .15€.03 .55¢.08 154,05 | -.28&.05 | -.1h*.05
18-.24% | 16#,03 | .51%.09 | .16&.06 ~°20¢005;' - . Ok&,06
2,32 .12¢.03 }u7¢°o9 .20%.06 -,19%,05 - 054,06
.32~ bl 104,02 »304,08 - 30,05 - 17#.0k . 084,06

TABLE VI-3. Table VI-3 shows the results of the fits to the S and P-

wave density matrix elements for the Jackson frame in the K*(890) region

(.84-.94% GeV) as a functiom of t.
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FIGURE VI-2, Figure VI-2 shows the results of the fits to the S and P-
wave density matrix elements for the Jackson frame in the K*(890) region

(.84 - .94 GeV) as a function of t.
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t region | S8 de PP 4 PP do PP do PP do
(Gev/c)2 | Poo at | Pooat | Pirat | FProdr | P1-1dt
(mb) (ub) (mb) (mb) (mb)
.00-,02 184,06 0,93¢.15 .09¢.09 -.104,08 0.03+.08
.02-.04 | .52¢,07 | L.k0&.18 | .34e. 1l | -.h2¢1l | 0.05+.11
04-.06 | .294.05 | 1.36€.16 | .21¢.10 | -.4T#.09 |--.16%.09
.06-.08 °28-&;65 1.23¢.15 | .23¢.09 | -.36+.08 | 0.13%.09
.08-.10 .08#.03 1.124.1k .21¢.08 -ouo¢go7 | -,10%,08
10-.1% | 116.02 | 0.74.08 | .14#.05 | -.266.04 | -.03«.0
14-18 | .1ke.03 | 0.484.07 | .136.05 | -.2ke,0b -.12+.0k
.18-.24 | .08s.0L | O0.2h&.0f | .086.03 | -.104,02 | -.024.03
2h-.32 | .Ok&.01 | 0.184.0k .| .08¢.02 | -.07#.02 | -.02+.02
.32-.kk | .036.0L | 0.086.02 | .08#.0L | -.05£.01 | 0.024.02
TABLE VI-4. Table VI-4 shows the results of the fits to the S an@ P-

wave density matrix elements in the Jackson frame times the differential

cross section in the K*(890) region (.84-.9% GeV).
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FIGURE VI-3. Figure VI-3 shows the results of the fits to the S and P-

r

wave density matrix elements in the Jackson frame times the differential

cross section in the K*#(890) region (.84 - .94 GeV),
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condition was met for all t cuts except for the first for t between .00
and .02; in this case only the first three bins had at least 20 events
owing to éhe shap? qf @he kinematic boundary of the t versus mKn plot for
reaction VI-1 at 3.8 GeV/c. The requirement that there be at least 20
events in a bin was necessary to hold down the statistical f}uctuations
in the moments with respect to ¥, in the Jackson frame for'£ equal O
and 2, and m equal O, 1, and 2. Phase space was obtained by fitting a

polynocmial, Pn(mmmb) from equation IV-17; was set to zero in the

By
equation and the sum ranged over all Breit-Wigner functions which could
reasonably contribute in the mass region allowed by the t cut. In the
fitting of the polynomials, the mass plot was binned in .05 GeV bins
starting at .64 GeV. Each of the moments was fit using 4 mass biha
between .74 and 1.l4 GeV and inserting a background term in each moment.
In the fit to YCO

matrix element for S-wave. In the moments Y2m’ the background term was

, the mass plot, the background was R{00;00), the density

I(EO;mO); this density matrix element was chosen since the fits ;n_sgqtion
IV-C indicated that these matrix elements were»lg;ggugnd smgophly vgrying
in the'K%(890) regiono_ Actually any other density matrixvelement'with 8

smoothly varying mass dependence would have worked just as well in the

e’ B o
background subtracti@no The density matrlx elements, Re pJJq, ‘were. obm

ined from equation VI-2 whlch gives the relation between the density

matrix element in the mass region M1 to Mé and the parsmeters of ~the fit.
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Repjﬂ: = c{R(JJémm”) Re[‘BJJag;,]dM + I(JT" smm’ ) Im[BJBE‘,]dM} (2»5“0)

! "

1 _ . Y 2

& =45 R(JJsmm) (2"’%0) ﬁBJ(M))I aMm | VI-2
J,m Ml :

8o = lifm=0
=0 if m £ O

B = m ~ m” .

The constant C is defined so that the trace condition will be satisfied.
The errors on Re pigz are directly related to the errors on R(JJ“}Qm“)
and I(JJ';mm'), and the errors on R and I are known from the least squares
fitting program. The density matrix elements times the differential cross
section was obtained by normalizing to the cross section seen for the t
cut in the mass region .84 to .94 GeV. The overall error on the total

JJ' 4

=2 since it

cross section has mot been folded into ﬁhe error on Re pmm" it

is small in comparison with other errors.

'The method described is equivalent to a background subtraction in
@ach moment. In the mass plot the background is asgumed to be entirely
due to S-wave. This assumption is probably very good because the fits of
Section IV-C indicate that the contribution of D and F-waves to the mass
plet is ver& small.

)2° This

From Figure VI~2&,'pgg is seen to dip around 0.1 (GeV/c
dip appears to be a real feature of the data apd not a peculiarity of
the fitting procedure.

53 PS PS _, :

If the dip in Poo is real, then Re pQO and Re P10 should also show
structure in the same t region. Unfortunately these density'mayrix ele~

ments were not well determined by the fitting procedure. In particular
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the mass bins were chosen so that the K*(890) signal would peak in the
center of the second bin. The resl and imaginary parts of the product

of the mass dependences, BoB%, peak at the edges of the bin, As a result

the fit values for the generalized density matrix elements Rgg, Igg, R?g

and Igg were poorly determined and often badly violated the equations of

constraint (see equation IV~1k),
In Chapter 7 the t dependence of the interference density matrix
elements is studied further using the method of moments. From Figure

VII-3d it can be seen that Re pgg.er t between .08 and .10 (GeV/c)Q

Ps
00

However Re pig shows no real structure (see Figure VII-3e).

is .31 % .05 while Re.. in neighboring t regions averages to .15 & .06,
In summery it appeers &s if the dip in pgg is & real feature of
the dasta and that there may be structure in Re pgg for the same t region.

There is ne resl structure in Re pigo

C. One Pion Exchange Model With Absorption (GPEA)
The one pion exchange model with absorption (@PEA)Shas been shown
to give fairly good agreement for the shape and energy dependence of the

differential cross section for reaction VI-3 at 3.0 and 9.0 GeV/c°23
. ‘
k' -+ K °(89%0) P VI-3

it has also been shown to give good agreement with the differential

cross section and density matrix elements for reaction VI-4 at'3o9 and

k.6 GeV/c for t between t g, and .25 (GeV/c>2°7

i
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KP+K°(80) N | VI-3

. Equations VIQS give the relations between the parameters of the

OPEA model and quantities known from other data.’

2 -
_ Egmox'n”  Eypn
5 " by bgr

ﬁ-aﬂK#OKfnm coupling constant

3 53
P ks
= 1.0 (GeV)’Q o VI-5

2 - .
€ NP '
emE;m = NPt coupling constant

= 29,2 (G}e*v)"2 25

c. . Im

17 EﬂAl

i, = 1/(2d%8 )

U@l = total cross section for K'N at a cm energy of 2.88 GeV.

Al = siope of the forward elastic scattering diffraction peak for K%N
K'N at a cm energy of 2.88 GeV. :
9 = incident cm momentum for K'N-» K'N at cm energy of 2.88 GeV.
. Tpo i . ‘ i
‘ 2~ E-‘TTAE |
Y, = 1/(202A)
2 Ao

#
O = total cross section for K °p at & cm energy of 2.88 GeV.
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A2 = slope of forward elastic scattering diffraction peak for K*OPé
K*OP at a cm energy of 2.88 GeV.

# .
a4, = incident cm momentum for K_QP-% K#OP at a cm energy of 2.88 GeV.

Since no data on K&N elastic scattering is available, the absorption
parameters Cl and Wi were calculated using the K#N total cross section
and approximating the K&N elastic cross section as being equal to the
K*P elastic cross section at the same energyo38 For thé final state
no information is available to calculate Gg and %20 For this reason
{2 is usually set equal to OYSXi and 02 is set equal to 105 .Eguations

VI-6 show the calculated values for the OPEA parameters.

G5 = 29,2 (GeV)_h

A = 3.8 (Gev/c)2

U"I,‘l ‘= 17.5 mb

4 = 1.24 GeV/c Vi-6
C, = .94

{; = .086

¢, = L.

Y, = 06k
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The predictions of the OPEA model for the K&N date at 3.8 GeV/c
were calculated from the code "OPEAv"39 The code was modified in
order to incorporate the impulse approximation. Using the values of

the OPEA parasmeters given by equation VI-6, it was found that the model

predicted the general t dependence of pgg %%; pig %% and Re(pig) %%%

however the predictions were consiétently too large. In addition the

model gave the wrong sign for pi?l %%o

The five parameters of the OPEA model were then adjusted in three

different chi squared fits. In the first, the parameters were adjusted

PP d¢ PP d PP, 4
00 467 P11 1v» amd Re(pyo) 5F for

to obtain a chi squared best fit to p
t between .O& and .4k (GeV/c)2 (see Table VI-4). In the second, the t

dependence of pgg %%.and pii %ﬁ?was fit over the same t region. In the
PP d¢

third, the t dependence of p as fit in the same t region. Table

00 & ¥ |
VI-5 shows the results of these three fits, the chi square per degree
of freedom, initial best guesses to the values of the OPEA parameters and
average of OPEA parameters and the error on the averages from the three
fits. A number of additional fits were made starting at different initial
values of the OFEA barhheters and using different t ragééso These fits
indicate that the chi square surface for the OPEA parameters does not have
8 sharp minimum. For this reason the average of the OPEA parameters
listed in Table VI-5 is probably more meaningful than the results from
any one fit. Also the error on the average OPEA parasmeter is probsbly a
better estimate of the true error on the parameter.

Figure VI-4 shows the data from Figure VI-3 with‘the prediction
of the chi square fit to pgg %% and pﬁ %% for t between .O4 and .Lb

(GeV/c)2° The agreement between the other two fits and the dats is very



G5 Y1 ‘Y2 Cl -02 x /(fegree of>
. . reedom /
initial value from
equation VI-6 29.2 086 .06k e 1.
bog o5 prr &%, Re ( Py & | 336l | 0165005 | .1k 4,06 .89%.04 | 1.00%.002 2,67
pgg %, p]iii g—% 39.42. .01k+,002 .OhO«, 004 TT#.03 | 1,004,002 1.70
\
PP ds
| Poo 3% 375, .030+.003 .037%.00k 1.00&,04 | 1.00«.050 2,25
average'ofvpafameters from
fits and error on the aver- | 36.42. .020%,006 .07 #.03 .89+.06 | 1.0 +.02

age OPEA parameter

'TABLE VI-5.

region .0k to .44 GeV/c. Also shown are initial value

mable VI-5 shows the OPEA parameters from

of the OPEA parameters from the three fits and the error on the average.

three fits to the data from Table VI-k in the t

for the OPEA parameters as well as the average

geT
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FIGURE VI-k. Figure VI-4 shows the predictions of the OPEA model for all

! ' the P-wave density matrix elements times the differential cross section

\ PP do PP dvr . | | |
| when py, == and p,; == were fit by a least squares fit for t between e

| and .4k (Gev/c).
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similar even though the OPEA parsmeters are somewhat different. An exami-

PP dg

nation of the fit shows that Py. 1 Tt has the wrong sign The fit repro-

duces the general t dependence of Re(p ) %%; although the predictions
o~ PP dg FP d¢
of the fit are somewhat 10w.. The agreement between Poo 3t and P11 3t

“is very good except in the first three bins where the data is consis-
tently lower than the fit. To a large extent the disagreement in the
first bin is & reflection of the curvature of the kinematic boundary of
the t versus mKh plot at 3.8 GeV/co The model has included the impulse
approximation corrections for the suppression of the cross section in the
forward direction; but this. suppression was insufficient to account for
the disagreement in the second and third bins. It has been noted in
reaction VI-L at 3.9 and 4.6 GeV/c that the OPEA model predictions are
approximately 20% too high to t less than .1 (GeV/c)eohO In this latter
case the impulse approximation corrections do not have to be made since
there is only one nuclecn in the final state.

In summary, it was found that after adjusting the parameters of the

PP dg PP dg e@
00 at’ P11 gt 2nd Re <91 ) 3 in
PP

the t region between .04 and .h& (GeV/c)Q° The model predicts that p;

model, the OPEA model agreed well with p

av .

it is small; however it disagrees in sign with this density matrix element.

D. The Reggeized One Pion Exchange Mpdel of Abrams and Magor

Abrams and Maor have proposed a model for V@A++ production which
uses en evasive Reggeized one pion exchange teo calculate Poo 3g' 6 The
model reduces to the Born term at the pion pole. Specifically the model
consists of replacing the pion propagator in the Born term with the

Regeized expression VI-6,



m}mu—n
2“" a

t-m
by

lee 1™ (1a2g) (1420/3) T (0+.5)

5-u

' (0) 2 sin o r(.5) ria+l)

a =o' (0)(t-m"m)

(Gev/c)°2 and 2s  to be (1.08 « 0.11) Gev>.

ﬂ+P - pOA%

it fits the data fairly well.3?

KN+ K °(8%0) P

2s
0

a

VI-6

For reaction VI-7, Abrams and Maor determined o'{0) to be (1.16 4 0.03)

VI-T7

Lissauer has applied the model to reaction VI-8 at 12 GeV/c and found that

vVI-8

In order to compare the model with reaction VI-8 at 3.8 GeV/c the

2 2 2 1
- ‘j‘é‘ 6™ &, [ (my-mp)-t] Temd)2
o2 = .25 [t-(mem ) * ) b= (mermy )1 /e,
o® = .25 [8~(mK~mN)2][8~(mK+mN)2]/S

s = square of cm energy of the reaction

substitution of equation VI-6 was made in the Born term equation VI-9,

L1

VI-9

t = square of invariant momentum transfer; it is negative.
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In addition the impulse approximation was incorporated into the model
by assuming that the Born term is completely due to the spin-flip
amplitude.

Starting from the values for o' (0) and 230 given by Abrams and
Maor and with the nominal value of G> of 29.2 (Gev)"“’ (see equation
VI-5), a least squares fit was made to pgg g% between Ok and .k
(GeV/c)2° In addition a second fit was made assuming that the T and B
trajectories are degenerate. In this case the term (l+eaina)/(2sinﬂa)
in equation VI-6 was replaced by 1/(simma). Table VI-6 shows the results
| of these two'fits, the chi square per degree of freedom and the initisl
values of a'(0), 2s_ and G°. From the chi square per degree of freedom,
it is seen that the two fits are roughly the same in their agreement
with the data. Both fits have a value of G2 which is about 25% less
that the nominal value of 29.2 (GeV)mu° Abrams and Maor also observed
that the coupling constant for reaction VI-T was less than the nominal
value; in this case it was about 50% too low.

Figure VI-5 shows the data for ng %%»and the predictions of the
fit having degenerate m-B exchange. The agreement between the data and
the fit for T exchange is very similaf, and hence not displayed. -The fit
is seen to agree very well with the data except in the first 3 bins wheré»
the data is lower than the predictions of the fit.  The first bin is low

primarily because of the effect of the kinematic boundary of the t versus

plot. The model has included the impulse approximastion corrections
T -




a' (0) 5 | 25, N e i 52 per degree
? (Gev/c) (GeV) (GeV) of freedom
initial value 1.16 « 0.03 1.08 & 0,11 29.2 -
fit of 1™ exchange 1,03 ¢ 0.0k 1.07 = 0.16 20,6 + 1.0 1.03
fit for m=-B exchange 1.19 « 0,04 1.00 + 0.13 22.9 % 1.1 0.95
degeneracy

TABLE VI-6. Table VI-6 shows ﬁhe initial values for the Regge model of Abrams and Maor, the

results of fits to pgg %% for m exchange and for 1-B degenerate exchange and the chi square per

degree of freedom. The t-region fit was .Of to .44 (GeV/c)2

SHT
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FIGURE VI-5. Figure VI-5 shows the prediction
of the Reggeized one pion exchange model of Abrams
and Maor for pgg g%fwhen-the m-B trajectories

are assumed to be degenerate.
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for the suppression of the cross section in the forward direction, but
this suppression was insufficient to account for the disagreement in the
second and third bins.

In sumary, it was found that the Regge model of Abrams and Maor
fit the t dependence of ng %%-vary well for either T exchange only or
degenerate 11-B exchange. The fit values of ¢'(0) and 2s, were similar
to those found by Abrams and Maor. The fit value for the product of the
coupling constants, Gg, was lower than the nominal value, but this appears

to be a general feature of the meodel.



v VII. COMPARISON OF NEUTRAL Km SYSTEMS FPRODUCED

IN NUCLEON CHARGE EXCHANGE REACTIONS

a | 148
|
\
|
|
|
|
\
|
1 A. Introduction
" Reactions VII-1 and VII-2 are related since the same t channel

changes contribute to both reactions.
' » (k1 )°P : VII-1
K'P = (Kr)°N VII-2

In going from one t-channel reaction to the other, the signs of some of
the amplitudes change. Equations VII-3 show the most common t~channel
exchanges and the sign changes in going from a K&N reaction to a K P

reaction.

AK*N = Aﬁ + AB + AAQ + Ap

VII-3
Ag-p = Ay - Ap *‘AAQ - Ap
For both reactions, pion exchange is the dominant t-channel exchange
mechanism. Abscorption effects arise from S-channel intersctions between
the initial particles and/or interactions batween the final particles.
Since the total cross section for the K P is larger than the total cross
section for K#N, absorption effects for reactions VII-1 and VII-2 are

different.
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A study of the'similarities and differences between the differential
cross sections and density matrix elements for reactions VII-1 and VII-2
in the regions of the K*°(890) and K*°(1420) may be able to give additional
information about the amplitudes.

This chapter compares K#(890) and K#(1420) production in a K'N
reaction at 3.8 GeV/c and & K P reaction at 3.9 and 4.6 GeV/co7 The
K#(890) will be comsidered first and in greatest detail. The K*(1420) will
bé compared next; however the analysis will be less detailed beéause there
is less data and also more confusion about the various partial waves and

their importance.

B. Properties of the K*°(890)

1. Cross Section

The cross section for K#°(890) production for the K*N reaction at
3.8 GeV/c vas obtained my meking a least squares fit to the mass plot

using equation vII-4,.22

Y=(1L+C BWJ) Pn(m—mc)

r.
m J
BW. = — VII-k
79 T3 3E 53
) (m mo) + mOFJ
2J+1
Iy =T, (%;)

In equation VII-4, P is a polynomial expanded about m_ . In fitting the

. mass plot over the region .80 to 1.00 GeV, m, vas set to «9 GeV. The fit
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adjusted the constant €, the resonant mass, W, the width, ro; and the eco-
efficients of the polynomial. Using & mass binning of .002 GeV in a mass
plot with i820 events and a linear polynomisl, a fit Qith a chi square

per degree of freedom of 1.20 was obtained. A quadratic mess dependence
for Pn resulted in an increase in the chi square per degree of freedom

to 1l.21.

Teble VII-1 shows the mass and width of the K*°(890) from the fit -
to the 3.8 GeV/c KN data, and the mass and width of the K¥0({890) from
the K P data ét 3.9 GeV/c 7_and from the Particle Data Groupo35 In the
K'N data, the statistical error on the mass of the K#(890) is 1.1 MeV and
the error on the width is 2.7 MeV. The errors given for the K#N data in
Table VII-1 include estimates of errofs due to the choice of the psram-
eterization.

The widths found for the K*(89Q) for both the K&N reaction and the
K'P reaction are consistent with the width given by the Particle Daté
Group°35 On the other hand the mass values found for both reactions are
bigher than the mass listed by the Particle Data Group. The reason for
the apparent discrepancy depends upon the details of the fitting procedure.
In the fits there is a factor of m/q (see equation VII-4) which causes the
resonant mass to be larger than would be found by fits which do not con-
tain this factor. This illustrates just one reason why care must be used
in"comparing resonant masses and widths given by different experiments.
In-general different functional forms for the resonance parameterization
will yield slightly different resonant masses and widths.

| Figure VII-1 shows the fit to thé Kt mass plot for the region .80 to

1.00 GeV for the K'N reaction at 3.8 GeV/ec.
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~the kaon in the laboratory.
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M (MeV) T, (Mev)
K'N + K#(890)P | .
at 3.8 GeV/ec 896. 2. 50, &L,
K"P + K*(890)N
at 3.9 GeV/c T 897.8 « 0.8 55.3 # 2.6
nominal values from
Particle Data Groups’ 892.55 # 0.45 53.0 & 1.1

TABLE"'VI:I;J_,° Table VII-1 shows the mass and width of the K*(89Q) from
the fit to the 3.8 GeV/c K'N data and the mass-and width of the K*(890)

from the K'P data at 3.9 GeV/c T and from the Particle Data Gr’oupo35

Fromvthe fit to the mass plot gﬁ the region .80 to 1..00 GéV, éhe
cross section for K*°(890) production in the K'N reaction at 3.8 GeV/c
was found to be (.80 « .07) mb. The cross section includes a correction
foriunséen decay modes. For the K P reaction at 3.8 GeV/c, Aguilar-
Benitez et al. using the same mass region and fitting procedure found
the cross section for f;uzg§57'production to be (.755 « .030) mb.

Figure VII-2 shows the dependence of the cross section for K*(890)
production for K&N and K P reactions“as a function of the momenﬁummaf
23,40,42-49 This Figure is based upon‘a
Figure by Cords et g£°23 The momentum dependence of the cross section
is roughly the same for both reamctions. The line is a fit to Plab"p
where n was found to be 2.24 « 0.15 in a fit by Cords et 2£°23

The total cross section predicted by the OPEA model (see Section

‘VI-C) agrees well with the data for both reactions; however there is a

slight :tendency for the cross sections to fall more slowly than the
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FIGURE VII?l. Figuré VII-1 shows thé fit to the K mass

plot for the reaction K'N -+ K'n'P at 3.8 GevV/c.
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FIGURE VII-2. Figure VII-2 s'}.}ows the dependence of the cross section
for K*°(890) producticn for K'N and K'P reactions as a function of

the momentum of the kaon in the laboratory. The line is a fit to
Plab where n was found to be 2.24415 in a
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predictions of the OPEA model,23 The OPEA model also predicts that the
cross section for K3528905 is slightly smaller than the cross section for

K¥°(890) production. The figure offers some support to this prediction

2. Differential Cross Section

The differential cross section, dg/dt for K#*°(890) production in
the K#N reaction at 3.8 GeV/c was obtained by making t cuts on the KN
mass spectrum and then making s background subtraction in the mass region

.80 to 1.00 GeV. Specifically the mass region was fit using a chi square

-fit to equation VII-5.

Y =[C, + Ce(m_mc) +Cq B;] & (m,tl,t2) VII-5

Here Cl’ 02 and C., are constants which are adjusted by a linear least

3
square fitting program. The constant m, was set to .9 GeV. BJ is given
by equation IV-21 and § is the peripheralized phase space of equation
Iv-18 which has been integrated over all cos@ and ¢ and over t from t,

to t The parameterS'in the function BJ were set to the values given

20
for the P-wave in Table IV-5. The use of & is especially advantageous

in the small t regions where tm n meYy be less than tl; in this case

i
there is a discontinuity in phase space which is pfobably approximated
fairly well by §&.

. Table VII-2 shows the t cuts, the number of events for the mass
region .80 to 1.00 GeV and the differential cross section for the K#*°(890)

which has been corrected for unseen neutral decays. Figure VII-3 is a

plot of the differential cross section. The differential cross section




t region
0Ll - ,02
.02 - .0k
O - .06
.06 - .08
.08 - .10
.10 - .12
Jd2 - 14
A - 16
.16 - .18
.18 - .20
.20 - .2k
2 - 28
.28 - .32
.32 - .36
.36 - .40
40 - .52
.52 - .64
B4 - 76
.76 =1.00

TABLE VII-2. Table VII-2 shows the t cuts, the

total number of events in the t cut for the mass

section for the K#0(890) which has been corrected

for unseen neutral decays.

total no.
events

81
208
174
163
122

93
80

81
67
L5

75
61

region .80 to 1.00 GeV and the differential cross



.0 .2 M .6 .8 1.0

t (Gev/c )2

FIGURE VII-3. Figure VII-3 shows the différential

cross section for K*0(890) after correcting for un-

seen neutral decays in the K'N reaction at 3.8 Gev/ec.
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in the forward direction has not been corrected for the effect of the
Pauli Exclusion Principle (see Section II-1).

The differential cross section calculated by this method is nearly
identical to the differential cross section found by considering all
events in the mass region .84 to .94 GeV (see Figure VI-1).

Figure VII-4 is a plot of the differential cross section, dc/dt,
for K*(890) production in the K P reaction at 3.9 GeV/c.! This differ-
ential cross section was obtained by making t cuts on the Ky mass spectrum
and then making a background subtraction in the mass region .80 to 1.00
GeV. Although the detalls of the background subtraction are slightly
different, the differential cross sections for the K#N reaction (see
Figure VII-3) and the K P reaction (see Figure VII-4) were calculated by
the Same method, and hence can be compared directly.

The forward slope for the K*N reaction for the t region 0.02 to
.20 (GeV/c)? was found to be (8.9 & .8)/(GeV/c)® (see Table ITI-1). The
K'P reaction for the t region 0.02 to 1.00 (GeV/c )a was fit and found to
have a slope of 4.2 & 0°2)/(Gev/c)2=7 A comparison of Figures VII-3 and
VII—L? shows ‘that the differential cross sections are very similar. The
K'N data shows a rather pronounced breek in slope at about .2 (GeV/c)zo
The slope for the K&N reaction was fit only over the region of the forward
peak. On the other hand the slope of fhe K P data appears to be rather
smooth. There is, however, a suggestion of a change in slope at about
0.1 (Gev/c)2; unfortunately statistical fluctuations in the third and
fourth bins make this suggestion very tenuous.

A comparison of the two differential cross sections over the entire

t region from 0.0 to 1.0 (GeV/c)2 suggests that the K#N reaction has
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 FIGURE VII-k. Figure VII-k shows the differential
cross section for K*(890) for the K P reaction at

3.9 Gev/c.7
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4 destructive interference between two amplitudes while the K P reaction
has constructive interference. The forward peak could be due to m or
> | 1-B exchange while p~A2 exchange could perhaps explain the large t

behavior .

3. Density Matrix Eléments

Previous fits to the Y, -moments in the K*#(890) region (see
Chapters IV and VI) indicate that only S and P-waves are important in
this region. Equation VII-6 parameterizés the resulting angular dis-
tribution in terms of P-wave density matrix elements and S-P inter-

. ' ference density matrix elements,

' 1 PP PP 2. 1 PP
. W(cose,p) = it %; [(poo~pll)(cos 0 - 5) - Jﬁ'Re(plo) sin20 cosf

- o7, 51n° cos 2] VII-6

Ps , ¢+ PS k
ﬁ%w[—afﬁ Re(plo) sin@ cos@ + 2 Re(pog) cos 9]
I .
Here ngﬂ is the generalized density matrix element for the interference
of spins J and J' with z-components m and m'. The trace condition has .
SS PP ..PP
been used to rep;ace the sum of Poo’ Poo and 2pll by 1.
Using equation VII-6, the generalized density matrix elements were
calculated by the method of moments in the K#0(890) region (.84 to .94
GeV). In this method, the density matrix elements are obtained by

averaging the appropriate projection operator over the allowed mass and
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t regions. Equation VII-T7 gives the projection operators corresponding
to the case when only S and P-waves are present.

PP PP 2. 1
Poo = P11 = <g cos @ - )

Re’(PI;(I),):- = - [%5 (sin2e c08¢>>

PP

pir, = - £ (sin‘e cos2f) | VII-7

Re(pig) =J/§h(sin@ cos@)

Re(pgg) ”K/§:<COS@>

Table VII—3'gives the density matrix elements in the Jackson frame
for various t regiéns in the K*°(890) mass region (.84 to .94 GeV) at
3.8 GeV/c° The errors are staﬁisticalo Figure VII-5a-e shows the t
dependence of these density matrix elements.

The t dependence of the density matrix elements as calculated by

the method of moments agrees well with the values found in Section VI-B.

~In that section the denstiy matrix elements were obtained by making a W

background subtraction in the moments with respect to YLmo For the
moments Yél and Yéz the background subtraction is small and hence the
value of the density matrix element is roughly the same with and without

the background subtraction.




t regien events

.00-,02 71
.02- .0k 150
04 -,06 125
.06-.08 120
.08-.10 102
.10-,12 7
12-,14 6k
- 16 55
.16-.18 51
.18-.20 - 36
.20-,24 52
2h-,28 48
.28-,.32 Lo
.32-.36 48
.36-.42 L6
A2-,52 48
.52-.64 L6
Ol 76 41
.76-1.00 39.
TABLE VII-3.

PP " PP

Re pit
Poo"P11 € Pio
«T1l#,13 -.09¢.,05
39¢.09 -.18¢.0k4
.654,10 -.214,04
A43«.10 - 174,04
.60%,12 -2 Ol
A49+.13 - 023,05
.58&.14 -.244,05
A3¢,15 -, 344,06
A14.16 -,224,06
.34«.18 -.114.07
284,17 -. 314,04
.34+.18 -,19+,06
L40+.19 -.23%.,07
.0l%,17 -, 284,06
-.024,14 -.10+.06
-,01%,16 -.21+,06
274,16 -,18%.06
084,17 -,13+,06
-.09+,16 -,11#,08

PP
Pl-1

.03¢.06
.0l%.05
-, 06%.05
.08«.05
- .06#,05

“ool¢006

-,04e,06 -

-.18+,07
-.15+«.07
064,10

-,114+,08
.06+,08
-.154¢,09
-,02%,.10
124,08

.08+.09
. 10«,09
. 16%,10
-.06#,10

Ps
Re plO

-.03%.07
-.154.05
-,094¢,06
-.06+,05
-.12+.,06

-.06%,07
-.12+.08
-.164.09
-.254+,09
-.08+.10

.08%.10
-,18+,09
-,05%.11
-,09+£.10
-,11%.10

-,06£.10
-, 04,09
-.06%.10

0194,12
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PS
Re poo

.16+,07
»184,04 .
. 1h+,05
. 164,05
. 314,05

.13+¢,06
«13%.07
.05+,08
.17+.,08
024,09

-.03+.08
.08+.08
.1k+.,09
.09%.07
.08+.07

00,07
.12+,08
-.06+.08
.0k ,08

Table VII-3 shows the values of the density matrix elements

for the Jackson frame as a function of t for the K*(890) region (.84 to

.9% GeV) for the K'N reaction at 3.8 GeV/c
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FIGURE VII-5. Figure VII-5 shows the t dependence of the density matrix

elements in the Jackson frame for the reaction K’ N— K'nm P at 3.8 GeV/c

for the mass of the Kt system between .84 and .9% GeV. ,
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a. Density Matrices in the Jackson Frame

Figure VII-6a-e shows the t dependence of the density matrix ele-
ments in the Jacksen frame in the K¥(890) mass region (.84 to .94 GeV) |
for the combined data for K P reactions at 3.9 and 4.6 GeV/c°7' The
density matrix elements shown in the figure were calculated by the mexi-
mum likelihood method assuming that equation VII-6 is an adequate param-
eterization of the angular decay distribution. The values of the density
matrix elements obtained by the maximum likelihood method usually agree
well with the values obtained by the method of moments. Hence the density
matrix elements found for the K%N reaction can be compared directly with

the values given for the K P data.

PP
00

Re pgg for the two reactions are nearly identical (see Figure VII-5a and

For % less than .5 (GeV/c)2 the t dependences of p - Pii and

VII-ba; Figure VII-Se eand VII-6e). This is not surprising since pion

exchange dominates in both reactions in: the low t region and since pion

exchange without absorption only populates the density matrix elements

PP SS
Poo’ Poo

There is good agreement for Re pig for the two reactions (see

and Re pggu

Figures VII-S5d and VI1I-6d). For t less than .5 (Gev/c)2 there is some
evidence that Re pig for the K™N reaction is somewhat larger than for
the K P reaction.

For iow t, Re pfg appears to have roughly the same t dependence for
both reactions (see Figures VII-S5b and VII-6b); however Re pig for the

K&N reaction is roughly twice as large as the density matrix element for

P
0

to zero faster for larger t values. From the fits to the CPEA model for

the K P data. Also there is a tendency for Re pi in the K P data to go
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'FIGURE.VII~6, Figure VII-6 shows the t dependence of the density matrix
elements in the Jackson frame for the“ reaction K P - K_n+N for the com-

bined dats at 3.9 and I+°6 GeV/c for the mass of the‘ K system between

.84t and .9k GeV‘,7
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the K'P reaction,7 it can be seen that above .2 (GeV/c)z, Re pig becomes
somewhat smaller than the value predicted'by the model, while for the
K+N reaction Re pig becomes somewhat larger than the‘value predicted by
the model.

To first ordeg pi?l for the K&N data appears to be consistent with
zero (see Figure VII-S5c). However a careful examination of the t depen-
dence of piﬁl shows that it may be slightly negative for t less than
.36 GeV/c and positive for t between .36 and .76 (GeV/c)2o On the other
hand p§€l is always positive for the K P data (see Figure VII-6c). It
starts out small and increases more or less steadily with increasing t,
The OPEA model gives a good description of the t dependence of pi?l for
the K P data. In the x'N data, however, the OPEA model alsoc gives a
t dependence similar to that given for the K P reaction.

There is some indication that the density matrix elements pgg—pii,

PP o PS
P1-1° *€ Po

ponding density matrix element in the K P reaction for t around .5
(GeV/c)?.
In summary the asgreement between the K'N and K™P data in the low t

region for pgg~p§§, Re pig, Re ng and Re pig in the Jackson frame can

and Re ng for the K+N reaction become equal to the corres-

be explained in terms of the OPEA model. In this model, to first order
without any absorption, only pPPy pSS and Re pPS are non zero. When

00”7 FO0 " oo
interactions between the initial particles and between the final particles
are taken into account, the absorption for the two reactions will be
different and hence the values of Re pig and Re pig will be different.

_ ” _
Aguilar-Benitez gg_glf“ have shown that piﬁl for the K P date is also
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well described by the OPEA model in the forward direction. The OFEA

model gives the wrong sign and t dependence for pi?l for the K?N data.

b. Density Matrices in the Belicity Frame

Table VII»A gives the density matrix elements in the helicity
frame for various t regions in the K#(890) mass region (oah to .94
GeV) for the K'N resction at 3.8 GeV/c. The errors are statistical,
Figure VII-Ta-e shows the t dependence of these density matrix elements.
Figure VII-8a-e shows the t dependence of the corresponding.helicity
density matrix elements for the K§3T§§5§'from the combined K P dats at
3.9 and 4.6 GeV/co7

For both reactions pgg-pii remains large and then abruptly drops
off and becomes negative at large t values. In thé K P data this drop

off is at 0.07 (GeV/c)® (see Figure VII-8a) while for the K'N data the

drop. off occurs at .18 (GeV/c)2 (see Figure VII-Ta). For t larger than

PP

about .5 (GeV/c)2 the values of p,.

-pii for the two resctions become
about equal.

The t dependences of Re pgg for the two reactions is similar (see
Figures VII-Te and VII-8e). For both reactions Re pig is small and the
values are roughly consistent (see Figures VII-Td and VII-84).

The agreement between Re pig'and pi?l for the two reactigﬁs is not
very good. Re pig for both rise at about the seme rate until t is about
.06 (GeV/c)e° However then Re pig for the K P reaction levels off and
falls back to zéro (see Figure VII-8b) while Re pig for the K'N reaction
continues rising until it leﬁels off around .44 for t equal to about .2

(GeV/c)2 (see Figure VII-Tb). For the K'P data pifl starts out slightly

N




t region events pgg-pll

.00-,02 T1
.02~ .04 150
Ok~ ,06 125
,06-,08 120
.08-.10 102

.10-.12 7
J12-,1k

J1h-.16 55
.16-,18 51
.18-.20 36
.20~ .24 52
2h-.28 18
.28-.32 L2
.32-.36 48
.36-.42 L6
JL2- .52 48
.52~ .6k L6
- T6 41
.76-1.00 39

PP

Tl&.13
«57T+.09
cTT%.10
L3410
66%,11

J51&, 1l
LT€.15
T8+, 14
L74,15
024,19

484,16

=.03%.15

224,18
.18e.17
-.18+.13

-.13¢. 1k
-.364.13
-.39¢.,16
- 003«#%18

i

i

]

i

o=

-

PP
Re 919

.10+,06
»20%,0k
22,0l
27 #.03
+ 294, 0l

. 30+.04
.33&.04
. 504,04
L1680k
«33#.05

34,04
- 39%.,05
A48+, 04
34,0k
Jihe Ob

Sl Ol
o 394, Ol
. 324.05
424 Ol

PP
P1-1

.054,06
.09%,04
.09+, 0k
23%.05
.16#,05

214,05
.2+, 06
.06+.07
Ol,08
284,10

21,07
24,08
064,10
.18+,09
264,09

- 16+.09

2T%.10
. 324,10
06+,10

Ps

Re 10

.00+,
-,00%,
- O,
-,024,
- .01,

.00,
-.06%,
-oll#,
-, 16#,
=05+,

024,
.08
- .0l
-, 0L,
-, 15%,

-.18+

=-.11le,
-,03%,
03,
.08%,

07
05
05
05
05

06
06

o7
08
09

07

10
08

09

09
09

10

11l

17l

Ps
Re pOO

.16+,07
204,05
. 154,06
< 154,05
27#,06

2114.07
J1k4,07
.13%,08
.23+,08
.06+,08

-.06+.08
<1h+,07
.06+.08
.0T+.08
.08%,07

LOlb+,07
.01%,06
.064,06
-. 14,08

TABLE VII-4. Table VII-4 shows the values of the density matrix elements

for the helicity frame as a function of t for the K*(890) region (.84 to

.94 GeV) for the K'N reaction at 3.8 GeV/c.
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FIGURE VII-7. Figure VII-7 shows the t dependence of the density matrix

elements in the helicity frame for the reaction K#N-+-K%n-P at 3.8 GeV/c-

for the mass of the Km system between .84 and .94 G_eVo
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FIGURE VII-8. Figure VII-8 shows the t dependence of the density matrix

elements in the helicity frame for the reaction K P — K°w+N for the com-

bined date at 3.9 and 4.6 GeV/c for the mass of the Km system between
.84 and .9 Gev.'
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positive, goes slightly negative for t between .06 and .40 (GeV/c)2 and
finally ends up positive (see Figure VII-8c). On the other hand pi?l
rises rather abruptly to about .18 at t equal about .07 (GeV/c), and
pemaiﬂé roughly constant ap this value for larger t values (see Figure
VII;§c)°

The differences between the t dependences for the helicity
density matrii-elements‘for the K%N and K-P reactions are not easily
seen. This is simply a reflection of the fact that for both reactions t-
channel exchanges dominate and absorptive effects are small. In such
cases the tvdépehdence of the density matrix‘elements in the Jackson

frame will be the simplest.

C. Properties of the K*(1420)
In Chapter V the mass dependence of the partial waves contributing
to the mass plot was examined. It was concluded that there may be an

enhancement in the S-wave. However whether this enhancement is due to

‘an,s-wave.resonance or a kinemstic effect is unclear. In any cese the

existence of a large S-wave background as well as a smaller amount of
P-wave background suggests that the K¥°(1420) cross sections, differ-
ential cross sections and density matrix elements will depend somewhat
upon the method of analysis.

Teble V-1 shows the results of fitting the K*0(1420) region for
various cuts on the Jackson cosine and t'. None of these fits agree
well with the nominal mass of 1422.7 ¢ 3.8 MeV‘and width of 101.2 « 8.k
MeV given by the Particle Data Group for the K% (1420).3° Fits by Aguilar-

Benitez et g£o7 to the K#O(1h20) region for K P reactions at 3.9 and 4.6
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GeV/c yield a-m2§s 9;”;u19,1 % 3.7 MeV and a width-of-116:6-4-15.5 MeV,
The agreement éfrtheir fits with the nominal K#(1420) mass and width
suggests‘that the K°P data does not have the.séme background problems
‘that are found in the K'N data.
A shoulder is seen on the low side of the K*0(1L420) for the 3.9
GeV/c data (see Figures 45 and 47 of AguilaruBenifez g&_gif7), However
this shoulder is much smaller than that seen in the K+N data at 3.8
GeV/c (see Figure V-1). This suggests tﬁgtvpart of the enhancement seen
in the K*N data could be due to a secondary scattering of the decay
products of the K#(1420) with the spectator proton.
Table VII-S-gives the masses and widths of the fits described in
~ Section IV-Cl and C2 along with the nominal values and the values from
the K P reaction at 3.9 and 4.6 GeV/c. The'fits of Chapter IV are in
reasohable agreement with the nomina£ mass and width of the K#(1420).
The central mass value is somewhat high while the width is soﬁewhat

narrow. The comments of Section VI-A apply equally well here when the

fits of Chapter IV are compared with the nominal K*°(1420) mass and width.

— e AR T Rt

An examination of Figure V-lc shows, however, that in the polar region
the K#0(1420) 1s centered at sbout 1430 MeV.

HThe cross section for the K*°(1420) was estimated in several ways
for the 1790 events in the mass region 1.2 to 1.6k GeV. The total cross
section seen in this fegion is 600 « 4O yb. In the first methdd the mass
region was fit using a least squares fit tovequation VII-% where the mass
of the K#(1420) was held fixed at 1.43 GeV and the width at .1 GeV. This
fit indiéates that (35 § h)% of the events in the mass region are in the

resonance; the corresponding cross section is (310 ¢ 40) yb for the (¥m)°



180

M (MeV) | I (MeV)
fit of. IV-Cl . W31 + 3 97 « 8
fit of IV-C2 * . | 1435 43 93 & 9
K'P K%O(iuao) at '7'
3.9.and 4.6 GeV/c 1419.1 @ 3.7 116.6 « 15.5
_ Nominal values from 35
Particle Data Group: 22,7 ¢ 3.8 | 101.2% 8.4

TABLE VII-5. Table,VIIaS shows the mass and width of the K#°{1420)
from the fits of Sections IV-Cl and IV-C2 for fits to the 3.8 GeV/c
K'N data as well as the mass and width of the K¥°(1420) from the K P

date at 3.9 and 4.6 GeV/c 7 and from the Particle Datsa Gr’oupo35

“decey mode after correcting for the unseen decays. The fits of Section
IV-Cl and C3 agree with this cross section. The fit of Section IV-C2
indicates that only (22 « 3)% of the events in the mass region are in
@hé resonance; the corresponding cross section is (200 « 30) pwb for the
(Kh)o decay mode after correéting for the:unseen decays.

For the K P reaction the K#O[1k20) cross section for the (Kim)°
decays was found to be (340 & 4O) ubo7 This cross section for the mass
region 1.20 to 1061+ GeV was obtaine;d by making a least squares fit to
equation VII-4 in which the resonance parameters, the constant C and the
coefficients of the linear polynomial were adjusted. The K¥°(1420) and
K#0(1h20) cross sections agree well if the K#°(1420) compriées about 35%

of the events in the mass region 1.20 to 1.6k GeV for the K*n reaction.
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The differential cross section, ds/dt', for the Kﬂo(lHQO) produc-
tion in the K&N reaction af 3.8 GeV/c was obtained by méking ﬁ' cuts
on the Kt mass spectrum and then making a background subtraction in the
mass region 1.20 to 1.64 GeV. The mass region was fit uSing a chi
square fit to equation VII~-5 in the same way that the differential cross
section was obtained for the K*O(890) (see Section VII-B2). The mass
was set to 1.43 GeV and the width to .1 GeV.

Table VII-6 shows the differential cross section, dg/dt' for the
K#0(1420) region for the K'N reaction at 3,8 GeV/c. Figure V;I—9 shows
£he differential cross section. Figure VII-10 shows the differential
cross section, dg/dt', for K¥O(1h20) production in the K P reaction at
3.9 GeV/ec.

A comparison of dd/dt' for K#0(1420) production and K#0(1420)

shows that d¢/dt' for the K*¥°(1420) can be fit by a linear exponential

while the KﬁOZlEQOS appears to require a quadratic exponential° The

K§531K205 apbears to have a steeper forward slope. A linear fit to

ldg(da/dt“)vfor K#0(1420) gives a slope of (4.8 « .5) (c;,ev/c)"2 with a

chi sguare per degree of freedom of 0.16 for the t' region 0.0 to 1.0

.-(GeV/c)eo A linear fit to log(du/dt') for K#¥O(1420) gives a slope of

(6.5 ¢008)/(GeV/c)2 for the region 0.0 to 0.5 (Gev/c)2 while a fit to

the form bt' + ct'> gives b equal to (8.5 $0.3) and c equal to (5.4

0.4) for the region 0.0 to 1.0 (GeV/c)zo7



t' region total number aog/dt’ (mb/(GeV/c)2)1
L fof events ' .
,00 - .05 408 1.3% + 2l
.05 - .10 270 | .93 + .20
.10 - .20 332 ‘ 79 % .12
.20 - .30 178 43 & .09
.30 - .50 160 .225 &, 042
.50 =1,00 160 ~ Okl & 017

TABLE VII-6. Table VII-6 shows the differential cross sec-

tion for the K¥0(1420) for the K'N reaction at 3.8 GeV/c.
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FIGURE VII-9. Figure VII-9 shows the differential
cross section, doy/dt', for the K*0(1420) in the
K+N reaction at 3.8 GeV/c. The differential cross

section has been corrected for the neutral Kn mode.
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FIGURE VII-10. Figure VII-10 shows the differential
| , cross section, do/dt', for the K*®(1420) in the K P

| . reaction at 3.9 GeV/c.
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VIII. CONCLUSIONS

In Chapter II the cross section for reaction VIII-1 at 3.8 GeV/c

e o e e it S S S S e s ot 1y

was found to be 1.62 « .11 mb.

Sy

K'N - K'P | VIII-1

I

e

In Chapter III the general features of reaction VIII-1 were sur-
veyed and it was seen that the reaction is dominated by the quasi-two

boedy interaction VIII-2.
KN 3 (Km)op VIII-2

K#0(890) production is the major feature of the Km mass spectrum, however
tﬁere is a significant amount of K#0(1L420) production. There appears to
be a shoulder on the low mass side of the K#0(1420) which may be due to
an S-wave enhancement (the effect of Firestone et giou)l Pion exchange
is the dominant exchange meéhanismo

Chapter IV presents a method for studying the mnass depehdence of
various partial waves contributing fo-the K systeﬁn° The method param-
eterizes the decay angular distributions well and shows that much infor-
mation can be gained by studying the interference moments. Fits to the
momenﬁs do not require that the S-wave resonate in the region of the
K#0(890) or that either the S or P-wave resonate in the region Ef the
K¥0(1.1+20)o There does however appear to be some sort of enhancement in

the S-wave slightly below the K*©(1420). A potential model suggests
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that only the P, D and F—partial.waves have resonances in them and that
the S-wave does not have any resonances, although it may have antiresonant
behavior. There are some problems about unphysical values for some of

the generalized density matrix elements; these problems can only be re;
moved by reformulating the method for studying the mass dependence of

the partial waves. These problems also prevent any definite statement
from being made about the existence or nonexistence of reéonances in lower
lying partial waves.

Chapter V studies the Km system in the region of the‘Kﬁo(lhEO) for
the effect reported by Firestone gﬁ_giohiin reaction VIII-1 ét 12 GeV/c.
The effect was seen, but the interpretation of the effects as a resonénce
in the S-wave is clouded by a possible interpretation inveolving a secon-

dary scattering between the spectator proton and the decay products of

 the K#0(1420).

Chapter VI studies the K#°(890)o The density matrix elements for
the S and P-partial waves were extracted as a function of t. The one
pion exchange model withrabsorption,5 OFEA, was found in fair agreement

. PP dg PP dg PPy dg,
with the t dependence of the quantities pyo 3%, ] Fpv ond Re(plo) 30

however the model gave the wrong sign for piﬁl %%o The t dependence of

FP gg-agreed well with a Reggeized one pion exchange model of Abrams

Poo at
and Maoro6

Chapter VII compares K#0(890) and K*°(1420) production in reaction
VIII-1 at 3.8 GeV/c with K¥°Z§905 and KﬁﬁilEEO) production in reaction

VIII-3 at 3.9 GeV/c.'

KP - XK'l | VIII-3
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In the low t region, differences in the density matrix elements pgg;pii,
and Re pig for K#°(890) and K#*(B90) production can be understood in
terms of the: OPEA model. There is some evidence that the K*0(890) cross

) cross section and that the

section is slightly larger than the K¥{890
slope for dg/dt is steeper fér K@°(89@)f In the K*°(1420) region, on

the other hand; the K¥5?TE§57 cross section appearé larger and the
K#0(1420) has a steeper slope for dg/dt'. The §§5?IE§63 signal appears

to be much cleaner than the K*0(1420) signal and hence the K¥°(1420)
cross section and differential cross seétion depend upon theheXact details

of the analysis.
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