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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 K 

beam at 3.8 GeV/c.  The 300,000 pictures were scanned for 3 and 4-

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 kinematically fit the reaction K D 4 K N-PP; this cross

section was found to be 1.78 * .10 mb.  The reaction is dominated by

the  quasi-two body interaction  K N -0  K*0 (890)P; this cross section  was

found to be 0.80 0 .07 mb.  Results of an analysis of the spin density

matrix elements indicate 0- exchange is dominant.  The reaction

K N  i  K*0(1420)P was examined  for the effect reported by Firestone  et  a1.1

The effect was confirmed, but the interpretation of the effect at 3.8

GeV/c as a broad S-wave resonance is clouded by a possible interpreta-

tion involving a secondary scattering between the spectator proton and

the decay products of the K*(1420).

1.  A. Firestone, G. Goldhaber and D. Lissauer, Phys. Rev. Letters 26,
1460 (1971).
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I.  INTRODUCTION

 i 

During the last ten years the mechanisms producing three and four

body final states 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-1 and its Feynman diagram I-2.

A+B+C+D I-1

17

A          C

1 a e                                                     I-2
:

BD

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 quantum numbers of the particles in the Feynman diagram
F.1,

has been systematized by group theory in terms of SU3.  The momentum trahs-

fer of the virtual intermediate state e has been systematized by Regge

theory.
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Although these two models have provided a qualitative formalism for

understanding three and four body final states, their predictive power is

(11 disappointing.  Basically the problem is that many virtual states, e, are

allowed  in  reaction I-1. Hence many parameters are brought   into any mathe-

matical description for reaction I-1.  Although at high energies there is

reason to believe that only a few parameters will be important, unfortu-

nately this is not true for reactions between 1 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 present time more data is still needed.

*
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 laboratory momentum range above 1 GeV/c.  In particular this thesis

is a report on a 300,000 picture exposure of the 30" MURA bubble chamber

to a separated K+ beam at 3.8 GeV/co During the exposure the bubble          .... ...
*--A-

chamber was filled with_deuterium. The pictures were scanned for three
§

and four-prong events.  After measuring all of the four-prong events with

a stopping track and about 65% of the three-prong events, 4830 events

were found which fit reaction I-3.

+  +-KN+KNP I-3

4

In this reaction the K+Tr= system is the only two body final state

which shows any significant structure.     The POT system is dominated  by
/:

K*0(890) production although there is some K*0(1420) production.  The
„-- --N
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decay angular distribution of the Kn system suggests that pion exchange

is dominant.

4                                                                                                                                -In contrast reaction I-4 shows structure in the K41T , Prr  and
++-

K Tr TY  systems.

+-+
K P *K Tr 77 P I-4

++For those events. where   the Prr  system   lies   in the region  of   the   8      ,

a large fraction of the events appear to be described by reaction I-5

(for example see Abrams et al. 1)

131

K+P + K+Tr - 8+4 I-5

I

Pion exchange dominates this reaction,  Because of the large mass of the

8   reaction I-5 is kinematically restricted to higher values of momentum

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

In contrast to both reactions I-3 and I-5, m exchange appears to

be the dominant exchange mechanism for the production of the K Ti   system

in reaction I-6 (see for example Shufeldt2).

K+P + diT+P I-6

4

This  reaction also shows structure  in both  the  K'Tr  and PrI'  systems .

The K+N reaction I-3 offers an opportunity to study the Kn system

t-             Which has been produced by pion exchange and which is free of backgrounds

from other channels.
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"                      In the past the IBr system in reactions I-3 and I-5 have been
studied by Chew Low extrapolation techniques.3  This method consists

1              of extrapolating to the pion pole and then parameterizing KN scat-

tering in terms of phase shifts.  Chapter IV develops an alternative

method for studying the mass dependence of the decay angular distribu-

tions of the K+A- 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 amplitudes.

SU3 suggests that there may be an S-wave enhancement in the KT

4 system and Regge theory suggests that it may'lie under the K*0(1420).

Firestone  et  al,4 has found evidence  for an enhancement  in the K*0 (1420)

               region for reaction I-3.  Although the effect seen by Firestone et 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 Ek system contribute to the EN mass plot

in the K*0(890) region.  Models such as one pion exchange with absorption

make predictions about the P-wave density matrix elements5 while models

such as the Reggeized one pion exchange model of Abrams and Maor make

6
predictions about only one of the P-wave density matrix elements. For

this reason it is important to develop methods of studying the contri-
4

bution of the S and P-waves separately.  In Chapter VI this was done

using the method of Chapter IV.  The t dependence of the P-wave was com-
(j

pared with the predictions of the above twe models and found in fair

agreement  with   them.
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5

t'

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

9'
couplings of the exchanges are equal within a sign.

K=P 4 KTI+N I-7

For this reason a model for quasi two body interactions should be

able to explain both reactions.  Chapter VII compares these two reactions

by comparing the data from this experiment with the corresponding data

from a K-P experiment at 3.9 and 4.6 GeV/c. 7

/

4
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II. EXPERIMENTAL PROCEDURE

4             A.  Data Acquisition

The experiment is based upon an exposure of nearly 300,000

pictures in the MURA 30" bubble 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. Park.8

Bo  Scanning

'                    Non physicists scanned the film for all event types except for

one-prong events without vees.  The scanning was supervised by physicists

9                                                                        9using the Illinois Master Event Library System.

Of the 263 rolls of film in the experiment 141 rolls 1Aere double

scanned„  For each event the Master Event Library System generated a

record  for the results   of  each  of  the two scans  and an "indicative"

record which contained all the information necessary to identify the

event.  A list of discrepancies between the two scans was generated and

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

this   scan  was   used to update the "indicative" record .

At the end of the experiment it was discovered that some double-

scanned events contained 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

f correct.  In this case it was easier to rescan the frame thereby deleting

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, information about the previous scans was lost.

4                   Since the double-scanned events were used to calculate the scanning

efficiency, the loss of information about the results of each scan means

an uncertainty 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 records

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

/9
              uses the assumption that the scans are independent so that the efficiency

for an event being found by both scans is just 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.

/number-of   6:vents)     /nubiber  of -dirents)
  found  by  scan- 1  )   (found  159  scan  2   /

Tbtal number of events = A II-1
number of events found by both scans

The single scan efficiency Es is given by equation II-2.

/number of events14(number of eventsl1    (found -by  scan _1   / i found  by   scan  2   /
e  =2  - II-2
s            total number of events

The double scan efficiency, ed' is the efficiency that an event will be

(

found by either scan; ed is given by equation II-3 which calculates the

probability that an event will be unfound after two scans.



-            &                                                                    -0         -                                                        4             =

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 423 415 145 .911 * .019  .992 + .004  .951 + .009 -
..

4-prong
with

2505 211 163          77      .931 + .018  .995 * .003  .965 6 .009stopping
track

TABLE II-1.  Table II-1 shows the number of events found by both scans, by scan one, by scan

two and the number of 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 and

errors as well as the overall scan efficiency for the entire experiment is also given.

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

00
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1 - sd = (1-es)2 II-3

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

scanning efficiency, 6 , is given by equation II-4.

sT  =  F  sd  +   (1-F) € xI-4
S

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

rolls only 83 were double scanned.  Consequently for the four-prong

events F is 0536 while for the three-prong events it is «497«

A study of the efficiencies shows that the efficiency is lowest

for frames with ·two or more events. Moreover these frames also contain
i'l
4             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 end of the

scanning volume was recorded. every fiftieth frame„     The· average-. number

of beam tracks   for the entire experiment  was   10:56.*   .05  per-frame.

An  event was taken as being  in the fiducial  volume- -providing  its

x   coordinate lay between    -22.0   and   22.0 cm where· the beam travels primarily

in the direction of increasing  x. The lower   edge of the   fiducial-voiume

was taken because it was observed at x equal -22 cm that the number of
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fit 4C three and four-prong events started dropping off.  The upper edge

of the fiducial volume was taken because it was observed that at x

9 equal 22 cmo the number of constraint reductions abruptly rose owing to

the fact that the SMP mirror arrangement prevented long measurements

of one or more outgoing tracks.

The path length inside the fiducial volume was calculated from

the average beam track angles for events at the beginning and end of

the fiducial volume.  The average path length was 45.08 * .20 cm.

The total number of good pictures was 294,4070

The total fiducial track length was (1.402 0 .009) 108 cm.

' i*loni.nger examined the pion contamination and concluded that it10

was less than 1%.  This estimate agrees well with a more careful study of l

4             the pion contamination in the Argonne 70 beam made by Eisensteinll at

a slightly lower energy of 302 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 0134 * 0005 gm/cm3.  The corresponding

density of scattering centers,   p      ,   is   (4000  *   015)   1022/cm30
SC

E.  Attenuation

Ad the beam traverses the chamber, it decays and interacts;

1             hence the beam intensity is attenuated. The attenuation factor, A,

takes into account this depletion of the beam.  The attenuation of the

beam is given by·equation II-5.                                        -
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FL

A =      e dx- (1 - e )/(BL)
-Bx -BL

JO

1«                            B = S Psc + Ya v

/  = total K D interaction crossl ection
= 34.1 * .3 mb at 3.3 GeV/c

cr = (370.2 * 102)cm II-5

Y=E /m  = 7.760 * .076beam  K

L = average path length of a beam track
= 45.08 4 .20 cm

p   = (4.00 * «15) 1022/cm3
0                             SC
4

From the data following equation II-6, B is calculated to be (1.71 *

005) 10-3/cm.  The attenuation factor, A, is then found to be .962 *

0001«

F.  Measurement 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 7094 computer.

1.  Four-Prong Events with Stopping Tracks

1                   After processing the four-prong events with a visible stopping

track, it was found that «141 * «008 of the events either lay outside

the fiducial volume or should not have been included in the data 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 remeasured.  It was found

c                                       that   0992  *   0001  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 events which

failed in the fitting or reconstruction program and NT is the total

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

4             classify events as possible candidates for tau decays.  After pro-

cessing the tau candidates, it was found that «139 4 «016 of the events

either lay outside the fiducial volume or should not have been included

in the data sample 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 * .001 of the good events were measured.  For

the measured events, the measurement efficiency was calculated as was

done for the four-prongs.  The measurement efficiency was found to be

«91 * 0030  Only „0092 4 00018 (27 events) of the tau candidates fit

+-
the    final    state    PPK  11'    .

After processing the three-prong non tau candidates, it was found

that .142 * .003 of the events lay outside the fiducial volume or should

not have been included in the data sample due to scanning errors.  Only

«612 4 0004 of the three-prong non tau candlidates were measured.  The
1

9

measurement efficiency was found to be .83 * .02.
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'             Since the tau candidates amount to about .11 of the three-prong

events and since less than .01 of the tau candidates fit the final state

PPK+Tr-p the tau candidates can be ignored when the measurement efficiency

is  calculated  for the events leading  to the final state PPK+Tr- 0

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 unfitted 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   z

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

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

4             while for longer stopping tracks the momentum was determined by both

range-momentum tables and curvature.

When there were several fits for an event, the fits were ranked

according to their likelihood, which is defined to be the chi sq€are

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

mass fits, and all of the three-prong events with fits having no missing

neutral particle were ion scanned in order to eliminate fits which were

inconsistent with the bubble densities of the tracks.  According to

'                     14
Robinson  about 2% of the events were misidentified after the ion

sdan.  Whenever a fit with no missing neutral particles was ruled

inconsistent, the event was ion scanned again.
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Hypothdses for 3-prong events

+  ++-
K 4 17 11' TY

I.

K+D +  P('s)K+N

K+D  v  PIP  )K+TT-(Tri).S

K D  -0   P(Ps )T[477- (1(9)

K+D  +  P (IPs)K+K=(KI)

K+D  +    (D)IC+M+N-

K+D 4 (ps)(N)K+N+N-

Hypotheses for 4-prong events with stopping track

K+D  +  PPK+N-

t

K+D  -,  PPK+N- (MQ)

K4D  -i  PPI+FT- (If)

K+D  -*  PPK+K-(K )

K+D -• P(N)K+TI+N=

K+D + P(N)K+K=(ED)                                        1
++

K+D   +   DK  N   M =

K D -D DK K K-

TABLE II-2.  Table II-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.

.,
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For events in the final data sample, it was found that the 4c

hypothesis,  K D * K rr-PP  , was unambiguous  with any other hypothesis  forS

1             90«9% of the three-prong events and 9504% of the four-prong events,  It

was found that a hypothesis with a missing neutral ranked higher than

the 4C for 1.2% 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.    Anoth6r- ambi-gui:ty arises when there  are  two  fast

positive tracks;  then the hypothesis K D * K ·rr-PPs may be ambiguous

with itself.  This ambiguity in the rest of this section will be referred

to as a 4(4( ambiguity. There was a 4C-4C ambiguity for 506% of the

three-prong events and 1,6% of the four-prong events.  These 4C-4C events

tend to populate high K+N- masses .      In all cases   o f  4c -4c ambiguities,

j              the fit with the higher likelihood was accepted.

H.  Fitting Efficiency

The fitting efficiency for the final state K Tr-PP was determined

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

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

152 three-prong events the fitting efficiency was found to be .99 4 .02.

Out of 132 four-prong events the fitting efficiency was found to be .98 *

002,

A plot of the number of events versus chi squared probability

\,

should be flat according to the theory of statistics,  All bubble chamber

experiments, however, find an excess of events with very low chi squared

V

probability.  Some of the events. in this low probability tail are spurious

fitk.  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 found that for likeli-

i             hoods less than 3,9 for three-prong events and less and 0,3 for 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 assuming that for good events the K*(890)

signal to background is independent of likelihood while spurious events

will not exhibit a K*(890) signal.  A 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

J             fits will be seen 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 likelihood greater than 0.3 are accepted.

I«  Corrections Resulting from 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 small admixture of orbital angular momentum  two .      Tb a first approxi -

mation for interactions at high lab momenta, only one of the nucleons

'             interacts.  Therefore the momentum distributioh of the other nucleon, the

spectator, may be predicted from the wave function of the deuteron.  This

'

is the impulse approximation.

The impulse and closure 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 charge exchange takes place.  A de-

tailed treatment  may be found  in a thesis  by  W.   Lee.1& The impulse

=             and closure approximation predicts that the differential cross section

will be given by equation II-6.

dr  :11

E =  (1-H)  dt  f +  (1-H/3)  drl                                   II-6dt/f

Here H is a form factor which equals 1 when t equals 0.  The subscript f

means spin flip and nf means spin non flip.  Although H is still above

0.15 for t as large as 0.1(GeV/c)2, the differential cross sections for

quasi two body interactions can not be corrected for the variation of

the form factor until a specific model is assumed to predict the spin

3                             flip  and  spin  non  flip  amplitudes .

The finite size of the nucleons means that sometimes one of the

16
nucleons will shield the other.  This is called Glauber Screening.

10
Moninger has calculated the effect for Glauber screening at 3.8 GeN/c

and found that the observed cross section off deuterium is a factor

0.984 * .014 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 larger than when the spectator

is moving back along the beam direction. This effect biases the spectator

distribution so that it is not isotropic as would be expected from the im-

pulse approximation.
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'

When the experimental spectator momentum distribution is compared

ALS
with the distribution predicted by the Hulthen · wave function, it is

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

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
.1

that all events in the tail of the spectator distribution should be in-

cluded. However when reactions  such as  K N + Pf are discussed,  it  is  less

clear *hat should be done. 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   IdN  + K n-P.

A             J. Spectator Escape Correction

Since only four-prong events with a visible stopping track were

measured, it is necessary to correctifor those events where neither proton

was  observed   to   stop.      This   was   done by comparing the spectator distribu-

tien "of this experiment with the distribution found in a 'rr D experiment

17at 3.65 GeV/c    in which all four-prong events were measured regardless

of whether there was a stopping track« Below 250 MeV/c a proton has a

range of less than 8 cm; hence virtually all such spectators will stop

inside the chamber.  Because of differences in treating very short specta-

tors,  a cut 'on 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
0

experiments-for different spectator momentum regions and predicts the
r

number that would have been found by this experiment if all four-prong

events had been measured.
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I

P in Number of Number of Predicted
VPeN/C 4-prong 4-prong number,of

e¥ents
in events with 4-prong

TTDat a stopping eIents in
3,65 GeV/c t ack for K D at

K D at 3.8 Gev/C
3.8 GeV/c if all

4-prong
events had
been
measured

0-110 631 814 814

110-250 961 1563 1563

250=300 162 168 264

250-- 723 265 1176
6

TABLE II-3.  Table II-3 compares the spectator distributions as a

function of momentum for a 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.

1

J
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.

According to the impulse approximation, the interaction with the

neutron should be independent of the spectator momentum distribution«

p             Hence the spectator 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

1.04 + .05.

K: Microbarn Equivalents
' The microbarn equivalent is calculated by equation II-7.

n event  =p   L A 10-30
b       sc  f

11

= density of scattering centers
Psc = (4000 * .15) 1022 cm-3

II-7

Lf = total beam track 6ength in the fiducial volume
- = (10402 * 0009) 10  cm

.

A = attenuation factor
= 0.962 * .001

The microbarn equivalent is calculated to be 5.39 + .22 events/Ab.

When the various efficiencies·''are taken :into account, the microbarn
i

equivalent for three-prong events is found to be 2.41 * .13 events/Bb.

The microbarn equivalent for four-#rong events with a stopping track is
:

4036 * 023 events/Ab; adding the spectator escape correction, the
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:
microbarn equivalent is 3.25 * .21 events/Ab for all spectators and

4019 * 030 events/Ab for spectators with momentum less than 300 MeV/co

.*,

L.  Spectator Distributions

Figure II-1 is a plot of the spectator momentum; the curve which is

18
normalized to the area is the prediction of the Hulthen wave function.

The predicted distribution is given by equation II-8.

2| 1 1\h.- =C P  I
dp sl 2 2 2 21 Ift-8

s           (PS+a     ps+Bil

C is a constant

P  is the spectator momentum
.i

a = 45,778 MeV/c

B = 5.18 a

18
The values of a and B are those given by Moravcsik. The shaded area

in Figure  XI-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

t he 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 P  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 one of the final state particles

with the spectator.
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FIGURE II-1.  Figure II-1 is a plot of the spectator momentum;

the curve which is normalized to thi area is the prediction of the
,

Hulthen vave function. The cross -hatched  area   is the contribution
of the 4-prong ev.nts..
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·                    Figure II-28 is a plot of cos Gz where Gz is the angle between

the spectator and the normal to the film plane, the z axis.  The shaded

4              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 cameras or   away   from   them « The combined   plot for three

and four-prong events should be flat.  With the exception of the first

bin for spectators traveling away from the cameras, the agreement is

goodo

Figure II-2b is a plot of cos Ob where Gb is the angle between

the spectator and the beam.  The shaded area is the contribu#ion of the

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.

J              The combined plot for the three and four-prong events should show the

e ffect  of  the flux factor which depends   upon    aK  -  PN  cos Gb) where  Plc

is the beam velocity and PN is the neutron velocity.  The minus sign

appears because the spectator velocity is the negative of the neutron

velocity in the impulse approximation.  With the exception of an excess

of some events at small cos Gb' the agreement with the impulse approxi-

mation is fair.

Figures II-1 and Ir-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 4 K n-PP was found to be

1.78 * 010 mbo  There were 4919 events in this sample, 2481 of which
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FIGURE II-2.  Figure II-28 is a plot of the cosine

between the spectator  and the normal  to  the film plane.
"

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

and the spectator.  The cross hatched area is the contribution

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

spectator escape correction.

4 The cross section  for the reaction K N *  K Tr-P was found  to  be

1.62   *   .11 mb. There  were 4830 events   in this sample, 2481..of which

were three-prongs,  The spectator momentum was required to be less than

300 MeV/c and a spectator escape correction was made.  A Glauber

Screening factor of .984 * :014 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 determine

the cross section, the percent error on these quantities and the section

'              describing the determination of the quantity.

a



2                                                                                               0.                 '                                                                               r   .

odd prong even prong

quantity value percent error value percent error sectien

scanning efficiency "951 0.9% .965 009% II-B

fraction of film measured .612 0.6% „992 0«1% II-F

measurement efficiency               .83 2.4% .92 2.2% II-F

fitting efficiency .98 2.0% 099 2.0% II-H

chi squared probability cut          .94 1.3% .93 1.3% II-H

microbarn equivalent 5.39 4.0% 5.39 4.0% II-K

spectator *scape
correction

.746 3«7% II-J
for K D interaction

Glauber correction .985 1.4%. .985 1.4% II-I

spectator *scape correction
for K N with Ps<300 MeV/c .962 4.8% 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 describing the determination of the quantity.

ro
(3\
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'- III. GENERAL FEATURES OF THE DATA

-              A.  The Dalitz Plot

The   Dalitz   plot  for   the K F=P final state, Figure III-1, shows   a

strong K*(890) band and a weaker K*(1420) band.  There is an excess of

events  at  low   Prr  mass, but otherwise   the Prr system appears featureless,

The lack of a diagonal band is expected since no enhancements have

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

Bo        The Prr= System

Figure III-2a shows the neutral Ph- mass spectrum for all events;

it  is  dominated by reflections  of the K Tr-  enhancements.    The PH system  4

has a number of mass regions where enhancements might be expected; in

particular there is the 8'(1236) and several N* resonances.  A number

of  attempts   were   made to check  for mass enhancements   in  the   Prr-   system.

Among the cuts tried were forward PIT- production, removal of K* regions

from the Dalitz plot and backwards decay of the Tr in the PM- Jackson

frame. Figure III-2b shows the results after removing  the K* bands  and

requiring  that  the  N decay backwards   in the Jackson frame 0 Figure III-2c

shows the result after removing the K* bands and requiring peripheral

production for the Prr- system. In Figures III-2b and III-2c there are

some hints of enhancements around the region of the 8'(1236), the N*(1520)

and the N*(1680) - N*(1688), but none of the hints is of any statistical

significance.
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FIGURE III-1.  Figure III-1 shows the Dalitz plot for the reaction

K N   -*   K l-1 -P   at   3.8   GeV/c.



III-2a                                                          29

160   ,  ,  i  1  ,  i  ,  1  '  1,  1  '  1  '
-

> 120 4919 EVENTS8 m

01
9 80

.,

#  40 -
E O 1 1                    RAI'l                    I                    ill-

1.0   1.2   1.4   1.6   1.8   2.0   2.2 2.4 2.6

Mass   (Pr,)
GeV

III-2b

40   ,  i  '  1  '  i  ' ,  '  :  '  /  0     ,

> 676 EVENTS
3  30- Cos   G     <   .2
W                                                                                J

R 20- K*'s out
-- -

10-

l i l l i      -1
 .0   1.2   1.4   1.6   1.8   2.0   2.2   2.4   2.6

Mass (p")
GeV

4                     III-2c

6 0,1,2,1,1,1,1.1,
811 EVENTS

      45 -
-                         Cos G   > .9

8                                   cm
4-     30 - K*'s out
M                 -

k     15-
E

O ' Ill,//It '-4. p.. 'U- i

1.0   1.2   1.4   1.6   1.8   2.0   2.2 2.4 2.6

Mass (P") GeV

FIGURE III-2.  Figure III-28 shows the Pn- mass spectrum.  Figure

III-2b shows the Prr- mass spectrum after the K* bands have been

removed and for the Ph- Jackson cosine less than 0.2 where cosine

equal -1. means the N- is decaying backwards.  Figure II-2c shows

the Ph- mass spectrum after the K* bands have been removed and for
the center of momentum production cosine for the Prr- system greater

than  0.9.      The K* bands are defined  by   the  mass   of   the   Kn   system

between 0.84 and 0.* or between 1.32 and 1.55 OeV.



30

+
C.     The PK System

Figure III-381 shows the PK+ mass plot for all events; Figure III-3b

4              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  N       System

From either the Dalitz plot, Figure III-1, or the mass plot of

the K M- system, Figure III-4, it is seen the K*(890) production is

dominant and that there is some K*(1420) production.  Fits to the mass

plot using a polynomial background and 2 Breit-Wigner's attribute

(3607 * 102)% of the mass plot to K*(890) and (18.4 * 101)% to K*(1420).

4                     The Kt"r= system is produced peripherally. The production distri-

butions for both the K*(890) and K*(1420) 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.

6,6-
Mass range Slope for - Range of t

dt

K*(890)    (O.84  -  0.94)GeV    (8.9  *  08)/(GeV/c)2    (002  -  020)  (GeV/c)2

K*(1420)  (1032  -  1.56)GeV    (501  *  04)/(GeV/c)2    (.12.-  066)  (Gev/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 III-38 shows the PK mass spectrum.  Figure

III-3b shows the PK  mass spectrum after the K* bands have been

removed.      The K* bands   are de fined   by   the   mass   of   the   Ah   system

between 0.84 and 0.94 or between 1.32 and 1.55 GeV.
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FIGURE III-4. Figure III-4 shows the 16,- mass spectrum.
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FIGIIRF III-5. Figure III-5a shows the t distribution for the

K*(890) region which is defined to he for mass values between

0.84 and 0.94 CeV. Figure TII-5b shows the t dist:rihi,tion fur

the K*(1420) region which is defined bv mass values hptween

1.32 and 1.55 Cev. No corrections have been made at low t for

the Pauli Fxcl„sion Principle.
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-                   Figure III-6 shows the Jackson decay 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 resonance show

that the Jackson cosine must be symmetric about 0.0 and that the absolute

value of the Jackson phip Treiman-Yang angle, must be symmetric about

909. 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 the Jackson cosine is small at the origin and large at the end

points.  Tbgether these two facts indicate that the density matrix

-              element p is large and that hence pion exchange is the dominant ex-00

change mechanism.

+-*                        A closer examination of the K N  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  810 3

who in a K D experiment at 12 GeV/c find evidence for an additional

resonance in this region«
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FIGURE III-6. Figure III-6a shows the }97 Jackson cosine angular
distribution in the K*(890) region.  Figure III-6b shows the Kr

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.
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FIGURE III-7. Figure III-7a shows the Kn Jackson Cosine artgular

distribution in the K*(1420) region. Figure III-7b shows the Kr

Jackson phi angular distribution, the Trieman-Yang angular distri-

bution, in the K*(1420) region. The K*(1420) region is defl:,ed
by Kr mass values between 1.32 and 1.55 GeV.
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IV.      ATTEMPT  TO FIT PARTIAL WAVES   IN   THE   K Tr SYSTEM

-              A.  Theory

The ampliture for reaction IV-1 can be thought of as consisting

of two parts« 19

a+b- *c+d

Le + f
IV-1

The first part. S  , describes the production of the final state c+d' Jm

where c is a particle of spin J with Jz equal m in the Jackson frame.

The second part, A (9,9), describes the angular distribution of theAXef
decay of particle c into particles e and f, where e has helicity ke

4

and f has helicity Af.  The explicit form of A is given in equationAkef
IV-2«

FbJ + 1 J*

Akelf        m
(e, B)    =    Z.J      11;rr         Mef, c  4  Dmv (0, 9, 1) IV-2

v = Ae - Af

The factor M depends only on the masses of particles c, e and f
ef,c 3

and on the spin J of particle c.

In general the final state d+e+f could have been produced in

four possible ways, three of which would have involved the decay of an

intermediate state.  However in some special cases it appears as if

particles e and f come from the decay of a number of intermediate
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-              states, cJ.  In such a case if particles e and f are spinless, the

differential cross section is given by equation IV-3.

..'

V  /2J + -1 -      J.*
'W  =  F  mL,-m,J,    114'   S.  mef,c     Dmo(9'Q'-F)   SJmJ

3,3'

S*.I'm' I) 1 'o (9, G,-B )14*  23' + 1
IV-3

ef, cJ'  J            JIM

Here  F  is  a flux factor  and is equal  to  1/ (P/E)  where  Pa  is the momentum

of particle a in the center of momentum frame of the reaction and ,/E is

the total energy of the system in this frame.  The sum over J,J'· allows

for the intermediate states to have different spins.

If the ampliture S is taken to be a function of the invariants
Jm

L-

s, t and the mass of the intermediate state c, the differential cross

section is seen to be a function of five independent variables.  Hence

s, t, mc and the decay angles G,g form a natural set of variables to

study reaction IV-1.  Moreover from classical physics it is expected

that neglecting spin, this parameterization should uniquely describe

the reaction, providing the process is rotationally invariant around

the beam direction.

The cross section for the reaction is obtained by integrating the

differential cross sectidn over phase space.  In terms ef the four vari=

ables, ty m cos 9, 9, the differential for phase space, 0, is given.                                                                                C

20
by equation IV-4.

, 4 fp' P

0 4 (*W   :<2m-   c dma dcose dm) (2r, hp P-·   7Kj ,             IV-4
e l\  I n  e 2m

dt d I.

c                             a d-
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In equation IV-4
, P  is

the momentum of particle e in the rest frame of

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

.               and d respectively in the center-of -momentum frabe for-reaction IV-1.

The differential cross section as a funttion of the invariant

dc
mass  of  c, dm·,is obtained  from  W by integrating  Wt  over  all  t,   cosQ

C

and cp.  When "cuts" are made, the differential cross section   is
dm

C

obtained by integrating WA only part of the allowed region of t, cosG

and 9«

The moment with respect to DL  is obtained by multiplying W by
BO

L*

DBO
and integrating over cos@ and cp. The terms contributing to a moment

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

Ir 9

JJ' K  CJJ: K  DK (R) IV-5
I411   (R )   D m,n'    (R )   =       Cmn >      nn 'Y     Bv

B =m' +m

v -n' + n

The angular dependence of the differential cross section can now be

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

W=F Z M S   S*., M I (-1)m,JJ' ef,CJ Jm  d m' efgcj' L
IV-6

mm,

/,2,7   +  1   /2J'    +   1   BJ  J'L  CJJ'L  DL       (9.0,-9)4 4"J 44          -m-m' p       00   0       p,0

B:  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 D   only if equation IV-7 holds«

J. +  J'   +  L  =  2 N; N = 1,2,3,··,

m - m' = B
IV-7

|J-J'I   EL
L< J + J'

B.  Model

The theory of the previous section describes the angular distri-

.                               bution  of the decay process o    However  it- says very little about  M
ef,cJ           '

and  even less about the amplitude S Simple arguments based on potentialJm'

theory suggest that for spinless particles e and f, M has a threshold
ef,cj

21dependence given by equation rv-8.

'pi 'Ja
M     - 1.,--- IV-8

e f, cj   -      2mc  i

In this equation P; is the momentum of particle e in the rest frame of

the intermediate state c which  has  apin  Jc

The  functional  dependence  of  S »  upon  s,   t  and  m(   is   unknown  in

the dbove theory; hence additional theoretical assumptions   are · needed.

Usually these assumptions are cast in the form of a model such as one

particle exchanges, absorptive one particle exchanges or Regge poles.

Unfortunately these models   do not predict   the   same   functional   form.

/

.



41

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

dc
not capable of explaining why   becomes large for certain values of

C -

mC.  The usual procedure for explaining this is to say that the ampli-

tude of the model is multiplied by a function of mc which exhibits the          .,

proper behavior in the region of the peak.  This function is univer-

sally taken to 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 functional form for a

metastable intermediate state.

For this discussion the important point about the use of Breit=

Wigners in model dependent calculations is that it says M behaves
ef,CJ

like a Breit-Wigndr in the region of an enhancement«

Tb study the dynamics of elementary particle reactions and to

differentiate between the various models, it is necessary to extract

the s and t dependence of the amplitudes S From arguments based uponJm«

potential scattering it is assumed that the enhancements in   are
C

due to resonances in single partial waves, and that two partial waves

do not resonate in the same mass region. Moreover it is assumed that

the non resonant partial waves are small and that their mass dependence

is weak. Urlder these assumptions it is possible to either ignore the

background or to subtract it.  In either case the differential cross

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

equation IV-9,
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W   = F  -  M        S    S* , M*
J            .   liE,        ef, c J       Jm      Jm          ef, c J

IV-9

S. (-1)m, 2J + 1  JAJ, L JJL  L
L       --g -- Cm-m'* cooo DBO (P,Q, -9)

B=m-m'

By taking appropriate linear combinations of D functions, it is possible

to project out the value of M S   S* M* .  In this manner it
ef,c J      Jm      Jm'       ef,c J

is possible to study the s and t dependence of S   S* . «Jm JIn'

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

definitions of equations IV-10 and IV-11.

B =M IV-10
3     ef,cj

JJ'0 =S S* . IV-11"Inm'          Jm    Jm'

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

33
       (.1)m'    2J  +   1         J   J   L      JJL      T.W =F/ R  , B B*

J             ,      rum        J     J L 4A   Cm-m'F COOO BOD-  (9,9,-9)

IV=12

3J
From equation IV-12 it is apparent that R -, is a density matrix element;mIn

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 equation IV-13. 19
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r- 33' T  (-1)m'/2J + 1 /2J'+ 1W = F .2 R  , B  B*,·sy' m JJL ..1-=-3--=-mmi

J  J'L     J J'L     L
Cm-m'B'  COO   o   D'10

(9,9,-CP) IV-13

B=m-m'

3J/
Here R  , is seen to be a generalized density matrix describing themm

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

The existence of asymetries in the angular distributions in the

resonance region indicates that the background partial waves interfere
.

with the resonant partial waves«  A study of these asymetries indicates

that they have a weak mass dependence; however that mass dependence is

strong enough to make background subtraction techniques questionable«

Moreover the existence of nonignorable or nonsubtractable background

JJ'
alters the experimental procedure for extracting Rmm'.  For example,

the existence of an S-wave background in the region of a P-wave resonance

-'11 11
means that only R - R   can be determined; whereas without the S-wave00    11

11      11
background R   and R could be determined separately«

00 11

In addition Veneziano models which give the complete differential

cross section for two particles going into three particles suggest that

when there is one resonance 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
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J31
few of the generalized density matrix elements Rmm'.  For example if

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

0                     00   11      11
D   involves a sum of

R R   and R while the moment with respect00'  00      11
2                     11      11

to  D     involves  a  sum of R     and R, 3 . Moreover
 

these three generalized
00 00 --

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

33v
R       ,   enter   into the moments   in a linear. manner,   it is possible   tomm

33'
make a least-squares fit for the R providing the experimental massmm B'

dependence of the moment is known and a-mass dependent parameterization

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

since it involves only matrix algebra,  In the above example a 3 by 3

00   11
              matrix inversion and a matrix multiplication determine R R  . and

00'    ,00'
R11
11'

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 a 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«  Mbreover since B  enters into many different moments which are

uncorrelated in the limit of infinite statistics, some discrimination

should be possible in selecting a parameterization for the background

partial waves, BJ'when all the moments are fit'simultaneously.

Xn summary, the following assumptions are used in attempting to

fit partial waves in the K ·rr- system for the final state K+Tr-P:
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1.        Experimentally no structure    is    seen   in   the    Prr-    or PK  system while

structure is seen in the K - system.
Hence   

is assumed to be given

'             by equation IV-13.

2.      It is assumed   that the isospin 3/2 contribution  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 KI= systems «    More-

over the 3/2 isospin state is exotic.

3.  In the region of the K*(890) the P-wave is assumed to be given by a

Breit-Wigner; in the region of the K*(1420), the D-wave is assumed to

be given by a Breit-Wigner.  The background partial waves are assumed to

4             be small and to have a weak mass dependence when compared with the mass

dependence of the resonance«

JJ'4.  The generalized density matrix elements R  , may be obtained by
mm

making a least=squares fit to the moments which are experimentally known«

5.  Since the background 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 moments are independent;

experimentally,   however, the moments are somewhat correlated.

2.  Since the density matrix elements are composed of bilinear terms in

the amplitudes, there are certain constraint equations which must be

satisfied by a physical solution for the density matrix. Equations IV-14

and IV-15 are examples of such equations«

11 2    11  11
Rlo   S Roo Rll Iv-14

11
R >0 IV-15mm -
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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 virtues:

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 quality

v              of the fit for a given set of functional dependences for BJ.

3.  A second fitting program may be used to adjust parameters associated

-with BJ.  This allows the selection of a best set of parameters for a

given functional dependence for BJ.  Again this is a very fast fitting

procedure«

C.  Three Fits For the Moments in the KI System

A nuniber of parameterizations for the factors BJ in equation ZV-13

were tried.  Of these parameterizations 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-16.



47

i(PJ
BJ    = (1    -    aJ)    BWJ    +   a.7   BGJ    e

BGJ =ef
\ C)

2J+1
2   ma  (PJ            i6

BWJ =  -  F (P-/ sin6 e IV-16

ta.no = mo r   /p.'-'  21+1
2  2  (P j

ma
=m 0/

OSa < 13-

2                                      0 5 BJ S 2'r

»,                In this equation aJ and *J are constants, m  is the mass of the KMC

system, P is the momentum of the M in the rest frame of the KI system,

mQ is the mass of the resonance and PQ is the momentum at the resonant

mass.  This parameterization for the Breit-Wigner has been chosen so

22
that it agrees with the formalization given by Jackson arld so that

BW will equal 1 at the resonant mass.  The term BG in equation IV-16

has been added to account for any non resonant 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 KM 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 a peripheralized phase space, a polynomial in m  was used
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for t.  This polynomial was obtained by making a chi square fit to the,

mass plot using equation IV-17,

Y =(1- a.r  BWJ'2 + 1 + 2 BJ'|BGJ12) pn(m-mc ) rv-i7
3=0 J=1

In this equation' Pn is an nth order polynomial in mass expanded about mc.

The constants aJ' BJ and the coefficients of the polynomial were adjusted

so  as to obtain a minimum chi square.     The  polynomial was expanded about

m  where mc is any mass inside the allowed mass region for the KT system;
C

'1

this type of an expansion tends to minimize correlations among 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 was chosen so as to give a good chi square and yet not be so

high that there was structure in the region of the resonances.  In

general the appearance of the polynomial agreed well with what would be

expected for a peripheralized phase space. Table IV-1 lists the central

values and widths of the resonances used in equation IV-17.  The shape

Of the polynomial appears to be independent of whether one or two reso-

nances are in the region of the K*(1420).  Figure IV-la shows the fit to

the mass plot and Figure IV-lb shows the shape of phase space.  The F-

wave resonance was included because prior fits indicated that F-wave is

needed in the fitting of the odd L-valued moments.  The values of the

F-wave resonance are taken as those determined by Cords et al. 23
--
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FIGURE IV-1.  Figure IV-la shows the fit to the mass plot

using a polynomial for the mass dependence of phase space.

Figure IV-lb shows the mass dependence of the polynomial.
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Wave Mass Width
(GeV) (GeV)

S 1.385 .150

P «896 005

D 1.448 0115

F 1.760 .06

TABLE IV-1. Table IV-1 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

space.

A survey of the moments for m values greater than 1 fails to show

either structure or significant nonzero behavior.  Consequently 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  de 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  aJB   4  W,  and the width  and  mass  of
Gill

the S, P and D-resonances were varied.  Figures IV-28-m show the moments

and the resultant fit. Table IV-2 shows the fit values for a, 9 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 .. »their'    error.       Note   that   for interference moments where   J   and   J'



51

FIGURE IV-2.  Figure IV-2 shows the mass dependence of the moments with

respect to
YLm

in the Jackson frame for the Kn 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            -

space.
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* 33' . -JJ'
are not equal there is a real part, R  „ and an imaginary part  /

mIn mm"

which contribute  to  the  real  part  of the moment (see equation  IV-13) 0

wave                     S                           P                             D                         F

a        .66 * .04 .13  * 002 .06  * .03 .21 * 905

W (rad) .59 * .26 1.37  * .13 3.1 ..* 09 .9 * .4

mo (GeV)   1«37 *
001 .8959* .0009  1.431 * .003

r (Gev)     «11 + 003 .046 * .002 .097 * .008

TABLE IV-2.  Table IV-2 shows the fit values for a m  and r 0J' BJ'   oJ       I J

.

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

the mass plot; the contribution is proportional to B B3.  From the figure

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

the K*(890) and K*(1420).  Tdble 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 plot with a polynomial.  The second parameterization

overcomes this criticism by using  a peripher alized phase space given  by
I                                                                                                                ..

24
equation IV-18«

1      (md-mb)2=t      29=- P' m dm daosQ dg dt Iv-18

(4rr)3 pa/E, ,(112-t)2 e .c   c
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•· Density matrix elements contributing to the moments YIC (mass plot), Y2O'

Y40 and ¥60'

R(jj'imm') I(JJ';mm')

R(00500) 3.1 * 001
R(11;00) 12.8 * 0.6
R(11;11) 4.6 * O.4
R(22;00) 3.1 * 0.3
R(22;11) 0.9 * 0.2
R(33;00) 2.3 0 0.4
R(33;11) - .4 * 0.2
R(20;00) 0.7 * 0.2 I(20;00) 1.4  *0.3
R(31;00) 0.0 *203 I(31;00) -8.0, 4*   1:4.,

R (31;11) 0.1 * 1.5 I(31;11) -2.8 4 1.0

Density matrix elements contributing   to the moments   Y21'   Y41'   and  Y61'

R(11;10) -203 * 002
R(22;10) -0.5 *0.1
R(33;10) -O.5 * O.1
R(20;10) -0.2 * 0.1 I(20;10) -0.4 * 0.1
R(31;10) O.6 * O.7 I(31;10) 1.6 * 0.5
R(31;0-1) 1.3 * 0.9 I(31;0-1) 0.7 * 0.7

Density matrix elements contributing to the moments Y  .Y   and Y
10' *30'      50'

R(10;00) 4.9 * 0.4 I(10;00) 0.7 * 0.3
R(21;00) -0.2 4 5.9 I(21;00) -8.4 * 6.8
R(21;11) -0,2 * 1.6 I(21;11) -2.8 * 2.0
R (32; 00) -4.3 * 4.3 I<32;00) -5.9 * 1.4
R(32;11) -3.3 * 3.0 3(32;11) -2.2 * 1.0
R(30100) -O.6 * O.7 I<30500) 1.0 * 2.0

Density matrix elements contributing to the moments Y  .Y   and Y11' -31' 51"

R(10;10) -1.0 * 0.1 I(10;10) -0.2  ·*  0.1

R(21;0-1) -0.5 *0.9 I(2110-1) 0.3 * 1.0
R(21;10) -0.2 * 1.0 I(21;10 -0.8 * 1.2
R(32;10) 0,0 * 1.0 I<32;10) 0.1 * 0.5
R(32;0-1) -003* 1.0 I(32;0-1) -0.7 * 0.5
R(30510) -0.3 * 0.1 I(30;10) O.1 * 0.3

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

and their errors from the fit.
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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-waves, and a poly-

nomial for periphe ralized phase space.
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4

K*(890) region (. 84-.94 GeV) has 1374.2 events in the fit.

.

partial wave events percent of total
events in the fit

8               174.5 + 6.6 (12.7 4 0.5)%

p              1199.0 4 48.9 (87.3 * 3.6)%

D                 0.0 4 0.0 ( 0.0 * 0.0)%

F                 0.6 4 002 ( 0.0*0.0)%

v K*(1420) region (1034-1.54 GeV) has 1018.2 events in the fit«

s               377.2 * 14.2 (37.0 * 1.4)%

P                97.0 4 4.0 ( 9.5 * 0.4)%

D               534.8 * 42.2 (52.5 * 4.1)%

F                 902 * 203 ( 0.9*0.2)%

TABLE Iv-4. Table IV-4 gives the number of events and percen-

tage of the total events in the K*(890) and K*(1420) regions

according to the fit using Breit-Wigner functions and a back-

ground term in each partial wave.  Because of rounding, the

sum of the percentages may not add to 100%.
:

0

0
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                               Here  B  is  the  pion  mass.     The  form of periph e ralized phase space  was

obtained from a pole approximation for. pion exchange involving two

·.                                     nucleons   at one vertex.

In extrapolations to the pion pole, the differential cross section
2d o.is obtained by integrating equation IV-18 ever all cose and 9, and

dm dt
C

multiplying  by  g2al(mc)F(m(,t)  where   gis a coupling constant,   al  is   the
cross section for physical Ek scattering and F(m 't) is a product of

25form factors. The cross section 01 is given by equation IV-19.

al   =  .  4,rr   2   (     1812  +   3    IP 1 2   +   5    ID 1 2  +   .    .    . > IV-19
(pe)

The threshold behavior of S, P and D in equation IV-19 is given by

'.

equation IV-20.

S e'  pe

P - (pe)2 IV-20

D - (p,)3e

The pole extrapolation technique suggests that the factors BJ in

equatiod IV=13 should be parameterized according to equation IV-21.

iQ3
BJ = (1-aJ) BW  + aJ GJ eR

3
i6

BW  - 1  Pol sin6  e
J                      IV-21

J  2P\P /      J

mo     ip PeJ+1tan6J " -T--13 lF-j
m  -m    o
0C
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1  l2P1J+1BG     =-  1 -1
J  2P (m jC'

IV-210<a  <1
-   . 3.1

- con't

'0 S CPJ S 2rr

In this equation aJ and *J are constants, mc is the mass of the KI system,

P is the momentum of the final K in the rest frame of the K·r system, mo

is the mass of the resonance, and P  is the momentum at the resonant mass.0

This parameterization for the Breit-Wigner has been chosen so that it

agrees with the formalism given by Jackson and so that BW will equal
22

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

added to account for any non resonant. 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/(2P) at infinite Kn masses.

The mass dependence of the moments was obtained by integrating

phase space, equation IV=18, from t to t , multiplying the resultmin max

by equation IV-13 and using the orthogonality relations for the D-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 allowed region
0

of t or 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

values larger than 1 were set to zero.  The 4 a*T, 4 PJ and the width

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

best fit in a chi squared sense.  Figures 48-m show the moments and the
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FIGURE IV-4.  Figure Iv-4 shows the mass dependence of the moments

with respect to YLm in the Jackson frame for the KN 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 peripheralized phase space

given by a pole approximation.
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resultant fit.  Table IV-5 gives the fit values for aJ' BJ and the masses

and widths of the S, P and D-resonances«  The mass and width of the F-

™             resonance was held fixed at the values given in Table IV-1.  Table IV-6

shows the raw numbers obtained for the generalized density matrix elements

and their error.

' wave      S       P        D       F

a        .8& 4 003 .16 * .02 .10  * .04 .21 * .05

-  g (rad) .00 * 008 1.10 * oll .23  * .50 1.36 * .30

mo (GeV)   1.45 * .02    «8962 * .0008   1.435 * .003

r (Gev) .25 * .05 .049  * .002 .093 + .009

TABLE  IV-5.     Thble  IV-5  shows   the fit values   for  a.j,   9,I,   moJE  and  rJ.

. Figure IV-5 shows the contribution of each of the partial waves

to the mass plot.  This fit has an unphysical value of R(33;11) which

causes the F-wave to have a negative contribution to the mass plot.

However the total effect ef the F-wave is less than 0.3% of the mass

plot and its primary contribution lies at high Kn masses where phase

space is falling.  The problem of unphysical generalized density matrix

elements will be disdussed further in the last section of this qhapter.

From Figure IV-5, it is possible to estimate the number of events

in the background under the K*(890) and K*(14.20)« Table IV-7 shows the

results of these estimates.
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Density matrix elements contributing to the moments Y (mass plot), Y00               20'

Y40 and Y6O0

R (.YJ';mm') I(JJ';mm')

R(00;00) 10.7 * 0.4
R (11;00) 25.9 4 1.3
R(11;11) 9.2 * 0.7
R(22;00) 5.0 * O.6
R (22;11) 0.7 * O.3
R(33;00) 1.6 * 0.4

R(33;11) -1.0*0.2
R(20;00) 0.8 * 0.5 I(20500) 4.5 *0.6
R (31; 00) 105* 1.9 I(31;00) -10.1.* 1.7

R  ( 31; 11) 0.3 * 1.3 I(31;11) - 2.8 * 1.2

Density matrix elements contributing to the moments 721' Y41' and Y61«

R(11;10) -4.7 * 0.3
R (22; 10) -12. * 0.2

R(33;10) -0.5 4 0.2
R (20;10) -0.1 *0.2 I(20;10) -0.9 * 0.2

R(31110) 0.7 * 0.6 X<31810) 1.7 * 0.6

R(31;0-1) -0.7 * 0.7 I(31;0-1) 0.0 * 0.8

Density matrix elements contributing to the moments Y and Y  «
10' Y30'      50

R(10;00) 11.6 * 1.1 I<10;00) 9.3   *1.3

R (21; 00) -12«8 * 6.1 I(21;00) -1.3 0 9.7

R(21;11) I(21;11) --0.7*3.2
R(31;00) 5.7* 4.7 1(32;00) -9.3 * 3.1

R(32;11) 1.9 * 3.3 I(32;11) -3.7 4 2.2

R(30;00) 2.2 * 2.2 I(30500) -1.6 * 101

Density matrix elements contributing to the moments Yii, Y  and Y31      51

R(10;10) -201 * 003 I(10;10) =2.0    4  -0.3

R(21;0-1) 0.3 * 1.4 I(21;0-1) -2.0 9 2.1
R (21;10) 0.9 * 1.6 I(21;10) -4.0 * 2.3

R(32;10) -1.5 * 1.6 1(32510) -1.4 * 1.1

R(3250-1) -1.2 * 1.6 I(3250=1) -300 * 101

R(30510) -1.0 *0.4 I(30;10) 0.0 * 0.2

TABLE IV=60  Table IV-6 shows generalized density matrix 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.
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K*(890) region (.84-,94 GeV) has 1384.2 events in the fit.

„

partial wave events percent of total
events in the fit

s              ·143.5 * 5.8 (10.4 * O.4)%

p              1240.7 + 55.2 (89.6 * 4.0)%

D                 0.5 4 0.1 ( 0.0 * 0.0)%

F               - 0.5 0 0.9 ( 0.0 * 0.0)%

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

s               551.7 + 22.4 (54.4 * 2.2)%

p               137.6 * 6.1 (13.6 4 0.6)%

D               326.2 4 46.0 (32.2 * 4.5)%

F               - 2.0 4 3.8 (-0.2 * 0.4)%

'TABLE Iv-70 Table IV-7 gives the number of events and percen-

.tage of the total events in the K*(890) and K*(1420) regions

according to the fit using peripheralized phase space, Breit-

Wigner functions and a background term in each pattiel wave.



73

3«  Third Parameterization

A. Lande has studied NP phase shifts and has concluded that they

may be fit over a fairly large energy range by phase shifts obtained
26

from a series of square well potentials. In his fits a different set

of square wells is used for each partial wave.  It is claimed that the

square well contains many relativistic features.

The following'brief discussion attempts to show that relativistic

features are included in the square well.  Equation IV-22 is the wave

equation«

[ F2    -   mt   +   F2    -   =2   +   2" (r ) ]P    = 0 IV-22

r = x1 - X2

Here Plj  2, xl and x2 are 4-vectors and V(r) is a "potential" which

depends only upon the magnitude of the space-time separation 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.

P=P +P
1    2

IV-23

P   =      1   -   P2  

The 4-vector P is just the overall 4-momentum of the system of particles

1 and 9 while   is just the 3-momentum of one of the particles in the
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center of momentum system.  When the change of variables is made in

equation IV-22 , the problem separates into equations IV-24.

(P2 - W2)9(X,r) .= 0

IV-24

42 -0[p  - k6 + V(r)]T(X,r) = 0

In equation IV-24, W is just the invariant mass of the system of particles

-D

1 and 2.  The meaning of k is most easily seen in the case where V(r)

-*
vanishes for r large; in this case k is just the 3-momentum of one of

               the particles in the center of momentum frame.  Equation IV-25 gives the

relation between  W  and   2  in the region where  V (r)  vanishes.

4 4 4
W +m +m  - 2W2m21 - 2 12m2 - 2m2m21 2=--     1    2               2 12

IV=25
4w-

Equation IV-25 is just the standard equation relating the 3-momentum in

the rest frame of the system of particles 1 and 2 to the invariant mass of

the system.  Hence outside the interaction region equations IV-24 are an

expression of relativistic kinematics«

In the center of momentum frame assume that the potential is given

by equation IV-26.

V (r )    =   0   for   r2   >  A2,    tl    =   t2

IV-26

222=-afor r  SA,t:L =t 2
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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 transfer-

mation«

Substituting this potential into equation IV-24, one obtains the

set of differential equations of equation IV-27.

'FT = iFT r >A

IV-27

42 1-*2            2 i
P T=<k + a IT r SA

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

IV-28.27

K j; (KA)
kleo,6.t ji(kA) + sin6.  ni(kA) 

j£(KA) cosoA j (kA) + sino  n (kA)
rv-28

1 2 =k2 + a2

Here j  is the spherical Bessel function of order Z and n  is the spherical1                                                                                         1
Neumann function of order Z.  The prime (') indicates the first derivative

' of the Bessel function.  For an S wave, equation IV-28 reduces to equation

IV-29.

-1 k
6  = -kA + tan

(K  tan KA) IV-29
0
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'                    in the square well parameterization, the quantities BJ of equation

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

4

ioJ
BJ    =   f,J   s ino  e Iv-30

Here fJ is a form factor.  Some form factor is required since for small

2J+1P, 6J goes like P while it is known that at small  ; Bj should go like

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

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

1TTT Phase shifts, the form factor fJ was taken te be given by equation

28
IV-31.

2             1        t (RA)
f =-·

pe   uj(R,IP)

IV-31

UJ(x )    =   -t  % (1   +   -22)
2x 2x

23-X for x«1

1
-- ln(4x2) for x >> 1

4x2

Here   QJ   is a Iegendre func·tion   of   the   second=k-irld   add of order   Jo       The

29
functions u  are the Beneeke-Duir functions for angular momentum J.

R  is a constant; P is the momentum of the final K in the rest frame of3

the EN system.  PQ is a normalization 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

method of parameterizing the individual partial waves.  In a sense it

:is 'entirely equivalent   to the parameteri zation using Breit-Wigner functions

plus a background term.  However instead of four parameters there are

only three parameters in each partial wave.

More optimistically the parameterization may have a greater validi y.

However the validity is only approximate because no inelasticities were

put into the partial waves.  Even so the resulting phase shifts may be

compared with those taken from various extrapolations to the n pole.

Unlike the first parameterization, once a resonance has been put into a

partial wave with a fixed central value and a fixed width, only one addi-

tional parameter, RJ' remains to be adjusted.  In particular the phase,

6J, becomes a function of mass and cannot be arbitrarily adjusted outside

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

was required to pass through 90' at the resonant mass.  This was done by

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

equation IV-32 was satisfied,

K j;(KA) ni(kA)
IV-32

k j (KA) = ni(kA)

Equation IV-32 was obtained from equation IV-29 by setting 6 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 mass, m , 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 square well parameters.  Four different types of behavior were tried

for the S-wave phase shift.  Some of these fits were more successful

than others; however none was as successful as either of the fits which

used a 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 Vell as possible with the S-wave phase

shift in the K*(890) region as taken from a Krr phase shift analysis in

30
reaction IV=33«

K+P  -, K+Tr-8++ IV-33

In this case the S-wave phase shift was found to slowly increase but never

reach 90* for Kn 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*(1420) and partly because there were too many events on the high mass

side of.the K*(1420).

In the second case, the phase shift was required to be a multiple

of 180* for some mass between 1.6 and 1.7 GeV as suggested by Firestone

. 25
et  81. who performed  a pole extrapolation in reaction  IV-34  at  12  GeV/co

K+N 4 K+A P IV-34

1 --
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Many sets of square vell parameters gave this type of behavior.  In

order to restrict the parameters even further, 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 oscillate about 0' and to be small.

Peaks occur in the S-wave between .74 and .75 where 6  is =.0335 rad

and between 1.30 and. 1.31 GeV where 6  is «0701 rad.  The phase shift

is zero between .9B*and   .99   GeV and between   1.70  and   1«71  GeV 0

In the third case, the S-wave phase shift was required to be 90©

at  about   . 725   GeV,   the  mass at which  a   peak  was   once   seen  in  the   Krr  mass

spectrum. Many sets of square well parameters gave a phase shift which
31

goes to 90' almost at threshold and then remains near 90°.  Again in

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

quired to produce an excess of events in the region ef 1.3 GeV.  The

resulting phase shift was found to be antiresonant.  It produced anti-

resonances between .76 and .77 GeV and between 1.35 and 1.36 Gev.  The

phase shift was a multiple of 180' between 1.02 and 1.03 GeV and between

0
1.69 and 1.70 GeV.  Not too surprisingly sin26 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 Y and Y10      11   Consequently

the chi square for the third aquare well was considerably higher than for

'the second square well. This suggests that the S-vave phase shift must

be a slowly varying function of the mass of the KTr system.

In the fourth case, the S-wave phase shift Vas required to be  909.---

around 1.30 GeV, where the down-down solution of Firestone et &1« passes

through 90*0 In order to further restrict the S-wave square well25
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parameters, the phase shift was required to remain relatively constant

over a fairly large K" mass region between the K*(890) and the K*(1420)
in agreement with the results of the fit by Firestone et a:1. After25

fitting the moments, the resulting phase shift was found to be anti-

resonant, to pass through -90* at 1.23 GeV, to remain relatively close

to -78° between 085 and 1.18 GeV and to pass through -180* between 1071

and 1.72 GeV.

The remainder of Section (3 will be devoted to elaborating further

upon the fourth set of square well parameters.  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

.,                                                                                                  4

absolute value of the S-wave phase shift is very similar to the S-wave

behavior found by Firestene et 81· in their down-down solution; hence

the fit may have some truth to it.
25

In the fourth square well fit, the resonant mass, m J' width of
1&

the square well, A ' and the constant RJ were adjusted to obtain a best

set of square well parameters in a chi squared sense.  For each m and0J

AJ the square well depth, a , was adjusted so that the phase shift was

an odd-integral multiple of 90*.  Table IV-8 shows the values of m03'

AJ,   aJ,    and  R    for   the   fit.

Unlike the fits using a 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 MeV.  The resulting fit pushed the location

of the F-wave resonance to 1.93 GeV which is nearly 20 MeV above the
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'                                                                                     S                                      P                                      D                                   F

A 7.51 0.608 1.769 3«79

a 4.79 10,314 4.288 2.18

m 1.23 0.8934 1.430 1.930

R 2.04 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, mQ, 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 K*'(890) is typical of the behavior of a square well phase

shift above a resonance.  Unlike the Breit=Wigner, the square well does

not force the phase shift to go to 180° at Krr masses much higher than

the resonant mass.  From Figure Iv-6 it can be seen that the P-wave

phase shift levels off at about 160°„

Figures IV-78-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 generalized

density matrix elements with m values larger than 1 were set to zero.

Table IV-9 shows the raw numbers obtained for the generalized density

matrix elements and their errors„

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

to the mass plot.  From the figure it is possible to estimate the·number
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FIGURE IV-6.  Figure IV-6 shows the mass dependence of the

Kn phase shift for the S, P, D and F-partial waves for the

fit with square well potentials and a peripheralized phase

space given by a pole approximation.
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FIGURE IV-7.  Figure IV-7 shows the mass dependence of the moments with

respect to YLm in the jackson frame for the Kn system. The curves are the
.

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

space given by a pole approxi#Iation,
-

.
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*             Density matrix elements contributing to Y (mass plot), Y00 20'    Y40
and X6O'

R (JJ'; mm') I(JJ';mm')
.

R(00;00) 4.7 * 0.2
R(11;00) 22.5 * 0.9
R(11;11) 6.3 * 0.5
R(22;00) 4.9 * 0.5
R(22;11) 0.8 * 0.3
R(33;00) 1.4 * 0.2
R(33;11) 0.2 * 0.1
R(20;00) 1.8 * 0.4 I(20;00) 0.8 * 0.3
R<31500) -2.8 * 2.8 I(31;00) -1.8 * 1.8
R(31;11) -6.2 * 1.8 I(31;11) 1.5 * 1.2

Density matrix elements contributing   to the moments   Y21'   Y41'   and   Y61 '

R(11;10) -4.0 * 0.2
R(22;10) -0.9 * 0.2
R(33;10) -0.3 * 0.1
R(20;10) -0.3 40.1 I(20;10) -0.2 *0.1
R (31; 10 ) 2.0 * 0.9 I(31;10) -0.4 * 0.5
R(31;0-1) 3.1 * 1,1 I(31;0-1) 0.0 *0.7

Density matrix elements contributing to the moments Y Y  . and Y
10'  30'  '    50'

R<10;00) 3.4 * 0.7 I(10;00) -6.6 * 0.6
R(21;00) -17.9 * 3.3 I(21;00) -17.4 * 5.0
R(21;11) - 8.6 * 1,6 I(21;11) -11.1 * 1.5
R(32;00) -12«4 * 2.6 I(32;00) - 2.1 * 0,6
R(32;11) - 9.9 + 1.8 I(32;11) 0.1 * 0.4
R<30;00) - 4.5 * 1.1 I(30100) - 2.0*0.6

Density matrix elements contributing to the moments Y Y   and y
11' 31' 51"

R(10;10) -O.6 * O.2 I<10;10) 1.3 * 0.2
R(21;0-1) 9.0 * 1.3 I(21;0-1) 6.3 * 1.0
R (21;10) 7.5 * 1.1 I(21;10) 5.0 * 1.3
R(32510) 501.* 1.0 I(32;10) 0.2 * 0.2
R(3250+1) 4.9 * 1.0 I(32;0-1) 0.0 * 0.2
R (30; 10) 0.5 * 0.2 I(30;10) 0.5 * 0.1

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

density matrix elements and their errors.



90
.

500
E-- 1        1  - l-1 T 1              -

-

1100  -
P

       300

81

- 200

100

S                    D

F
0     '    1    '    1  -1
.7       .9 1.1 1.3 1.5 1.7

Mass (Kn) GeV
FIGURE IV-8.  Figure IV-8 shows the contribution of each of the

partial waves to the mass plot for the fit with square well po-
tentials  and a peripher a lized phase space given  by  a  pole
approximation.
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·              of events in the background under the K*(890) and K*(1420).  Table IV-10

shows the results of these estimates.

.

D«  Cohclusions

In the last section three different fits for the decay angular

distributions   in  the   Kn 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-

domp while the third fit had a chi square of 1.15 per degree of freedom«

The moments were fit by several hypotheses.  The agreement between

               the fits in the K*(890) region was fairly good (see Tables Iv-4, IV-7,

and IV-10).  The agreement in the K*(1420) region was not as good; how-

...              ever the fits do suggest that between 37% and 54% of the mass plot in

the K*(1420) region is due to S-wave<see Tables Iv-4, IV-7 and IV-10).

Although 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

moments.

The main advantages of the model are that it is able to param-

e.*,rize  the mass dependence  of the moments,  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 unique 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-14 and IV-15

are not always satisfied.  This problem especially arises in regions
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44

K*(890) region (084-094 GeV) has 1374.8 events in the fito

'

partial wave events percent of total
events in the fit

s               175.7 + 6.9 (12.8 * 0.5)%

p              1199.1 0 47.8 (87.2 * 3.5)%

D                 0.0 + 0.0 ( 0.0 *0.0)%

F                 0.0 * 0.0 ( 0.0 *0.0)%

K*(1420) region (1034-1.54 GeV) has 1016.4 events in the fit.

+                        s 453.0*17.9 (44.6 * 1.8)%

p                 86.2 + 3.4 ( 8.5 40.3)%

D               457.5 * 54.3 (45.0 * 5.3)%

F                19.7 0 3.3 ( 109*002)%

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 periphe«'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   adj usts the density matrix elements    so   as to minimize '  the

•·              chi square .  As a result when a density matrix is relatively large over

a fairly small mass region, the fit may make the contribution of that

density matrix element so large that it badly violates 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 S (see equation IV-11).  This procedure would also haveJIn

*              the advantage of allowing the amplitudes for the same partial wave to

have slightly different mass dependences as is suggested by various

exchange models.
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,     V.      THE  EFFECT OF FIRESTONE   ET  ALe
--

*.
A.  Introduction

Ina K D experiment at 12 GeV/c, Firestone et al. found evidence

for an additional resonance in the region of the K*(1420) in the charge

4exchange reaction V-1.

K+N  -+ K+TT-P V-1

They suggest that the enhancement is a resonance with a mass of about

1.370 GeV and a width of less than .150 GeV.  They interpret the en-

hancement as having J  equal to 0  and as being produced by pion exchange.

Al
An examination of the K Tr- mass spectrum in the region of the

K*(1420) for this experiment (Figure V-la) reveals a shoulder on the low

side of the K*(1420). Following the procedure of Firestone fk  ., the
K*(1420) region was examined under equatorial (Figure V=lb) and polar

(Figure  V-lc)   cuts   on   the   Kn Jackson cosine. Since   it  had been suggested
+

that the low-mass enhancement was 0, the polar cut was given by equation

V-2.

cos Q
07 > ·746 V-2

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

produced by pion exchange.

The Jackson cosine in the K*(1420) region exhibits considerable

asymmetry.  For this reason the forward and backwards polar regions were
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Figure V-1. Figure la shows   the  Kn mass spectrum  for the reaction
K D -* K r-PPs at 3.8 GeVjc. Figure lb shows the Kn mass spectrum
when the absolute value of the Jackson cosine for the Ah system is
required to be less than .746.  Figure lc shows the KN mass spec-
trum when the absolute value of the Jackson cosine is greater than
·746.
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compared and the forwards and backwards equatorial regions were compared.

However no statistically significant differences were seen in either case.

                    The mass plot was subjected to t' cuts as well as polar and equator

ial cuts.  Table V-1 shows the results of fitting the mass plots with one

Breit-Wigner function in the K*(1420) 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

in the equatorial region occurs at lower masses than the peaking in the

p61ar region« Ignoring   the   high t' region, the peaking  of*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

,·             rpgion 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 a 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 Firestone et al. at 12.0 GeV/c.
+

If the enhancement is a 0  resonance produced by pion exchange, a

similar enhancement is expected in the Kh system for ·reaction V-3 where
-

pion exchange is dominant.

K+P  -* K+Tr-8 v-3
++
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'             Over all mass plot

t' cut
_mD   (G,V.) f' D

(GeV) * 2/data Point  

4            all t' 1.422 0 0005 .16 * 002 1.14

·t'     4 .0 8 1.404 4 «013 >0.3 1.24

«08 < t' c .3 1.414 * «007 .16 * .03 0.80

03 <t' 1.448 * .009 022 * 004 0.98

Polar region Icos 91 > .746

all t' 1.448 * .004 015 * 002 1.09

t' 4 .08 1.446 * «006 .13 * 003 0.99

«14 * .03 0«85.08 <t' < .3 1.436 * .006

«3 < t' >1.470 .16 * .03 0.85

F,

Equatorial region Icos el L .746

t' cut mS (GeV) rs (GeV)  2/data point

all t' 1.38 * .01 .17 * .03 1.28

t' < «08 1.31 * 002 >03 0.86

«08<t' < .3 1.36 * .01 .14 * .03 0.83

03 < t' 1.41 * 001 .20 * 0.6 1.07

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

* Breit-Wigner function in the K*(1420) regioh.
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t' cut mD (GeV)  D (GeV) mS (GeV)
   s   (Gev)

12/data point

all t' 1.434 * .005 .10 * .02 1.34 + .02 .178 * .06 096

t' < .08 1.431 * .006 < .06 1.33 0 .02 > 003 .84

„08 < t' < .3 1.43 4-4 .01 .08 * .03 1.39 * .02 .18 * .04 070

03< t' 1.449 * .009 .20* .04 < 1.25 .13  + .14 .95

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.

'8)
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*             Figure V-2a shows the mass plot in the region of the K*'(1420) for

reaction V-3 when the data from experiments at 5.0, 505 and 703 GeV/c

32·             are combined. Figures V-2b and c show the effect of polar and equatorial

cuts upon the data of Figure V-28.  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 S-wave 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 might 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 GeV/c K N data and the combined

K P data at 5.0, 5.5 and 7,3 GeV/co  Unfortunately these hypotheses ex=

plain some of the differences but not others.  The 0  effect observed at

12.0 GeV may be produced·at very small t values.  In this case the kine-

matic boundary of K4N at 3.8 GeV/c and the kinematic boundary for the

combined K P data would prevent sufficiently small t values from being

reached.  If this is the case, then it is hard to understand. the data for

K N at 3.8 GeV/co

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-

change.  In this case there would be no reason why the K P reaction

should exhibit the effect since pion exchange is dominant.  Table v-4

shows the results of fl.tting the Krr mass plot for K N at 3.8 GeV/c for

different t' cuts.  In these fits the S-wave central value was 1.385 GeV
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FIGURE V-24  Fig*re ¥*2 shows the Ki mass spectrum for the

reaction   K   P   4   K   11' 8 when data from experiments at 5.0,

5.5 and 7.3 GeV/c are combined.32 Figure V-2b shows the

Kn mass spectrum when the absolute value of the Jackson
cosine   for   the KN system is required  to  be   less   than   .746.
Figure V-2d shows the KN mass spectrum vhen the absolute
value of the Jackson cosine is greater than .746.
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mD (GeV) ED (GeV) mS    (GeV)        -             rs    (GeV)    /data   point

all events 1.422 0 .005 .13 * 002 1.52

all events 1.427 * .005 .10 4 .01 1.35 * .05 >.0 6 1.16

polar region
cos   G >.746 1.438 * .003 .12 * .01 1005

equatorial
region

L_        cOs    9  <:746 1.36 * .01 .3 * .1 1.35

TABLE V=30  Table V-3 shows the result of fitting combined data from 5,0, 5.5 and 703 GeV/c

for the reaction K P 1 K+TT-84  in the K*(1420) region.  The 8*  region is defined by m rr be-

tween 1.12 and 1.32 GeV.

N
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t' region total events S-wave events D-wave events S-wave events
in fit D-wave events

all t' 4715 550 * 90 390*80 1.4 * 0.4

t' 4 .08 1589 280 * 70 70 * 40 4.0 * 2.6

„08  <  t'   < .3 1502 290 * 70 130 * 40 2.0 * 0.8

3„ < t' 1428 110 * 60 210 * 40 0.5 * 0.3

TABLE V-4. Table V-4 shows the results of fitting the K  mass plot- for K N at 3.8

GeV/c   for di fferent   t'   cuts. In these   fits the S-wave resonance   is   at   1.385  GeV

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

of .115 GeV.

5
10
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*             with a width of .150 GeV while the D-wave resonance was at 1.448 GeV

with a width of «115 GeV.  From Table V-4, 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)2, even.though the total

number of events in the fits are comparable.  If pion exchange produced

+
the 0  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 Dewave 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 secondary scattering involving the spectator proton and

33decay products of the K*(1420).    This argument procedes as follows:

The K*(1420) is produced by pion exchange, so it is produced mainly in

the forward direction.  In addition the decay distribution for a 2 

object produced by pion exchange favors decay either parallel or anti-

parallel to the beam direction.  One of the decay mesons then scatters

off the spectator proton« After the scattering,   the   Et- 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

KI  system can only shift to lower Kn masses . Although this argument seems

to explain the data at 3.8 GeV/c, it cannot explain the effect at 12.0

GeV/c where the K*(1420) is far from the edge of phase space.  In addition



104

at higher energies the momentum of the K*(1420) will be large so that

the K*(1420) will travel further from the 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 other partial waves - in  the- -Krr-system and/or

background from other channels.  Berger commented that uniterized models

suggest that other channels may be very important in understanding the

34
background. As a result there is no reason to 8*pect that the K N

reactions and the K P reactions should exhibit the same structure if

''             interference effects are playing an important role.

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

The mass dependence of the moments with respect to the  Lim for
the decay of the Krr system in the Jackson frame in the K*(1420) region

are important for two reasons.  First, they are important in the de-

termination of the · quantum numbers of the enhancement.  Second, ari
detailed examination of their behavior offers information about the

importance of-interference effects.

Figures V-32-i show the mass dependence of the moments YLm in the

K*(1420) region for L less than 5 and m less than 2. All other moments

were consistent with being zero in the K*(1420) region.  The mass plot,
.I

Figure V- 34 shows.the presence of a low mass shoulder; however none of

the other moments have a fluctuation in this region.

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

to give an enhancement only in the mass plot, it· seems rather unlikely
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*

..r

FIGURE V-3.  Figure V-3 shows the mass dependence of the moments with
.4

respect to Y in the Jackson frame for the KN system.Im

'.

+
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By arguing that the K*(890) is produced by pion exchange and then looking
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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 to a P-wave resonance, this would require that equations V-4 be

satisfied.

PP PP V-4a
POO    =   0,1·1

PP V -4b
Re 010= 0

1 4 at the ·t distribution, one concludes that pion exchange is probably im-

portant   in   the   K*(1420) region, Since pion exchange only contributes

'-             to p , this means a second exchange is responsible for the value of

PP
Pll.  However this second exchange must contribute in just such a way

that equation V-#a is true.  If only pion and vector exchange were present,

Re  p   would  be zero. However absorption effects would generally produce

PP
non zero values for Re Plo"

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

most likely JI'  value for the enhancement is 0 .

C.  Results of Three Fits to the Moments

In Chapter IV a parameterization of the differential cross section

.

in terms of the mass dependence of the moments was described and details

of three fits were presented.  In this section these fits will be used

to predict the overall mass spectrum in the K*(1420) region as well

as the effect of polar- and bquatorial  cuts-«
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"                   Before going into the detailed predictions of each of the fits

to the moments, the following comments should be made.

1.  When no cuts are made on the Jackson cosine, the mass plot is pro-

portional to Y  : this is the only time the partial waves add incoherently.00-

2.  When symmetric cuts. are made on the Jackson cosine, the moment with

respect to YLm will contribute to the mass plot only if L is even and

m is zero.

3.  When symmetric cuts are made on the Jackson cosine, the only genera-

JJ'
lized density matrix elements, R  „ contributing to the mass plot aremm

those where m equals m' and the sum of J and J' is an even integer.

E                      Figure V-4 compares the KI data in the K*(1420) region with the

results of the first fit of Chapter IV. From Table IV-2 it is seen

. that this fit has a .11 GeV wide S-wave resonance located at 1.37 GeV.

The S-wave resonance sits on a large background, as can be seen from

Figure IV-3.  The fit agrees well with the overall mass plot, Figure V-4.

The agreement of the fit with the mass plot in the equatorial region is

not quite as good (see Figure V-*b)«  The agreement of the fit with the

mass plot in the polar region is very good.  Table IV-4 estimates that

(37.0 * 104)% of the mass plot is due to the S-wave.

Figure V-5 compares the Ek data in the K*(1420) region with the

results of the second fit of Chapter IV.  From Table IV-5 it is seen

that this fit has a .25 GeV wide S-wave resonance located at 1.45 GeV.
.

From Figure IV-5 it is seen that the S wave resonance interferes 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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FIGURE v-4. Figure V-4a compares the results   of   the

fit of Section IV-Cl with the K# mass spectrum in the K N

reaction at 3.8 GeV/c.  Figures V-4b and V-4c compare the

equatorial and polar regions with the results of this fit.
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FIGURE V-5.  Figure V-5a compares the results of the

fit of Section IV-(2 with the Kn mass spectrum in the K N

reaction at 3.8 GeV/c.  Figures V-5b and V-5c compare the

equatorial and polar regions with the results of this fit.
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equatorial region is fair.   Table IV-7 estimates that (54.4 4 202)% -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

2  0 2replacing the integral  of  t/ (B   -t-) in equation  IV-18  with the integral

of 1/(B2.*2)2 and changing the mass of m  from a nucleon mass to the

mass  of the 8(1238). Figure V-6 compares the combined  Kn  data  in  the

K*(1420) region for reaction V-3 at 500, 5.5 and 703 GeV/c with the pre-

dictions 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 of the mass plot in the equatorial region,  The agreement 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 from non pion

exchanges.

Figure V-7 compares the Kn data in the K*(1420) region of reaction

V-1 with the results of the third fit of Chapter IV.  From Figure IV-7

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

GeV.  In Figure V-7a, it is seen that the fit reproduces the overall

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 1.42 GeV where

the D-wave peaks.  The agreement between the fit and the data in the
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FIGURE v-6.  Figure v-6a compares the prediction of the

fit of Section IV-C2 after modifying phase space with the com-

bined Kn 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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FIGURE V-7.  Figure V-7a compares the results of the

fit of Section IV-(3 with the ]0-r mass spectrum in the K N

reaction at 3.8 GeV/c.  Figures V-7b and V-7c compare the

equatorial and polar regions with the results of this fit.
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polar region is good.  Table IV-10 estimates that (44.6 0 108)% of the

mass  plot  is  due  to the S-wave.

-                     Figure V-8 compares the combined Ek data in the K*(1420) region

of reaction V-3 at 500, 5.5 and 703 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 KN system in the region of the K*(1420) was examined for the
4

effect reported by Fires(tone  et  al. in reaction V-1  at  12.0  GeV/c.

' The effect was seen in the data for reaction V-1 at 3.8 GeV/co  ghe

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

to either an enhancement in the S-wave or an interference between the

S and D-waves.  Fits to the moments indicate that between 35% and 55%

of the mass plot in the region 1.34 to 1054 GeV is due to the S-wave.

The fits also indicate the primary difference between reactions V-1 and

V-3 may be attributed to a large extent to differences in peripheraliked

phase space„

',
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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.

K+N 4 K+N-P VI-1

Thb.le VI-1 shows the mass and width of the K*(890) for the two fits

described in Sections IV-Cl (Table IV-2) and (2 (Table ·IV-5) along with

the mass and width listed by the Particle Data Group. The mass of the35

K*(890) is somewhat higher than the mass given by the Particle Data Group

while the width is somewhat narrower.  These differences are attributed....'---- .-'-'--™-----"-I---I.--

to the exact details of the fitting procedure.  Some of the major dif-

,
ferences are listed below:

1.  The fits use all of the moments rather than just the mass plot.

2.  The Breit-Wigner was allowed to interfere coherently with a background.

3. *  The  Breit-Wigner was multiplied  by a periphe*,a lized phase space .

4.  The Breit-Wigner used an energy dependent width as formulated by

Jacks.on.
22

5.   The fits used a rather coarse mass binning of .02 GeV.

6.  The mass resolution of the experiment was not folded into the mass

dependence of the moments.

Table VI -2 compares the results of the three fits of Section IV-C

in the K*(890) region which is defined to be .84 to .94 GeV.  Thble VI-2
i                  shows the fraction of the events due to S.=9sve and P=wave from Tkbles

SS PP PPIV-4, IV-7 and IV-10,  the density matrix elements POO,  POO, Pil' and
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'                              fit of section fit of section naninal values from
IV-Cl. IV-C2 Particle Data Group35

Mo (GeV) .8959 * .0009 .8962 + .0008 .89255 * .00045

r (Gev) .046  * .002 .049 * .002 ,053 * .0011

TABLE VI-1. Table VI-1 shows the mass and width of the K*(890) for two

fits described in section IV-Cl and IV-C2 along with the mass and width

from the Particle Data Group. Differences between the fits and the35

mass and width from the Particle Data Group are attributed to the exact

details of the fitting procedure (see text).

Re  pg, and cross section times the density matrix elements . As explained

in Section IV-C, the moment Y22 and hence the density matrix element pl l

was not fit because no significant structure was seen in the region of

the K*(890) for this moment.  The interference density matrix elements

PS
Re pQI and Re p  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-*h, k or IV-7h, k);

for this reason the value of these density matrix elements was not in-

cluded in Table VI-2.

Before leaving the topic of these interference density matrix

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 interference
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VI-2a

SS PP PP PP
fraction

fit of events                  p           Re pPOO                       POO          11             10
in P-wave

Cl .1270.005 .87*«04 051*002 .183*.014 -«183*0013

C2 .104*.004 .90*.04 .52*.03 .186*.015 -.191*«013

(3 .128*.005 .87*.04 .56*.02 .157*.013 -0197*«012
-.---.   --. --I.---I   -

VI-2b

The cross section seen in the K*(890) region (.84-.94 Gev) is (450*30)gb.

SS cross PP PP PP
fit *00 section 0-POO 411 oRepio

(Bb) for P-wave (Ab) (1*b) (mb)

Cl 57*5 400*30 230*20 83*9 -83*6

C2 47*4 410*30 240*20 84*9 -87*6
.

C3 58*4 400*30 250*20 71*8 -89*5

SS   PP
TABLE VI-2.  Table VI-2a shows the density matrix elements pOO, 000,
PP

p ll  and  Re   plI  in the Jackson frame  and the fraction  of the total events

in the P-wave according to the fits of sections IV-Cl, IV-(2 and IV-C3 in

the K*(890) region.  Table VI-2b shows the density matrix elements times

SS PP PPthe cross section, crpOO, o.pOO, rpll, 0-Re pl , in the Jackson frame and

the cross section for the P-wave according to the fits Cl, C2, 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 through zero.  Note however that if the inter-

ference density matrix element is imaginary and if it were assumed 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 * 4)% of the events in

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 negligible.

PP
The fits indicate that p is about (053 * 002)«  This means that (60 *00

PP
3)% of the P-wave cross section comes from cp   and indicates that pion00

exchange is the dominant production mechanism for the P-wave.  In addi-

tien pion exchange is the dominant production mechanism for the S-wave

since vector exchange without absorption does not contribute to 0  pro-

duction.  Hence pion exchange is responsible for about (72 + 4)% of the

PP
cross section in the K*(890) region.  The non zero value of p indicates

11

the presence of either other exchange mechanisms or absorption effects.

The   non zero value   of  Re p  indicates the presence of either axial  vec -

tor exchange or absorption effects since pion exchange and vector exchange

PP
together without absorption do not contribute to Re p 10'

Figure VI-1 shows the differential cross section, dc/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 m     plot.      In  addition
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FIGURE VI-1.  Figure VI-1 shows the differential

cross section for all events in the K*0(890) region

(.84  -   .94  GeV). The differential cross section

has been corrected for unseen neutral decay modes.

.
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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)2  was

fit and found to be (8.9 * 08)/(GeV/c)2 in the K*(890) region (see Thble

III-1).  The differential cross section appears to have a change in slope

for t about .2 (GeV/c)2.  Lissauer sees a similar break in the slope for

reaction VI-1 at 12.0 GeV/c.36  However the slope is (20 * 21/ (Gey/cf

and the break occurs for t about .1 (GeV/c)2.  A similar behavior for

*0 ++
dc/dt in K 8   production in K4P data 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 break occurs

may be evidence for shrinkage of the pion trajectory.
37

.

Bo  t Distribution for K*(890) Production

The method described in Section IV-Cl was used to study the t

SS  PP
dependence of the density matrix elements pOO, POO, Re p  and p l in

the Jackson frame.     Table  VI-3  gives the numeric 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 cross section do/dt.  Figure VI-3

SS do PP do PP dc pp dadisplays the t dependence of POO St, Poo SE' Pll E and -(Re Plo) 57

on a log plot.

The fitting procedure  is as follows:     The  KI mass spectrum  was

subjected to a number of t cuts which were selected so that when the mass

dependence of the data 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        Pil
Re p10        Pl-1

000-002 .14*.04 .72*012 .07*.07 -.08*.06 .02*.06

.02-.04 .200.03 .54*.07 .13*.04 -«16*.04 .02*.04

.04-.06 .14*002 .66*.08 .104.05 -023*.04 -.08*.04

«06-.08 .144.03 .63*.08 .12*.05 -.19*.04 .06*.04

«08-«10 .05*.02 .69*.09 .13*.05 -«25*«04 -.06*.05

010-014 .10*.02 .664.09 .12*.05 -«24*.04 ..03*«04

014-.18 .15*.03 55*.08 .15*005 -.26.05 -.144..05

«18=.24 :16*.03 .51*.09 .16*.06 -«20*.05    -«04*«06

024-«32 «12*.03 .47*.09 .20*.06 ..19*.05 -.05*.06

4 .32-«44 .10*002 ,30*.08 .30*.05 -«17*.04 . 08• 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   functiop   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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h

t region  '   SS 'dr PP dr PP dr PP do- PP dcr

(GeV/c)2   Poo dE Poe dt Pil dE Replo dt P l-1 dE

(mb) (mb) (mb) (mb) (mb)

000-«02 .18*.06 0.93*.15 .094.09 -010*008 0.03*.08

.02-.04 .52*.07 1.40*.18 .34*011 -.42*.11 0.05*011

«04-.06 .29*.05 1.360.16 .21*.10 -«47*.09 .-.16*.09

«06-.08 .28*·:05 1.230.15 .23*.09 -«36*.08 0.13*.09

«08-«10 ,08*.03 1.12*014 .21*.08 -.40*.07 -.10*.08

010-014 .11*.02 0.74*.08 .14*.05 -,26*.04 _.03*.04

„14-.18 .14*.03 0.48*.07 .13*.05 -«24*.04 -.12*.04

«18-.24 .08*.01 0.24*«04 .08*.03 -„10*.02 -„02*.03

024-.32 .04*.01 O.18*.04 . .08*002 -„07*.02 -.02*.02
e

"32-«44 «03*.01 0,08*602 .08*«01 -,05*.01 0.02*.02

TABLE VI-4. Table VI-4 shows the results of the fits to the S and P-

wave density matrix elements in the Jackson frame times tlle differential

cross section in the K*(890) region (.84-.94 GeV).
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FIGURE VI-3.  Figure VI-3 shows the results of the fits to the S and P-
..,

wave density matrix elements in the Jackson frame times the differential

cross section in the K*(890) region (084 - 094 GeV).



130

VI-3a
,6

f          1
.4 -

- 1'1.          POO Et
SS da

. 2  --CU                        --1.*.

Zi
f:

s          .  1 0                    - · 
  .08 E  l

.06

. 04

-1

0 02                           l             i
.0           .25            .5

VI-3b
2.          1       1

Y4   Fpdl1.0 -k POO dt
8 t  4"

al       .6   -.-I

<                 4-=
t  .4          10
.-I

1        +.2

.10

. 08                                 '           '

. 06              1      1
.0           .25             .5

t           (GeV/c)2



1
1 1

''      it

V 131  1 f

t

'

VI-3C
.5

1

1

.'        flfitt  11 .  1  ,   T

. 10       =7

.05  --

0,1

o  ·02
*..I

   .U
10 PP dT

Pil St 
ii  .005

.002

. Ilil 1 (1  -

. 0005 -

.0002       '       |       '
.0            .25           .5

VI-3d

.6                1       1

.4   +1'11
-

Ti
PP' do--Re (p      )  -

c#               
 · 2    -          

       1 ,             
          10     d t

.-I

1&
CD
.-. . 10 =0

3. . 08 -
-

. 06  --
1 -

. 04

.02

.0            .25           .5

t         (GeV/c)2



132

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

'              ewing to the shape of the kinematic boundary of the t versus mKTr 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 fluctuations

in the moments with respect to  Im in the Jackson frame for L equal 0

and 2, and m equal 0, 1, and 2.  Phase space was obtained by fitting a

polynomial, Pn(m-mc) from equation IV-17; BJ was set to zero in the

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 bins

between   „74   and   1«14  GeV and inserting a background   term  in each moment.

In the fit to Y the mass plot, the background was R(00;00), the density
00'

matrix element for S-wave.  In the moments Yan' the background term was

I (20;mO); this density matrix element was chosen since the fits in section

IV-C indicated that these matrix elements were large and smoothly varying

in the K*(890) region. Actually any other density matrix element with a

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

background subtraction. The density matrix elements, Re·p  6, vere ob-
«.   ......                     ....        _-                         .mIn,                  . .                  · -.    .

tained from equation VI-2 which gives the relation--between the -density

matrix element  in   the mass region  M -   to   M   and the  parameters "-of   the -fit.

1
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f M2                                 r. 1,42JJ'
Repmm, =

C<R(JJ'imm' )   [BJBY,]dM  +   I(JJ'imm' )  In[ BJB3,]dM   (2-6110)Ml

r M2

'                         Cl =.4.t   R(JJ';mm)  (2-6mo) ..t  J,(M) 12

dM VI-2

+ J,m

6    =l i f m=0mo
=0 if m %0

1.6  =. m  =  m'

The constant C is defined so that the trace condition will be satisfied.

JJ'
The errors on Re pmm, are directly related to the errors on R(JJ';mt')

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

33, dc
cross section has not been folded into the error on Re p - since it

mm' dt

is small in comparison with other errors.

The method described is equivalent to a background subtraction in

each  moment .     In  the  mass   plot the background is assumed  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

plot is very small«

SSFrom Figure VI-2a, p   is seen to dip around 0.1 (GeV/c)2.  This
00

dip appears to be a real feature of the data and not a peculiarity of

the fitting procedure.

SS                  PS        PS
If the dip in pQQ is.real, then Re pQQ and Re PlQ should also show

structure   in   the   same   t region. Unfortunately these density matrix   ele-

ments were not well determined by the fitting procedure.  In particular
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the mass bins were chosen se that the K*(890) signal would peak in the

center of the second bin«  The real and imaginary parts of the product

of the mass dependences, B B , peak at the edges of the bin.  As a result
PS  PS  PS

the fit values for the generalized density matrix elements ROO, IOO, Rlo

PS
and I were poorly determined and often badly violated the equations of10

constraint (see equation IV-14).

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  p   for t between  «08 and  .10  (GeV/c)2
PS

is .31 * 005 while Re in neighboring t regions averages to «15 4 0060
00

However Re p  shows no real structure (see Figure VII -3e)«

SS
In summary it appears as if the dip in p Q is a real feature of

the   data  and that there   may be structure   in  Re   p   for   the   same
t region o

PS
There is no real structure in Re Plo«

Co      One Mon Exchange Model With Absorption   (OPEA)

The one pion exchange model with absorption (OPEA)5has 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+N   1   K*'(890) 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 3«9 and

406 GeV/c for t between t and   . 25    (GeV/c 8    0
%2 7

min
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K-P +  IC   (890) N VI-3
*O

'                   Equations VI-5 give the relations between the parameters of the

OPEA model and quantities known from other data. 5

22
 K*OK+Tr -          NPr[G  -5 -   4Tr

2  G *O + -
 - =' K  K Tr coupling constant
TI     'imbilK*Q  +  - -'ST              K  Tr   J

3 p ,K*

=.1.0 (GeV)-2
,

VI-5

2
g NPIT

417
=NPrr coupling   cons tant

= 29.2 (GeV)-2  23

Cl =   "

 1 = 1/(292Al)

 Tl = total cross section for K N at a cm energy of 2.88 GeV.

Al = s*ope of the forward elastic scattering diffraction peak for K+NK N at a cm energy of 2.88 GeV.

91 = incident cm momentum for K N v K N at cm energy of 2.88 GeV.

92
(2 = Ii'I:r2

 2 = 1/(2q )

*0
r ,2 = total cross section for K  P at a cm energy of 2,88 GeV.
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A2 = slope of forward elastic scattering diffraction peak for K 'P+
K*OP   at   a cm energy  of   2.88   GeV.

*O
92   =  incident cm momentum  for  K    P t  K P  at  a cm energy  of  2.8 8  GeV 0

Since no data on K N elastic scattering is available, the absorption

parameters Cl and #1 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 energy. For the final state38

no  information is available to calculate  (2  and   12.     For this reason

12 is usually set equal to .75  and (2 is set equal to 1.5 Equations

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

-                                                               -4

d5 = 29.2 (GeV)

Al.= 3.8 (GeV/c)2

oil   =  17.5  mb

 1 = 1.24 GeV/c VI-6

Cl = .94

Yi = .086

:, C2 = 1.

12 = .064

(
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•                    The predictions of the OPEA model for the K N data at 3.8 GeV/c

„39were calculated from the code "OPEA„ The code was modified in

order to incorporate the impulse approximation,  Using the values of

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

PP fli  PP dr Ppv dr
predicted the general t dependence of pOO dt' p11 dt and Re(Plo' dt;
however the predictions were consistently too large.  In addition the

PP drmodel gave the wrong sign for Pl-1 dt'
The five parameters of the OPEA model were then adjusted in three

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

to obtain a chi squared best fit to POO   ,  p   , and Re(p )   for

t between .04 and .44 (GeV/c)2  (see  Thble VI-4).     In  the  second,  the  t

PP da- PP do-
dependence   of   pQO   E  and   p          -  was   fit   over   the   same t region «       In   the

11 dt
Ppdc-third, the t dependence of pOO E was fit in the same t region. Table

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 OPEA parimeters and using different t ranges.  These fits

indicate that the chi square surface for the OPEA parameters does not have

a 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 parameter is probably 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 p and p - for t between .04 and .44
pp QI PP dr
00 dt 11 dt

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



G                   Yl                     Y2                     C                   C             72/  degree  o 
5                                             1            2 Wreedom )

initial value from
29.2 .086 .064          .94       1.

equation VI-6

PP du PP dc- PPe dr 2.67000 dE' Pil dE' Re(Plo) dt   33 *1. .016*.005 .14.4.06 .89*.04 1.00*.002

PP dg- PP do- 1.7039.*2. .014*.002 .040*„004 .77*.03 1.00*«002Poo dt' Pil SE

PP do- 2.2537.*5. .030*.003 .037*.004 1.00*004   1.00*0050
Poe dE ''

average of parameters from
fits and error on the aver- 360*20 .020*.006 .07 *.03 .89*.06 1.0 *.02

age OPEA parameter

TABLE VI-5. Table VI-5 shows   the OPEA parameters from three   fits   to   the   data from Table  VI-4   in  the   t

region  .04  to  .44 GeV/c.    Also  shown are initial value  for  the OPEA parameters  as  well as the average

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

'M
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FIGURE VI-4.  Figure VI-4 shows the predictions of the OPEA model for all

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

when pOO at and Pil St were fit by a least squares fit for t between .04

and «44 (GeV/c)20
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similar even though the OPEA parameters are somewhat different.  An exami-

PP do-
nation of the fit shows that pl   - has the wrong sign.  The fit repro--1 dt

ppi drduces the general t dependence of Re(Plo' St' although the predictions
pp do- PP deof   the   fit are somewhat   ilow... The agreement between  Poo  dE  and   Pli  SE

is very good except in the first three bins where the data is consis-

tently lover than the fit.  Tb a large extent the disagreement in the

first bin is a reflection of the curvature of the kinematic boundary of

the t versus m 1· plot at 308 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-4 at 309 and 406 GeV/c that the OPEA model predictions are

2 40
approximately  20%  too   high   to   t   less   than   .1   (GeV/c) . In this latter

case the impulse approximation corrections do not have to be made since

there is only one nucleon in the final state.

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

PP do- PP 12 P,    d 0- .

model, the OPEA model agreed well with POO Eg pl]. dt and Re(p O) dt in

the t region between .04 and .44 (GeV/c)2. The model predicts that p 1
df-.- is small; however it disagrees in sign with this density matrix element.
dt

D.  The Reggeized One Pion Exchange Model of Abrams and Maor

Abrams   and   Maor have proposed a model   for   V' 8++   production   which

40- 6
uses an evasive Reggeized one pion exchange te calculate poo dE«

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.
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12 = Tr a' (O)
VI-61+e-illa   (1+21) (1+2a/3) r (a+05)  s-u a

t-m
2 sin na

r(0 5)   r (a+1)                         260
'IT

2
a = a.'(0)(t-m I)

For reaction VI-7, Abrams and Maor determined a'(0) to be (1.16 * 0.03)

(GeV/c)-2 and 2s  to be (1.08 + 0«11) Ge72.0

=+P 4 908+t VI-7

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

it fits the data fairly well.
36

K+N  v  K*' (890) P VI-8

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

·41
substitution of equation VI-6 was made in the Born term equation VI-9.

&1 = *  G2 4 [(mN-mp)2-t]       16 2 VI-9dt
sq                      (t-=6)

ac2 = 025 [t-(mK-mK*)2][t-(mK+InK*)21/4

92 = 025 [s-(mK-mN)2][s-(mK+mN)2]/s

s = square of cm energy of the reaction

t = square of invariant momentum transfer; it is negative.
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22
G2 -  K*k'+TT-     NFP

4TY         -- 4TT

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   a' (0)   and 2so given by Abrams   and

-4Maor and with the nominal value of G2 of 29.2 (GeV)   (see equation

PP daVI-5), a least squares fit was made to p -- between .04 and .4400 dt

(GeV/c)2.     In  addition a second  fit  was made assuming  that  the  Tr  and  B

trajectories are degenerate.  In this case the term (1+e=i111)/(2sinra)

in equation VI-6 was replaced by 1/ (sinria ). Table VI-6 shows the results

of these two fits, the chi square per degree of freedom and the initial

values of a'(0), 2sQ and G2.  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)-4.  Abrams and Maor also observed

that the coupling constant for reaction VI-7 was less than the nominal

value; in this case it was about 50% too low.

PP da
Figure VI-5 shows the data for plo E and the predictions of the

fit having degenerate A-B exchange.  The agreement between the data and

the fit for N exchange is very similar, and hence not displayed.  The fit

is seen to agree very well with the data except in the first 3 bins where

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

mKT  plot. The model has included the impulse approximation corrections



.

2 (0)                                               2s                                       G                                       « per degree
2                 2

-2                                 -4
(GeV/c) 0(GeV)2 (GeV) of freedom

initial value 1.16 * 0.03 1.08 * 0.11 29.2

fit of TT exchange '1.03 * 0.04 1.07 * 0.16 20.6 * 1.0 lo03

fit for r-B exchange 1.19 * 0.04 1.00 + 0.13 22.9 * 1.1 0.95
degeneracy

TABLE VI-6.  Table VI-6 shows the initial values for the Regge model of Abrams and Maor, the
PP do-results of fits to pOO E for .,TT exchange and for Tr-B degenerate exchange and the chi square per

degree of freedom.  The t region fit was .04 to .44 (GeV/c)2

W.
u'l
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FIGURE VI-5.  Figure VI-5 shows the prediction

of the Reggeized one pion exchange model of Abrams
PP diand Maor for p -  when   the   Tr -B trajec tori es00 dt

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 summary, it was found that the Regge model of Abrams and Maor

PP dafit the t dependence of plo EE very well for either TT exchange only or

degenerate Tr-B exchange.  The fit values of a'(0) and 2s0 were similar

to those found by Abrams and Maor.  The fit value for the product of the

coupling constants, G2, was lower than the nominal value, but this appears

to be a general feature of the model.

.
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VII, COMPARISON OF NEUTRAL KN SYSTEMS PRODUCED

IN NUCLEON CHARGE EXCHANGE REACTIONS

/

A.  Introduction

Reactions VII-1 and VII-2 are related since the same t channel

changes contribute to both reactions.

K+N  + (Ier)op VII-1

K P =  FN 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 = An + AB + AA2 + Ap
VII-3

AK-  =A  -A  +A    -AP   TT   B   A2   P

For both reactions, pion exchange is the dominant t-channel exchange

mechanism.  Absorption effects arise from S-channel interactions between

the initial particles and/or interactions between 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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4                   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*0(890) and K*0(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 a K-P reaction at 3.9 and 4.6 Gev/c.7  The

K*(890) will be considered first and in greatest detail.  The K*(1420) will

be compared next; however the analysis will be less detailed because there

is less data and also more confusion about the various partial waves and

their importance.

B.  Properties of the K*0(890)

.

1.  Cross Section

The cross section for K*0(890) production for the K N reaction at

3,8 GeV/c was obtained my making a least squares fit to the mass plot

using equation VII-4.
22

Y   =    (1   +   C    BWJ)    Pn (m-mc )

r
BW  = m VII-4

3
J  q  ('.2-=2)2 + m:rt

(9.-1 2J+1rJ=  ro   igo )

In equation VII-4, Pn is a polynomial expanded about mc.  In fitting the

mass plot over the region .80 to 1.00 GeV, m was set to ,.9 GeV,  The fit
C
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'4              adjusted the constant C, the resonant mass, m , the width, r , and the co-

efficients of the polynomial.  Using a mass binning of .002 GeV in a mass

plot with 1820 events and a linear polynomial, a fit with a chi square

per degree of freedom of 1.20 was obtained.  A quadratic mass dependence

for Pn resulted in an increase in the chi square per degree of freedom

to 1.21.

Table VII-1 shows the mass and width of the K*'(890) from the fit

to the 3.8 GeV/c K'N data, and the mass and width of the K*0(890) from

the K-P data at 3.9 GeV/c and from the Particle Data Group. In the7                                35

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 errors due to the choice of the param-

eterization.

The widths found for the K*(890) for both the K N reaction and the

K-P reaction are consistent with the width given by the Particle Data

Group, On the other hand the mass values found for both reactions are35

higher 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-

taih 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   the  Kn  mass   plot   for the region   .80  to

1.00 GeV for the K N reaction at 3.8 GeV/c.
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»4

Mo (Mev)
ro    (Mev)

K+N 4 K*(890)P
at 3.8-GeV/c 896. * 2. 50.  * 4.

K+P 4 K*(890)N
at 3.9 GeV/c 7 897.8  * 0.8 55.3 * 2.6

nominal values from
Particle Data Group 892.55 * 0.45 53.0 * 1.1

35

TABLE VII-1.  Table VII-1 shows the mass and width of the K*(890) 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 and from the Particle Data Group,
7                                  35

From the fit to the mass plot in the region .80 to 1,00 GeV, the

cross section for K*0(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

for unseen decay modes.  For the K-P reaction at 3.8 GeV/c, Aguilar-

Benitez et 81. using the same mass region and fitting procedure found

the cross section for K*'(890) 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 momentum of

23.40,4249the kaon in the laboratory. This Figure is based upon a

Figure by Cords et a1023 The momentum dependence of the cross section

is roughly the same for both reactions.  The line is a fit to P
-n

lab

where n was found to be 2.24 * 0.15 in a fit by Cords et al. 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-1. Figure VII-1 shows the fit to the Kn mass

plot  for the reaction K N -D  K Tr-P at  3.8 GeV/c.
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              Predictions of the OPEA model.23 The OPEA model also predicts that the

cross section for K*0(890) is slightly smaller than the cross section for

K*0(890) production.  The figure offers some support to this prediction

2.  Differential Cross Section

The differential cross section,   do/dt   for  K*0 (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 a 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  + (2(In-Inc) + (3 5] M (m, tl,t2) VII-5

4

Here Cl' C2 and C3 are constants which are adjusted by a linear least

square fitting program.  The constant mc was set to .9 GeV.  BJ is given

by  equation  IV-21  and   *   is the periph era lized phase space of equation

IV-18 which has been integrated over all cosG and 0 and over t from tl

to t2.  The parameters in the function BJ were set to the values given

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

in the small t regions where tmin may be less than tl; in this case
there is a discontinuity in phase space which is probably 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*0(890)

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

plot of the differential cross section.  The differential cross section
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0                           t region total no.
4   (mb)events dt

001 - .02           81          3.31 0 .69
.02 - .04 208

. 3.90 * .52
.04 - .06 174 3.30 * .46
.06 - .08 163 3.16 * .43
008 - .10 122 2.86 * .39

.10 - .12           93          2.17 * .35
012 - .14           80          1.79 4 .31
014 - 016           81          1.16 * .31
.16 - 018           67          1.36 4 .28
„18 - .20           45           .93 0 .24

.20 - .24           75           ·51 * .14
024 - 028           61           .70 0 .13
.28 - .32           55           .48 * .13
'32   _    .36                              65                               .55   *   .14
·36 - .40           36           .36 * .11

040 - .52           84           .302* 0052
052 - .64           57           .220* .044
.64 - .76           48           .179* .049
«76 -1.00           46           .057* .019

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

total number of events in the t cut for the mass

region .80 to 1.00 GeV and the differential cross

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

for unseen neutral decays,
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FIGURE VII-3. Figure VII-3 shows the differential

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

seen neutral decays in the K N reaction at 3.8 GeV/c.
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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, da/dt,
for K*0(890) production in the K-P reaction at 3.9 GeV/c. This differ-7

ential cross section was obtained by making t cuts on the I47 mass spectrum

and then making a background subtraction in the mass region .80 to 1.00

GeV.  Although the details 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

4             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)2 was found to be (8.9 * .8)/(GeV/c)2 (see Thble III-1).  The
K-P reaction for the t region 0.02 to 1.00 (GeV/c)2 was fit and found to

.27
have a slope of 6.2 * 0.2)/(GeV/c) . A comparison of Figures VII-3 and

VII-4 shows that the differential cross sections are very similar.  The

K+N data shows a rather pronounced break in slope at about  .2  (GeV/c )2.
+

The slope for the K N reaction was fit only over the region of the forward

peak.  On the other hand the slope of the 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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3.9 GeV/c.7



159

4             destructive interference between two amplitudes while the K-P reaction

has constructive interference. The forward peak could be due to N or

N-B exchange while p-A2 exchange could perhaps explain the large t

behavior.

3.  Density Matrix Elements

Previous fits to the YLm 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 parameterizes the resulting angular dis-

tribution in terms of P-wave density matrix elements and S-P inter-

ference density matrix elements.

1    9   , PP PP,,   2   1W(cose,0)  = Ii-W + 4:E [(Poo-pll) (cos  9  - f)  - /FRe(p )  sin29  cos0

PP
- Pl-1 sin29 cos 20] VII-6

ef[-42 Re(p ) sinG co80 + 2 Re(p ) cas e]

JJ'
Here P , is the generalized density matrix element for the interferencemm

of spins J and J' with z-components m and m'.  The trace condition has

SS PP PP
been used to replace the sum of pll, POO and 2Pii 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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w                              t regions. Equation VII-7 gives the projection operators corresponding

to the case when only S and P-waves are present.

PP PP521
POO - Pll = <Ii- cos 9 - Ir>

pp.

Re(Plo)- = - =1 <sin29 cos0>4/2

PP
Pl-1 = -   <sin29 cos20> VII-7

. ps.   F
Relp  ) =j  <sinG cos0>' 10

Re(pps) = /i' <cos,>00   V

Table VII-3 gives the density matrix elements in the Jackson frame

for various t regions in the K*(890) mass region (.84 to .94 GeV) at

3.8 GeV/c.  The errors are statistical.  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   4,

background subtraction in the moments with respect to YLm.  For the

moments Y and Y the background subtraction is small and hence the21      22

value of the density matrix element is roughly the same with and without

the background subtraction,
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PP PP PP PP                       PSt region  events
POO-Pil Re     Pio Pi-i

Re
, O Re POO

-4

000-002     71 071*.13 -.09*.05 .03*.06 -.03*,07 .160.07
.02-.04 150 .39*.09 -018*.04 .01*.05 -.154..05 .18*.04
.04-.06 125 .65*.10 -.21*.04 -006*005 -.09*.06 .14*.05

-
.06-.08 120 .43*.10 -.17*.04 .08*.05 -.06*.05 .160.05
008-.10 102 .60*.12 -024*004 -.06*.05 -012*.06 .31*.05

010-012     77 .49*.13 -.23*005 -.01*.06 -.06*.07 .13*.06012-014 64 .58*:14 -.24*«05 -.040.06 -.120.08 .13*.07
.14-.16     55 .430.15 -·34*.06 -,18*.07 -.16*.09 .05*.08
016-018     51 .41*016 -022*006 -«15*.07 -"25*.09 .17*.08
018-„20     36 .344.18 -011*.07 .06*.10 -.08*.10 .02*.09

020-„24 52 .28*.17 -.31*.04 -.11•.08 .08*.10 -.03*.08
.24-.28    48 .34*.18 -.19*.06 .06*.08 -.18*.09 .08*.08
028-032     42 .40*.19 -.23*.07 -.15*.09 -.05*.11 '14*.09
032_.36    48 .01*.17 -,284«06 -.02*.10 -.094.10 .09*.07
'36_.42     46 -.02*.114 -.10*.06 .12*.08 -.11*.10 .08*.07

.42-052     48 -.01*.16 -.21*.06 .08*.09 -,064.10 .00*007
052..64     46 .27*.16 -.18*.06 .10*.09 -.04*.09 .12*.08
.64-.76    41 .08*.17 -.13*.06 .16*.10 -.06*.10 -.06*.08
·76-1.00 39 -.09*.16 -.11*.08 -.06*.10 .19*.12 .04*.08

TABLE VII-3.  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

094 GeV) for the K N reaction at 3.8 GeV/c
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4,

FIGURE VII-5,  Figure VII-5 shows the t dependence of the density matrix

e lements    in the Jackson frame   for the reaction   K N -+  K Tr -P   at   3.8   GeV/c

for the mass of the Kn system between .84 and .94 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 Jackson frame in the K*0(890) mass region (.84 to .94 GeV)

for the combined data for K-P reactions at 3.9 and 4.6 GeV/co The7

density matrix elements shown in the figure were calculated by the maxi-

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 K4N reaction can be compared directly with

the values given for the K-P data.
*

P    PPFor  t  less  than   , 5 (GeV/c)2  the t dependences  of  POO  -  pll  and
PS

Re p for the two reactions are nearly identical (see Figure VII-5a and00,

VII-6a; Figure VII-5e and 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         PS
pOO, POO and Re pOO

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

Figures VII-5d and VII-6d).    For  t  less  than  .5 (GeV/c)2 there  is  some

PS
evidence that Re p   for the K N reaction is somewhat larger than for10

the K-P reaction.

PP
For low t, Re p   appears to have roughly the same t dependence for10

PP
both reactions (see Figures VII-5b and VII-6b); however Re p for the

10
+K N reaction is roughly twice as large as the density matrix element for

PP
the K"P data,  Also there is a tendency for Re p in the K-P data to go10

to zero faster for larger t values.  From the fits to the OPEA model for
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FIGURE VII-6.  Figure VII-6 shows the t dependence of the density matrix

+
elements in the Jackson framm for the reaction K-P -p K-A N for the com-

*

bined data at 3.9 and 4.6 GeV/c for the mass of the ]3"r system between

«84 and .94 Gev.
7

'1'
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PP
*              the K-P reaction,7 it can be seen that above .2 (GeV/c)2, Re p   becomes

10

somewhat smaller than the value predicted by the model, while for the

PP
6              K N reaction Re p  becomes somewhat larger than the value predicted by

the model.

PP
Tb first ordeg pl-1 for the K+N data appears to be consistent with

zero (see Figure VII-5c).  However a careful examination of the t depen-

PP
denae of Pi-i shows that it may be slightly negative for t less than

036 GeV/c and positive for t between .36 and «76 (GeV/c)20  On the other

hand  pl l is always positive  for  the  K P  data (see Figure VII-&3).     It

starts out small and increases more or less steadily with increasing t.

PP
a              The OPEA model gives a good description of the t dependence of Pi-i for

the K-P data.  In the K N data, however, the OPEA model also gives a

t dependence similar to that given for the K-P reaction.
PP  PP

There is some indication that the density matrix elements POO-Pil,

PP      PS        PS
pl.1,   Re   plO  and  Re   Pll  for   the  K+N reaction become equal  to the corres -

ponding density matrix element in the K-P reaction for t around .5

(GeV/c)2

In summary the agreement between the K N and K=P data in the low t

PP PP                          PSregion for POO-pll, Re p , Re p  and Re p   in the Jackson frame can
10

be explained in terms of the OPEA model.  In this model, to first order

PS
without any absorption, only pll, pOO and Re p are non zero. When

00

interactions between the initial particles and between the final particles

2                                                                                                                                                                '
are taken into account, the absorption for the two reactions will be

di fferent and hence the values   of  Re   p   and  Re   p   will  be   different.
7                                  PPAguilar-Benitez eli 81·- have shown that p-l-1 for the K-P data is also
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a              well described by the OPEA model in the forward direction.  The OPEA

PP
model gives the wrong sign and t dependence for Pi-i for the K N data.

*

b.  Density Matrices in the Helicity Frame

Table VII-4 gives the density matrix elements in the helicity

frame for various t regions in the K*(890) mass region (.84 to .94

GeV)  for  the K N reaction  at  3.8  GeV/co The errors are statistical,

Figure VII-7a-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*0(890) from the combined K-P data at

7
3.9 and 4.6 Gev/c.

PP PP
For both reactions pQI-Pil remains large and then abruptly drops

,-              off and becomes negative at large t values.  In the K-P data this drop

off is at 0.07 (GeV/c)2 (see Figure VII-88) while for the K N data the

drop,off occurs  at  «18  (Gel//c)2 (see Figure VII-7a).    For t larger  than

PP  PP
about .5 (GeV/c)2 the values of p  -Pii for the two reactions become

about equal.

PS
The t dependences of Re p for the two reactions is similar (see00

PSFigures VII-7e and VII-Se).  For both reactions Re p is small and the
10

values are roughly consistent (see Figures VII-7d and VII-8d).

PP PP
The agreement between Re Plo and Pl-1

for the two reactions is not

PP
very good«  Re p for both rise at about the same rate until t is about

10
pp

«06 (GeV/c)2.  However then Re pl  for the K-P reaction levels off and

falls back to zero (see Figure VII-8b) while Re pIQ for the K N reaction

continues rising until it levels off around .44 for t equal to about .2

(GeV/c)2 (see Figure VII-7b).     For  the  K P  data p 1 starts out slightly
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pp PP PP PP
t region   events

POO-Pil
Re

Pio Pi-1
Re

p O Re POO

000-002      71 071*.13 ..G.0*.06 .05*.06 .00*.07 .160.07
„02-.04 150 .57*.09 -.20*.04 .09*.04 -«09*.05 .200.05

<*

«04-,06 125 .77*010 -,220.04 .09*.04 -,04*.05 .15*.06
.06-.08 120 .43*'10 -027 0.03 .23*.05 -,02*.05 .15*.05
«08-,10 102 .66*.11 -.29*.04 .16*.05 -.010.05 .270.06

010-012      77 .514,14 -.30*.04 .21*005 .00*.06 .11*.07
012-014      64 .47*.15 -.33*.04 .24*.06 -.06*.06 .140.07

.14-016      55 .78*.14 -,50*.04 .06*.07 -0110.07 .13*.08

.16-018      51 .47*.15 -.464.04 .04*.08 -.16*.08 .23*.08

.18-.20      36 .02*.19 -·33*.05 .28*.10 -.05*.09 .06*.08

«20-024      52 .480.16 -.43*.04 .21*007 .02*.07 -.06*.08
024-.28      48 „.Q34.15 -·39*·05 .24*.08 -.18*.08 .140.07

028-032     42 .22*.18 -.48*.04 .06*.10 -.044.10 .06*.08

·32-«36     48 .18*.17 -,43*.04 .18*.09 -.01*.08 .07*.08
.36-042      46 -.18*.13 -.44*.04 .26*,09 -.150.09 .08*.07

042-052      48 -013*.14 -.44*.04 .16*.09 -.11*.09 .04*k07

.52-.64      46 -,36*.13 -·39*.04 .27*010 -,03*.09 .01*.06

064-076     41 -.39*.16 -.32*.05 .32*.10 .03*.10 .06*.06

·76-1.00     39 -·03*·18 -,424.04 .06*.10 .08*.11 -.14*.08
1

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

.9 4  GeV )   for   the K+N reaction  at   3.8  GeV/c.

:

b
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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 r,-P  at   3 0 8  GeV/c
r.'.

for the mass of the Kn system between «84 and .94 GeV.

T

)

*
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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-Tr N for  the  com-
*

bined  data  at   3 0 9  and  4.6  GeV/c   for   the  mass   of   the   Ier system between

«84 and .94 GeV.
7

I

1,
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.             positive, goes slightly negative for t between .06 and .40 (GeV/c)2 and

PP
finally ends up positive (see Figure VII-8c).  On the other hand Pi-1

i
rises rather abruptly to about .18 at t equal about .07 (GeV/c), and

remains roughly constant at this value for larger t values (see Figure

VII-7c),

The differences between the t dependences for the helicity

density matrix 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 t dependence of the density matrix elements in the Jackson

frame will be the simplest.
..

C.  Properties of the K*(1420)
4

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 kinematic effect is unclear.  In any case 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.

Table 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 4 8.4

MeV given by the Particle Data Group for the K*0(1420). Fits by Aguilar-35

Benitez eli al·7 to the K*0(1420) region for K-P reactions at 3.9 and 4.6
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*
GeV/c yield a mass of 1419.1 4 3.7 MeV and a width-e#-11636-*45-05 MeV.

*1--=- 0

The agreement of their fits with the nominal K*(1420) mass and width

suggests that the K-P data does not have the same background problems
4'

+
that are found in the K N data.

A shoulder is seen on the low side of the K*0(1420) for the 3.9

GeV/c  data (see Figures  45 and 47 of Aguilar-Benitez et al.7). 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 that part 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-5 gives the masses and widths of the fits described in
t..

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
.4                                                                                                                                                              4

reasonable agreement with the nominal mass and width of the K*(1420).

The central mass value is somewhat high while the width is somewhat

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

f its of Chapter  IV are compared  with the nominal K*0(1420)  mass and width.
S.-,....,.... .......1.--.. ....„......,-.... „.--........,...,.....t.-f-*IV-*-

An examination of Figure V-lc shows, however, that in the polar region

the K*0(1420) is centered at about 1430 Mevo

The cross section for the K*0(1420) was estimated in several ways

for the 1790 events in the mass region 1.2 to 1.64 GeV.  The total cross

section seen in this region is 600 * 40 Bb.  In the first method the mass

#, region was fit using a least squares fit to equation VII-4 where the mass

of the K*(1420) was held fixed at 1.43 GeV and the width at .1 GeV.  This

fit indicates that (35 * 4)% of the events in the mass region are in the

.0
resonance; the corresponding cross section is (310 * 40) Bb for the (KTTJ
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M (MeV) r (MeV)

fit of. IV-Cl 1431 *3 97   *  8
4,

fit of IV-(2 9 1435 *3 93   *  9

K-P   K*0(1420)   at
3.9 and 4.6 GeV/c 1419.1 * 3.7 116.6 * 15.5

7

Nominal values from
35                         1422,7   *   3.8            .        101.2  *    -8.4Particle Data Group

TABLE VII-5.  Table VII-5 shows the mass and width of the K*0(1420)

from the fits of Sections IV-Cl and IV-(2 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

7                                                         35
data at 3.9 and 4.6 GeV/c and from the Particle Data Group.

4·

' decay mode after correcting  for the unseen decays .    The  fits of Section

IV-Cl and (3 agree with this cross section.  The fit of Section IV-(2

indicates that only (22 * 3)% of the events in the mass region are in

4he resonance; the corresponding cross section is (200 * 30) Bb for the

(Krl)'   decay mode, after correcting   for the unseen decays.

For   the K-P reaction   the   K*0 ( 1420) cross section   for    the    (]OT)o

decays was found to be (340 * 40) Bb.7  This cross section for the mass

region 1.20 to 1.64 GeV was obtained by making a least squares fit to

equation VII-4 in which the resonance parameters, the constant  C  and  the
1*

coefficients of the linear polynomial were adjusted.  The K*'(1420) and

K*0(1420) cross sections agree well if the K*0(1420) comprises about 35%

of the events in the mass region 1.20 to 1.64 GeV for the K+N reaction.
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*                                                       The differential cross section,   dr/dt',   for   the   K*0 (1420) produc-

tion in the K N reaction at 3.8 GeV/c was obtained by making t' cuts

4               on the Kn 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*0(890) (see Section VII-82).  The mass

was set to 1.43 GeV and the width to .1 GeV.

Table VII-6 shows the differential cross section,  da/dt'  for  the

K*0(1420) region for the K N reaction at 3,8 GeV/c. Figure VII-9 shows

the differential cross section«  Figure VII-10 shows the differential

cross section,   de/dt',   for  K*0 ( 1420) production  in   the K-P reaction  at
..

3.9 GeV/c.

I
A comparison of da/dt' for K*0(1420.) production and K*0(1420)

shows that de/dt' for the K*0 (1420) can be fit by a linear exponential

while the K*0(1420) appears to require a quadratic exponential.  The

K* (1420) appears to have a steeper forward slope.  A linear fit to

log(dr/dt') for K*0(1420) gives a slope of (4.8 * .5) (GeV/c)-2 with a

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

(GeV/c)2.  A linear fit to log(du/dt') for K*0(1420) gives a slope of

(605 *·08)/(GeV/c)2 for the region 0.0 to 0.5 (GeV/c)2 while a fit to

the form bt' + ct'2 gives b equal to (805 *003) and c equal to (5.4 *

004 ) for the region 0.0 to 1.0 (GeV/c)2.7
A.
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...

t' region total number do/dt' (mb/(GeV/c)2)
of events

000 - .05 4o8 1.34  0 024

.05 - .10 270 .93  * «20

.10 - .20 332 .79  * .12

.20 - .30 178 ..43  * ·09

030 - .50           160                   0225 *.0042

.50 -1.00 160 .041 * .017

TABLE VII-6.  Table VII-6 shows the differential cross sec -

tion for the K*0(1420) for the KfN reaction at 3.8 GeV/co

11.

*

1
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FIGURE VII-9.  Figure VII-9 shows the differential

cross section, da/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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Y.

l



„

185

VIII. CONCLUSIONS

4                   In Chapter II the cross section for reaction VIII-1 at 3.8 GeV/c
-*......".

was found to be 1.62 * .11 mb.
M£-Mt-

K+N -* K+F-P VIII-1

In Chapter III the general features of reaction VIII-1 were sur-

veyed and it was seen that the readtion is dominated by the quasi-two

body interaction VIII-2.

r.

K+N  4 (EN)OP VIII-2

4

K*0(890) production is the major feature of the KI mass spectrum, however

there is a significant amount of K*0(1420) 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 &104)0 Pion exchange

is the dominant exchange mechanism.

Chapter IV presents a method for studying the mass dependence of

various partial waves contributing to the Krr system. 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

R.

moments 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 of the

K*0(1420).  There does however appear to be some sort of enhancement in

l the S-wave slightly below the K*0(1420).  A potential model suggests
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1               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

i\,

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 resonances in lower

lying partial waves.

Chapter V studies   the KH system  in the region  of   the   K*0(1420)   for

the effect reported by Firestone  et  al.4 in reaction VIII-1  at  12  GeV/c.

The effect was seen, but the interpretation of the effects as a resonance

in the S-wave is clouded by a possible interpretatien involving a secon-

dary scattering between the spectator proton and the decay products of

the K*0(1420).

Chapter VI studies the K*o(890).  The density matrix elements for

the S and P-partial waves were extracted as a function of t. The one

pion exchange model with absorption,  OPEA, was found in fair agreement

with the t dependence of the quantities pOO dt' 'll dt' 10  dt'PP flfL   PP j. and Re(pPP) fk.

however the model gave the wrong sign for p The t dependence ofPP k
1-1 dt'

pp da
p   - agreed well with a Reggeized one pion exchange model of Abrams00 dt

6
and Maor.

Chapter VII compares K*0(890) and K*0(1420) production in reaction

+              VIII-1 at 3.8 GeV/c with K*0(890) and K*'(1420) production in reaction

VIII-3 at 3.9 GeV/c.
7

<                                                   K- P -0 K--Tr N VIII-3
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pp'  pp
,                In the low t region, differences in the density matrix elements pll-Pil,

and  Re   p    for   K*0 (890)   and  K*o (890) production  can be understood  in

8               terms of the:OPEA model.  There is some evidence that the K*0(890) cross

section is slightly larger than the K*0(890) cross section and that the

slope for dc/dt is steeper for K*0(890).  In the K*0(1420) region, on

=     the other hand, the K*0(1420) cross section appears larger and the

K*0(1420) has a steeper slope for dc/dt',  The K*0(1420) signal appears

to be much cleaner than the 'K*0(1420) signal and hence the K*0(1420)

cross section and differential cross section depend upon the exact details

of the analysis.

1/

''

E

t.
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