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ABSTRACT

A number of recent experiments have suggested
the possibility of a highly inelastic resonance in
K*p scattering. To study the inelastic K'p reactions,
a 400 K exposure has been taken at the L.R.L. 25
inch bubble chamber. The data are spread over
seven KT momenta between 1.37 and 2.1?‘GeV/b.

Cross=-sections have been measured for the
reaction Kp - pK°7 ¥ which is dominated by the quasi-
two body channels KA and K¥N. Both these channels
are strongly peripheral, as at other momenta. The
decay of the A is in good agreement with the pre-
dictions of the rho-photon analogy of Stodolsky
and Sakurai. The data on the K¥p channel show
evidence of both pseudo scalar and vector exchange.

Cross=-sections for the final state pKtwtr—
shows a strong contribution from the gquasi-two body
channel K¥A , This reaction is also very peripheral
even at threshold. The decay angular distributions
indicate the reaction is dominated as at higher
momenta by a pion exchange mechanism. The data are
also in good agreement with the quark model pre-

dictions of Bialas and Zalewski for the K¥* and A decay.
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I. INTRODUCTION

The spectrum of baryon resonances established
by experiment can be explained very successfully as
states of three constituent particles, called quarks,
each of which has strangeness 0 or -1(1). In this
nodel, then, it is impossible to form baryon states
with strangeness +1. Such a resonance (usually called
a 2%) would have to consist of at least four quarks
and one antiquark.

A number of recent experiments have suggested a
possible Z* resonance in K+p scattering. The total
K*p cross-section(z)‘and elastic cross—section(3)
are shown in figure 1. The elastic cross=-section
falls smoothly with momentum but the total cross-
section data show a peak at 1.35 GeV/c and a second
shoulder at about 1.9 GeV/c. A fit to the first
bump suggests a resonance of 4 mb at a mass of 1910
MeV. The full width at half height is 180 MeV and
the value of (J -+ %)X is .3 where J is the spin and
X the elasticity. The second bump corresponds to a
«2 mb peak at 2190 MeV with a width of 120 MeV and
(F + 5)X = .03.

Analysis of the elastic differential cross-

section and proton polarization data also suggests
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Figure 1. K+p Elastic and Total Cross-sections



a possible resonance(4). Some of the solutions,
from both energy dependent and energy independent'
analyses, indicate a possible resonance in the P3/2
partial wave at an incident momentum between 1.3
and 1.9 GeV/c. Figure 2 shows a typical solution
for the P wave amplitudes. These analyses show that
the resonance, if it exists, is very inelastic
(elasticities vary between .1 and .45). They also
suggest that the speed, the rate of change of phase
shift with energy, is not consistent with resonance
behavior.

All experiments which show some resonance features
share the common characteristic of a small elasticity.
For this reason, it is of interest to study the
inelastic channels in K+p system. In an earlier
experiment, Bland et al.(5), studied single pion
production at incident momenta between .84 GeV/c and
1.37 GeV/c. They conclude that the first bump in
the total cross=-section is a threshold effect,
resulting from the opening of the inelastic channel
KA . There is no indication of a Z* resonance over
the momentum range of their experiment.

It is the purpose of this experiment to extend

the study of the inelastic K*p reactions. The lowest
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Figure 2. Representative Phase Shift Solution.

The Ps3,, Phase Shift has been fitted to a resonance
amplitude. The parameters of the resonance are:
Mass, 1950 = 100 MeV (momentun, 1.34 GeV/c); Total
Width, 180 MeV; Elasticity, .28; Kato et al, (%)



momentum 1.37 overlaps the data of Bland. The
maximum momentum of the beam transport system was
2.2 GeV/c,

In this experiment we will consider single
.pion and two pion production. Quasi-two body
processes contribute significantly to the pion
production reactions and much of the analysis will
be devoted to these states.

The detalls of the experiment will be described
in parts II - IV, In parts V and VI, cross-
sections are discussed for single and two pion
states, and for the quasi-two body channels
respectively. The production and decay of reson-
ances in the quasi-two body reactions is studied
in part VII. The angular distributions are com-
pared with data at higher and lower momenta to
look for evidence of possible direct channel

effects.



II. DESCRIPTION OF THE EXPERIMENT

A, Beam

The experiment consisted of i:»oo K piectures taken
in the Lawrence Radiation Laboratory 25 inch hydrogen
bubble chamber. These were distributed over seven
K" momenta, spaced between 1.37 GeV/c and 2.17 GeV/c.

The K beam was produced at a platinum target
in the Bevatron external proton beam, and was
transported to the bubble chamber in the Bevatron
beam K9 (see figure 3)(6). The beam momentum was
restricted to about 1% by slits at the first hori-
zontal focus. Two stages of mass separation, each
consisting of an electrostatic separator, and slits
at the vertical focus, were used to remove most of the
pions.

A Freon 12 gas threshold Cerenkov counter was
installed in the quadrupole magnet directly in front
of the bubble chamber. This counted pions at all
momenta except 1.37 and 1.52 GeV/c, and gave us a
continuous monitor of beam contamination. The pions
amounted to about 5% at 2.17 GeV/c but were less
than 2% at all momenta below 1.94 GeV/c. A marker
light was flashed in the chamber for each frame where

one of the particles was a pion.
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Figure 3. Beam Layout

' The elements of the beam are denoted by: E.P.B., Bevatron
External Proton Beam; B.D., Beam Destroyer; R.D., Rapid
Deflector Magnet; T., Production Target; B., Bending
Magnet; Q., Quadrupole Magnet; Sx., Sextupole Magnet;
S.y Electrostatic Separator; V., Vertically Aperturing
Slits; H., Horizontally Aperturing Slits; B.C., Bubble
Chamber.



A triad of scintillation counters set on the
pion image at each mass slit allowed us to continuously
check beam steering and focussing to maintain a
cdnstant flux at the éubble chamber, For each pulse,
we took a picture only if there were more than five,
and less than fifteen tracks in the chamber.

To further control the number of tracks in
each picture, a beam destroyer magnet was installed
upstream of the production target. This was pulsed
rapidly when eleven tracks had been counted at the
scintillation counter in front of the bubble chamber.
The proton beam was deflected from the production

target into the beam dump.

B. Scanning and Measuring

The film was simultaneously scanned and measured
on SMP's (Scanning and Measuring Projectors) at UCLA,
The SMP facility cohsists of five projectors connected
to an IBM 360/44 computer. The computer filtered
the track measurements, checked for continuity of
vertex and track data points, and output track points.

in each of three views at about 3 cm. intervals.,



C. System of Analysis Programs

The output of the SMP system was processed
through the TVGP-SQUAW-ARROW system developed at
LRL to produce a data summary tape containing the
physical quantities describing each event which are
needed in the subsequent physics analysis.

TVGP (three view geometry program(7)) inputs on
SMP tape and performs a space reconstruction of each
track. A curve is fitted through the measured track
points by a least-squares method, and the angles and
curvature are determined for each track. In order to
properly account for the energy loss by ionization,
the fit for each track is tried for each possible
particle. The output of TVGP consists of azimuth,
dip, and inverse projected momentum at the beginning
and end of each track, for each possible mass, as well
as the errors for these errors. Film setting errors
and Coulomb scattering errors are included.

The kinematic fitting program SQUAW(B)

inputs a
TVGP output tape, and fits the measured momenta to
kinematic hypotheses. The fit was done by minimizing
the X2 function subject to the analytic constraints

appropriate to the hypothesis being tested. The four

energy-momentum conservation equations provide four
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constraints minus the.number of unmeasured variables
involved in a given hypothesis., These constraints
are introduced by the method of Lagrange Multipliers,
and an iteration procedure is used %o minimize X 2.
SQUAW outputs the fitted quantities and errors for
each hypothesis which achieves a confidence level
greater than 10-5,

ARROW(9) inputs a SQUAW output tape and selects
those events of interest for a particular analysis.
The output data summary tape consists of identification
information for the event, and the four vectors for

the reaction fit.
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ITI. SCANNING, MEASURING AND FITTING

A. Results of Pirst Scan

All the film taken in the experiment was carefully
scanned for interactions of interest (see figure 4).
Topologies we have studied include all events with
more than two outgoing visible tracks, and all those
with a visible decay of a neutral particle. If all
reaction particles are detected in the chamber, these

correspond to the reactions

S

Kt— 7tatw 3 prong
Ktp — prO7+ 2 prong V
K+p-—>pK*V#V' 4 prong

We have, in addition, required that the incoming
track have approximately the same curvature, and that
the production vertex fall within a volume which
corresponded to about 80% of the chamber length.

The reason for this fiducial volume cut was to ensure
a constant detection efficiency, and to provide as
long a decay length as possible for the neutral K's.

Table 1 lists the number of frames scanned at
each momentum, and the number of events of each
topology found and measured on the first pass. All

these events have been processed through the system



Figure 4, Measured Topologies
a. Three prong, bs Two prong V, c. Four prong
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TABLE 1

MEASUREMENT SUMMARY

momentum frames 3 prongs 2 prong V 4 prong
2.17 93919 638 1270 1792
2.07 51157 695 1195 1340
1.94 54679 678 1270 1165
1.81 53643 734 1234 906
1,67 50936 660 1058 432
1.52 L8257 802 1069 160

1.37 54298 677 807 71
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of programs described in the previous section, and
the results of this fitting will be discussed in a
later section. We will first consider the efficiency
of this scanning in finding events of each desired

topology.

B, Scanning Efficiency

Because we wish to measure production cross-
sections, and the dependence of these cross-sections
on incident momentum, it is important to determine
the efficiency of the scanners at finding events.

To do this we have re=-scanned about half the film
at each momentum. We have then compared these two
scans frame by frame.

If we assume that the scanning losses are random,

we can easily measure the efficiency of each scan.

first pass Ny = € Ny

second pass N2 = € N,

both passes Ni2 = €1 €3 Ng
efficiency of pass 1 = €4 = Ny /Np

This efficiency is used to correct the number
of events of each topology found in the first scan.

The average correction for this inefficiency was
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5% and showed no systematic dependence on momentum

or topology.

C. PFitting Failures

Approximately 10% of all measured events cannot
be successfully reconstructed in the TVGP. program.,
These are events for which the scatter of the measured
points from the fitted curve is outside the predicted
errors from Coulomb scattering and the measuring
machine errors. Some of these events have been
studied on the scanning table and appear to be
associated with crossing tracks or low contrast
film,

About half of the failing events have been re-
measured and the passage rate is again approximately
the same as the first pass. The failure rate is
constant over all momenta and is the same for all
reactions so that there is no correction to the
cross-sections for this inefficiency.

Some of the measured events did not pass any
reaction fit in SQUAW. These had too large a A%
in the final fit, or took too many steps to find a
%2 minimum. When these events were re-measured, the
passage rate was consistent with the first measurement

rate.
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The ratio of events fitting the possible reactions
in the second measurement was in good agreement with
the first measurement results. To correct the cross-
sections for this fitting inefficiency we assume that
the events that were not re-measured, and those that
failed tﬂé second fitting were distributed in the
same ratio. The correction varied slightly with
momentum and averaged 21% for events with a neutral
decay V and 14% for the four prong events. All three
prong events found on film fitted the tau decay

hypothesis and no correction was made for fitting.

D. Separation of Reaction Fits

Because of the measurement errors in the momenta
and angles, many events can pass more than one reaction
fit. The program ARROW, discussed briefly in section
II, is used to sort out the reaction fits and to
determine the most probable hypothesis.

For the events which have no missing neutral,
that is the four constraint fits, ambiguities between
possible fits are not a serious problem. Fewer than
5% of these had more than one fit., For events with
one missing neutral the reduced kinematic constraints

allow more ambiguities. Here about 35% of the
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measurements fit more than one reaction hypothesis.

From many previous bubble chamber experiments,
two guidelines have been established to separate
hypotheses. If an event corresponds to a reaction
where there is an undetected particle in the chamber,
it cannot pass a reaction fit with four kinematic
constraints. For hypotheses with the same number of
constraints, the X2 of the fit is a reliable criteria
for choosing the correct reaction.

From these guidelines we have created a badness

function B defined by
B = %2 + 5 % (number of kinematic constraints)

This corresponds qualitatively to the confidence
level but is more heavily weighted in favor of the
four constraint reactions. We will always assume
that the correct fit is the one given by minimum
badness.

In order to evaluate the effectiveness of the
event selection, we have scanned a sample of events
and have compared the predicted ionization for each
track with the darkness of the track in the chamber
In all cases where the reactions could be distinguished

by ionization, the fit favored by this was the fit
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favored by the badness criterion. It was never

possible to rule out the preferred fit by ionization.
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IV. CROSS-SECTION DETERMINATION

A. Normalization

The number of events in each reaction final state
has been determined from the kinematic fitting. To
determine the cross-sections for the reactions of
interest, we must also know the number of incident
KT 's and the number of protons.

The primary normalization for this experiment
is the decay of the K™ in the tau mode, mwHmtm-,

Using the tau decays, the cross-section is

given by the formula

O = N(interactions)  _B  x _Ay
N(decays) het /Pn Ng

where
Ay(atomic weight of hydrogen) = 1.008
Np(Arogadro's number) = 6.0225 & 1023 mo1e~1
/OH(density of hydrogen in chamber) = ,0608 g cm™3
N =pY= Poean / Mg+
C = 2,998 % 1010 cm sec-1
T(KT lifetime) = 1.235 % 10~8 sec

B (kT branching ration into the T mode) = .,056

Since the tau decays were measured at the same

time as the reactions and with the same fiducial
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volume criteria, this normalization should be free of
any systematic bias. To check this we have also used

a beam track count, and a total cross-section scan.

B. Beam Track Count

We have scanned every fifth roll of film, and
have recorded the number of tracks in every tenth
frame., In this scan, care was taken to ensure that
the tracks counted were only those that could have
had measureable events. No off-beam or off-momentum
tracks were included.

Using the data from this scan, we have determined
the average number of tracks per frame at each momentum.
This does vary slightly with momentum because of
variations in beam tuning and in Bevatron operating
conditions.

The total beam track length has been determined
at each momentum using the total number of frames,

the fiducial volume length and the track average.

Ce Total Cross-section

When the second scan was made to measure the
scanning efficiency the two-prong events were also
recorded. For this sample, then, we have all events

of all topologies, and hence have measured a total
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cross-section. By comparing this to the accurate
total cross-sections measured by counter experiments(z),
we have determined the beam track length at each

momentum.

D. Comparison of Normalizations

The beam track lengths determined by the three
different methods are given in table 2 along with the
uncertainty in each determination from counting
statistics. The results are in good agreement, and
appear to show only random fluctuations. We have
decided, however, not to combine the results of the
three methods.

The beam track count has two disadvantages
which make it less reliable., It is difficult to be
sure that the tracks counted really correspond to the
tracks for the measured sample. In addition, the
method requires an accurate knowledge of the length
of the chamber used. The fiducial length was defined
by marks on the chamber lens, and when the beam
moved vertically, the effective length changed.

In principle the total cross-section should be
a reliable normalization since the length cancels
out as it does with the tau decays. The total

cross-section scan, however, is much more sensitive
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TABLE 2

BEAM TRACK LENGTH

momentum tau decay o’to ™ track count
GeV/c x 10° cn x 10% cm x 10% cn
2,17 242 £ .9 2346 £ 3 21,9 ¢+ 1.1
2,07 21.6 % «8 . B R 20.2 £ 1.0
1.9% 20,0 = o8 20:6 + .3 20,1 £ 1.0
1,81 23:6 9 26,0 -4..% 204 + 1.0
1.67 19.8 £ .8 18.5 ¢ <3 L3838 & 9
1:52 19.5 + .8 21.8 % o4 17.1 + .9
137 13:9 4 46 13.2 £ o4 14.9 £ .8
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to scanning biases than the tau's., It is very difficult
for scanners to detect the very small angle deflections
of forward scattered particles, and the momentum
transfer to the proton is too small for it to be seen
in the chamber. On the other hand, all the K* decays
having only one charged particle in the final state
look very much like scattering events. We have not
measured this scanning efficiency, and have not fitted
the two prongs in TVGP and SQUAW, so that it is
impossible to know the effect of these difficulties,
The tau decays were measured at the same time
as the reaction sample, and the scanning efficiency
has been determined in the second pass. They have
all been fitted in the TVGP-SQUAW programs so that
all fitting inefficiencies tend to cancel. We have,
therefore, used only the tau decays in determining

the cross-sections presented in this paper.

E. K© Escape Correction

For those reactions corresponding to the two-
prong V topology we must make a correction for the
unseen K° events. This includes the factor for the
number of K°'s that are in the K°1, state, and a factor

for the K9 — 77~ branching ratio.
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We must also include a correction for the KOg's
which escape from the chamber. This factor has been
calculated by averaging over the K° momentum, and
angles, and averaging over the fiducial length for
the production vertex. The correction varied from
6% at 2.17 GeV/c to 2% at the lowest momentum. The
dependence on momentum and angle is small and can
be ignored in the calculation of differential cross-

sections and angular distributions.

F. Pion Contamination

Even after the two stages of mass separation,
there still remained a few pions in the K beam. The
pion contamination at each momentum is given in
table 3. In order to determine the effect of this
in our event sample, we took one roll of film at each
momentum with the beam tuned on 7's. These frames
were scanned, measured and fitted in the same way as
the K™ data. Table 3 shows the results of this scanning
and fitting. For all momenta, we have an effective
pion contamination of at most 1%. This will be

neglected in all the subsequent analysis.



momen-tum
GeV/c
2,17
2,07
1.94
1.81
1.67
1.52
137

Cerenkov

counts

b, 3%
342%
1.2%
1.0%

8%

TABLE 3

PION CONTAMINATION

b ¢ fit 7_events/frame effective
K events/frame pion

passage contamination

10% 2 1%

10% 2.4 8%

8% 207 03%

5% 208 .2%

1% 2,6 0

0 3.1 .0
0 2,9 .0

G2
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V. SINGLE PION AND TWO PION PRODUCTION

A. DK°7rT Final State

In this experiment we have studied only one single

pion reaction
K*p —> pKort

The cross=-sections for this final state are
presented in table 4 and in figure 5. The data from
previous experiments(5' 10) are also shown in the
figure. The cross-section rises sharply with beam
momentum from about .8 GeV/e, and reaches a peak at
about 1.3 GeV/c, very close to the bump noted earlier
in the total cross-section. Above 1.4 GeV/c there is

a very smooth fall off with momentum.

B. NK77 Cross=-section

To better understand the behavior of the single
pion production channels, we have included in figure 5
the cross-sections for the two reactions not measured

in this experiment.

K'p — pK'm°

— anﬂ+

At any momentum where all final states are
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TABLE 4

SINGLE PION PRODUCTION CROSS-SECTIONS

momentum GeV/c J (K*p = K°p7") mb.
2,17 3.06:% .31
2,07 3081 L .28
1.94 4,09 £ .35
1481 4,29 T .33
1.67 L.s54 T 40
1.52 S.52°% .57
1.37 5:85 £ .61
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S5

2.

1.

GeV/c

Figure 5. Single Pion Production Cross-sections
The open symbols refer to this experiment, the solid
to reference 10 .
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measured, we can easily obtain the KN7 cross-sections.

We have used an interpolation technique where data were.

not available and the results are also shown in figure 5

As in the case of the pK°7* we see a sharp rise and

then a more gradual fall off with increasing momentum.
The threshold for single pion production is a

momentum of .520 GeV/c. The cross-section, however,

is very small until about .8 GeV/c, the threshold for

production of the quasi-two body channel K4, We

will return to this point in our discussion of all

quasi-two body channels in the next section.

Ce Two Pion Production

In this experiment we have measured three reactions

having two pions in the final state.

Ktp — pK¥mtmr=
— pKO7 O

—» nK%7 7t

There are two other final states.
K'p - pKH0r°

— nKt750

These have two neutrals in the final state and
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cannot be separated in the reaction fitting programs.

The cross-sections measured in this experiment
are given in table 5 and are presented in figure 6.
The figure also includes data from a number of other
experiments(11),

The threshold for two pion production is .82
GeV/c, whereas the threshold for the quasi-two body
channel K*A is 1.74 GeV/c. The data suggest that
this channel contributes very strongly to the two
pion reactions.

If we assume that these reactions are dominated
by this simple state, we can estimate, using Clebsch-
Gordan coefficients, the contribution from the two
unmeasured reactions. This has been done in figure

6 to calculate the KNwm7cross-section.



TABLE 5

TWO PION PRODUCTION CROSS~SECTION

momentum g(ktp — Ktpr'mT) O(K*p —> KOpwtro) ag(x*p — Kon#tn)
2,17 2.28 t ,16 175 L .2 .38 t .06
2,07 1.82 * .11 1,19 £ 15 A3 % 06
1.94 1. 72 T 12 1,50 & .17 34t o4
1.81 1.47 T .09 122002 ,1% \ 26 T .04
1.67 .88 ¥ 07 64 T 09 17 ¥ .04
1.52 24 .08 26 T 05 o4 T ,02
Y 209 £-.013 122 .03 o4 * 02

T€
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VI. QUASI-TWO BODY REACTIONS

A. Single Pion Production

We have already guessed, from very simple threshold

considerations, that the reaction
+
K'p —> KA(1236)

is an important part of the single pion production.

There is, in addition, the reaction
+
K'p —> K*(890)N

which would also be expected to contribute.

In table 6 we present the predictions of charge
independence for the various charge states in the
KN77 final state. The final state pK%nt is richest
in both KA and K*N production. This is the cleanest
sample from the point of view of fitting ambiguities
and is the only reaction we will consider in this
analysis.

Our interest in the states KA and K¥N makes the
choice of variables for a Dalitz plot obvious,
Figure 7 shows plots of pnt effective mass squared
versus KOnt effective mass squared. The presence of

both resonant channels is evident at all momenta.
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TABLE 6

RATIO OF CHARGE STATES IN K'p REACTIONS

charge state

pKOnt
pK+7©

nK*t7™

charge state

pKTmtn=
pKomtro
nKontr+
nktrtn©

pK+770,-,O

single pion production
quasi-two body channel

KA K*N
9 2
2 1
1 0

two pion production
quasi=-two body channel
K*A
18
13
2

i
2
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at four momenta: a.) 2.17 GeV/c b.) 1.94% GeV/c
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B. KAand K¥N Cross-sections

The properties of Dalitz plots and the extraction
of parameters for the quasi-two body channels are
reviewed in appendix I. Using these techniques, the

cross-sections for the reactions

ktp — K%+t — KOprnt

have been calculated and are given in table 7 and
table 8.

Using the Clebsch-Gordan coefficients of table 6
we have also calculated the total KA and K*N cross-
sections, which are shown in figure 8. Data from
other experiments(lq-are also presented in the figure.

The behavior of the KN# cross-section is clearly
dominated by these two reactions, not only in the
threshold region but at higher momenta as well. At
2.5 GeV/c it appears that the two channels account for

about 80% of the single pion production.

Cs. K¥A Interference

In the region of the Dalitz plot where the K¥*
and A bands cross, it is impossible to determine

whether the reaction proceeded through the KA or
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TABLE 7

CROSS~-SECTIONS FOR KA PRODUCTION

momentum GeV/ec O(K*p = K°A™) mb., T(K'p - KA) mb.

2417 1.13 & .17 1.81°% .23
2,07 127 1 19 1,201 .28
1.94 1«53 X 2% 2,04 T .30
1.81 1:86 T2y 2481 18
1.67 1.92 ¥ .35 2.56 t .47
1452 .22 1 .99 2.9 t .52
1.37 3.14 T 46 o181 .61



momentum
2,17
2,07
1.94
1.81
1.67
1.52
1.37

CROSS-SECTIONS FOR K*N PRODUCTION

O (Ktp = K**p)

«92
1.11
1.30
1.46
1.52
1.88
2,02
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TABLE 8

_—

14 4 I+

4 14

1+

o154
.18
« 20
e 21
25
29
e32

1.66
1.94
2.19
2.28
2,82
3.02

I+

I+ 0t b+ 1+ U4

T (K™p — K*N)
1. 385

«21
27
« 30
e 31
«37
43
47
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Figure 8. Cross-sections for KA and K*N
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K*¥N intermediate state. In this case the Dalitz
plot density is not just the sum of the squares of
the production amplitude, but can include an inter-
ference term.

In appendix I we have discribed a technique for
measuring the contribution of such an interference
term. The results of the analysis are shown in table
9. There appears to be no net enhancement in the inter-
ference region and we will neglect interference in the

discussion of the KA and K¥N final states.

D. Two Pion Production
The only quasi-two body reaction with a threshold

in the range of this experiment is the reaction
Ktp — K*(890) A(1236)

The ratios for the possible charge states have
been calculated using isotopic spin Clebsch-Gordan
coefficients., The reaction which is richest in reson-

ance production is
K+p its 4 pK+77+7T'

This is the four constraint fit for our four
prong sample and is for this reason the cleanest reaction

to study. This reaction will be used for all our
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TABLE 9

K#*.A INTERFERENCE CONTRIBUTION
TO THE pK®7t FINAL STATE

momentum cross=-section
GeV/c mb.
217 +,15 T 07
2,07 -.04 T ,08
1.94 e AT
1.81 12T .08

1037 : +016 i- 01?
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studies of the K¥A state, but first we should return
to the assumption made in determining the KN77cross-
section.

The table of coefficients shows that the ratio

of the three measured reactions

K*p = pKFrrtT

nKO7

is 18 : 13 : 2, This is in good agreement with the
observed cross-sections, and strengthens our confidence
that we can account for the unobserved reactions by

this argument,

E. K¥*A Cross-sections

In figure 9 we show plots of pw+ effective mass
versus K™~ effective mass. The cross-sections for

the reactions
&z op++
K'p — K¥*¥YA

have been determined by the method described in
appendix I. These are shown in table 10 along with
the total K*A cross-section.

In figure 10 we present all available data for K*A

production up to 2.5 GeV/c, along with the KNmmcross-
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TABLE 10

CROSS-SECTION FOR K*A PRODUCTION

momentum GeV/c (Kp = K*°AT*) mb, (K*p = K#*A) mb.
2.17 77252z 1,53 223
2,07 W61 TU.09 Te21vEirg
1,94 .59 ¥ .09 1.1871518
1.81 49 + .08 ST 1S
1.67 29 T .ok ¢ STET. 08
1.52 .06 T .04 s12ETiE o

1.37 0. 0.
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Figure 10. Cross-sections for K¥A Production.
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section from figure 6. Again we see that the two pion
production is related to the production of the K*A
state. Throughout the momentum range studied, K¥*A
production accounts for about 50%'of the KN77 final

state.

B K+p Total Cross-section

We began our study of the K*p reactions to
investigate the structure observed in the total cross-
sections. It is interesting, then, to see how the
features of the total cross-section are related to the
cross-sections for single pion and two pion procuction.

In figure 11 we show once again the KN7 and
KN77 cross~-sections. We also include the elastic
cross-section from figure 1. The sum of the three
curves is shown at the top, and is compared with the
measured total cross-éection data. The curve repro-
duces the measured cross-sections very well, and
seems to account for the features observed earlier.

The first bump in the total cross-section appears
to be associated with the rapid rise of the KN7 cross-
section. This has been studied in more detail by
Bland et al.(5) who found no evidence for a resonance
in this momentum range. They conclude that the

structure is due entirely to the onset of the
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inelastic channels.

The second bump in the total cross-section
appears Jjust above the rapid rise of the KN»7 cross-
section., It is tempting to conclude that this feature
is also related to inelastic thresholds. This possi=-
bility will be considered in the remainder of this

paper.
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VII. PRODUCTION AND DECAY ANGULAR DISTRIBUTIONS

A. General Discussion

The production and decay of resonances in
quasi-two body reactions can provide very useful
information about the reaction mechanism for the
process. In the case of the reactions studied in
this experiment, considerable information has
already been accumulated at higher energies, showing
the dominance of peripheral mechanisms. The data
of Bland on single pion production shows the
dominance of exchange processes at momenta down to
threshold.

The dominance of peripheral mechanisms is
not, however, inconsistent with the existance of
direct channel resonances. The two descriptions
are, in fact, complementary, and are related in
an average way by finite energy sum rules. The
presence of a Z*¥, then, would give some local
variation about the éverage contribution from the
perpheral mechanism, Such an effect is already
known to be small and is very difficult to analyse

quantitatively.
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The data on reactions where resonances are
known to be important can serve as guidelines in
our discussion of the K'p scattering. For example
the reaction

mtp > TOoATE
is analogous to our reaction
K+p — KOA*+t

This reaction has been studied over approxi-
mately the same momentum range as this experiment<12).
The differential cross-section shows a very striking
effect from the dominant F37(1950) partial wave
at momenta about 1.5 GeV/c. A Legendre polynomial
fit has been made to the angular distribution and
shows that the coefficient A4 becomes large and
negative in this range. The odd coefficients
Ag and Ay change sign at about 1.5 GeV/c, indicating
a rapid phase change in the dominant amplitude.

This resonance is known from elastic phase
shift analysis. It has a rather large elasticity
(e4), and the branching fraction into wA is about
50%. In addition the high spin enhances the effect
both because of the factor (J+3) and because the

contribution to the Legendre expansion is in the
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highest order terms., The effect of higher partial
waves appears to be negligible at these energies.

It is much more difficult to see the effect of
resonances in lower partial waves. Since any
partial wave (angular momentum L) contributes
Yo the Legendre coefficients of order 2L and less,
a good knowledge of the highest partial waves is
required to separate the effect of any lower wave,
This information has come from the phase shift
analysis of the elastic scattering data(13),

The Kp system in this momentum range is very
similar kinematically to the 7 p case, and allows
the same partial waves. The best candidate for a
Z*, however, is the P13 partial wave. These facts
make it impossible to answer the question of the
existance of the Z*., The knowledge of the inelastic
differential cross-sections can, however, provide
additional constraints for the partial wave analysis
of elastic differential cross-sections and polar-
izations, and should help reduce the number of
ambiguous solutions.

In the next sections, we will consider in

turn each of the quasi-two body channels,
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We will use the normalized Legendre expansion
coefficients to describe the differential cross-
section at each momentum., This, combined with

the data of Bland(5), will provide a complete, and
model independent description of the inelastic
channels from threshold to 2.2 GeV/c. All suggested
resonance phenomena are within this range.

The remainder of the discussion will be in
terms of the exchange model description. Using
the spin density matrix elements we can compare
our data with data at higher momenta, and can
study in a qualitative way the mechanisms in each

of the quasi-two body channels.

B. KO A'Differential Cross-section

The qualitative features of the production
angular distribution are shown in figure 12 where
©;,1s the angle of the A measured with respect’
to the incident proton in the production center
of mass., As expected, the reaction is strongly
peaked in the forward direction. This peaking
becomes more pronounced as the energy increases.

A quantitative measure of these effects is

shown by the energy dependence of the normalized
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Legendre coefficients.
W (cos-e‘-") =1 +; A! P[ (cos -65")

These are shown in table 11 for the momenta
of this experiment. The behavior of the first four
coefficients from threshold to 2.17 GeV/c is shown
in figure 13.

The region up to 1.58 GeV/q has been studied
by Bland et a1( 3) ang the A production and
decay were found to be in good agreement with the
predictions of the rho-photon analogy of Stodolsky
(14)'

and Sakurail In particular, the production
distribution shows a sinzfzn, dependence corres-
ponding to A = -1. At higher momenta, the reaction
becomes more peripheral as other partial waves
become important.

The data from this experiment is in good
agreement with that of Bland over the range of
overlap, and show a smooth variation with incident
momentum,

It has been pointed out by Bland that the

simple rho-photon analogy fails to explain the

magnitude or energy dependence of the differential



1.37

$ 971

=22
=3 37
-+30
-.09
»gl?
-.16
-.11
-«19

02

« 06
.10
12
«13
15
17
«18
«19
« 20
21

LEGENDRE

1.52
1.19%,06

.22
-«19
- 16
=+ 59
-¢23

« 04
-e13

04

15

.09
11
1L
o1k
.15
.16
A7
.19
.19

TABLE 11

COEFFICIENTS FOR K°A ** PRODUCTION

1.67

1.,40%,07

«51
-4 07
=837
=277
=«39
- 27
~¢29
-.03

«53

11
13
14
17
19
.19
« 20
21
o 24

momentum GeV/c

1.81

1.521

«83
.06
-.36
-+18
-.10
-o2h
- Itk
=¢55
U7

.07

12
15
«16
«17
.19
« 20
ses
23
o 25

1.94

1.72%

1,19

.17
-.76
-1.09
-1,35
-1,00
-+ 35
-.11

.01

.07
11
14
.16
17
19
21
24
i 5
.27

2,07

1.77%.08

1.4k

» 76

.05
-e22
-+ 52
-.65
-+ 66
-.48
-¢29

15
19
21
o2k
25
29
29
«30
32

2.17

2,03%,

1.97
1.03
-o1h
- 7h
-.76
-+ 56
-4,0
-.05
-.02

07
12
.18
«21
23
25
o 27
«29

.301

«33

99



56

¥
2
o4
A, II it
. b3
/ I;
i
e
% r; 72 ic 2o 24
I GeV/c
/ i
i T
o If‘
i
III v !

=

o
2z
r
by
_'

o. [-;i
I

I

Figure 13, Legendre Exgansion Coefficients for
the Reaction K¥p —» KO 4 T+,



57

cross-section. The data requires very large
coupling constants, and the reaction becomes
more peripherial faster than predicted from the
simple /o exchange hypothesis. The data at higher
momenta(ls) show a sharp forward peak, explained
by absorption of low partial waves, or by a Regge
model.

The differential cross-sections shown in
figure 14 show a smooth variation with energy.
All momenta show approximately an exponential
dependence with an increasing slope. This behavior
is confirmed by measurements at higher momenta.
The statistics of the experiment are not sufficient
to permit a meaningful comparison with possible
exchange models. In the next section, however,
we will consider the relation of the exchange

mechanism to the decay angular distribution.

s, A Decay Angular Distribution
We describe the decay of the A in the Gottfreid-

Jackson coordinate frame. The characteristics,
shown in figure 15, appear to be independent of

momentum,
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To analyse the momentum dependence in detail,
we parameterize the distribution by the spin 3/2
density matrix elements. The angular distribution

then is given by
W(cose,g) = gﬁ[,oasin + P" (1/3 + cos?e)
.J%_Reﬂ_,sinze- cos2 ¢

-,ﬁ. Re B sin2e cosg ]

where [,= i - P

The values of the density matrix elements
have been evaluated from the moments of the angular
distribution. The results are shown in table 12
and are compared, in figure 16, with data at other

momenta( 10) .

As mentioned previously, the rho-photon analogy
of Stodolsky-Sakurai(1%) provides a simple des-
cription of the MpA coupling. They suggest that
the (o exchange reactions

ntp » 70T
K'p — xeatr

have the same features as A photoproduction which



momentum
1.37
1.52
1.67
1.81
1.94
2,07
2.17

At DENSITY MATRIX ELEMENTS

/P33
«379£.027

«365
«278
« 329
0232
«319
« 314

.028
032
032
« 037

<035
«036

TABLE 12

Re ﬁa-,

«230%,031
«127 030
«122 031
245 ,032
«208 .033
«279 O34
«179 .037

RC/C3I

«059+,025
074 ,026
+015..033
«016 027
«069 031
-.033 .031
.004 ,034

19
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is known to be dominated by an M1 transition.
The rho-photon analogy then predicts a decay angular

distribution
i S L
W(cose,g) = 172 + 3 sine- 3 sin-®cos2dg

In terms of the density matrix elements, the

Stodolsky-Sakurai predictions are

P = 3/8 = 375
Re A = w’g = ,218
Re B,= 0.

These values are shown in figure 16 and
appear to be in good'agreement with experiment
over a wide range of incident momentum.

This result is actually more general than
simple exchange. In contrast to the case of
79 AT production, which allows only(o exchange,
the K°ATT state can also be formed by exchange of
the Az. An analysis(16) of the complementary

reaction
Tl'+p i 77 A++

which allows only A exchange, also appears to be
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consistent with the predictions of M1 dominance.
The data at higher momenta(15) do show a

deviation from the simple M1 predictions for

[t1£ .1 (GeV/c)z. We have found no consistent

variation of the density matrix elements with

momentum transfer, However, because of the

kinematic cut off in t, we cannot determine values

for |t1<4.1 .

Dy K*p Differential Cross-section

The production angular distributions for

the reaction
K+p - K#*Tp

show the same qualitative features as previously
described for the K°A T production. The coeffi-
cients of the Legendre expansion are given in
table 13. In figure 17 we summarize the energy
dependence of the prgduction angular distribution
from threshold to 2.17 GeV/c. The data confirm
the smooth behavior and the increasingly peripheral
nature of the reaction.

The differential cross-sections shown in

figure 18 suggest an approximately exponential
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dependence on momentum transfer. The slope increases
with energy, in agreement with observations at
higher momentum(15),

The details of this reaction are more com-
plicated than the g o production since both
natural and unnatural parity exchanges are allowed
by angular momentum=-parity conservation. The
analysis of data at higher momentum(15) has shown
the dominant contribution to‘be from 7 and w
Aexchange. The statistics of this experiment are
not sufficiently good to permit a detailed study
of predictions from exchange models. In the
next section, however, we will study the relative
contribution of the exchanges over the momenta of

this experiment.

E. K*¥' Decavy Angular Distribution

The general features of the K¥* decay (figure
19) are also very similar to the A decay. We
again measure the angles in the Gottfreid-Jackson
frame, defined now by the incoming K¥, and we
parameterize the angular distribution in terms

of the spin 1 density matrix elements.
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W(cose,¢) = z}f‘r [{o“cosae + (0,, sinzﬂ' —ﬁ,sin’iecosz¢
- /2 Re P 8in2¢ cos g J
with P '%'("/Ju)

The results are given in table 14 for the
momenta of the experimeﬂt. In figure 20 we show
the values of these density matrix elements from
threshold to 5 GeV/c. There seems to be very little
dependence on momentum over this range.

The two exchange mechanisms, 77 and W,
mentionned previously contribute to the density
matrix elements f’oo and (Pu respectively. The
relative exchange contributions appear to be
independent of momentum, in contrast to simple
absorption model or Regge predictions. We would
expect to see changes particularly at small momentum
transfer. However, because of the kinematic
cut=-off in t our data sample is not sufficient
to determine the density matrix elements for

low t values,

F. K¥ A Differential Cross-section
The qualitative features of the angular

distribution are very similar to those of the
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other channels., This is indicated in the coeffi-
cients of the Legendre expansion shown in table 15,
and in figure 23, The data again show a very smooth
variation, becoming more peripheral at higher
momentume.

The reaction has been studied in detail at
higher momenta and found in reasonable agreement
with models based on 7 exchange but none of the
models successfully accounts for all the features
of the data(17). The differential cross-sections
shown in figure 22 provide new information on the
threshold region for this reaction and is quali-
tative agreement with expectations from data at
higher momenta. We have not made a quantitative
comparison with theories but will in the next
section discuss the 77 exchange interpretation

in connection with the K¥ and A decay.

Ge K¥ and A Decay Angular Distributions

The decay cosine and the Treiman-Yang angle
are shown in figure 23. In contrast to the
reactions just studied, there is a very flat dis-

tribution in the Treiman-Yang angle ¢, consistent
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with the dominance of 7 exchange. This is in
agreement with the data at higher momentum(17).

We have determined the density matrix elements
for both the K* and A (table 16) and compare the
results with data at higher momenta in figure 16.
The data appear to be rather independent of
momentum up to at least 3 GeV/b. The predictions
of simple pion exchange can be obtained by
ordinary addition of angular momentum., This

gives

0.

K¥i [ = 1. i = 0. Re
A s ﬁSS = 0, Re = 0, Refgl

3~ 0.

The density matrix elements, averaged over
momentum transfer, do show a consistent deviation .
from these predictions. Data at higher momenta
show that the predictions are well satisfied
for small momentum transfer (It14 .1(GeV/c)? )
but our data are not sufficient to make any con-

clusion on this.
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He Quark lModel Predictions

Bialas and Zalemski(18) have derived a set
of relations between single particle decay angular
distributions and joint decay distributions for

the reaction
K+p —> K¥A

The observable predictions given for decay
distributions are presented as predictions about
‘tensors formed from the moments of the angular

distributions.

e (K%, 0) = 1 Y k%) )

/2.32 +1 F(K*)
<Y:(A)>

T:f—; (K*vA) =

1
,’/2. 1 +1 B(4A)

22 1 M N
7o (K*, A) = Y,K*)Y, (O
S A (HR*)Y, (L))
: o) = - /o
F(A) =~ /Bl-ﬁ_

M
where Y, (K¥* orA)

spherical harmonic evaluated

at K¥ A A decay angle

and < ) means an average over the decay angular
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distribution.

To describe the quark scattering process,
there are four independent spin nonflip and four
spin flip amplitudes. The particle-particle
scattering amplitude is the coherent sum of the
constituent quark-quark scattering amplitudes.

The tensors can be written in terms of these
amplitudes and if the quantization axis is taken
as the production normal, we get the following

relations.

I.  Ta(K*,A) = /2 To(K*, A)

20
% TZD(K*v A )

]

II.  To(K*,A)
III. DK%, A) =4—-12-T2f(K*.A')
IV, ToJK*A) = ghe - B T(KY,A)

Since II and III are in general complex,
there are six equations. We have combined all
data at four momenta 1,81, 1.94, 2,07 and 2.17
GeV/c. The results are shown in table 17 and
indicate rather good agreement. Figure 27 shows
a summary of the test of these relations up to

5 GeV/c. The values of the tensors are rather



TABLE 17

TEST OF QUARK SCATTERING RELATIONS
EVALUATED IN THE TRANSVERSE HELICITY FRAME

equation left side right side difference
I 104%,013 .105%,027 -.001%,030

Re II -,012 .,023 . 006 ,006 -.018 .023

Im II ; -.040 ,022 -.034 ,005 -,006 ,023

Re LIT «003 ,021 020 ,010 -,017 .023

Im IIT -,062 ,021 -,057 010 -.005 ,024

Iv «177 029 .100 ,018 <077 <034

€8
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independent of momentum and in all cases, the

equalities are well satisfied.
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VIII. CONCLUSIONS

We have studied single pion production and
two pion production in K*p reactions. We have

studied in detail the two reactions

Kp — Kop 7

— K+p 7T+77'-

The cross-section for the K°p 7 reaction
shows a smooth fall off with increasing momentum,
as had been suggested previously by Bland(5).

This final state shows strong production of the
quasi-two body states KA and K*¥N as at lower
momenta, There is no evidence of significant
interference between these two channels.,

The pK+7T+7T' cross-section rises rapidly
above 1.7 GeV/c, the threshold for K¥ A production.
About half the events at each momentum correspond
to this quasi-two channel. This rapid rise in the
two pion production cross-section appears to
contribute to the second bump noted in the total
cross-section,

We have studied the production angular

distribution and decay properties of the quasi-two
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body channels. All the observed features are in
agreement with data at higher and lower momenta,
indicating the dominance of peripheral mechanisms.
It is impossible from the inelastic reactions
alone, to place limits on the contribution of
direct channel mechanisms. Our data on quasi-two
body production, however, does provide additional
information on the partial wave structure of the
K+p interaction, and should be useful in resolving
some of the ambiguities in phase shift analyses

of elastic scattering and polarization data.
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APPENDIX

EXTRACTION OF PARAMETERS FOR QUASI-TWO BODY STATES

A. Three Particle Final States

We wish to consider the states K°A™* and K¥p
which decay into the final state pK°7'. The parameters
of interest include the production cross-sections,
possible interference between the K¥ andA, differential
cross-section for resonance production, and the
resonance decay angular distribution.

A three body state is completely specified by
five variables. We will always take one of these
to be the invariant mass of the system, or equivalently
the beam momentum. The choice for the other parameters
cannot be made so easily, and in the following
discussion we will consider a number of choices

each revealing some different aspects of the reactions.

B. Dalitz Plots

One very useful choice of parameters is the
invariant mass of the two body systems.

In the reaction
1+2=>3+4+5

we can choose for example
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M%4 (p3 + Pu)z

ME5 (py + P5)2

The third choice is not independent

B e RS S
Mjg = S + M3 + Mj + NS - M3, - M,

S = (p1 + p2)2 = constant

The remaining two variables could be chosen
as the polar angles of the plane defined by the
three out going particles. For the purposes of
this discussion, however, we will average over these
angles and consider a plot of MﬁS versus M§4 ’
suggested first by Dalitz(19).

Figure A.1 shows a number of general features
of the Dalitz plot. The boundary corresponds to the
limits imposed by energy and momentum conservation.
Within this boundary, events should be uniformly
distributed if there is no dependence of the reaction
amplitudes on the masses of the out going systems.
Resonances in the out going systems show up as heavily
populated bands in the plot, as shown in the figure
for the A and K¥, In the region I, where the A and

K¥ bands cross, we can have events which go through
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in the text.
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either resonance system, and we must also consider

the interference of these two channels.

C. Mass Conjugation

To study the & and K* channels, and the possible
interference, we will use the mass conjugation technique
suggested by Eberhard and Pripstein(zo). For any
effective mass squared for particles 3 and 4, there
is a range of effective mass squared for the system

of particles 4 and 5. This range is given by
£ e
Mys = A + B cos&y

where cos© ) is the decay cosine of particle 4
measured with respect to the direction of the system
of particles 3 and 4 in the production center of
mass. A and B are constants which depend only on the
total energy and the effective mass g, The Dalitz
plot limits correspond to cos &y = Y1 0r to M;= s B,
and the line AA' corresponds to cos®© = 0.

The region II shown in figure I.1 is related to
the region I simply by changing the sign of cos €y,
or by the interchange of particles 3 and 4, For any
resonance of specific parity then, the density of
points in I and in II should be equal, except for

the presence of the resonance in the other two particle
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system. In order to get a sample of events in the
M%4 band, we replace the events in region I by pseudo
events from region II with the two particles 3 and

L interchanged.

Similarly we can generate pseudo events from the
M§5 band by taking events from region III and inter-
changing particles 4 and 5. This procedure should
give us a decay angular distribution for one resonant
state without the effect of the other resonance.

To check the validity of the reflection procedure,
we can compare the reflections of regions where the
other resonance does not contribute.

This technique provides a way to extract resonance
decay parameters, without knowing anything about the
reaction in the interference region. It also provides
a method for testing whether there is any interference

Ll

between the two reaction channels.,

D. Cross=-sections and Interference

The mass conjugation technique provides a way
to determine the production cross-sections for
quasi-two body channels in the reaction. We can
simply add up all events in a resonance band, using
events from the conjugate region to fill in the band

where the other resonance, or interference could
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be a problem. We then subtract the uniform phase
space background by interpolating between the two
regions outside the resonance band. This has the
advantage that it requires no assumption about the
exact form of the resonant amplitude, or about the
interference of the resonance amplitudes in the region
where the bands cross in the Dalitz plot.

We can also use the technique to determine
whether there is an interference between the two
amplitude. Region II and region III each contain
events from one resonance, plus events from the
phase space distribution, whereas region I contains
events for both resonances, phase space and interference.
The number of events for the phase space distribution
events Nps can be determined from the region where
neither resonance can contribute, so that we can
easily determine the number of events due to inter-

ference effects.

Ninp = Ny + Npg - (Nyp + Np771)

We can then calculate an interference cross-
section and determine whether the interference is

constructive or destructive.
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E. Four Body Final States

The four body system can be specified by eight
parameters. We will always choose one of these to
be the total effective mass., In many cases we will
choose specific variables of interest and average
over all others.

We will consider effective mass distributions
as we did for the case of the three body system. For

the reaction
1 +2=>3+4 +5+6

there are many possible choices of effective masses.
Since we will be inteérested in two body resonances,
however, we will consider a plot of M56 versus M34.
We choose here to plot the effective mass rather
than effective mass squared, since it makes the
calculation of kinematic boundaries slightly simpler,

The range of M3y is given by
M3 + My €& My £ Egp - Mg - Mg

where E,p = total energy in center of mass,

For fixed M3y, the range of Msg is given by

Mg + Mg £ Mgg € Egpy = My,
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The boundaries of the plot then form a right
triangle, and the effective mass plot will be referred
to as a triangle plot.

For the Dalitz plot, we had the result that a
constant reaction amplitude gives a uniform density
in the plot. There is an analagous result for the
triangle plot.

N(Mzy, Msg) dlzy dligg = Zem Py Pyg diy, dMsg
cm

where Pop = momentum of My or Mgg in the center of mass

Ps§

momentum of Mg or My in the M3y system

momentum of Mg or Mg in ‘the Mgg systenm

This given a distribution which varies smoothly over
the plot so that resonances in the two particle systems
will show up as heavily populated bands.

It is much easier to study the quasi-two channels
here, since there is no interference to worry about
We can ;onsider all events in the region of the
triangle plot where M3y and Mgg are within the region
of resonance mass for the K¥ andA. The effect of

events from the phase space distribution can be removed

by interpolation, as was done in the three body case.
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F. Resonance Production Angles

A further specification of the 3 particle or
L particle system could include the production angle
of a 2 particle resonance in the center of mass.
This choice is independent of the invariant mass
specification considered in the previous section.

For the description of the quasi-two body reactions
in this paper we will always define the production
angle with respect to the incoming particle which
forms the resonance. For A production, we measure
with respect to the proton, for K¥* production, with
respect to the X,

The choice of production angle is equivalent to
specifying the state by the four momentum transfer
squared.

t = (pin - Pres>2

In the description of the differential cross-

sections for quési-two body reactions, both of these

descriptions are considered.

G. Resonance Decay Angles

There are two co-ordinate systems in common

use to analyse the decay angular distributions of
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resonant states. The Gottfreid-Jackson system or
t-channel frame is shown figure A.2. Here we choose
the positive z axis along the direction of the incoming
proton or K in the A‘or K¥ center of mass. The

y axis is chosen as the perpendicular to the production
plane, and the x axis is defined by the right hand
rule., The angles of interest are the polar angles
(e,#4) in this co-ordinate system, commonly called

the Jackson angle and Treiman Yang angle respectively.

The other system commonly used is the Helicity
frame shown in figure I.2. The z axis is chosen as
the direction of motion of the resonance in the
production center or mass., The y axis is again the
production normal, and the x axis is defined as
before,

These two co-ordinate systems are parallel
for zero momentum transfer, but are rotated about
the y axis as the momentum transfer increases.

In the case of the three body final state we have
already noted that the decay angle in the Helicity
frame is directly related to the effective mass of
the other two particle system in the Dalitz plot.

In the Jackson frame the relation affects both the
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cos© and ¢ distributions. To eliminate this bias
in all angular distributions we use the mass conjugation
technique already described.
For the four body state, the decay angles are

independent of the effective masses of the resonances,

and we need no such correction.
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