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Chapter 1

INTRODUCTION

In this thesis results are presented of a study of two-body
reactions of the type

K p » Meson + Hyperon (1)

where the description of the final state includes both
particles with a weak or electromagnetic decay as well as
strongly decaying resonances. A great variety of K-p
reactions, involving different reaction mechanisms, belong
to this type. A special feature of these reactions is that
often the polarization of the final state baryon can be
measured via the analysis of a weak decay in the hypéron
decay chain . Combined with the other available information
this brings one very near to a complete description of the
production amplitudes for these reactions, without the use
of models. A list of the reactions of which results will be
(presented in this thesis is given in table 1, where a
classification is made according to the spin-parity of the
particles involved.

The data used for this study were collected in a high
statistics bubble chamber experiment with a series of
exposures of the CERN 2 meter chamber to a K beam of

4.2 GeV/c nominal momentum. The experiment started in 1967
as a collaboration of two groups from the University of
Amsterdam and the University of Nijmegen respectively, with
the aim to study K-p interactions at the statistical level
of ~ 12 events/ub. Several publications, including two
papers on two-body reactions of type (1) [1,2], resulted
from that study. In 1971 a new collaboration was set up
between these two groups and a group from the CERN Track



Table 1. List of the reactions discussed in this thesis.

Spin-parity group Reactions

Kp-~> ﬂoA:nA,n'A

0"1/2% » 071/2% Kp~ ntz*
Kp > K050

e Kp+ m75" (1385)
0"1/2% » 073/2 _ L
Kp > KE (1530)

- + - + Kp~> DOA,wA,¢A
o1/2 »11/2 ) 0 o °
Kp~>p I ,¢Z

- . Kp~ p =¥ (1385)
0 1/2 -1 3/2 o
Kp~> ¢Z (1385)

(o]
_ Kp + A,CN,£A,£'A
0"1/2% » 271727 20 .
Kp~> fI ,f'Z

0"1/2% - 073727 K p » m°A(1520),nA(1520),n"A(1520)

0"1/2% > 173727 K p - wh(1520) ,6A(1520)

I SS U5 B U5 B Bl B S O B0 OF BN Nn Oy Gy BN S8 4§ S= -



Chambers division. A group from the University of Oxford
joined this collaboration in 1973. The collaboration set out
to raise the statistical significance of the 4.2 K p
experiment to the level of ~ 130 events/uyb by analysing a
total of 3.10° bubble chamber pictures. The measurements
were completed in 1976. More details concerning the

history of this experiment and the measurement efforts of

the different groups are given in ref. [3] and [4].

Most of the results presented in this thesis are obtained
from that part of the data which was available for analysis
at the end of 1976, and which corresponded to

~ 100 events/ub.

Previous bubble chamber experiments studying reactions of
the type (1) above 3 GeV/c incoming momentum have a typical

sensitivity of ~ 10 events/ub or less, see fig. 1.
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Fig. 1. Exposure sensitivity of K p bubble chamber experiments
in the range 2-10 GeV/c, completed before 1977. The dashed

lines represent experiments in progress.



High statistics data on reactions (1) obtalned in counter
experiments are ‘scarce and generally limited to a small
region of momentum transfer. Although it is possible with

a bubble chamber to investigate these reactions over the
whole momentum: transfer range, the limited statistics of
previous experiments restricted a detailed analysis to
regions where the differential cross-section is large,
which in most cases corresponds to production by meson-
exchange. In our experiment we can study this production
mechanism in greater detail and moreover we can study other
mechanisms which result in small cross-sections like baryon-

exchange and exotic-exchange.

In our experiment the two-body reactions are studied at a
center-of-mass energy of ~3 GeV, which is high enough to
neglect in most cases possible efforts of resonance formation
in the s-channel, while the contribution of reactions (1)

to the total cross-section is still sizable.

Chapter 2 of this thesis contains details of the total data

sample and of the methods used to separate the final states

of interest. Also in chapter 2 a description is given of the
weighting procedures used to correct for scanning losses

and of the methods applied for taking background into

account.

In chapter 3 the results are presented in the form of
tables and figures of differential cross-sections and,

where available, the polarization distribution.

In chapter 4 the forward production of reactions (1) is
discussed in terms of strange meson exchange and experimental
results are compared with predictions of the additive quark

model.
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Spin density matrix elements have been measured for many of
the reactions discussed here. The results are not listed
explicitly in this thesis, but they will be used in chapter 4,
if this facilitates the discussion of the data.

The results of the model independent amplitude analyses which
have been performed in our experiment for some of the reactions,
are also not listed explicitly in this thesis. Some of these
results will be used in chapter 4 to test quark model

predictions.

The main purpose of this thesis is to summarize the results
of the work done in our experiment on the analysis of
reactions (l1). My own contribution to that work has not
peen of the same importance for all the results presented
here. The main effort of my work was concentrated on the
study of the reactions K-p > N;Zi [5], and to a lesser
extent, of the reactions K-p > (ﬂo,n,n')A [6],

Kp » nrrt(1385) [71, K p > (p,w,9)(A,2°) [2,8] and

Kp > p T (1385) [91].

The reactions involving E particles have been studied
mainly by the CERN group of our collaboration. These studies
are not yet completed and the preliminary results are

included here only for comparison with the other reactions.
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Chapter 2

EXPERIMENTAL DETAILS

2.1 Introduction

Detailed descriptions concerning the experimental set
up and the processing of bubble chamber pictures have
already been given in the seven theses written on this
experiment in the past few years [1-7]. Therefore I
will restrict myself in the following to those details
which are more or less specifically connected to the
analysis of the two-body reactions described in this

thesis.

Beam~-momentum

The total data sample was acquired during several
exposures of the bubble chamber, each having an average
beam-momentum between 4.09 and 4.25 GeV/c and a typical
momentum spread of 0.05 GeV/c. Events with a beam
momentum value too far away from the average of the
corresponding exposure, were later removed from the
data sample. The beam contamination deduced from a §

ray count was estimated to be < 2% for T and < 3% for

Ho.
Cross-sections of two-body reactions are expected to
depend on the total center-of-mass-energy and thus on
the value of the incoming momentum. It is therefore
important to know at which average beam-momentum the
cross-sections were calculated. The sample of

~ 100 events/ub used for most of the analysis in this
thesis has a total average beam-momentum of 4.15 GeV/c
corresponding to a center-of-mass-energy of 3.0 GeV.
For the sub-sample of events belonging to the reaction



Kp -~ ﬂ_2+ the distribution of the fitted beam-momentum
at the chamber entrance is shown in fig. 2.2.1. The final
data sample of 130 events/ub has the same average beam-

momentum of 4.15 GeV/c, since the latest runs were taken

at that value.
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Fig. 2.2.1 Distribution of the fitted beam-momentum
at the chamber entrance for a sample of events belonging

to the reaction K p » m I .



2.3 Cross section normalization

In order to calculate the cross section corresponding to
a certain number of events (Nev) of a given type, one
has to know the associated total path length of the K
peam-tracks in the bubble chamber. In our experiment this
is done by counting the number (NT) of decays of the type

+ - -
K - m m nm observed in the same picture sample. The

cross-section is then calculated with the formula

2

G = ev 2.013 [mbarn]

T Py -

|

where Py- is the average beam-momentum in GeV/c and NT
and Nev are corrected for scanning and processing
losses. The constant 2.013 is derived from Avogadro's
number and the physical properties of the K meson and
the hydrogen liquid [4].

In practice a certain data sample is characterized by
its sensitivity or microbarn equivalent:

N X Pyp-
L K events/ub,

2013.

and the reaction cross sections are calculated with
that number.

For the samples used in this thesis the statistical
error due to NT is < 0.5% and can be neglected with
respect to the statistical error in Nev and the

systematical error.

The systematical error comes predominantly from uncertainties
in the amount of losses during processing. For a certain
reaction it is estimated by comparing the cross-sections
obtained from sub-samples, corresponding to different
exposures and different processing chains used in each
laboratory of the collaboration. For most reactions it is
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of the order of 5%. In the following this systematic
error will only be incorporated in the error quoted

for the total cross section of a reaction.

2.4 Scan-types

The events searched for on the bubble chamber pictures
are divided into scan-types corresponding to different
topologies. These scan-types are denoted by the code:

NT nveh NV®, where NT is the number of outgoing tracks
seen, NVCh is the number of these tracks which have a
kink, corresponding to a weak decay of a charged strange
particle in the chamber, and NV° is the number of neutral
strange particles, coming from the interaction vertex

and decaying visibly in the chamber.

The events used for the analyses belong to one of the
following scan-types: 001, 002, 003, 201, 210, 211,

401, 410, 411. The scan type 400, processed for only
part of the total film sample , is sometimes used for
the reactions with a A(1520) hyperon decaying into pK .
Scanning efficiencies for different scan types are
discussed in reference [3]. For the scan types mentioned
above the scanning efficiency varies between 98% and

100% after the film has been scanned twice.

2.5 Separation of final states

After the events have been measured on film *), they are
processed through the programming chain **), which does
the geometrical reconstruction and fits the measured
momenta of the charged particles to different kinematical

*¥) For the measurements we have used automatic machines
(Spiral Reader, PEPR, HPD) and conventional film plane
digitizers [1,7].

**) Programs used were the standard CERN THRESH/GRIND and
the HYDRA GEOM/KIN packages [8].
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hypotheses. At the end, one or more possible final

states may have passed the corresponding xz-criteria of
the fit. Events without a satisfactory fit are either
remeasured or put into a particular Reject-category. In
the calculation of topological cross-sections those
Reject-events which have no trivial source of failure
(e.g. unacceptable beam-parameters; outside fiducial
chamber-volume; misidentified e+e- pair) are taken into
account on the basis of their scan-type. The measurements
of these failed events (where available) have been
compared to those of corresponding events which had a
good fit. No obvious source of kinematical bias has been
found. In order to resolve ambiguities between succesfull
fits the predicted track ionisations are compared to the
observed bubble densities on the film. For a large
fraction of the events a unique solution can be assigned.
For the remaining events, which have still more than one
possible final state, the procedure of preferring the fit
with the highest number of constraints was followed in

nearly all cases.

To illustrate this procedure we list below the most
important final states for the events which belong to
the topology 201 with a visible A-decay. (This sample

provides a large part of the events used for this

thesis)
number of constraints
(i) - Kp + An'n ac
(ii) > 2%t 2¢C
(iii) > AntnT o+ o° 1C
(iv) s AvtrT 4 neutrals oc

Ambiguities between these final states occur frequently,

especially between (i) and (ii), or between (ii) and
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(iii). As can be seen from the listed constraint-numbers,
the final state which is higher up in the list is

preferred. Also for the "multistrange" final states
Kp~+ AK'K™  (4C)
Kp~ 2°K'k™  (20)
which are frequently ambiguous with final state (iii) of
the list above, this simple rule gives a good separation.

Ambiguities may occur however for which this procedure

gives no solution, e.g. between the following hypotheses:

Kp~+ Artn~ + neutral (s) (a)
> AR®7? + " (b)
> AK'K™ + " (c)

Since reactions of the type K p =+ Hyperon + K-meson(s)

+ .... have relatively small cross-sections the final
state without K-meson(s) is preferred. This will only
give a small contamination in the samples of final states
like (a), but of course it can not be applied bluntly
when studying reactions which involve "multistrange"
final states like (b) and (c).

To further increase the purity of the samples one demands
in addition a xz—probability of > 1% for 4C and 2C-fits,
and of > 5% for 1C-fits. Checks on the selection criteria
are performed by looking at missing-mass distributions
and Zo-decay distributions, as shown for example in

fig. 2.5.1.

More detailed descriptions of the selection criteria for
a particular final state can be found in the references
quoted in the tables of chapter 3.
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Fig. 2.5.1. Examples of checks on final state separation.
The missing mass to the ﬂ+ﬂ— system (calculated with unfitted
momenta) is plotted for events assigned to the final states
Antr~ (a) and £°nfr” (b). The distributions show symmetric
peaks which are well centered at the proper hyperon masses.
In fig. (c) the cosine of the angle between the A direction
in the 7° rest frame and the 7% line-of-flight is plotted

for the Z°ﬂ+n_ sample. For the electromagnetic decay

° - Ay this distribution should be flat. Contamination from

Aﬂ+ﬂ_ events would show up as a peak near cos 6 = 1.
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2.6 Background problems

The two-body reactions K-p + Meson + Hyperon discussed
in this thesis can be separated into the following three
classes, which present different problems when trying to

obtain pucre samples of events:

"A) Reactions in which both the Meson and the Hyperon
are "stable", i.e. they do not decay via the strong
interaction. Examples of this kind are:

Kp > n°A

Kp~->nzt
In this case the reaction sample is identi$ied
directly as those events which have a succesfull fit
to the corresponding final state and the background

problems are limited to the ones discussed in the

previous section.

B) Reactions in which either the Meson or the Hyperon is

a resonance, for example

Kp~+nh-> (nn n°%)A
Kp—+owh » (m7a w°)A

k-p > %N > (ntnT)A

- -+ -+
Kp->mZ (1385) - m (m A)

Kp~ m 2 (1385) - n'(n A)

Evidence for these reactions generally shows up in
the appropriate invariant mass distributions of the
corresponding final state samples, as indicated by
the particle combinations between the parentheses in

the above list. As an example fig. 2.6.1 shows the
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invariant mass distribution M(n+w_n°) for the final

state Antn 0"

3000t~ K'p—=A 7% 7= 70 4 1000} .
800
2000+ .
600
400
1000} —
200
(@) 1 >1 ] 0 ] ! L L
0.4 0.8 1.2 1.6 2.0 0.2 06 1.O 1.4 1.8
Mass (w*7™ 7°) GeV Mass (m*7-) GeV
Fig. 2.6.1. The invariant mass Fig. 2.6.2. The invariant mass
of the n n 7° system for the of the m'n~ system for the
final state Am'n 7° final state Am'm”

The peaks at ~0.55 GeV and ~ 0.78 GeV correspond to
production of the first two reactions listed above.
The plot shows that these reactions are produced with
little background. This fortunate situation does not
exist for all two-body reactions, as can be seen in
fig. 2.6.2, where the M(n'n~) distribution of the
AvTr” final state sample is plotted. The broad peaks
at ~0.77 GeV and ~ 1.28 GeV correspond to the two-
body reactions K p + p°A and K p -~ £°A and the
background under these peaks is substahtial.
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In fig. 2.6.4 the Dalitz plot M2 (ArY) -vs.- M2 (A7)

for events assigned to the final state Antn” ié shown.
Clear evidence for production of two-body reactions

is provided in this plot by the dark bands which run
parallel to the axes for (Am) resonances and diagonally
for (n¥1”) resonances. The plot shows that these bands

often overlap.

From the examples presented above, it is clear that

for this kind of two-body reactions the complete
separation of events belonging only to one particular
reaction is often made impossible by the occurrence

of competing processes. For most of the reactions in
this thesis the cross-sections are estimated by fitting
the invariant mass distribution in the resonance region
with a Breit-Wigner function and a polynomial back-
ground. The result of such a fit is shown in fig. 2.6.3

for the reaction K p + wA.

800

600

- 400

200

Fig. 2.6.3. Plot showing the result of the fit (solid line)
to the invariant mass spectrum M(ﬂ+ﬂ_ﬂ°) in the w region for

the final state Am m m°.
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Fig. 2.6.4. Dalitz plot showing the distribution of the
invariant mass squared of the Ar” system and Am  system
plotted against each other for the final state ArtnT.
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For further analysis the reaction sample is defined

by cuts in the invariant mass distribution, sometimes
combined with cuts in other distributions (e.g. momentum-
transfer) to reduce the amount of background in the
sample. When the available statistics allow this, more

sophisticated procedures are applied.

If the resonance decays via different channels one
can sometimes use several final states to study the

same two-body reaction, for example

Kp~ ¢A ~ (K'K)A
and K p + ¢4 » (R°K9)A

Comparison of total and differential cross-sections
and other observables obtained- from the different
samples can be used as a check on the treatment of
background or on the presence of other biases in

these samples.

Reactions in which both the Meson and the Hyperon are

resonances, for example
Kp~+ p z¥(1385) » (n n°) (x*h)

In this case the associated production of the two
resonances must be separated from single resonance
production and other background processes. In fig.
2.6.5 the scatterplot M(r n°) vs. M(n'A) for the

° final state shows the accumulation of events

ArtnTm
in the region where the p band M(r" 1% ~0.77 GeV)
and the r*(1385) band (M(n*A) ~1.38 GeV) overlap.
Cross-section estimates are obtained in this case by

a "slicing-technique" [9] or similar fitting procedures
[10]. The results of these fits yield background
estimates for reaction samples defined by mass cuts. On
the basis of thesé estimates one can decide whether

further analysis of such a sample is useful.
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M(Aﬂ+) versus M(ﬂ—ﬂo) for the final state An+w—ﬂ
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Detailed descriptions of the definitions of the reaction
samples, the fitting procedures used, and the amount of
background can be found in’ the references quoted in
chapter 3 for each of the two-body reactions discussed

there.

Event weighting

Most of the events used for this thesis have scan types

involving the visible decay of a strange particle (see 2.4).

When calculating cross-sections one must correct for the

loss of events due to decays outside the visible region of
the bubble chamber and due to decays which for geometrical
reasons have not been recognized. These geometrical losses

are caused by:

A) Decays which occur very near the interaction vertex.
B) Decays with a short secondary track.

C) Charged particle decays in which the projected angle
between the primary and the secondary track is small.

These losses are accounted for by cuts on the projected
lengths of the primary tracks, on the momenta of the
charged decay products, and on the projected angles
mentioned in C). The remaining events are given a weight

to compensate for these cuts.

Extensive discussions on the various weighting procedures
and appropriate cut-off values for our experiment are
given in ref. [3] and [11]. For the event samples used in
this thesis the average weight ranges from ~ 1.1 for the
reaction K p + nA, to ~1.5 for the reaction K p » 7 Z'.
A maximum value of 5 is allowed for an individual event

weight, but very few events are rejected for this reason.
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Chapter 3.

CROSS SECTIONS AND POLARIZATIONS

3.1 Introduction

In this chapter the differential cross section and the

hyperon polarization for the reactions
K p ~ M(eson) + H(yperon) (1)

studied in our experiment will be presented. In this
section the expressions used in the presentation are

introduced and the variables are defined.

For the total center of mass (c.m.) system the situation
in the reaction plane is plotted in fig. 3.1.1, which
also defines the scattering angle 6*.

Fig. 3.1.1.
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The reaction can be described in terms of three different
production mechanisms, one of which proceeds via the
formation of a resonance, and the other two via the
exchange of virtual intermediaries. The Feynman diagrams
corresponding to these so-called s-, t-,'and u-channel
interactions are plotted in fig. 3.1.2, together with the
expression used later on for the corresponding mechanism
and the region of the c.m. scattering angle 6*, where this
mechanism dominates. In addition the baryon (B),
strangeness (S) and isospin (I) numbers of the possible

intermediate or exchanged states are given.

s-channel
resonance formation
symmetric in coso*

t-channel u-channel
meson exchange baryon exchange
6*<90°, forward 6* >90°,backward

production production

Fig. 3.1.2 Feynman diagrams for the reactions

K-p + Meson + Hyperon.
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At our c.m. energy (~ 3.0 GeV) the dominant contribution
comes from meson exchange, while in general the baryon
exchange cross sections are an order of magnitude smaller.
Resonance formation is negligible at this energy and will
only be taken into consideration when the other processes
rare expected to be absent for reasons discussed below.
This situation is reflected in the differential cross
section presented in the figures of this chapter, where

in general a large forward péak and a smaller backward

peak are seen.

The exchanged objects in the t- and u-channel processes
are thought to be connected with real particles found

in nature. This idea is supported by the fact that the
absence of significant forward or backward production

in a reaction often coincides with "exotic" quantum
numbers in the corresponding t- or u-channel. In this
thesis the term "exotic" is used for a combination of
quantum numbers for which so far no bound state has been
found. Examples of these exotic states are mesons with

S =2 or I = 3/2 and baryons with positive S. The absence
of these states is predicted by classification schemes
like SU(3) and by the quark model. Another conspicuous
feature in the data is the absence 6f ¢ meson production
by baryon exchange. This is also predicted by the quark
model and will be discussed in section 3.11.

The differential cross sections and polarizations will
be presented as functions of t' or u', which are defined

as (see fig. 3.1.2)

I - ' = -
t t ax t ’ u u ax u
. — - 2 = - 2
with t = (PK PM) (Pp PH)
— - 2 — - 2
u (Px = Pp) (1=~p Py
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where Pi is the four-momentum vector of particle i
= *:o = * = 0

and toax t (6 0”) and Uoox u (6 1807).

With these definitions t' and u' are positive numbers.
: '

The values of tmax and U ax and the maximal value of t

and u' depend on the c.m. energy and the mass of the

particles. In table Al of the appendix these values are

listed for the reactions described here.

In order to facilitate the comparison of differential
cross sections and polarizations for different reactions
the horizontal and vertical axes of all the figures in
this chapter have the same scales. The change from t'

to u' on the horizontal scale is made at the point
corresponding to a c.m. scattering angle of 90° at an

average beam momentum of 4.15 GeV/c.

The polarization of the hyperon is measured relative to

the direction of the normal to the reaction plane defined

by,

Y

A= pg x Py = B, X By
in the c.m. system (see fig. 3.1.1). As a consequence of
parity conservation in the production process, the
polarization relative to a direction in the reaction
plane should be zero for a two-body reaction with an
unpolarized target (this can be used as a check on the
purity of the reaction sample). The hyperon polarization
can be measured only for those reaction samples where
sufficient statistics are available and where the final
state hyperon has a large asymmetry parameter o. Thus
only large samples with a A~ prm decay (a ~ 0.65), a

¥ > pr°® decay (o ~ -0.98) or a E ~» Am decay

(o ~ -0.39) can be used.

In the presentation the reactions will be grouped together

according to the spin-parity of the particles involved.
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The bulk of the data comes from reactions which belong to

one of the following groups:

0"1/2% > 071727
" > 073727
" > 171727

" - 1_3/2+

In the quark model approach, where mesons are q& and baryons
are gqqq systems, the spin-parity combinations in the list
above correspond to the multiplets with zero quark orbital

angular momentum.

In addition, data will be presented on reactions belonging

to one of the following groups:

0 172t 5 2%1/27
" +> 0°3/27

" > 173/2°

For each group of reactions the presentation will consist
of a table listing the reactions together with some sample
descriptions, and a table with cross sections. The
differential cross sections and polarizations are presented
in the figures and listed in tables in the appendix. For
each reaction some comment will be given on specific
features in the distributions. Table Al0 in the appendix
summarizes the cross sections of all the reactions

presented in this chapter.

For reactions where a hyperon with spin > 1/2 and/or a
meson with spin > 0 is produced, there are more observables
than the differential éross section and the hyperon
polarization. The spin orientation of these particles can

be studied (in more detail) by analyzing the decay
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distributions of the strong decays. Section 3.10 contains
a brief discussion on how this information can be used

to obtain an almost complete description of the production
amplitudes of reactions of type (1). Also in section 3.10
some examples will be given of the measurement of spin
density matrix elements of the resonances produced in

this reactions.

Reactions of the type 0 1/2% » 0"1/2%

The reactions of this type analysed in our experiment
are listed in table 3.2A and B, together with sample
descriptions and cross sections. The differential cross
sections and polarizations are shown in figures 3.2.1-3
and listed in table A2 in the appendix.

As can be seen in the figures the reactions (1) - (4) have

"a large forward peak (small t'), while in reactions

(5) = (7) this peak is small or absent. Backward production
(small u') is present for all reactions, although
relatively small cross sections are found for reactions
(2) and (3). Where measured, the hyperon polarization is
often significantly different from zero and sometimes

maximal.

The differential cross section of reaction (1) decreases
smoothly over the forward region (fig. 3.2.1a). For
backward production the distribution shows a dip at
u'~0.2 GeV2. The A polarization for this reaction rises
sharply with t' and is maximal over the whole forward
region, while large and negative values are found for

backward production.

For reaction (2) do/dt' (fig. 3.2.1b) falls steeply from
t' = 0 to a minimum at t'~0.4 GeV?. After a maximum at
t'~0.8 GeV2 the decrease is more gradual. Backward

production is small but peaked near u' =0. The A-polarization
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Table.3.2A Sample description for 0-1/2+ reactions

Reactiona) Decay—modesb) No.ofeventsc)»Finalstated) ev/ube)

(1) °A - 4000 An® 103

(<1) (4000)
(2) nA et n® 370 Artoa®
(<2) (56000) 103
n - neutrals 1100 A + neutrals
’ (40) (54000) '
(3) n'A n' >ntr 300 At Tt TR ®
¥t m® (5) (24000)
+ - : + - 103
n'+ m m™ +neutrals 900 Am'm + neutrals
(5) (96000)
(4) n gt - 6000 stn” o5
(<1) (6000)
(5) mz” - 600 Tt 95
(<1) ) (600)
(6) XK'z~ - 1000 =7 k* l03
(<1) (1000)
(7) K°=° - 80 K° + neutrals 103
(5) (65000)

a) In all the tables of this chapter only the final state of the
reaction is denoted. The initial state is of course K p.

b) The column lists the decay-modes of the resonances used in
the analysis of the two-body reaction.

c) The approximate number of events in a reaction sample defined
by reasonable mass cuts is listed. The number between brackets
is the estimated percentage of background in this sample.
This number can change significantly when a momentum transfer
cut is applied.

d) The approximate number of events assigned to the final state
is listed between brackets.

e) The sensitivity of the data sample, available at the time the

reaction was studied.



(1)
(2)
(3)
(4)
(5)
(6)
(7)

a)

b)

c)
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Table 3.2B Cross sections for 0-1/2+ reactions

Reaction oq,a) of,b) GBC) Reference
m°A 74.5+ 4.2 66.0%4.1 8.5%0.7 [2]
nA 24.8+1.3 22.9%1.2 1.9£0.4 "
n'A 50.5% 2.9 47.6 +2.8 2.9+0.8 "

T I 154 38 137 %7 16.0 £ 1.0 [3]
> 10.4+0.7 1.3£0.2 9.0£0.6 "
K'z 14.5+1.0 1.4+0.2 13.2%1.0 [4]
K°=° - - 6.1%0.8 (u'<1.0) "

The total cross section. All cross sections in the tables
are in pb. The cross sections have been corrected for
unobserved decay modes using the branching ratios of

reference [1].

The cross section for the forward hemisphere. Sometimes
a smaller region is used to get a better background
separation. In this case the momentum transfer cut is

indicated in GeV? between brackets.

The cross section for the backward hemisphere, see note b).
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is much smaller than found in reaction (1) and of opposite

sign in the backward region.

Reaction (3) shows a break in the do/dt' distribution at
t'~0.8 Gev? (fig. 3.2.1c). Backward production resembles
that of reaction (2). In the forward direction the
polarization is ~30% of that of reaction (1).

Reaction (4) shows interesting structures both in the
differential cross section and the polarization distribution
(fig. 3.2.2a). Dips or breaks are seen at t'~0.6, u'~1.0
and t'~u'~ 3.2 GevV2., In the forward direction the
polarization is negative and large. For backward production
the polarization is positive on average. There are
remarkable correlations between the structures in the
differential cross section and those in the polarization

distribution of this reaction.
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Fig. 3.2.2 Differential cross sections and polarizations for

the reactions (4) and (5) of the 0°1/2% group.
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Fig. 3.2.3 Differential cross sections and polarizations for
the reactions (6) and (7) of the 0"1/2% group.

For reaction (5) forward production is small (exotic t-
channel) but with the available statistics one can show
that the distribution is peaking near t' = 0 (see fig.
3.2.2b). In the backward region the do/du' distribution
is much steeper than that of reaction (4). Dips are seen

at u'~0.6 and u'~2.0 GevV2.

Reaction (6) has some (exotic) forward production, but
no peaking is seen near t' = 0 (fig. 3.2.3a) . The

backward peak has a rather smooth do/du' distribution.
The % polarization is large and negative for backward

production.

Due to background problems reaction (7) could be studied
only in the extreme backward direction (u'~ 1.0 GeV ).
In this region the differential cross section (fig. 3.2.3b)

is steeper than that of reaction (6).
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The most conspicuous feature of the data presented above

is the variety of structures found in the differential
cross sections and hyperon polarization distributions.
Although the reactions all belong to the same spin-

parity group, the distributions differ considerable from
reaction to reaction. This is especially true for forward
production (for those reactions having non exotic t-channel
quantum numbers), where the data is most precise, even
though the exchanged quantum numbers always correspond to
those of K* or K**‘mesons.

Reactions of the type 0 1721 » 073/2%

The reactions of this type studied in our experiment are

listed in table 3.3A and B together with the experimental
details and cross sections. The differential cross sections
énd polarizations are shown in figure 3.3.1 and listed in

table A3 in the appendix.

The differential cross section of reaction (1) (fig. 3.3.1a)
shows a large forward peak with a dip at t' = 0 and a
smooth exponential decreaseupto t'~2.0 GeV?. Although

the integrated cross section for backward production is

not particularly small for a baryon-exchange process, the
distribution is surprisingly flat, with possible structures
near u'~0.3 and u'~1.7 GeV?. The difference compared

with backward production of K-p-*w—z+ (fig. 3.2.2a) is
striking, considering the u-channel has the same quantum
numbers in both reactions. Apart from the region near

t' = 0 the polarizatioh is consistent with zero.

The do/dt' distribution of reaction (2) (fig. 3.3.1b)
shows a sharp forward peak, although the t-channel is
exotic. In the backward direction there is some structure

at u'~1.0 GeV and a turnover near u' = 0. The polarization

is small on average.



(1)

(2)

(3)

(1)

(2)

(3)

36
Table 3.3A Sample description for 0_3/2+ reactions
(see footnotes to table 3.2A4)
. _ No. of .

Reactioi Decay-modes events Final state ev/ub
rz1385)t  r@3ss)Toart 3400(13)  AnTmT(14000) 80
nt5(1385)7  £(1385)  »An~  760(46)  An'm (14000) 80
kt=(1530)” =2(1530)" > & 7° 70 (10) ="k r°(500) 103
Table 3.3B Cross sections for 0 3/2% reactions

(see footnotes to table 3.2B)

Reaction GT °F GB Referepce
- x(1385)" 81 £4 75 x4 6.6+0.6 [5]
ntr(1385)" 12.0£1.6 3.0£0.7 9.01.1 [5]

+-— -—

K 5(1530) - - 1.9+0.4

(u' <2.0) [4]




Table 3.4A Sample descriptions for 171/2% reactions
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(see footnotes of table 3.2A3)

No. of

Reaction Decay-modes events Final state ev/ub
(1) 0°A 0% >ty 4100 (30) ArtnT (19000) 120
(2) wA w +7ntr n®  4500(6) At~ r°(59000) 120
(3) oA 6 KK~ 1600 (2) AKTK™ (4000) 120

- ¢ +K°K® 800 (1) AK®K® (1500) 120
(4) o°z 0% > atn” 2000 (25) 2%nr* 77 (10000) 120
(5) ¢x° ¢ +K'K” 900 (2) $°k*K™ (2000) 120

Table 3.4B Cross sections for 1_1/2+ reactions
(see footnotes to table 3.2B)

Reaction OT 0F 0B Reference
(1) o°A 82+ 8 575 25 £3 [6]
(2) wh 91+ 8 60 + 5 31 +3 (6]
(3) ¢A 66 + 4 66 + 4 0.420.2 [6]
(4) p°z° 30 £ 3 19 + 2 11 £1 [6]
(5) ¢z° 34+ 3 33+ 3 0.3£0.2 (6]
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Reaction (3) has not yet been studied completely. The
preliminary results show a rather steep backward peak
(fig. 3.3.1c). The t-channel of this reaction is

exotic.

Reactions of thé type 071727 + 171/2%

The reactions analyzed are listed in table 3.4A and B
together with the experimental details and the cross
sections. The differential cross sections and polarizations

are shown in figures 3.4.1-2 and listed in table A4.

As the background in the samples of reaction (1) and (4)
is rather large (see also fig. 2.6.2) the differential
cross sections and polarizations for these reactions have
been obtained from amplitude fits (such as described in
section 3.10),which included an interfering s-wave back-

ground contribution.

Reactions (1), (2) and (4) have.a large contribution from
backward production, while for the reactions (3) and (5)
the backward peak is completely absent (no events have

been found for these reactions with u' <1.0 GeV?).

The forward peaks of reactions (1) and (2) exhibit a
rather smooth distribution (fig. 3.4.1la and b) with a
dip at t' = 0 for reaction (2). The backward cross
sections are relatively large and the distributions show
a dip around u'~0.3 GeV? for both reactions. The A |
polarization behavessimilarly for both reactions, being

positive in the forward and negative in the backward region.

The differential cross section for reaction (3) (fig. 3.4.1c)

has a dip at t' = 0 and an exponential fall-off into the

backward region. The polarization is negative on average.

Reaction (4) has a smooth forward differential cross
section, while in the backward direction the distribution

peaks sharply near u' = 0 (fig. 3.4.2a). The polarization
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