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_ABSTRACT:

This thesis contains a complete analysis of the interactions
K ;D — A7 ana K -/D — AT'7T/T°.  The emphasis is placed
on determining the production mechanism of the two, three and
four-body channels. The results of this analysis are that there
is a dominance of a vector meson exchange mechanism for the
two-body channels and a double peripheral mechanism for the
three-hody channels. The mechanism for the four-body channel
is less clear and nc firm conclusions can be reached. A

comparigson with other experiments is also made.
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PREFACE.

Thé awthor jpined the High: Bhergy Nuclear Phys';cs Grpup
of Imperial College in October 1963 and after sa‘higfac'horily
;zompleting the Postgradnate Leciure Course hegan working on: the
3.5 Gev./c K p experiment. In. the summer of 1964 the film
of 6 Gev./c K p interaotions in the 1.5 m. chamber was taken
and the author has worked on this experiment. from 'thep.. onwards.
The author was responsible for the initial d'a.té. précejss';.!igﬂ 4
program which put. thé measurements oi“ the eveﬁ;bs into a f“o:cma'h;
suitable faor thé Ruther:for.‘d L,a,bora.tbfy é‘_eometfy prbgram and |
was solely responsible fdr.the analysis ‘and présenfation .of the

LT ang AT qata.
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INTRODUCTION

This experiment was begun at C.E.R.N. in the summer of 1964
and was a collaboration between the Universities of Birmingham;
Glasgow, and Oxford,; Imperial College, The Rutherford High Energy
Laboratory (R.H.E.L.) and The Max Planck Institute Munich. A%
that time it used the highest momentum negative kaon beam (& Gev./c)
existence and was the first experiment to use the 1.5 meire
British National Hydrogen Bubble Chamber (B.N.H.B.C.). The main
aim of the experiment was to search for evidence of the exisience
of the Sr.particle which was predicted by the U, classification

3
(0.1,0.2,0.3)

scheme for elementary particles. Details of this

search are given elsewhere,(o'4)
This thesis i1s an investigation of the processes which produce
a zero hypercharged baryon and result in the final states APR+r—
and A®x~x+r®. The theme of the thesis is to perform a complete
analysis of the processes Kp— A°w*n~ and K p—aA°wtR~®x° with
an emphasis upon ithe production mechanism of each channel. The
method used was to isolaite each channel with as small a background
a8 possible and investigate the decay angular distributions of any
resonance produced in a particular channel and also the correlations
between the momenta; scattering angles and production angles of the
particles in the channel. The decay angular distribuiions give

information about the guantum mumbers of the exchanged system in

the case of a peripheral production mechanism.. The interpretation



of thesc distributions is less preciss on the bagis of the
Absorption and Regge lModels than on a simple Peripheral Nodel.

The various correlations provide information on the kinematic
configuration of a particular channel. This has principally been
used f'or the study of the three and four body final states.

These channels were difficult to analyse because their cross
sections were small relative to the channels: K*—p ’ K*-W+n and
Kk&°z> for example and the statistics were in general small.

This was so because most of the. events at this energy cre produced
by peripheral collisions and on the basis of a simple exchange
mechanism the channels considered in this thosis must be produced
by hypercharge or baryon exchange-. Both these mechanisms have a
much lower probability of occurring than the vecuum or zsero
hypercharge meson eixchange mechanisms which produce the channels
given above. A further difficulty was that there were many
resonance channels produced in the A°rtx and A°xtR™x°tinal states,
and éach resonance had a simall signa:[ to hoise ratio wh:;.ch made it
difficult to separate from background.

The zero hypercharge baryons are defined by the relation

where Q = electric charge
and 13 = the third component of the iseotopic spin.
This is derived from the empirical Gell-Mann and Nishijima-relation;

Q=1 +B.;m.= I3 +Y/2



where B = baryon number

S

strangeness

and Y = hypercharge.

The zero hypercharge baryons considered in this thesis are the

A® and Y,¥(1385). The A%belongs to the SU, octet of (1/2)

3
baryons and the I§+(1385) to the 5U, decuplet of (3/2)" baryons.
The quantity in the parentheses is the spin and the supgrscr?pt
dénotes the parity.

The'syétem of units used throughout this thesis will be that in

ﬁhich the velocity of 1igﬁt islgnity. Thus Beth momépfum and

energy will be expressed in terms of Gev.



CHAPTER 1

1.1 The Beam.
(1.1,1.2)

The beam for this experimeﬁt (called 02) waé
built in the East Experimental area of the G.E.R.N. Protom
Synchrotron. 1t was designed as an all purpoée beam‘i
prodﬁcing kaons, pions, protons and antiprotons up to a
momentum of 15 Gev. To achieve this the beam could be
run in two modes of mass separation. One mode was
electrostatic for momenta up to 8 Gev. and the other was
radiofrequency, for momenta up to 15 Gev. For this
experiment the beam was used in the electrostatic'mode
to produce negative kaons of 6 Gev. momentum. This
form of the beam will be described bdbriefly.

The layout of the beam is shown in Fig.l.l. The
length of the beam line was 180 metreg.and incorporatgd
many new fgatures. The first of theée'kas that the'v
££réet wds placed in the curved @agnet sectiéﬁ 69 oé tpe
Proton Synchrotron. This'enablgd an essentially zZero
éngle secondary Beam to be extracted with aﬁ intensity‘
higher than would otherwise have been obtained. This
beam was shielded from the magnetic fringing field of
the next magnet section by a soft iron tube. The

remaining part of the beam contained 14 standard



Fig.11
THE 02 BEAM

ll" A
5P N\ 1 AT o0 .
C1C2 . ¢f 3
c5 T= Co Q1
ES1 ) / Q17 PM
ES?2 £ds H0 .7 NBC
S LA 0 )
Qf2 PO
COLLIMATORS RLER & \
Horizontal Collimator [C2,3,8,10,11 ] C7CM5M7 |
| Vertical Collimator [C1,4.5,6,7,9] Q16 -, M8
MAGNETS T Target
O 2m. Quadrupole [ Q1,213,14,15,16,17 ]
0 1m. Quadrupole [ Q 3,4,6,10,11] NBC Bubble Chamber
I 0.5m. Quadrupole[Q7]
0 2m. Horizontal Bending Magnet [M1,23,456] —— Electrostatic
Separator{E §1,2,3 ]
[ 1m.Vertical Bending Magnet [M 7,8] _
@ 1m.Pulsed Bending Magnet (Vertical)[ PM] <



11

C.E.R.N. quadrupole magnets, 8 hending magnets, 1l collimators,
and 3} electrostatic separator tanks which gave a total plate
lengthi of 2T metres.

The second new feature of the heam was that the collimator
javws were independently ad justable which prowvided easy and
more accurate tuning of the heam. The muon: and scattered

(1.3) by separating the

particle background was reduced
horizontal and vertical foci and using independent horizontal
and vertical collimators.

The beam: could be considered generally as made up of three
gsections. The first was the beam acceptance section whers
the phase space acceptance ( target area x solid angle
acceptance ) and momentum. bite were defined. The second was
the single stage electrostatic mass separation, and the third
was the section where the phase space acceptance and momentum
bite were redefined. The beam. was designed in this way;
with single stage mass separation,because with the redefining
third sectioni it gave a beam of reasomable purity and,more
important,a higher beam flux at. this momentum than multi-stage
mass separation.

The beam. purity will now be discussed. This is a very
important beam parameter because large amounts of pion
contamination meke the analysis of the interactions difficult

and the results unreliable. To this cend another new featurs
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was used in the beam. This was the estimation of beam purity
by counting kaons and non-kaons ond ztt.mpting to labul the
beam tracks as kaons and non-kaons. The counting was
arranged so that the number of coincidences between two
scintillatiom counters were recorded. This gawve the total
number of particles entering the chamber and was defined

as the B, count. At the same time counts were recorded

of the coincidences of the scintillation counters and

a éerenkOQ counter which. discriminated against. kaons.

This gave the number of background particles and was
defined as the A count. The difference ( B ~ A) is the
number of kaons. This difference method removed any
systematic effects due to spurious coincidences. The
track labelling was done using a C.R.T. display which
was photographed along with the bubble chamber. The
C.R.T, monitored the position. of a beam track along the
x -axis, and the nmature of the particle,as detected by
the cerenkov counter, by a y —axis deflection. This
system was only partially sucessful due to poor photographic
recording and the lack of a clear correlation between
the actual positionsof the beam tracks on the film and
the positionsof the y -deflections. The contamination
of the beam by pions and muons was evaluated(1'4)by‘studying
the absorption of the beam by various thicknesses of

lead,the mirror image of the low mass side of the pion
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peak,and the ratio of the interactions with one seen
neutral decay to all interactions for various B and A
values. The average value,given by these methods,of
the pion to kson ratio was 3
a) 15 %54 for the first third of the film.
b) 2% 2% for the remaining two thirds of the film.
On the basis of these figures and the fact that the
interactions considered in this thesis contain only one
'strange particle the pion contamination was ignored.
Table 1.1 shows typical beam parameters.
1.2 Tho Bubble Chember. (1*5)

The chamber used in this experiment was the B.N.H.B.C.
This was the firgt large United XKingdom. bubble chamber.
It was built at the BRutherford High Energy Laboratory
(R.HiB.L.), and was a joint project,begun in 1957, by
the Universities of Birmingham, Liverpool and Oxford,
Imperial College and R.H.E.L. The hydrogen tank was
150 cms. long, 50 cms. high and 47 cms. deep,giving a
liquid volume of 300 litres. This volume was
enclosed by vertical glass walls ( windows ) and an
2luminium casting to allow good temperature control.

The chamber was run at a temperature of 27 X
which was maintained by hydrogen refrigeration loops

around the aluminium walls. The chamber windows (l°GJ



were made of borosilicate crown glass, chosen with regard
to price, transparency to the blue end of the spectrum,
homogeneity, freedom from bubbles and chemical stability.
The window seals were soft indium gaskets which on one side
of the glass were mounted on an inflatable stainless steel
tube. The fiducial crosses were ruled on the imner side
of the windows to an accuracy of 10 microns. The chamber
was surrounded firstly by a hydrogen shield, then a nitrogen
shield, both being used to reduce radiation losses, and
finally a vacuum tank. Apertures in these shields were
kept small for safety and to reduce heat radiation into

the chamber. The basic constructional features are

shown in Fig. 1.2.

A gas expansion system was used due to its great
reliability. It was designed to reduce the uneven
expansion and turbulenée inherent in such a large chamber.
The eveness of expansion was obtained by effectively
expanding the complete top surface of the liquid hydrogen.
This was done with 48 separate expansion tubes in which
the liquid surfaccs were equidistanf from the expansion
valve. This arrangement allowed the pressure to be
applied simultaneously over the top surface of the liquid.
The stability was increased because there werc no large

gas liquid interfacial areas and also because a controlled
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height of liquid was maintained in the expansion tubes.
This produced an inertial volume which tended to damp any
subsequent oscillations after expansion. The seqguence of
the bubble chamber cycle was that a signal from the Proton
Synchrotron control room initiated the expansion of the
chamber so that thc beam pulse arrived at the chamber when
it was sensitive . About 1.5 ms. after the beam pulse the
flash tubes were fired and the photograph taken. The
cycling time was about 2 secs.

The magnet of total weight 300 tons. was run at about 4 MW.
and 500 volts. giving a field of approximately 12 Kgauss.

The magnetic field at the geometrical centre of the magnet

was found by proton nuclear magnetic resonance. The

mapping of the field(1‘7)in ‘the chamber volume was donc

using a calibrated Hall Plaje. The maximum mapping error wasg
0.25 % and the variation of the megnetic field across the
chamber was 3 %.

The illumination system was of the straight through type.
Thiyg was preferred over the retrodirective system becouse there
was a better possibility of obtzining pholographs of high
quality and accuracy. This was at the expense of magnetic
field strength. The consideration of the following points led

to the adoption of a dark ficld illumination sysiem and

essentially three separate identical optical systems,each of
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which illimminated one third of the chamber volume.

(a) Contrast of the tracks with background.

(b) The lower limit to the scattering angle.

(¢) The observed volumc. (This decreases as the scattering
angle decreases, espccially if each camera has its own light
source, )

(d) Uniformity of illumination. (This is particularly
important for visuwal ionization estimates. )

Lach optical system had three ring shaped xcnon flash tubes
of 7 cme. diameter imaged around each camera on a circle of
14 cms. diometer, thus enabling small angle(2°)scattering to
be used. The general featurcs of the optical system arc
shown in Fig.l.2.

Three cameras rigidly mounted in the form of a triangle
(see Pig.1l.2) werc used to photograph the bubble chamber.

The film transport was automatic and the 35 mm. unperforatcd
film was held firm by vacuum suck down. The camera lenses

were wide angle (field coveragei’30° ) Ross Aerial Survey type,
with a focal length of 8.2 cms. The residu=l coma, astigmatism
and transverse colour were removed by a 15 mm. plate of
borosilicate crown glass placed between film planc and lens. The
cameras were focussed in & plane in the middle of the ohamber.
The depth of focus was 45 cms. and the demagnification was 16

a2t an aperture of £/25. A bubble had the diameter of the
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first dartk ring of the Airy Disc (19 microms) by slightly
under-exposing. A data panel which contained the date; run,
magnetic field value and the A and B counts was also photographed
with the chamber. The results from the chamber were very
variable. About 15% of the film received by Imperial College
was classified as unusable. The film wasg taken in three runs

with parameters;

Run Amount of film Beain Momentum  Magnetic Field
(%) ( Gev. ) ( Kgauss. )
D 15 6.02£0.06 13.54
B 30 6.04%0.06 12.28

F 55 6.02* 0.06 13.54
1.3 Scanning and Measuring Machines(l's).

The scanning machines used were designed at R.H.E.L. cnd
Imperial College. They satisfied the general requirements of
gcanning machines. These are;

(a) High reliability.

(b) Reasonable picture size (A magnification of 10 was
used).

(¢) Good focus and illumination, so that photographs
could be made.

(d) Fagt efficient film transport. The average time *o

scan a frame was 2-3 secs.



19

Later the magnification was increased to 15 for ionizaﬁion
scanning. The general features of the machines were‘a three
channel projection system with two 45% mirrors, which produced
an image on & horizontal wvhite table , and an electrically
driven film transport system.

Three measuring machines were used at Imperial College. Two
were known as the National Measuring Machines and were also
designed by R.H.B.L. and Imperial College. The third was a
home made machine upon which the author initially worked. A
brief descriptionof one of the National machines will now be given.
It had a three channel illumination system thus accomadating
the three views of the chamber. It had a projection system

which produced a complete stationary image of magnification

10. This enabled particular frames and cvents to be found
easily . The main channels were illuminated by a single
high pressure mercury lamp. - Part of the illumination was usged
to produce an image, magnified 30 times , of a small part

of the view to be measured. This facilitated accurate measurement.
Measurements were made by setting a fiducial cross, which moved
with the projection lens, upon the point to be measured and
recording its position. The complete event was measured on
three views by recording the relative perpendicular movements

of the lens and film stage from onc setting of the fiducial cross

to another along the tracks of the cvent. These movements were
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recorded by a moiré fringe system producing voltages which were

fed into a two-way octal scalar with a least count of 2 microns.
on the film. These numbers were punched out on five hole paper
tape in binary coded octal. Thig machine was later modified 1o

(1.9)

operate in a semi-automatic manner
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'TABLE 1.1
Some prqperfies of the Electrostatic Beam recorded on 29/9/64.

1. Target.

Height 1.0 mm.
Width 1.0 mm.
?ength' 80 mm.
ﬁateria} “Aluminium.

Effioiency 10 %

2. Prodﬁction Angle.
XK 3°
3. Transmission'

Solid Angle x Momentum Bite 1.1x;o‘6.

4. Separation.

Electric Field 50 kV./cm.
‘Piate'Gap.> 10 cn. |
PiatéiLength 27 mA

" ®" <K~ separation 10 mm.
Magnification relative to target | 4.8.

5. Cicu;ating proton beam in P.S.

Intensity 6 - 8x1011
Energy . 21.54 Gev.
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CHAPTER 2

The data processing system.

The setting up of an efficient and fast data processing system
is an important part of an experiment analysing many frames of
bubble chamber film. The proccssing system used in this
experiment is shown diagrammatically in Fig.2.1. In this system
very efficient book-keeping was used to keop the number of lost
and unprocsssed events to a minimum. This also applied to the
computer programs used at the various stages of processing.

The processing status of each event was therefore accurately known
and the rejection rate due to program failure was small. The
systom can be more easily described by considering it in two parts;
(1) scanning and measuring,
(2) computing.
2.1 Scanning and measuring.

The film received by Imperial College was approximately
60,000 frames, each having three views. This film was divided
into rolls of about 1,300 frames. Bach roll was scanned, that is
each frame was inspected visually for any interaction between the
beam particles and the protons in the hydrogen. Tach interaction
was called an event if it satisfied certain scanning criteria.

The scanning criteria were designed to clussify events and to roject
spurious events and unmeasurchle events. The criteria wero defined

for view 2 and were concerned mainly with threc things;
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(i) the region in which the event occurred,
(ii) the neutral decay,
(iii) the charged decay.

With regard to (i), the chamber was divided into three regions
which are shown in Fig.2.2. These regions were chosen so that
sufficient length of track from the production vertex and decay
vertex was available to allow a2 good momentum measurement to be
made. These regions were defin.d on the back glass as secn by
camera 2. The events were classitied by three numbers which
indicated the appearance(topology) of the event on the Tilm.

The first wasg the number of charged tracks associated with the
production vertex, the second was the number of charged decays
and the third wasg the number of neutral decays. The events
clageified as 201 form the material of this thesis. The events
which contained up to one visible decay were classfied as common
and those with two or mors ag rare. For all events the beam track
was- checked to be parallel to the other beam tracks to within

6°. Common evenis were accepted if the event was such that the
production vertex was within region A and was produced by a bean
track entering region A at the upstream end of the chamber and
not through the zides and that the deccay vertex was within region
D. Rare events and v decays were noted from anywhere in the
chamber (region B).

Considering (ii), a neutral decay was considered associated
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with an event if a line between the two tracks of the neutral
decay passed within 2 em. of the production vertex. It was not
regarded as 2 stirange particle decay if one or both of the tracks
from the decay was identified as an electron (i.c. the momentun
was less than 140 Mev. and the track was minimum ionisiné) or the
projected opening angle was less than 3° on two views and the
ratio of the curvature ot the positive track to thut of the
negative track was not 1l:3.

Finally for (iii), the criterion was that the charged decay
was measured if its projected decay length was greater than 3 mam.
ag geen under 1V times magnification.

The film was scanned three times. The first and second scans
were independent and, in cach, the frame number, topology of cach
event (except 000 events) and the rcgion of rare cvents and <
decays were noted. ) For each event any electron pairs or neutron
stars which could be associated with an event and all positive
tracks which came from an event and stopped in the chamber
(therefore being protons) were noted. The third scan was uscd to
check the results of scan one and itwo and allow an estimate of
the scanning efficiency to be made. During this scan, scan cards
were made for events which were measurable and satisfied the above
criteria. These cards contained the book-keeping information,

a rough sketch of the event and approximate production and decay

vertex positions io assist in the identification of the event
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and any special measuring instrucilons.

The scanning stage of a conventional bubble chamber experiment
is very important and if done eificiently ensures efficient
measuring , statistically complete data,; ascistence in identifying
the nature of events and an accurate estimation of the corrections
to be anplied to the crosy sections due to the biases introduced
by the scanning criieria.

Measuring forms the next part of this scction. The events
were measured on three views using the scan card information.

The sequence of measurement on each view was to begin with 2 datun
fiducial (fiducial 1) and then four other fiducials (2,3, 4, and5).
See Fig.2.2. These fiducials were chosen because they gave tae
most accurate determination of the ﬁransformation parameters of
the measurement system to a standerd reference system. The rost
of the event was then measured awl each item (fiducial, track,
vertex etc.) wes labelled to allow a computer program to interpret
the measurements of the items cf thelgvent.
2.2 Computing.

This part of the processi was done on the I.B.I. 7090 and
1401 comvputers at the Imperial College Computing Department and
contains most of the complicated parts of the processing system.
It can be divided in to four subsections each dealing with a
particular progranm.

(a) The preparation of she measurement data for the
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geometrical recconstruction program.

(b) CGoometrical reconstruction (Geomefry)(e'l).

(¢} Kinematic reconstruction (Kinematics)(g'z).

(d) Statistics(2'3) .

(a) The data prenarztion program.

This program was called P.l1.N.G. and wasg modified and recoded
by the zuthor from thu verszion used on the Mercury computer to
a version for the I.B.H. 7090. It interpreted the magnetic
tape image, produced by the T.B.M. 1401, of the paper tape
output from the measuring machines; reassembled it into a format
écceptable to geometry program and wrote this onto a magnetic
tape which was called the Yvents Tape. It also carried out
variqus checks on the data to ensurc that the measurements were
correctly secuenced and coinplete.

(b) The geometry program.

The geometry program rcad the events tape and with fixed
data geomctrically reconstructed the cevents and wrote the roosults
onto a magnetic tape vhich was called the Geometry Library Tapc.
It also printed out the results in a condensed form which was
known as the Geometry OQuiput. This program forms nart of the
complute vubble chamber analysis system develoned by the H.H.LE.L.
The fixed data required by the program consists of; for example,
a range momentum table, magnetic field map and the opiical

constants of tthe chamber and cameras.(2'4)
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The spatial rocornstruciion of an event was done by firuily
transforming the measurements of each view to a standard
reference frame. This was necescary because of film shrinkage
and measuring mechire distortion. The transformation was done
by a least squares fitting of the fiducial measurements to a sget
of expected fiducial positions. For each view the measured
points were converited to rays using the optical constants then
a circle was fitted by a least squores method to the points of
intuisection of the rays from the measured points along a track
with the front glass of ‘he chaumber. Lvents were rejected at
this stage if two points werc more than a given distance from
the fitted curve. The vertex coordinates were then spatially

reconstructed by a least squarec minimisation of the distancco
of a point in space from the rays of the three points measured
on the threc viewa of the film. This was later modified so that
the rays from the point of intersection of the extrapolated
tracks at a vertex on each view were uced to define the vertex
gpace point. The track points were ithen reconstructcd in space
using a corresponding points method. In this method the view
on which the track had +the maximum sterco angle with the track
images on the other views was seleccted as a main view. Thao
corresponding point was found by projecting a line parallel to
the stereo axisg from the main view to one of the other vicws and

interpolating between the two points on the other view which were
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either side of the projected line. The reys from these
corresponding points defined o point in space. A corresponding
point wac thenr found for the other view and a weighted mean
pozition of the space point was found. In general, because of
optical distortions and track curvature, an iterative procedure
and cicular interpolation were usecd. A scries of space points
were thug obtained znd a fit was made Lo these in two parts.
Pirstly by fitting a parabola, cicle or straight line (according
to the straightness of the track) to the x,y projcctions of the
gpace points and secondly by fitting the z coordinate using a
helix. The final it was done iteratively using the parameters
of the helix space fit as gtarting values and fitting & helix to
the points of intersection of the gnace point rays with a nominal
film plane. e first stage of the fitting procedure was used
so that badly meusured events wvere rejected quiclly and sitarting
valnes were obtained for the [inal stage. The method used in
the final stage was because it avoided the awkward corresponding
pointe method,; the inability to calculate errors and the
. (2.5)
asynmetric treatment of tthe three vieus.
The measurement errors were calculated from the error matrix

ond & standard r.m.s. error found from o histogram of the r.m.s.
scatters of the measured points along each track about the fitted

helix. The calculated value of the r.m.s. error vas used if it was

larger than a given check (12 microns.), otherwise a standard
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error of 8 microns was uced. The vortex errors were calculated
from a weighted mean of the r.m.s. deviations of the space poinis
from the rays from the measured points and from the rays from

the points of intersection of the extrapolated tracks at the
vertex. A gtandard value of 15 microns. was used for the vertex
error if the calculated error was less than a given check of

25 microns, otherwise the caculated error after some iteration
was used. The track and vertex r.m.s. scatter histograms are
shown in PFig.2.3. The kinematic variables of each track were
then calculated. These were the momentum (p),by using the
magnetic field map, azimuthal angle (p ), and the dip angled .

See T'ig. 2.4. These are calculated at the centre of the

track. The errors due to multiple coulomb scattering were

added to the measurement errors. The formulae uszed were found
by R. Bock from Monte Carlo calculations. The kinematic
variables were used in the form (1/p,tan),p). This was

because 1/p was directly related. to the measured curvature and
facilitates easy error evaluation. Tan\ was used for
convonience only. The final helix fit which. was mass dependent
was carried out with three different masses for the particle
making the track (pion,kaon and proton). If the track was

long or slow enougn then the effect of the mass dependent energy
loss showed itself in that the helix fit for the correct particle

mass had a much smaller r.m.s. scatter of the measured points



70- Fig. 2.3 15 25

15 25 f
60-
: 8 12
. H’
50 _
J L
40
\ |
0 ] -
£30-
o ] 1
>
u_l P
207
10
............ s 7 L A L St S VO
0 10 20 30 40 O 20 40 _ 60 O 20 40
Helix Fit Errors Decay Vertex Errors Production Vertex o

in 1 microns. in 2 microns. Errors in 2 microns.



Liquid Hydrogen

Volume used for

Weighting
(Dashed) Magnetic
Field
x
Coordinate

System

Camera

Positions !

Fiducial Volume(D) \\

0.0 05 1.0

"y

Scale in metres P

7 |
P=
|

(g8
I



34

alonz the fitted curve than for the other particle masses.
This allowed a particle to track ideatification to be made.

The geometry program calculated for each track of an event
the variables l/p, tanh and pat the centrc of each track and
the associated errors, the three mass depsndoent helix fit r.m.s.
scatters and the veritex positions with errors. This information
then passed to the next program, the kinematicsg, by being written,
in binary to keep the information compact, onto a geometry
library tape. The geometry output was checked for quality of
measurement and badly measured events were sent for re-measurcment.

(¢) The kinematics progranm.
Given the values of the kinematic variables of an event

and the conservation of energy and momentun the kirnematics program
vas presented with the problem of identifying the elementary
particles which produced the tracks of an event. The solution
made possible by the availability of fast computers was to
perform a least squares fit to the many hypotheses of the
interpretation of an event. The kinematic variables
(1/p, tanh,p ), specificd at the centrc of track, were used
because they were then most likely to be normally distributed.
This was because they were directly related to the measured
points along each track. Normally distrivuted wvoriables were
required for the method of least sgarecs fitting with a x2

goodness of fit criteria. Centre of track variables were used
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because this enabled easy multivertex fitting. Other information
required by the kinematics program was somc fized data, for
examplc,; a range momentum table; particle masses and data

defining the hypotheses fitting sequence.

The procedure of kinematic fitting was to minimise a modified
X2 function which consisted of two parts. One was the tiue X2
function and the other part was a quantity which was a measure
of the constraint unbalance (energy and momentum unbalance) of
the fit. The complete function was:

z(x-x)G (y—x)+22‘a flﬂ(x)
where f(x)_ze +Zp and J:'ij=l/03':i 4

Lagranglan HMultivoliers

ol
B
»

Fd
I

measurcment error maitrix.

13
For a minimum aM/ax_f 0 and ale/aa.A

iee. ZGJiCj (::J.- xrg) +> ahé'f?\/'axi =0
j A
and f 2 (x) =
The constiraint unbalance term was cvaluated at sach vertex,
which meant that the kinematic variables had to be adjusted from
their centre of track values to their values at the vertex.
Tach vertex has four constraint equations associated with it due
to energy and momentum conservetion . The number of constrainits
of a particular fit was reduced by one for cach unimeasured
variable. The equations were solved iteratively. A solution

was regarded as acceptable if at a particular stage of iterztion
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Z f « e
= o~ 1
and X2 - x2 2 < e
(1) " K@) 7 Kn) © 2
where e and e, wWere firxed tolerances.

Because there were in general & large number of hypotheses to be
tested on a2 large number of events the rate of convergemce to a
suitable solution was very important. The method used was to
allow the iterations to proceed until either the constraint
unbalance increased twice,;when the solutién was rejected; or
decreased to a minimum, when the solution was accepted as a
reasonable fit. There was a maximuin cut-off on the number of
iterations allowed because it was possible for the valuea of
the X2 to oscillate indefinitely. In these cases of oscilletion
a point can be made. 1t wae noticed that in some cases of
oscillation where a fit was not obtained the values of the X2
and constraint unbealance a2t some of the minima were acceptable.
It would apnear that in these cases a2 minima should be located
and the fit at that stage be regarded as acceptable.

The procedure of fitting 201 events was divided into thres
paris., The Tirst wags the fitting of the decay vertex to a
¥° orA°decay. 4t the decay vertex only the K orAFxnomentum was
unknown and therefore the fit was a three constraint (3.¢.) fit.
The next part was the production vertex fit which used the value
of the ¥° or A°momentum obtained from the decay vertex fit.

In this part a fit to the production vertex of the various
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hypotheses was attempted. This fit was a four constraint (4.C.)
fit for hypotheses in which therc were no missing particles at
the production vertex. The hypotheses with a missing particle
viere 1.C. fits begause there were then three componcnts of
momentum missing. The final part was to adjust all the
kinematic variables simultoneously and obtain an overall
multivertex fit. Bvents with two or more unsecn particles could
not be fitted and were classzified as multineutral events.

This program calculated for each successful hypothesis tried
on an event the fitted wvalues of the variables with new errors,
the ionisation,of each fitted track, as seen on view 2, the X2
and associated probability and the normalised stretch functions
for each variable. The normalised stretch was defined as;

S = (xf - xm)/ G (xf . )/ms
This should be normally distributed with a mecan of zero for
statistically unbiased fits. The 201 cvents were run through
seven hypotheses only. These were chosen on the basgis of an
estimated cross section. The hypotheses used were;

Kp—> K°px~, K°patn~™ , K°nxtx~™, 2°ntr A%xt o, Alxtx x°
and A°KYKT.

The next stage of the analysis which could be regarded as part
of the kinematics was the iounisation scanning. In this stage
the ionisation given by the kinematics for each track was checked

on the scanning tablu. The checking was done visually by
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normalising to a nearby beam track. Also the hypothesis name and
thexzand probability for the decay vertex and multivertex fits for

each hypothesis satisfying the ionisation were recorded.

Common events not having a multivertex fit were regarded as

multineutral versions of the commnon hypotheses consistent with

the track ionisations observed. 201 evenis with fits were

classified as unique if there were no other fits and ambiguous

if there were other fits. dvents with no fits were classificd

asA°® type if there waz only a A°fit, as K~ type if there was

only a K° fit and as ambiguous if there were both fits. x°

type events wore further divided into proton type if the positive

track from production was identified as a proton, as pion type

if it was identified as a2 pion and ambiguous if no identification

was possible.

The kinematics libraries were then run through a program,
written by L.K. Sisterson, which produced for each fit a card
which contained information which unicquely defined the fit.

This card was called a Choice Card. Using the ionisation
information and the selcction criteriza discussed in Chaptér 3

the fit or fits which were regarded as the correct interpretation
of an event were sclected by sclecting the appropriate clioice
card running it ;as data,with the kincmatics library through a
program called Inco. This program produccd a Data Summacry

Tape (D.5.T.), which contained the kinematic quantitics
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associated with each seleoted fit.
(a) The statistics program.

This program deals with the final stage of the processing.
The D.8.T. was run with fixed data,specifying the quantitics
to be histogrammed,through this program. The program uas
modified by the author to calculate logitudinal and transversc
momenta and specialised scattering angles. The results
obtained from processing the D.S.T. which contained the A°w+m™
and A\°ttR"x° events through this program provide the materizl

for the followring chapters.
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CHAPTER 3

In this chapter the experimental biases; errors, contamination,

accuracy and cross sections will be discussed.
3.1 Biasez due to the apparatuu.

IMirgtly the beam is congidered . The general angular
definition of the beam can be seen from Fig. 3.1{b) and 3.1(c).
The full width at half height for the dip angle ( A) was
9+ 1 mrad. and for the azimuthal angle (@ ) it was 82X 2 mrad.

The azimuthal angular distribution hag been approximately

corrected for the effects of the sweeper magnei. The fitted

beam momentum for the three runs is shown in Fig.3.1(a). uns

D and T used the same standard input value of the niomentum.

This distribution was modified by the effect of energy loss in

the chamnber. This spread the distribution by about 10 iev. and

reduced the central values by about 5 Hev. By applying these

corrections the yun D and F beam momentum was ectimated to e

6.021 Gev. and the run B to be 6.037 Gev. Boith values werc in

good agreement with the standard input values of 6.02 and 5.04Gev

respectively. The error used for the bezm momentum was 1 %.

This allowed most of the events equal probability of fititing on the
basis of beam momentum. For the main peak (runs D and F) the full

width at half height was about 18 Mev. For the smaller run B
peal the width was difficuli to estimate but was about the same.

The only bias which could be produced at this stage was to biag
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the distribeticn of the X2probdbility of the kinematic fiis to
large values due to the large error on the beam momentum. Biases
due to the bubble chamber will now be considered. The chomber,
becauge of its finite uize, has an immediate bias against
observing the decays of particles with 1ong lifetimes, intrinsically
or because of their high momentum. The loss of the A° and K 's
was corrected for by a weighting factor of the form:

i=1/ (1~ exp.(—Lmax'/pm'ro))
where L = the potential ncuiral path length in cms. (This

max

wag determined by the siz. of the fiducial volume. See Fig.2.4)

p = the momentum of the observed decaying pariticle in Gev.
m = the rést mags of the decaying particle in Gev.
T, = the lifetime of the decaying particle in secs.

Fach neutral decay observed wag multiplied by this factor. There
was ,however, a further bias which was introduced by the fact that
decays close to the production vertex would appecar as tracks
coming from the production vertex. This loss in the case of
neutral decays was corrected for by setting the 1 in the
denominator of the weighting function egual to exp.(—Lmin /pmT,).

Where Lmin = the minimum detectable dccay length.

The value of Lmin was set at 0.6 cms. in the chamber and was
found from the lifetiine plot. This is shown in Fig.3.2(a) for
the A° particle. Because the A° particle decays exponentially

a plot of the logarithm of the number (n) of events in which the
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A° decays within a2 given range of L/p against L/p is a straight

line. The equation of the straight line is:
log n = (L/p) /%vto + log_n,
where L = neutral path length in cms.
n,= the number of decays with zero path length.

This line was extrapolated to L/p = 0 to obtain an estimate of
the unobserved decays. The valuc obtained was 7:f1%1 The
overall correction factor for the loss of A° particles was about
17%. The obvious loss of neutrally decaying neutral particles
(i.e. A%»n + x°) was corrected for by using the known branching

(3.1)

ratios of the A° decay. The values used were:

APes D 45— = 66.4F%1.19 and A°—$nun +7° = 33.6%1.1%.
A more exact way to correct for the losses due %o small and
larze decay lengths iz to consider each final state as a gevarate
sample,; because the value of these losses will vary from process
to process. This can be seen from the two body channcls
Yi+ﬁ{', Yi+p"and.A°uf’ vhich were found %o be very peripheral.
The momentum of the A° in the laboratory for these channels can
be very small (about 200 Mev.) and hence have small decay lengths.
In this experiment this separate correction cannot be done
because the number of events in these channels is too small
(about 50 events). The method of correcting for decays outside

the fiducial region was only approximate becausge the correcting

factor calculated was the provability of the decay occurring
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outside the fiducial rcgion for an event in the same position in
the chamber as the observed event. Hence the evenl should have
an additional correction factor which is the probability that
the event will occur in the same position in the chamber.

3.2 Biases due to scanning, measuring and programs.

The biases due to scanning were principally those from the
scanaing criteria and the loss of evenis due to the scanning
efficiency. The calculation of the scanning efficiency was
only epproximate because the formuls used assumed that each event
was equally visible. Thiz assumption can be expected to hold
tolerably well in regidn A. The scanning efficiency for events
considered in this thesis was about 1.0. The scanning criteria
given in Chapter 2 were considered to give only a small biag
againzst high momentum AP:iecays (more than 4 Gev.) in which the
proton goeg forward in the A° centre of mass, because thig -

configuration will simulate an eleciron pair. Any bias in the
A° decay configuration can be revealed by a study of the
distribution of the polar angle of decay. This is defined in

.

! -
the A° centre of mass by ; Cos.E)p = A% p

—
where  A° a unit vector in the dircction of the A°

f? = a unit vector in the direction of the proton.

This distribution sheculd be isotropic if there are no biasus
present. The distribution is shown in fig. 3.2(b) and was

found to be isotropic.
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The procedure of measuring wze not expected to produce any
biases. The main biases produced at this stage will be due to
the criteria used for the acceptance of the geomeitrical and
kinematic reconstruction. The acceptance criteria used for the
geometrical reconstruction were:

(a) The ininimum helix fit errors were less than 25 microns.

(b) 'The errors on the track variables were less than 10%.

(¢) The r.m.s. scatters of tlie vertices were less than 25
microns. Theoec criteria necessarilj,reject.events with traoks
vhich are slow(about 100 Mevci) and those with a large dip
angle (greater than 6GF ). Livents with tracks of low momenta
or large dip angles but which were otherwise well measured were
accepted'and were regarded as being impossible to b. measured well.
Any TDias present was reduced to a negligible level by processing
the events through at least two.stages of remneasurement. The
final result was that 98% of the measurable events had an
acceptable geomeitry.

The errorz used in the kinematical fitting of events were
discussed in Chapter 2. The method used makes all events, esxcept
those with large errors, equally well measured which was a
requirement of the fitting procedure used. + also gives a
better estimate of the true error. The correctness of the errors
can be seen from the X2 probability plots for the production

.

vertex of the A°wtm m® fits to the 201 events showm in Fig.3.3(a).
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Any biases of the individual track variables can be revealed

by plotting the mormalisad stretch funciions of the pfoduction
vertex fit for each variable. These distributions are shown in
Tig. 3.4. The special highly constrained class of events
fitting with no missing particle (i.e.4.C.) will be particularly
sensitive to any biases. The probability distribution is shoun
in Fig.3.3(b) and the dip angle stretch functions in Fig.3.3(c).
The probability distribution for the A°xtr m%vents shows =

15% peaking at low probability and an 8% peaking at the high
probability extreme. Because of taking an average error some
small equal pezking at each extreme is expected. Incorrect fits
will produce a sharp peak at the low probability extreme. This
was later Tound to be due to a large contamination (about 20%)
of A°xtn~w°m%events. The stretch functions for the 1.C. events
(:0'1\2'*‘7\;" n, fop x=x°, A°w+r~7°) show 2 normal distribution within
statistics. An approximately normaliscd normal distribution is
shown dotted. The 4.C. events, A°Ttx™ ; were strongly biased
towards low probability. This was correlated with a strong bias
of the beam dip stretch to negative values and the dip streichcs
of the other tracks to positive values. This effect was
subsequently found to be due to a .variation in the z-x plane of
the coefficient of the second order correction term in the

oxpression to correct for optical distortion which was used in

the geometry program. This was most easily and quickly corrected
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for by changing the beam dip by 0.3° (i.e. 2 standard deviations).
The effect of this change can be zeen from the distributions
of probability and the diwn stretches of the beam and other tracks
shown in Figs. 3.3(d) and 3.3(e). This bias was equivalent
to an extra transverse momentum of about 30 lMev. which
reduced the resolu‘tio'n between A€ and 3° fits.
3.3 The separation and contamination of the A°x+trx~and A°x¥w =°
final states.

TheA’n*%™ final state was separated in a special manner
due to the bias of the beam dip and the large contaminction
(about 60%) by the %°xn*x” events. Events which had a unique
or ambiguous fit to A°xTx™ or I°x*tx~with a probability
greater than 0.001 were run through a special set of prograns
which corrected the beam dip. The misging mass to the xta”
was plotited againgst the error on this quantity. Thiz »plot is
shown in Fig.3.5(a). A definite cone of events is seen about
the A° mass. DBvents were classified as A°wtw™if they were
on the low mazsgs side of the high mass edge of this cone. The
contamination of Z°ntm” events in this sanple was estimated to
be about 13%. This was found from the asymactry of events
about theA® mass. The loss of A°ntx"events which did not

fit because of the beam dip bias was very difficult to estimate,

but was expected to be not greater than 20%. The genexral

separation of A°Trn” events from A°xtx nvents can be seen
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from the scatter plot of the missing mass to the At~
against the error on this cuantity for the A°aTm~ and A°wHa~m°®
fits. This is shown in Fig.3.5(b). The contamination of the
A°tR™ events by the A°wra x%events was thus considered to be
negligible. No probabili*y cut off was applied to the corrscted
A°xtR”  events because the probability distribution was essentially
flat.
The A°Rtn™x° events were selected with the following criterias
(i) The production vertex fit probability was greater
than 0.001.
(ii) There were no 4.C. common or rare fiis.
(iii) 0.C. fiiz were rejected.
Yo probability ratio test was applied because a study, made »y
the author, of the probability distribution of events
inconsistent with the observed ionisation showed that it was
essentially the same as for the events congistent with the
observed ionisation. The distribution of the A°xtx~ and A°7x ®°
Tits among the other possible fits is shown in Table 3.1 for
Imperiail College only.
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A study of the ambiguous svents showed that the events

ambiguous between the APt w® and 2°wtw” "hypotheses were in

most cases S°RTR” events. Tris fact also shows that there ucse

a strong kinematic overlap between the A°T™7 %%nd Z°nwtn” events.

It is seen from Table 3.1 that the problem of A°x*k mambiguities was
small and so the ambiguous evernts were neglected except for

cross section calcvlaiions when they were given a weight of 1/2.

The correction factor for the A°w % 7m%nd K xtx " n

ambiguities was 2.5% for the missing mass cuts used.

The contamination of the A°w*r n°events by A°wTm x°m°
events was -esti:na'ted from a study of the distribution of the
square of the missing mass for events fitted as AT x°
This distribution is shown in Fig.3.5(c). The events plotted
have a three standard deviation cut off applied to the missing
mass squared (i.e. Heo - 3e(M. I.J < T“;..Q < M%t" + 38(1’1.1-’1.:)2 ).
The distribution was seen to be sirongly biased to the high
mass side which indicated A°RTn~n°x° contamination. A
cuantitative estimate of the contamination wasg made by evaluating
the asymmetry of the distrivution about the position of the
neutral pion mass squared. it was found to be 257%5 4. A mags
cut was applied to these events such that only events with

0.25 < I\I.I-.I.2 < (.08 Gev‘,2 were accepted. This produced a

sample of events in wiich there was a loss of about 20% of true

A°Tx T “x° events and a contamination of about 5‘}3. This cut off
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will produce o small bizz zagainst eveats with high momentum
neutral pions bacause of the bad pion mass determination. There
will be an unknown contamination from the S°mTx r° evenis.

These events will tend to produce a bias to large neutral pion
masges and will therefore be reduced to some extent by the
missing mass cuts given above.

3.4 Cross sections.

The effective micro~barn equivalent for the final states A°w r™ and
AT R x° was evaluated for the sample of events processed at
Imperial College. Two methods were used. One was 1o use the
number of T decays found in region A and the other was tc use
the value of the total cross section for K p interactions at
6 Gev.

(1) The T count method.
The number of ¢ decays found in region A after correcting for
a scanning efficiency of 91% was N Twheres
N = 469 *+ 20
T -
The total number of T 's passing through region A (N°T ) is given
by: Moo = M, /(1 - exp.(~t/to ) = Np to/ %

where 1

thz time of #liight of the X through region 4
and to= the lifetime of 6 Gev. K mesons.
Using the accepted value of ¥ mass (0.494 Gev.):
t = 3 nsecs. and Nop = 93,800,

(3.1)

Only 5.6 % of the K mesons decay via theT mode and decay



involving one or more neuiral picns will produce 0.3% of Dalitz
pairs which will simula¥e nAccays. These considerations change
the T decay branching ratio to 5.9%. This now allows the

total number of K mesons vassing through region 4 to be found.

The cross section for one event (micro-barn equivalent) is

defined as: C = 1034 /oA L in ubﬁso
where p = the density of bhydrcgen at 27°K.(0.0625 g?m/cce)
A = Avagadros number.(6;023}{102?J mols./grmnol . )
L = the mean free path.(total X path lergth in cmu.)
Hence 6 = 0.742F 0.04uns.

The main error was due ito the uncertainty in the number of <
decays.
(ii) The total cross section method.

The total number of interactions cbserved in region A was

Nt’ where: Nt = 33,900, This nunmber includeg an approximate
estimate of the number of unscanned 000 events and unsecn small

. . 2
angle elastic scatters. From countexr experlments(3' )the

tctal cross section at 6 Cev. is 24 mbns. Assuming an average

pion contamination of 4% the micro-barn equivalent is given

by: 6 = 24/ N, = 0.73810.003 phns.
COYL e

This is in good agreement with the value obtained by the other

method . The micro-barn equivalent for the connlete data of the

colilaboration was found by using the numbers of evenits procesgad

by the other groups and exirapolating the above value of O .
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The micro-~barn for lhe coliaboratinr was fourd fto haz
0.18% 0.03 pons.

Por each of the final states A°T ® andA°x ® =° by
sonsidering the losses and coataminations discussed earlier in
this chapter an effective micro-barn aguivalent can be found
so that given the number of eveuts in any channel a simple
multiplication by this factor yields the corresponding croszs
section. Tor theA°wtxw™ events the value was 0.43X0.1 'hns.
and for the A°x T ®° events ﬁtmsowii0m5MMm.

3.5 Reszolution.

The basic factors which determine the resolution of any mass
diztributionare the accuracy of the measurement of the momentum
of the charged tracks and the ratio of the rest mass to the
momenium for the particles in the mass combination. The
accuracy of measurement of the momentum of two pions was
estimated from the width of the K° measured mass diziribution.
An ideogram (smooth curve) and histogram of the X° mass squared
cre shown in Pig3.6(a). The width was 16X 2 Mev. This will
be the approximate resoiution of the xtx~ effective mass
digtributions. he resolution of the wx %° distribution
was Tound Iron the width of the w® peak to be about 30 HMev.

The resolution of the ﬁiw° distributions will be worse because
tiiere is only one charged track. This was eatimated to be

about 35 HMev. The accuracy of measuring the proion and pion
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momenta wag found from She width of the measured A° mass
distribution. This ig showa in Fig. 3.6(%). The width was
eztimated to be about 5 liev. It was small because the tracks
from the A°decay were slow and the ratio of the proton mass
. _ - . ) o &

to its momentuwn was large. The reszolution of the AR amd

A°w+ﬂ distributions will be scmewhat worse than this because of

the adjustment of the A° momentum when a fit is made and was

N D

esiimated to e 10 ~ 15 Mev. The resclution of the A°®w ®w°
distribution was estimatled to be ahout 20 -~ 25 Mev. and the
A°x° to be 30 - 35 Mev. These wera larger because of the

uncertainty in the determination of the neutral pion mass.
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CHAPTER 4

In this chapter the final state A°m'n~ will be described
and the definitions of the kinematic variables and reference
systems used in this and the following chapters will be given.
4.1 Kinematic variables.

'The variable used for the investigation of mass correlations
(resonances) between particles and combinations of particles
in a given final state is the "effective massz'. This variable
is Lorentz invariant and is usually plotted a2s a histogram or

ideogram. It is defined by the expression:

2 T 2 b 2
Bare, = ( L n > - Py )
where n = the number of particles in the combination
Meffq= the effective mass.
e, = the energy of the nth particle
and P, = the momentun of the nth particle.

The internal configuration of a three body final state is
completely defined by a point on a "Dalitz Plot". A form
of the Dalitz plot is a scattergram of the square of the
effective masses of any two of the different two body

combinations. That is 3

3 ye ’ 2
(Hogp )7y ,0 vse (Hgge )] 5
2 2
or Meff.)l,z ve. Meff,)2,,3
, 2 : 2
or (Mypp )] 3 vse (Mgpe )y 5



A statistical theory for the production process predicts that
the density of points on the bdalitz plot is constant. Hence
any resonance production is immediately apparent as a variation
in the density of points. This plot will also show any
interference eifects between resonances.

The field theoretic description of strong interaction
production processes is based on "Feynman Graphs' and the
formalism devecloped by Mandlestam and others(4‘ﬂbho variables

defined by landlestam are :

(1) The 's' variable \\\Pl P%///,
X
, -

» V2 ] 2 —
(Py +7,)% = (Py + P,) Py %
)‘2 P, and P ~

= (e, + eh)2 - (p, +p C.il. energy.
1 2 1 2 1 2

; o -T
(2) fThe ‘u' variabvle ~1_ ‘ P
)2 2 P ‘=:::::E;;:

s
s

= - = - 2 - P
u = (P1 Py = (P2 PS) 2 u N
= (el - 84)a - (Pl - P4)2 = four momentun transfff Pl to Pé
—
(3) The 't' variable Pl\/" Py
2 2 t
t = (P, - P,)" = (P, - P,)
1 3 2 4 AP
P -~
= (e, — e 2 _ (p, = P )2 = four ;%;;;;;m transéir P, to P
1 3 1 3 1 3

the four momentum of the iJGh particle

2,
=
o]
r]
o]
o
]

the i-t"h prarticle rest mass

=
I

i
e, = the energy of the ith particle
P, = the thr.c momentum of the ith particle

and i =1 4

These relations provide three independent four vectors and two



independent scalar variables. The first is due to four
momentun conservation and the other from the relation 3
8, + 8,4+ 8,= “2 2+ m2+ m2
17 e 3T T et Tyt Ty

where the si's are made up fromthe three independent four

+ m

momenta. Because of the dominance of the peripheral production

mechanisms at high energy the t variable is most widely used.

' . 2 2 : 2 2 [

More fully this is s t = &+ 83- 201e3 Py~ p3+ 291 p3
=mS 4w — 2 e est 2 Py oD
—|1+l3 13 p1p3

In the physical region t is negative; but can becoine positive
if m1>m3 or m2>m4 .
4,2 Angular distributions.

The angles which are used to describe the configuration
of the final state are defined in two reference frames. One
iz the overall centre of mass (i.e. the X p centre of mass) and
the other is the centre of mass of a particular combination of
particles. The angles used in each reference frame are
shown in Pig. 4;1.

In the K p centre of mass there is only onc anglec. This
angle isg the production angle of a particle or combination of
particles (denoted by ¢ ) and is given by :

Cos.(6 p)c = E; -5%—
where 5; and 5&- arc unit vectors in the direction of the
particlo or combination of particles and of thc incident ¥

respectively.
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In the centre of mass of the combination of particles

there are two angles. Thes=2 are 3
(1) 'The scattering angle. For a two particle combination
the direction of one of the particles is used in the definition
of these angles. For a three particle combination the normal

to the plane containing the three particles is used.

Cos. ( es)c = ﬁd. ﬁK— for a combination not containing

2 bvaryon.

Cos. (B )

s’o for a combination containing

i

g
7o)

3

a baryon.

(2) The azimuthal angle.

-1 %,. D
n 5 pd r

9, = ta n % for a non-baryon
(x5 3,]
Mn™ K al combination.
- - ot > ——
o = tan L Py Py . } for a baryon
c | (3, x ). D,
. —t combination.

This definition of’q} means that ihen ?>= 0 the decay plane

coincides with the production plane. The «liditional symbols

used are:ﬁa = a unit vetor in the direction of one of the
particles from a two body combination or the

normal to the three body decay plane.

o
it

a unit vector in the direction of the proton.

a unit vector in the direction of the normal to

Sk
il

the production plane.
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4.3 The final state A°xTn™ .

The crosc section for this final state was 71X 20 pbns.
which represented 177 events. The error on the cross section
was large due to uncertainties in the egtimation of contamination
and program losses. The contamination from X°nt®” events
was 13 5% with a losz of about 5%. The Dalitz plots of

( MAO'K_DZ vs. ( MA"?t_)2 and ( MAQ,K+)2 vs., ( M ’I\'.-{-'K.)Z are

shown in Pig. 4.2(a) and 4.2(b) respectively. These plots

show a strong Y;+(1385) resonance band. This was approximately
25% of this final state. There was a small amount of p°
production and a broad enhancement at about 3.0 Gev.2 in. the
A°xt mass combination. From the Dalitz plots it can be seen
that the effects of interference between resonance bands can

be ignored. The A°XY and ®'%” masses tend to be small.

This effect is due to the strong peripherality of the A° and T
which restricts the events to the region of the Dalitz

plot where M ,, ~ is large and hence MAO'K.+ and M'K“"vt‘ are

A®x®

small. The A°xY , A°"” and n'%~ eoffective mass distributions
with various resonance subtractions are shown in Figs. 4.3(b),
4.3{c) and 4.3(d) respectively. The A% distribution shous
‘the Yi+(1385) clearly and a 2.5 standard deviation enhancement
at approximately 1.720 Gev. A moximum likelihood fit was made

(4.2)

to the A°xwT effective masses. The results are shown in

Table 4.1 and the fitted curve in Fig. 4.4(d).
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TABLE 4.1

3 *
¥, "(1385) Y *(1720)
Mass(Mav.) didth(lev.) % Hass(Mev.) Width(Hev.) %

1372+ 5 2ot s s5tei 172715 181% 50 24% 10

The errors calculated were unreliable and those given above
are approximate estimates. The fit was made with three
assumptions :

(a) There were only two Breit Wigner resonances present,

(v) The non-resonant events FTollowed a phagse space
distribution
and (c) There were no raflections from other resonances.
These assumptions were not stictly valid bocause in (a) the
Yi+(1385) is a p3/2 resonance and hence & w-vave angular
moilentuin barrier should be included for the dscay width. In
(b) there was strong evidence for a non-phase space distribution
for the non-resonant eveaxts and in (¢) there was a small
reflection from the A°pP° chamnel. With the small statistics
of this final stgte the effects of the invelidity of assumptions
(b) and (c) are within statistical errors. A calculation of
the effect on the mass value of the Y§+(1385) by thc energy

dependence of the width due to the p-wave barrier gave a shiit

of =3 Mev. The. formula used was that given by Jacksonu(4'3)
Vig s
et (ng - m2)?
(e, _epeak) = 2L + 1/T, o T\ — Wy
8 e o - 2(m2 + 2)e2 + ( 2 _ 2)2
T, of % 1 T Mg/, T Ay Ty
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1

This expression assumes T'(e) = Fo(q/qo)zL+
where eo and Fo are the central mass and width of the
resonance. The values used were 1.38 Gev. and .04 Gev. L is

the relative angular momentum of the two body decay and m

1
and m, are the masses of the decay products.
ine¢ ml = on = 1‘115 GeV.
and my=m_+ = 0.140 Gev.

g and qo are the three momenta of the decay particles for a
non~central mass and central mass respectively. Bven with
this correction the central mass value was low but due tn the
errors involved this was not significant.

The seconl enhanccoment can be secen from Fig. 4.2(a) to be
as peripheral ag the Yi+(1385) with _tp:Y§+ < 0.9 Gevy2
It cannot be explained by assuming it to be the Y;+(1660) or
Y§+(1765) because the branching ratios of these resonances into
Kop would give; for an ectimated number of 15 events observed
in the A°7Y decay mode 3

30 events in the K°p mode if it was Y§+(1660)

and 120 events in the K’p mode if it was Yi+(1755)- There was
no ezcess of events above phase space in the Kop effective nass
distribution. It was a2lso not due to contamination by somtR”
events because no enhancement was seen in tho %°®T distribution
for unambiguous .°x"® events. This enhancement will be

kS
referred to as Y T(1720). Due to the small value of the
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signal to noise ratio and the smallness of statistics no

further work was done on this enhancement. A similar

enhancement was seen by the Argonne National Laboratory in a

5.5 Gev. K p experiment.(4'4) The combined A°xt effective

mass distribution is shown in Fig. 4.4(c). The curves

superimposed are the phase space normalised to the tofal number

of events (curve a) and phase space nomalised to the number

of events with the Yi+(1385) and Y*+(1720) removed (curve b).

There was a third enhancement seen in the A°x™ distribution

at 2.06 Gev. and could be identified with the recent Yi+(2065)£4'5)

These events however appeared to be alinost completely associated

with the ppand would correspond to a sitrongly asymmetric decay

angular distribution if it was a resonance. Hence it is more

oonsistent with a kinematic effect which could be due to the

sin2(6 s%3° distribution of the decay pions from the p° .

The A°n* distribution shows a general depopulation of events

in the region 2.08 to 3.0 Gev. when compared with phase space.
The ®7x~ distribution shows a weak P° peak and a second

enhancement which appeared to be strongly associated with the

Y§*(1385)c This effect was very small and statistically

unreliable. The A°R  distribution which shows only three events

*4
1

is seen to be very different from phase space. This distribution

e
in the Y (1385), after subtraction of the Y, and p® events

ig shown in Fig. 4.4(b). A method of parametrising this
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deviation waas to calculate the mean effective mass for a phase space
distribution (Mpcs.) and compare it with that for the experimental
distribution (Mex°)° The positions of these means are shown
in Fig. 4.4(b). . There was a displacement to larger masses
of about 300 MHev. Thie was mainly due to the peripheral nature
of the A° and ®~ . 1In the K p centre of mass the A° was
produced in the direction of the proton (backwards) and the ﬂ_
in the direction of the incident X~ (forwards).

The channels contributing to this final state are shoun
in Table 4.2.

TABLE 4.2

Kp —> A°xtx™ (177 events (71} 20 ybans.)

Channel % Cross section bns.
Yi+(1585) o 25+ 5 17t4
3{?'(1585) x* 2t1 1.2+0.4
A° @° 13t 4 10t3
T (1720) =+ 8t 4 6L2
I 52% 14 37ts

4. 4 The two body channels.
— g -
Xp > Yi i
x ,
The Y. '(1385) was defined as 1.35¢ ¥ _ , < 1.43 Gev. This
1 A°wT N
channel is produced sitrongly and cleanly. With this criteria

on the A°x* effective masses the estimated background was & 10%

and for the following analysis was ignored. The decay angular
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distributions (Cos-((3s)Y:+ and @ Y:+) for the Yi+ decay are
shown in Fig. 4.5(a). The spin density matrix elements were
calculated for these events ugsing maximum likelihood and
and moments methods. These matrix elements averaged over the
p7Y§+w$ 1.0 Gev.2 are shown

in Table 4.3. TFor a spin 3/2 particle decaying into spin 1/2
(4.6)

momentum transfer range 0.0~

and spin 0 particles the decay distribution is given by:
W ( cos.by,@) = B/UKA/6(1 + Lpyy )+ 1/2(1-Lpyy ) cos.? g
~2/Ra %,_ singecos.Qc;*--E/nf_SRe %,1. 8im.0g cos. (g,)
and from the trace condition : Py = 1/2 ~ fy3
The p -~ parameters are the evpectation values of the quantum
mechanical states defined by the overlap integral of two
magnetic substates. The subscripts denote the value of the
magnetic quantum number of each substate.
For this channel the Stodolsky —Sakurei model which fixes
the values of the p —parameters can be applied. The basis of
this model is to consider & peripheral production process

*
and make the exchanged K ° equivalent to a photon assuming that

4
33

the strong Ml. coupling observed in the reaction ¥y PN
also predominates atsthe baryon vertex, i.c. K*op-—aYi+. A
peripheral production mechanism is certainly valid for thic

channel which from Fig. 4.3{(a) is seen to be very periphoral,.

The values of the p —parameters calculated for this model are

shown in Table 4.3,
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TABLE 4.3

Yi+(1385) decay matrix elcements

. Method

etho p33 Rep3’_1 Re p3,1
Max. Lik. 0.2370.08 0.1210.08 0.12 X 0.08
Moments . 0.24%0.03 0.11 *0.08 0.09 % 0.07
Stodolsky 0.375 0.216 0.00

Sakurai

The experimental values of R and Re p. éra bofh less than

the Stodolsky Sakurai values. This difference could be explained

either by a decrease in the effective strength of the M1 coupling
(4.8)

due to absorption effects or the exchange of a higher spin

system, e.g. K*°(1400).

*®
The momentum transfer distribution for the Y1+ is shouwn in

Fig, 4.5(b). It is plotted logarithmically and an approximate

fit was made to the ecxpression dcj/dt; = A e~at.

2.5 :“25 2

20 iéz wbns.

The values found were a Gev.

it

and A

The cross section for this channel is given in Table 4.2.
Kfp —> A° p°
This channcilis very weak and for a mass sglection of
0.625 ¢ Mﬂ+ﬂ_$ 0.875 has a backgrouna Bf.aboﬁf SO%. 'Due to
the background and statistical uncertainties only the production
angle against the ®*%” effective mass and a background subtracted

histogram of the production angle are shown in Pig. 4.4(a).



The background was the sum of two mass bands of half the width.
of the p° band. One was above the @° band and the other below.
There was no evidence for a backward @° peak in the differential
cross section of A°p° . This is in contrast with experiments

(4.9)

at lower energies. However from the ratio of forward to
backward P° production at 5.5 Gev.(4'2)and assuming this to be
the same at 6.0 Gev. then the number of backward P 5 at 6.0 Gev.
would be about 3 events. The cross section for the A°p®
channel is shown in Table 4.2. The decay distributions
(Cos.( es) and ¢ ) for the p° suggest that there is a strong
vector exchange mechanism.
4.5 The three-body channel ( A°xtrT)

This channel was obtained by removing the Y§+(1385) and p°

events in the ranges defined previously . This leaves a
small contamination from events in the Y T(1720). The total
contamination was estimated to be about 20%, with a loss of true
A°xtn” events of about 10%. This channel is of importance
due to the increasing interest in the three body channels.
See references 4.9,10,11,12. The channel was characterised
by the A° being of high momentum ( 1.3 Gev.) and peaked ovackwards,
the =t being of relatively low momentum ( 0.5 Gev.) and
isotropic and the ® Ybeing of high momentum ( 1.3 Gev.) and
peaked forwards. These features are best displayed by a

"Peyrou Plot®. This is a scatter diagram of the transverse
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momentum against the longitudinal momentum for a given particle
in the overall centre of mass. This is shown in Fig. 4.6(a),
4.6(b) and 4.6(c) for the ® , m' and A° respectively. There
was a small cluster of events on the Peyrou plot of the @ at
Pl~ 0.5 Gev. and Pt~ 0.75 Gev. and on t&e that of the A° at

P1~ 0,5 Gev. and Pt~ 0.5 Gev. These events correspond to the
Yi+(1720). The production angular distribution in the K p
centre of mass FTor each particle is shown in Pig.4.6(d). The
cnhancement in the =& distribution at Cos.( 6P)7t+~ -1.0
also corresponds to -the Y*+(1720) events. The general featurcs
of these distributionz suggesl that a double peripheral
production- mechanism is occurring for most of the events. To
investigate this further a selection of peripheral A®°’s was
made by requiring the criterion -tpl\o L 1.2 (}ev.2 to be satisfied.
This condition removes only 35% of the A°wH®~ events and in
these about 50% belong to the Y T(1720), The production
angular distributions for these periphural A° events for each
particle are shown as shaded histograms in Fig. 4.6(d). For
these events the N~  is seen to become more peaked in the opposite
d.irec‘tion to tile /\o and the 't is isotroﬁic. Further
evidence for the double peripherality were the strongly peaked
distributions of the scattering angle of the ¥ in the ='n” centre
of mass with respect to thd incident X and the scattoring
o+

angle of the 7«7 in the A°xY centre of mass with fespeot to
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the direction of the proton. These distributions are shown
in Fig.4.6{(e). ‘The similarity of these distributions is a
reflection of the isotropy of the wt production angle.

The scatter plot of the momentum transfer to the A°wt system
against the A°WY effective mass (Fig.4.3(a) shows a definite
transition at MA°7\:+~ 2.2 Gev. from small momentum 't;rg.nsfer
to a uniform distribution of momentum transfer. This transition
region corresponds to the depopulation in the A°xt effective
mass distribution mentioned earlier. The chanuel was further
purified by removing the Y*+(1720) events using a mass range
1.65 <M ot

-—‘tp Y*+ L 0.5 Gev.2 to define the Y*+(1720). The remaining
¥

A°rt 7™ events were used in the analysis discussed in chapter 6.

<1.775 Gev. and a momentuim transfer range
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CHAPTER 5

5.1 In this chapter the final state A°T'm 7 will be
discussed. Thiz final state,at this energy, was difficult o
isolate with & small contamination because the error on the
missing mass was of the same magnitude as the mass of the
missing neutral pion. Sece Figure 3.5(c). This means that
the fitting program was not efficient in rejecting those events
with two neutral pioms in which the effective mass of the two
neutral pions was at the threshold of the two pion phase space.
This contamination was reduced to about 5% by the missing inass
cut offs given. in Chapter 3.

The <+type of hypothesis used wag based on the a priori
knowledge that events with one strange particle ( A°or X°) had““é
a much larger cross section than those with threc sitrange particles.
The hypotheses tested were given in Chapter 2. Because only these

were used spurious peaks in  the ecffvctive mass distributions of
the A°w"™®R ™ ®°final state may occur. These will be due to
contaminetion from three sirange particle events which are
kinematically similar to the A°rw*n " x°cvents. The events most
likely to cause these peaks are ;

K p—> 3°x*x™, 2°K*K™ ®°and A° KK~ =°.

These events will contain the ¢° meson decaying into ktoana ¥
For the ¢° decay, when the kaons are interproted as pions,

the ®tx~ effective mass is about 0.35 Gev. and the width is
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small (about 20 Mev.). The effective mass distributions most
sensitive to these contaminations are the «tn™ from the @° events
and the A°®°® from the 3°K™K" and also the unfitted 2°x*x™ and
A°x*®x”  events, which will produce a A°®°® threshold enhancement.
A study of these tuo mass distributions showed that both

effects were present. 1In the w'm distribution there was a

50 Mev. wide enhancement at 0.35 to 0.40 Gev. and in the A°®°
distribution there was a strong threshold enhancement. A strong
overlap was found to exist between both these enhancements. This

can be seen from the triangle plot of vak =Vs. Mpo40, shown in Big.

A8
5.1(c). This overlap indicates contamination from the 5°K'K
events . To reduce the contamination from these three strangc
particle and unfitted 4.0. events the cvents with

g1l.2. Gev.2 were rcmoved.

1.255 ¢ M ,0 o0& 1.315 Gev. and ~t

A°T P, AO'KO
The cvents in this region will be referred to as "A°" events.
The sample obtained after the removal of these " 2°" events and
used for the analysis of this final state was 766 events, giving
a cross section of 314% 40 pLons.
As a preliminary analysis an cstimate of the parameters (mass,

width and percentage) of the mein resonances produced in this

. . g ——- o - . . .
final state i.e. Y, (1385), p™ and p. was obtzined by fitting
the appropriate effective masses to a Breit Wigner resonance plus

phage space digtribution. The fit was made with the assumption

that there is only one resonance present and no reflections from
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other resonances. The fithing was done with. a maximum. likelihood.
method . To ensure reasonable agreement with the assumpitions,

all the other resonances which could cause reflections in the
distribntion to be fitted were removed. The criteria defining
these regonances are given later in the chapter. The fitted
curves are shown in Fig.5.5. and the fitted values of the

parameters are given in Table 5.1.

TABLE. 5.1
Resonance Yi*(1385h o p°
Mass 1379% 3 766 %15 753 + 20
Width 44* 10 185+ 30 150 % 30
Percentage 14+ 2 28+ 3 12+ 2

The quality of the fit is quite good and hence the assumpitions
made are reasonably valid.

The method of analysis was to define each resonance by 2a
mass range only, when the resonance was produced with little
baﬁkg¥;uhﬁ (e.g. @° and- M° ), and by a_mass range and momcntum:
transfer range when the background is large (e.g. p~ and p° ).
The second method of resonance definition made use of the
general peripheral production of resomances at. this energy. An
important part of the analysis when studying a particular channel
was to remove the events in the unwanted reconances using the

methdd 6f resonande definition given above:  This method of
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resonance removal reduces the biasing and loss effects of removing
evenits on the bagis of a mags range only. The effective mass
distritmtions of every possible particle combination are shown
in Pigs. 5.2,3,4 and 5.6(d). The broken outline corresponds to
the distribution produced when the events are weighted with the
maximum and minimum A° decay length cut offs discussed in Chapter 3.
Im the ®¥x"x° distribution these events are shown shaded. From
these distributions there is obvious p , p° ®°, and. Ile+(1385)
production. The amount of Y;°(1385) production was difficult to
estimate because of the somewhat. artificial removal of the A°%°
threshold enhancement and the possitle effects of Z°wHw ™ =°
contamination, This contamination could produce enhancements at
M, 0,5 1.405 Gev. and 1.520 Gev. due to Y °(1405) and Y. (1520)
productiion. The masses of these resonances will bhe reduced because
the ®° and .¥7 are constrained to have the =«° mass. The presence
of the ¥, °(1405) maybe the reason for the broadness of the Y, (1385)
peak. The amount of associated resonance production. (e.g T;(: p )
can be seen from the triangle plots shown in Fig.5.1(c). The
A° w°threshold enhancement: due to the "Z°'" events has not been
removed from these plots.

A subsequent analysis of the w'# %° effective mass distribution
revealed that the small enhancement. of 22X 7 events at M71:+7E_7c°
in the range 0.95 to 1.075 Gev. was almost completely associated

(70%4) with the peripheral p° events.(5°l) From. the observed
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amount of ¢° meson production the number of events expected to
go into (pm)° was 63, assuming a branching ratio of 12%(5'2)
for ¢-»px . Because this enhancement has only a p°=®°® decay
mode, then it must be due to a resonance of isotopic spin O, or
2 assuming the decay is strong (isotopic spin conserving). The
most likely candidate is the 7m2® resonance x%at 960 Mev. The
X° according to the Rosenfeld‘Tables(3'l) decays into 7wt~y and
p°y . Hence this enhancement is consistent with 2 p°y decay
mode of the X°. The experimental resolution is not sufficient
to resolve the ¥ from the x° . The slight increase in mass is
due to constraining the Y to be a ®° and so obtain a A°rFrTxo

(53) put

fit. There maybe some enhancement from the H meson
the evidence for the existence of this meson is weak at present(5°4)}
A similar enhancement was observed in the 2.24 Knp Brookhawven
experiment (5.5) and in the 2.1 to 2.7 X p Berkeley experiment(s'l).
This enhancement was removed by removing events for which

0.975 ¢« M £ 1.050 Gev. and -t -

K 7‘:-}-7{—7‘(0 004 GeV.2
?

7wt w
5.2 The two~body channels.

The two body channels were relatively easy to separate because
of their extreme peripherality. The total cross sections for
each of the two-body channels produced in the A°x*n™x° final
state are shown in Table 5.1. A detailed analysis was only

possible for the A°w°and Y£+(l385)p— because the statistics

of the other channels were very low {about 10 eveats).
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K pe—> A%w®
This channel was separated by selectiné events for which
0.750 £ M'J:"'m:-'x° < 0.835 Gev. which gave a sample of 41 events
with a contamination of K 10% and a loss of about 5%. The
scatter plot of the production sngle of the w° against. the
scattering angle and azimuthal angle of the ®° d_ecax,areﬂiawnlnﬁgﬁ.é(a),
The production angular distribution shows the extremely peripheral
nature of the K p—A°w’ interaction at 6 Gev. and also the
presence of a well separated backward ° peak. From a scatter
plot of production angle against the &tW %° effective mass (not.
shown) these backward events were seen not to be consistent with
backgro;md. The forward to backward ratio was difficult to
estimate with certainty because it was sensitive to the missing-
mags cut off used. The events outside the missing-mass cuts
given in Chapter 3 are shown shaded on the produotion angular
distribution. With no missing-mass cut the forward backward
ratio was 2.3%1 and with the missing-mass cuts it was 3.6 1.5.
This dependence on the missing-mass is because the accuracy of
the measurement of the ®° mass depends on the magnitude of the
#®° momentum and also the accuracy of the determination of the
A° momentum. It.appears that the second effect is important.
for the backward w’'s. The projections of the cosine of the

scattering angle (es), and the azimuthal angle (¢ ) for the forward

w® 's ( cos.(ep)mob 0.6 ) are shown in ®ig. 5.6(a). The



90

Fig. 5.6
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distribution of cos.( ess), indicates that if absorption effects
are ignored then there is strong vector excha.nge(K*) i.c. Gé
has a sin.z( @'s)’ dependence. For the ° decay distributions
evenite outside the missing-mass cuts are not included. The

{(4.6)

decay distribution for a vector meson is :.
' 2
W(eos. 6 _,0 ) = 3/axfl/2(1 - o ) + 1/2(3p - 1)cos"Os
. 2 .
- Dli_ls:m Gscos.2 OIS +ZRe. 91’031112 escoscp>
where 'pl,1 =1/2(1 - p oo)

Integration over ¢ gives & . -
W(cos.8 ) =3/4 (1 -p )+ (3P -1)cos.0 )

and over cos. 68 gives 3

Woe)=1/2x((1+w20P ) - 4R cos 2 @ )
11—1 1

,-‘1

=1/2®(1~2 P cos.20 ).

i1
These are completely general expressions derived on the bhasis of
the quantum mechanical theory of angular momentum and parity
conservation. The values of the pP-parameters were found
experimenitally from the values of cos. 6;3 and @ f_‘or each event

by maximum likelihood and moments methods. The values obtained

are shown in Table 5.2. These values are for the forward w°'s

only.
PABLE. 5.2
P 00 p}ZL,-o-l Bepl,O
Max. Lik. 0.08 ¥0.10 0.03%0.13 -0,01+0.08

Moments. 0.06 X0.1Q ~0.02%0.13 -0.02510.06
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The scatter plot of oos.he‘»S against @ is shown in Fig.5.6(b).
The statistics however are too low to reveal any correlations
due to absorptive effects. Assuming no absorptive effects the
value of p 0o corresponds to 901"10% vector exchange. The

value of Py which determines the strength of the cos.2 ¢
¥

-1
variation of ¢ was small and may be related to the observed
polarisation of the backward A°'*s. 'The polarisation of the '
forwarq and backward A°'s was calculated from the asymmetry of
the distribution of the decay angle of the A, This angle is
defined as the angle between the direction of the pion: from the
A° in the A° centre of mass and the direction of the normal to
the production plane. The distributions of this angle for the
backward A° 's and forward A°'s (shown shaded) are sh;)wn in

Fig. 5.6(c). The results of the analysis of these distributions
are shown in Table 5.3. The value of the A° decay asymmetry ( a)

was taken to he 0.66.

PARBLE 5.3

Backward A°'s Forward A°'s
Prod. Angle Range Cos.( ep),wo< -0.6 Cos.( ep)w‘,; 0.0
Agymmetry ( o.P) -0.81% 0.28 0.48% 0.33
Polarisation(P) 4  -110} 40 70t 40

1t is of interest to note that there is a difference in the sign

o
of the /\' polarisation between the backward (meéson exchange)
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and the forward (baryon exchange) A°'s. The crogs section of
this channel is given in Table 5.5. This cross section is
corrected for the unseen neutral decays of the w° as well as the
biases and losses discussed in Chapter 3.
Kp —A°TN°
This channel was seen as a small enhancement at the threshold.
of the wtx~x° effective mass distribution (see Pig. 5.6(d)).
The number of events was 5% 2 and hence only the cross section
for the %Tx x° decay mode was calculated. This is given in
Table 5.5. The production of this channel was very peripheral
with all events having cos.( e:-»p )n.-g 0.95.
K'p --n—Y':(l385) o
The production of the various charged modes of this channel
can be seen from the appropriate triangle plots. The amoumtof
Yiup.'" is consistent with zero and an upper limit to this cross
section is giver in Table 5.3. Assuming the dominance of K°

*
and K ° (isospinor) exchange for these channels the ratio

o v+ -/ o *o =4
Ty p Y"]_ p°
The experimental value for this ratio vas 41’.“2. This value

however is uncertain due to the unknown contamination from
*0 . . ¥p -
Yo (1405) discussed earlier. Only the channcl Xl p  was

sufficiently strong to warrant further detailed analysis. The

*

Y1+ o sample was selected by the following criteria :

1.350 <h}&°7t+ < 1.435 Gev. and 0.65 < M'Jc-cc°< 0.90 Gev.
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Thess criteria gave a sample of 49 events with. a background
contamination of ¢ 20% and a loss of true ¥;+ p; events of about
10%. In the case of overlapping resonance bands there are four
kinds'of events contributing to the overlap region, which due to
the width of the p~ is rather large.

(a) The pure background events (non-resonant)

(b) The events containing a genuine p  and a background
A°xt combination in the YI+ region.

(¢) The events containing a genuine'I;+ and a background
K ®° combination in the I region.

(a) The genuine double resonance events Y:+p- . The
number of evenits in each category can be estimated from the
triangle plot shown in Fig. 5.1(a). Using various sizes of the
areas around the overlap region the number of Y§+p- associated
production events varied from 35 to 42 and an average estimate
was 40i 10 (163 4 ubn.). The production angular distribution
is shown in Fig. 5.7(b). To emphasise the presence of this
channel and to reduce the background to £10% a momentum transfer
cut was made of —tp’x*+$ 0.8 Gev.2 The resulting triangle
plot is shown in Fig. 5.7(a). The sanmple used for the detailed
analysis was 47 events. This channel was very interesting in
that it gave an opportunity to study anyg correlations between the

decays of the two resonances. With this in mind the following

analysis was carried out. First the conwentional scatter plots
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*
1

shown in Fig. 5.8(a), and (b).

of cos,GBS and ¢ for the Y. and p were obtained. These are

Secordly the scatter plots of

¥* .
cos. O s of the pTagainst cos.0 s of +the Yi+ , and @ of the p
against ¢ of the Yi*‘were obtained and are shown in Fig. 5.8(c)
and (d)_ No strong correlations are seen, however definite

conclusions are impossible in view of the low statistics. There

is an indication of a correlation in the scatter plot of mp~

againgt (pY#% . This shows a depopulation along the line
1
¢p— = +Q Y*+ , but this is barely statistically significant.
1
The results of the maximum likelihood and moments fits to the

*4 < 0.8 Gev.2 in terms

Pr‘ﬁ'l

of the spin density matrix elements ( p - parameters ) are shown

*
El* and p~ decay distributions for -1

in Table 5.4.

TABLE. 5.4,
e
¥
- parameters. N
e p3’3 Re o] 3’_1 Re p3’1
Max. Lik. 0.16%0.08. -0.13+0.07 -0.02+ 0.08.
Moments . 0.16%0.08 -0.13%0.08 -0.03+0.10
p - parameters. P oo pl,-l Re pl,O
Max. Lik. 0.44% 0,10 -0.,04% 0.08 0.13+ 0.06
Moments. 0.46% 0.10 -0.03% 0.09 0.13% 0.06

These values, if

absorption is

neglected, indicate more
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pseudoscalar (K) ethénge than in the other two-body processes.
This fact was also indicated by the fact that the momentum-
transfer distribution was mere peaked at small values than in the

other two-body procssses (see Fig. 5.7(c)).

TABLE 5.5
Channel Cross section an.
XKp —> A°7° C2h
A° w"._ L 16+ 4
a° x° (p°y) 5+ 2
'flw o 16} 4
ijl‘o 0o '44.”;4
7ot <4
¥R 20 +10
Y,° T | 10 :r 5
S <5
IR 60.% 10
A°wp° 40* 10
A° 7t-P+. 1055

A° mF TR 126+ 30
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5.3 Three-body channels.
The method of isolating the three-body channels was first
to remove ail other resonance channels and then, using a
scatter plot of momentum transfer to the particle combination
containing the resonance to be isolated against the effective
mass of this particle combinztion, seleot a range of effective
mass and momentum transfer which reduced the background of
the resogance to a reasonably small level i:a.3§.2§%.,_.jhg
éross seétion for these channels are given in Tabié 5.5, °
The analysis performed on the three-body channéis fouﬁd
in the A°nTx™R° final state is esgentially that outlined in
Chapter 4 for the A°ntR” channel.
K-p — A°T°p°
The firet step in the isolation of this channel was to remove
events which had effective masses in the P, n% uf,_andlxo(p°Y)
resonance:regiohs. The overlap of the p°-ﬁifhzt£eiﬁ°"ami w®
was small but the 1° and ®° events were remoﬁed;so that
a better estimate of tha background could be made j tﬁese |
events produce a strong reflectlon on the low-mass side of the
p - mesons. It was not necessary to remove the Y (1385) cvents
expllcltly because the strong overlap W1th the P events meant
that the remoyal of the p~ events also removed most of the
1 (1385) events.

The second step was to study the scatter plot of the
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momentum transfer between the incident K and the *'% mass
combinatigﬁ agaiﬁéf-ﬁha7f+ﬂ- effectiVe mass (Modified. Chew-
Lonplott). This is shown in Fig. 5.9(a). There is an obvious
cluster.of events in the p° region at small momentum transfer.
The p° region was defined by the mass range :

J ° \< —\< « .
0 625; M';(+7r. 0 875 Gev |

This rangé wag decided upon from a study of %Kei'x+ﬂ’ gffective
mass distribution: and the modified Chew-Low pISt. ‘The béckground
was defiﬁed'by tvo mass rangeé, of half the width ofuthé: p° mass
range, either side of the p° . B o
" i.e.’ Background (i),  0.450 < 4~ € 0.575 Gev.
Background (i)  0.925 & Mgdge— £ 1.050 Gev.
These background ranges were separated from the P° band by
50 Mev., in. an attempt to reduce the effects of the Briet-Wigner
tails of the p° peak. This background estimate is about 15%
téo smal;:due:to the curvature of the phase spébe distrihutionf‘
Eeoause of the small statistical level thié éffecf was ignoiequ
Thé background%subtracted momentum transfe? distiibutioﬁ‘for
e#¢nts_ipAthe rp°'region.is shown in Fig. 5.9(b), and sho%s that
a, 1érge éa:t of the p° production: is at low momentum transfer
(g 1.2 Gev.2 )« There is a smaller pért which éor;esponds to
large momentum transfers, but the signal 1o noise ratio is too

small to allow a reasonable geparation to be made. The mass

projection of the modified Chew-Low plot is shown in Big. 5.9(c),
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Viﬁh the low momentum transfer events shown shaded.

a The A°7m°p® channel was then selected after the removal of the
resanances meqtioned above by the criteria : _
0.625 M 4 - € 0.875.Gev. and -tK—’.%+7E— < 1.2 Gev.?
Thése criteria isolate the A°n°p° channel with the p° peripheral
aﬁdlgave‘a sample of 78 events with an estimated background Qf:
20%; -Tﬁe loss'of'tfue A°R°p° events was about 30%, but most,
of theée;:p°'s:were less peripheral.
| To st#dy the kinematic characteristics of this channel the
foliowing hisfograms and scatter*plots wére produced :
(a)’ Tﬁe pfoduction.angular distributions for each particle in
ﬁie Kp centre of mass.: , | |
(b) The scattering angle of the =° with respect to the incident
K~ in the p°=%° centre of mass and with respect to the incident
proton in the A°%° centre of mass.
(¢). 'The "Peyrou Plots" for each particle. The longitudinal
momentun is defined positive in the direction of the incident K.
(d) The Dalitz plot and two-body effective mass distributions.
These are shown in Figs. 5.10(a), (b), 5.12(a), 5.13(a) and (c)
respectively.

From the production angular distributions it is seen that the
A°is as peaked backwards as the p°is forwards, while the n° is

essentially isotropic. Both the scattering angular distributions

(Fig. 5.10(b)) are very asymmetric, showing peaks at cos. 63*'—1.0.
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Fig. 5.10
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These distributions indicate that the A° and =®°, and p°®and =°
in their respective centres of mass are produced in a manner
similar to a real two-body process. From the Peyrou. plot it is
clearly seen that the A° and p°are produced in opposite directions
at high momenta (about 1.2 Gev.) and small angles, and the'7;° is
produced with relatively small momentum ( < 0.5 Gev,) and
isotropically. The Dalitz plot shows the tendency for the A°%°
and p°xr° effective masses to be small, and the A°p® effective
mass to be large. This is the effect of the extreme peripherality
of the A° and P°, which constrains the events to lie in the left
hand corner of the Dalitz plot (Fig. 5.13(a)). These features
are seen in the A°%w°, p°%n° and A°p° effective mass histograms
(Big. 5.13(c)). There is a small amouni (L0} 5%) of contamination
from the Y;o(l385) seen in the A°®° effective mass distribution.
The smooth curves drawn on these histograms are phase space
distributions normalized to the total number of events. These
are shown to emphasise the distortions of the effective mass
distributions due to the three-bedy kinematics.
Kp——> A°®'p™

The isolation of this channel follows, in general, the method
used for the A°®°p° channel. In this case the resonances w°®, m°

and Y:+(l385) werce removed. The p°events werc not removed
because the xR effective masgs distribution for events in the

p~ mess region showed no enhancement in the p°region. From &
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étudy of the R~ effective mass distribution and the modified

Chéw—de plot the p~ mass range wasddfined as

0.650 <M~ 0 <0.900 Gev. and the background by :
Backgmund (i) 0.475 <M o~ $0.600 Gev. |
 Background (ii) 0.950 M o ~ £1.075 Gev.
with a sefaration of 50 Mev. from the pF'mass fange, The
modified Chew-Low plot for the ®°7% mass combination, the
background-subtracted momentum transfer distribution for events
in the p~ mass range'and the mass projections of the modified -
Chew-Low plot with the small momentum transfer events shown
shaded are shown in Figs. 5.9(d),(e) and (£f) respectively.
The modified Chew-Low plot shows a well defined cluster of
events in.the P region at small momentum transfers, though less

well defined than in the case of the p° . This difference is

partly due to the loss of some very peripheral p~ events helonging

K+
1

to the A°n*p™” channel due to the removal of the Y,  events. The

criteria used to isolate the A°x p~ channel was s
0.650 <M x—go $0.900 Gev. and —ti{.',‘w“’ﬂ— <1.2 Gev.2

Thesa critéria éaﬁe a sample of 120 evénts with a background of

about 25% énd a 1058 of true.A9ﬂ+p"e§ents of about 50%. Thé

excluded P  events in mést cases have much larger momentum

transférs. ’ | |

The same plots were used fof this ohannel as for the.A°ﬂ°p°

channel. The prodﬁcfion angular distributions for each particle
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in the X p ceat-e of mass are shown in Pig. 5.11(a), the scattering
angles of the «t, defined in the same way as for the 7°in the
A°7°p° channel, are shown in Fig.5.11(b), the Peyrou plois are
shown in Fig. 5.12(b), he Dalitz plots are shown,in.Eig.5.13(bJ
and the A°x™ , o7t and A°p” effective mass distribulions are |
shown in Fig. 5.13(d). Again the A° is seen to be as peake&
backwards as the p~ iz forwards and the 7tis mainly isotropic.
There is an excess of events at cos,(fip)ﬂ+<V-1.O in the
distribution. This effect concerns about 20 evenim (17%). The
scattering angular distributions for the nt are again very
agymmetric showing peaks at cos. es”‘ ~1.0. In the distribution
of the xT scattering angle in the A°xT centre of mass thare is
also & peak at cos.0 s 1.0. The events in this peak correspond
to those in the peak in the =+t production angular disitribution.
The Peyrou plots are similar to those of the A°m°pC°channel except
that on the plot for the A° there are more events extending to the
region of small longitudinal momenta and on the plot for the =¥
there are more evernts with large negative longitudinal momenta.

The Dalitz plot shows the same accwnulation of events in the left
hand corner. This is due to the peripherality of the A°and p~ .
There were, in contrast to the A°n°p® Dalitz plot, more events with
large p—ﬂ+effective masses. This feature is also seen in the
p"ﬂ+ effective mass histogram. These events correspond to those

in the peak in the xt production angular distribution, to thosc in
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tho peak ithhé xt scattering angular distribution in the A°wt
éentre of mass and to those with.low A° longitudinal momentum and
high 7+ longitudinal momentum.

It is 1mportant to note that there tends to he a depopulatlon
of events with large A°w° and A°nT masses due to the perlphural
sélection criteria ased on tls p° and p"’ . These criteria,
however, only emphasise +the natural feature of peripheral p -meson
prpductlonn |

It is seen from the'above discussion of the kinematic feztures
of the A°R°p° and A°xTp” channels that they are essentially the
same as those shown: by the A°ntR~ channel and are consistent with
a douﬁle periphe:al production mechanism. A discussion of some
?eatures §f this model and its application to the main three-body
chéﬁnels will be given in Chapter 6.

Assuming that the p°® and p~ are producéd by a simple particle
exchange mechanism between the w° and p ; and the =t and p~ the
conventlonal analy51" of the p —meson decay dlstrlbutlons wav-
carried out. The scatter plots of the scatter:\.nb angle (cos 0 )
agalnst the az1muthal angle (¢ ) and their progectlons for the p°
and p~ are shown in Figs. 5.14(a) and (b) respectively. The
open circles shown on the scatter plots and the shaded events in
the projected histograms correspond to events with the p° and p~
production angle comine - §£ 0.85, which is approximately

equal to the momentum transfer being 2 0.7 Gev.® To
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obtain information about the gquantum numbers of the system

exchanged between the n° and p° , and the nt and p the p -
parameters were calculated for the p° and P by fitting their
decay distributions to the expression for the decay of a 1~ particle
into two O  particles using a moments method. The results of this
fitting are shown in Table 5.8. The values of the p —parameters

are averaged over the momentum transfer range :
2

L] \< b o~ < - -
0.0 tK 0% or p 3 1.2 Gev
TABLE 5.8
Channel Poo pl,-—l Re pl,O
A°R°p° 0.45% 0.08 -0.04%t 0.05. -0.01+ 0.04
A°xtp” 0.45% 0.07, -0.05% 0.05 -0.03%0.04

If absorption effects are neglescted theme values indicate that

the e:xchangez mechanism in: both: channels is about 50% pseudoscalar
~ *

(K) and 50% vector (K ). It is seen from the unshaded. projected

histograms that there is an increase in the amount of pseudoscalar

exchange ( © £—>cos.265 ) for the more peripheral p° and p~

evenis. There is the familiar p° decay asymmetry present in the

(o]

p° scattering angular distribution.

Kp —> 'f:""ﬂ:—ﬂ"
This channel was originally thought to be very strong, but on
applying the missing mass cut offs described in. Chapter 3 the

intensity was greatly reduced. This implies that the events were
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mostly due to the Y:?fﬂn°%° channel. This was further substantiated

#
by the fact that there was strong Y1+ production in the

multineutral events. The background- subtracted histogram of the

.:(.+
1

removed showed that no reasonable separation of this channel was

momentum transfer from the proton: to the Y. with. the p events

Xy
possible. Approximately 60% of all Il’h production is associated

— 3*
with the p . Some of the remaining \:‘1”

of a small enhancement (about 13 events) seen in the A°x*x°

events are a reflection

effective mass distribution at about 1660. The reflaction is due +to
limited A°x* phase space. This enhancement is tetatively
assigned to the Y;+(\1660).

5.4 The four-body channel

Kpe—p A°RFR"RC

This non-resonant four-body state was estimated, from. the
Briet-Wigncr fits discussed at the beginning of this chapiter, to
consist of 350:f50 events. Thigs corresponds to a cross section
of about 130 ubn ( see Table 5.5). Hence this channel has the
largest cross section almost by an order of magnitude and purely
for this reason warrants some study. In previous experiments
these multi-body non-resonant channels were not studied presunably
becauss of the inherent difficulties involved in the analysis whon
more than two bodies are produced. For this channel only
approximate qualitative conclusions will be made in view of the

statistical limitations.



The non-resonant events were gslected by removing all the
resonance channals defined previously. These are the Y:+(1385)7{3€
A°w° S A°N° 5 ACX°(p°y) A°R°p° , A°mFpT, and ¥, "(1385) o7 .
This criteria gives a sample of 430 events with a contamination
of about 25% and a loss of true non-resonanti events of about_lZ%°
These lost events will be highly biased due to the criteria used
to define the resonant channels.  However because tho bias ig
small and tends to be cancelled by the remaining peripheral
resonénces it has been ignbred.

A study of the effective mass distributions shows thaf in most;
cages & phasge-gpace distribution fits reasonably well. Some
representative examples are shown as shaded histograms, with
phase space curves superimposed, in Figs. 5.2; 3 and 4. There
are small differences in the A°X , A°W RandA°R ®° distributions,
with more cvents in the large-mass regioms, and in the ® ®°
distribution with more events in the low-mass region. The method.
of analysis for this channel was to scarch for correlations
between the production angles of the particles in the K p centre
of mass. The approximate consistency of the effectiwe mass
distributions with. phase space suggests that a statistical model
of the production process is valid. This model is however
inconsistent. with the production: angular distributions of cach
particle. These distributions arc shown as shaded histograms

in Fig. 5.15. The unshaded parts correspond +o the rcsonances
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which were removed. The m° and %~ distributions still show
peripheral faatures, but the A°distribution is very different to
the other distributions in that it is strongly peaked at
cos.( e:p)Ao-v 1.0 and -1.0. Since the A° distribution shows
distinct péripheral features it was used as a basis for the
subsequent analysis. In an attempt to isolate the peripheral
events the prodla;ction_ angular distributioni of the A° was divided
inte ’ghree regions. These were :

(1) cos.(By) , =05

(ii) cos.f a-p).-Ao > 0.5

(iii). -0.5 < cos.( 6.) < 0.5

P po

Events in region. (i) were defined as backward A“cvents and events
in region. (ii) as forward A° cvents. The events in region (iii)
were considered to be produced by a statisticzl process and werc not.
used in the following analysis. These criteria gave a ratio of
peripheral to isotropic events in region (i) of about 3:1 and
in region (ii) of about 2.5:1. The production angular
distributions of the pions associated with the backward A° events
are shown in Pig. 5.16(a). Strong peaks are seen in the ® and
x° distributions at cos.( 6 )

p'm or =°
An enhancement. is seen in the =t distribution but this is net as

~1.0 (i.e. forwards).
peaked or ag strong as the x or x° peaks. Because the 7E‘
forward peak is strongest a further selection was made on the

basis of this distribution. This selection was to divj.dg the
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distribution into tvuo parts
(i(a)) cos . ( ep)x_ > 0.5
(i(»)) cos.( ap)ﬂ.. < 0.5
The x° and ="' distributions corresponding to these regions are
shown in Figs. 5.16(b) and (c) respectively. These distributions
shov that the ®°® and =« forward peaks are essentially independent.

The production angular distributions of the pions associated
with the forward A° events are shown in Fig.5.17(a). Again there
is a strong peaking of the W but in this case in the backward
direction ( cos.( ep)ﬂ- ~ -1.0 ). Strong backward peaks are
also shown in the =m° and =" distributions. 4s before the =T
distribution was used as the basis for a further selection criteria,
These were : (i1(a)) cos.( ep)ﬂ- < =0.5

(ii(v)) cos.( ep)_ﬂ.. > -0.5.
The =° and =Tdistributions corresponding to these two regions
are shown in Figs. 5.17(b) and (c). The events shown shaded on.
the «° and =tdistributions correspond to each other. All these
distributions show that the = ,%° and %" backward peaks are all
independent.

The results of this analysis are that the A° 's produced
peripherally backwards are associated with either ®°'s or & 's
produced peripherally in the forward direction and that the A°'s
produced peripherally forwards are associated with either = 's

or ®t's or =°'s produced peripherally backwards. An
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interpretation of these results could be in the form of a triple
peripheral production mechanism. This interpretation will be
discussed in Chapter 6.

An alternative interpretation of the strong forwad and backward
peaking of the A° production angular distribution is that for the
forward A®s the A° is produced at the kaon vertex and the pions
are all emitted from the baryon vertex and for the A°'s produced
backwards the A° is produced at the baryon vertex and the pions at
the kaon verterxr. FPeynman diagrams for these two situations are
showm in Pig. 5.18(a). In these processes the pions can be regarded
as forming a variable mass object which behaves internally in a
statizstical manner. This means that the object will decay
isotropically into three pions. To test this the scattering angle
of each pion with respect to the direction of the incident K in
thh three pion cenitre of mass was calculated for the forward and
backward A° 's separately. These distributians are shown in
Fig. 5.19. It is seen that there is a strong isotropic component
in each distribution which are therefore consistent with the above

model.
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CHAPTER. 6.
In this chapter comparisons with simple theory and other
experiments are made.
6.1, Two~body channels.

The main two-body channels produced im the A°R™R™ and A°RTR =x°
final states are Y, "(1385) %~ , A°w® and ) "(1385) o~ . The
cross section of all of these channels continues the trend of
decreasing with increasing energy as exhibited at lower energies.
The plot of the logarithm of the cross section againut. the
logarithm of the incident momentum for each of the above channels
are shown in Fig. 6.1. Straight lines were fitted to these points

which gave the relations (6.1)

~5.2 :’g'g
O ¥ o ~ S. *
=70 2300
?A°w° ~ % +2.0
- 2.l 1'0
O ¥ = ~ S T
Y
1 P

The angular and momentum transfer dependence of the A°w® and

6.2)

Y€+'x“'amplitude for our energy and lower energies( are shown

in Pig. 6.2. For the Y’l"‘“qc' there is little change in the

angular dependence except for a small sharpening of the peak at

cos. ( ep)Y;+ ~ =1,0 . The A°w°® channel however is very different.
At the lowest energy the distribution is almost isotropic and then

it gradually changes into distinct forward and backward peaks as

centre of mass enegy increases. There is very little data with
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which to compare for the Yi+(1385) p~ channel but it appears to
be similar to that for the Y) 'x~ channel. Thus for the Y * x~
and Yi+pf there is only a2 strong dependence on S (centre of mass
energy) and a fixed dependence on the momentum transfer ( t )
which is the same for each wvalue of 8 for 5 >2 Gev.

In the case of the A°w® channel there is a simultaneous
dependence on t and S which is complicated by the presence of a
forward and backward peripheral amplitude which completely
dominates at the higher energies.

The Y;*-x-'and A°w® are produced with almost all the events
in the small momentun transfer region -t <1.0 Gev.2 (ignoring
the backward w® events in the A°w° channel). Thus a
peripheral production mechanism is obvious. The simple one-
meson exchange diagrams (0.M.E.) for the Y;fn~ and A°w® channels
are shown in Rig. 6.3. The the dependence of the differential
cross section on t has been seen to be predicted incorrectly by
0.M.BE. model, being too large at large t. The Absorption model
which is a modified O.M.E. model damps out the large t part of the
amplitude by absorbing it into other processes. Thus it is
essentially a mixture of an optical model and 2 O0.M.E. model.

The size of the absorbing region is determined from the data on
the elastic scattering of the initial state particles at the

energy considered. This model predicts a correclation of the

decay distribution: with momentum transfer and between cos. eé and
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d) . These correlations can be understood as a mixing of the
O.M.B. amplitude with that of the absorbing region which produces
the same final state. The amount of mixing will depend on the
momentum transfer. For channels dominated by pion exchange the
"gsize" of the absorbing region is small relative to the pion range
and absorption effects provide a small correction to the t.
dependence of the differential cross section. At low energies
the absorption model works well for the pion-exchange channels
and correotly predicts the correlations of the decay distributionég'B)
But for high energies and for channels dominated by the
exchange of a vector meson, which is more massive tham a pion,
the absorptive corrections are large and,as one would expect,
disagreement is found. The variation: of the differential cross
section with- + for these channels as predicted by the absorption
model, which is better than that predicted by the 0.M.E. , is
still too large at large t and the S dependence, being essentially
the same as that given by the 0.M.E. model, is completely wrong

i.e. do — S?J"Z

dt

It thus predicts diverging cross sections with increasing einergy,

where j = the spin of the exchanged particle.

which eveniually violates.the unitarity of cross section . A

(6.4)

recent. critiscism, made by Selleri s has been that absorption.
should not be included in a model for peripheral processes because
by considering a O.M.E. diagram one is congsidering the amplitude

at small t only. He considers that a 0.M.BE. diagram should contain.
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all tite features ofi a strongly collimated. peripheral amplitude.

For piom exclimnge this is essenitially true for small . According,
to Selleri. the modifications to the simple 0.M.E. model should he
of the form factor type. Physically this modification. attempts

an empirical parametrization, based on experimental data, of the
unknown effects of the "of the mass shell" nature of the exchanged.
particle and its coupling to the other particles. The form factor
is a function of t and is calculated. from. the distxibution: of the
experimental differential cross section. The teat of this
gpproach is the universality of the form factor for a particular
process over the experimentally availabile energy range. However
it is not inconceivable that: the form factors have some S
dependence also. A strong criticism of the form factor approach
is the fact that to obtain agreement: with. the experimental
dependence of the differential cross section on 4 the form. factoxr
must contain almost all the 1. dependence of the amplitude and
overshadows the intrinsic t dependence of the 0.M.E. model.

The last model to be briefly discussed. is tﬁe Regge Pole
Model(s's). This model is derived from transforming the partial
wave expansion of the scattering amplitnde, which: is a sum of
discrete angular momentum states; into an indegral expression in
“terms of a contimuous angular momenium variable. This wariable
is a generalised complex angular momentum. The expression so

obtained. condains "poles'™ (singularities) in the coﬁplex angular
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momentum plane. Expressing this form of the amplitude in terms
of the variables S and t.and considering the crossed channel
where S is the four-momentum. transfer and t is the cenidre. of
mass energy the poles at integer values of the real part of the
complex angular momentum variable a(t) can be identified with
the physical particles. The value of thc variable a (t;) at
the integer values correspondé to the total spin: quantum number
of the particle. The expression: can be simplified by taking the
limit 8 —> e . The resulting, expression can: the be
continued into the uncrossed channel where t is the four momentum.
transfer and S is the centre of mass energy and the limit

S. = ig the high energy asymptotic limit. In the physical
region of this channel there is a continuous monotonic wariation
of the real part of ¢ (t). The graphical representation of these

features is given by the Chew~Rrautschi plot(6'6).

This theorxry
replaces the concept of a particle by the concept. of a''Reggeized'"
particle, which is represented by a smooth curve (trajectory) on
the Chew-Frautschi plot, and can be regarded as a "family" of
particles. The formula for scattering in the asymptotic limit >
given by this theory is :

d%t = ]fS’(S:,t) ,Z = B (-b)S.%c‘ (t),—‘u':z?{_p oG,

Thus the Regge pole model does not predict diverging cross sections

with energy because the function O{%) < 1 and does include

a form factor ( B(%)) as a natural consequence of the theory.
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The decay density matrix elements ( p ~parameters) for the

. *+ - .
resonances produced im the Yl 7« and A°w® channels at warious

energies will now be compared.

The values are shown in Table

Ky =
6.1. Thereisinsufficient, data on the Yl*b channel to allow

such a comparison to be made.

Beam Momentum

(Gev. ).

2.24
3.46
4.10

6.02

3.00
3.46
4.1
55
6.02

TABLE 6.1
- Hg -
Kp —‘9'21 s
c.m. Energy o]
(Gev.), 33

2.33 0.31% 0.05
2.77 0.34% 0.06
2.95 0.35% 0.07,
3.52 0.23%0.,08

Kp—>»A°w®

2.61
2.77
2.95
3.25
3.52

P

00
0.33%0.06

0.28%0.14

+ 0,01
- 0002

0.20% 0.05.

0.10

0.08+ 0,10

Re p
3,1

0.03% 0.04

0.00% 0,09
0.16% 0,10

0.10%0.07

pl,-—l
~0.23%0.05
0.15%0.10
0.18%0.16
0.18%0.16

0.03+0.13

Re p
31"1

0.27% 0.04
0.17%* 0.09
‘0.16f_f_ 0.07

0.12%0.08

Bef o
~0.06* 0.04

~0.0810.07

-0.0110.08.

3t -
For the ﬂi* n channel there isadecrease , at 6 Gev., of the

value of

P33

from. the Stodolsky-Sakurai value.

This may be

. *
due to the increase of K (1400), exchange or absorption or both.
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The A°w® channel shows a steady decrease of the walue of
Poo Which, if absorption is ignored, can be imterpreted as the
decrease of the psemdoscalar (K) exchange mechanism and the
corresponding increase of the vector exchange mechanism (K*) to
a value of 901 10% at 6 Gev.

6.2 The three-body channels.

The channels considered in this thesig are A°®T®™ , A°W°p°
and A°7E+p- . The essential experimental features of these
channels are that the particles of each pair show peripherality
in their respective centres of mass, the larger mass particles
(except the 7 in the A°%xT® channel), tend. to be simultaneously
produced in a peripheral manner and the smallest mass particle
(a pion). is produced isotropically in the K p centre of mass.
See figures 5.10(a),11(b) and 6.4.

The only model which: has been: used. theoretically to describe

the productiom of three particles is the Double Peripheral Mod.elgll'l'a)’
This has recently teen reviwed. im the form of a Double Regge
Model where the one particle exchange mechanism iis meplaced
by the exchange of a Regge trajgctony€4'léze‘also reference 4.12.
The basic idea of explaining the multiparticle produciion:
processes by the mechanism of sharing the available centre of mass
energy into peripheral two—-body subsystems was due to Amati,
Stanghellini and F'ubini.(6’7") The main prediction.c "

of the Double Peripheral Model is in terms of the scattering
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angle of the particles in the centre of mass of the two-body
subsystems with respect to the incident particles. It predicts
that these should show a peripheral peaking similar to that observed
in real two-body processes. In the Doublc Regge Model the main.
prediction is that the distributiom of the four momentum transfer
to the particles at the outer vertices shows a "diffraction like”
peaking at small values. All these features are exhibited by the
three-body channels considered in this thesis. In addition it
appears that in the case when two of the masses are large and the
other of relatiwely small mass the double peripheral mechanism
which has the largest cross section is that in which the large
mass particles are produced at the outer vertices and the smallest
mass particle at the middle vertex. Recent. predictions have been
made by G.Zweig(6'8)on the distribution of points on the plots
shown in Fig. 6.4. One of these is that the density of pointé
is constant along the lines tl + t2 = 1. The data are too poor
test this but appears to be consistent with it. Other useful
references on the Double Peripheral Model are given in references
6.9 and 6.10. The general double peripheral diagram for three-
body processes is shown in Fig. 6.3.

A method of identifying which double peripheral graph is
appropriate for the production of each event was suggested by
Chan et, a1(4'll). This method is to order the particles of each

event according ‘to their longitudinal. momenta with. respect to the



direction of the incident K . Then each order can be identified
with the appropriate double peripheral graph. This method is only
approximate and is very sensitive to two-body contamination. It
strictly only applies to events produced by a double peripheral
mechanism. The results of this classification are shown in Rigs.
6.5 and 6.6. For the A°x°p° and A°x*p~ channels the number of
configurations is limited dus to the peripheral p-meson seleotion
criteria, but the inhibited configurations were expected to
contribute very little to the cross section. Also the configuration
(3) is reduced by the criteria mentioned above and was not used in
the following analysis. From Fig. 6.5 it is seen that the main
amplitude of the A% %  is that which. has 3 = x~ , 4 = %tand

5 = A° (configuration 1). This is approximately 50% of all A°w*x™
events. In this configuration e, can only be a vector meson

due to parity and angular momentum conservation at. the kaon vertex
and ey can be pseudoscalar or vector. Both. of course have to

be hypercharged. The configurations with 3 = %" (2 and 6) are
forbidden on the basgis of a simple particle exchange due to the
necessity of exchanging a doubly charged hypercharged meson,

which at present is not: known. The large number of events in
configuration (2) may be due to some remaining 43°and.possibly<{°
events. The cross sections of configurations (4) and. (5) can

be compared on the basis of an isotopic spin analysis. For

e
these configurations e; = N~ and in (4) e, = n or §'° and in



Fig. 6.5

KP—-NR"TU

Diagram
K~ Tl v
I n-f
|
|
P N°
K" e n—l—
|
P A°
K~ : n-
s
| N
|
P nt
K~ T A°
|—————-n_
|
1
P i+t
K~ ! N°
a it
i
P -
K- Tt
|
! AO

136

No.of events

L7 (4L3%)

19 (17%)

17 (16%)

12 (11%)

12 (11%)

L (4°%)
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* *
(5) e, = N ** only. TFor ¥ exchange only we have :

Experimentailly o 4= o 5°

is assumed then there must be some neutron (n) exchange.

Thus if a double peripheral model

In a similar manner the cross sections of configurations
(1) and (3) in the A°®°p° and A°n'p~ channels can be compared.
For configuration (1) e, = pseudoscalar (K) or vector (K*) and
e, = K* if e, = K and X or K* if e, = K*. The comparison can

2 1 1
*
still be made with out knowing the amounts of K and X exchange

because they are both isospinors. Thus for configuration (1)
we have 3 cAo’}copo / voﬂ-l-p"' = 1 / L}
%
For configuration (3) e; = K or XK' and e, = mucleon only.
Hence : OAo,lcopo / 0] 07t+p— =1 / L

For (1) the experimental value is about 1/1.5. This number
however is seriously affected by the selection criteria and is
unreliable. For (3) the experimental value is about 1/4. This
configuration can be expected to be more reliable because the A°
*4

and ®¥ arc unlikely to have an effective mass in the T

range. The fact that there are more events in configuration

mass

(3) in the A°xtp™ channel than the A°®°p°channel causes the
differences discussed in section 5.3 for the A°ﬂ+p—channel.
6.3 The four-body channel.
The channel considered is A°m & x°. With the addition of

another particle the complexity of the problem of determining
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the production mechanism increases enormously and at this energy
the gituation is made less well defined in terms of the overall
peripherality. 'However from the angular analysis given in
Chapter 5 we can consider two main triple peripheral diagrams
for the backward A°'s. These are shown in Fig. 6.7.

For these diagrams we have K or K* exchanged between the particles
and an isotopic spin analysis gives : c . / 0y = 2 .
Experimentally +this ratio is 2 to 1l.5.

For the forward A°'s there are three possible diagrams. These
are shown in PFig. 6.7. The ratio of G, #1043 O is

10: 9:0.8 assuming N* exchange only. The experimental values
are 10s: 6: 5. The presence of nucleon exchange will obviously
change the predicted values and also the fact that no phase has

been considered betwsen the two diagrams obtained by permuting

the centre particles.
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COMCLUSTON

The zero hypercharge haryons which were. gstudied in this
thesis are produced wvery peripherally ( -tp,A° on Y;fr <1.0 )
in the two-body processes. They are also produced with a small
background which makes the isolation of these chamnels
relatively easy. The production mechenism is dominated by
the exchange of a hypercharged wector meson system (K*)w In
the E§+'ﬂ_ channel there appears to he a departure from the

*g _ ¥4
strong M1l coupling at the p K ° Y. vertex seen at other energies.

1
There is a definite peripheral peak in the forward direction

of the A° production angular distribution in the A°+d%%hannel
which implies a baryon exchange production mechanism. A
significant polarization of the A°'s was found which is opposite
in sign for the forward and backward A°'s, The c¢ross section
of the YI+W__, and Yi+ p_channels decreases approximately as
(cem. ema::‘gy)"5 and that of the A°w° channel as (c.me. ensrgy)-%o
This difference is due to the faster edcreasc of the baryon.

(6'1)} In general,

exchange part of the A°W® cross section
in K p interaotions at this energy, the cross section of the
channels zeyo hypercharge meson + zero hypercharge baryon are
almost an order of magnitude smaller than the channels
negative hypercharge meson + positive hypercharge baryon(mul)}

This indicates, since the initial state is negative hypercharge

mesom + positive hypercharge baryon, the strong damping of the
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hypercharge exchange mechanism. The two-body processes can
provide very useful information about the K p interaction at high
energy provided the statistical level of the experiment is:high:
enough tb compensate the rapid decrease in the two-body cross
section.

The main contribution of this thesis to the study of the
production mechanisms of zero hypercharge baryons lies in the
analysis of the three~body channels. It has shown that the
kinematic features of these channels are consigtent with.a
Double Peripheral or Double Regge Model of the production
mechanism.

There is evidence for a baryon exchange mechanism in the
A°m*tx™ channel from the presence of a well defined forward peak
in the production angular distribution of the A°, There ig also
evidence for a similar mechanism in the Ap7fbp-chénnel. From. a
brief study of theA°pm channel at 3.5 Gev. and 10 Gev. it appears
that its maximum cross section is at about 6.0 Gev. This, plus
the fact that this channel is difficult to isolate, makes the
study of this channel at various energies very difficult. The
best three-body channels to study are those in which the particles
are stable against strong decays or are narrow well defined
resonances and in which the two-body channels are weakly produced
or the associatéd resonances are at the edge of phase space(i.e.

H* %
N (1238) and Y1+(1385). Examples of such channels are:
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(1) Kp —= A°%°9°
- e

(ii) KP —> K xtn

(iii) ¥ —= " xt n

o K

— *
(iv) Xp — ¥
(v) pp ——> pp*°
There is evidence of the features of a Double Peripheral production
. . Hem + *— o *¥o o
mechanism in the channelg K X n, K-® p, K~ ®°p and

o S . . ('7-%3.
N K «~ in. this experiment a in: the processa

bF —> B gre(1:2)

There is a large increase in. the ratio of three-body to two-body
cross sections with increasing energy which emphasises the need
t0 study the three—~hody channels.

The gtudy of the four-body channel has exemplified the
inherent analytic complatxity of these channels and is sufficiently
interesting to justify a study at higher energies where the

increased peripherality will assist in: the determination of the

production mechanism.
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