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ABSTRACT 

This thesis contains sane of the results obtained from a 

Hydrogen Bubble Chamber Experiment with a beam of 6 Gev/c K-  mesons. 

A brief description is given of the beam and bubble chamber and of the 

techniques used in the data analysis. The experimental data considered 

here was obtained from those events in which either three strange particles 

were produced or a negative hyperon was produced. Ideas based on the 

simple peripheral and double peripheral model are used to give a simple 

physical picture of the angles involved in the. analysis. In the case 

of three strange particle events emphasis is placed on the production 

properties of the 9 meson which are considered in sane detail in the 

final chapter. The systematics of the production angular distributions 

of the negative hyperons are examined and an enhancement in the effective 

mass of Y
1
*-(1385)77  is noted, but it is not possible to ascertain its 

precise nature. 

2 



CONTENTS  

Preface 	 5 

Chapter One 	Introduction 	 6 

Chapter Two 	Basic Experimental Procedure 	 10 

2.1 The Beam 	 10 

2.2 The Bubble Chamber 	 11 

2.3 Scanning and Measuring 	 12 

2.4 Data Analysis 	 15 

2.5 Determination of Spin Density Matrix Elements 	22 

Chapter Three 	Biases and Errors 	 28 

3.1 Geometry Constants 	 29 

3.2 Magnetic Field 	 30 

3.3 Beam Momentum 	 31 

3.4 Scanning 	 31 

3.5 Kinematic Fitting and Event Selection 	 32 

3.6 Particle Decays 	 36 

3.7 Beam Contamination 	 39 

3.8 Calculation of Cross-sectione 	 39 

Chapter Four 	YKK Production 	 49 

4.1 The AKK Final States 	 50 

4.2 The AKK7c Final States 	 51 

4.3 The AKKitic Final States 	 55 

4.4 The 2KIC7c Final States 	 57 

4.5 The Z-K K°  Final Skate 	 58 

4.6 The f (1500) Meson 	 59 

3 



4.7 NUltineutral Two V°  Events 	 61 

Chapter Five 	Negative Hyperon Production 	 81 

5.1 E7 Production 	 82 

5.2 Z-  Production 

5.3 	Y* -(1385) Production 1 

Chapter Siz 	Discussion 	 108 

6.1 Production Properties of the cp Meson 	109 

6.2 The Double Peripheral Model 	 119 

6.3 Negative Hyperons 	 120 

Acknowledgements 	 126 

References 	 127 

4 

85 

87 



5 

PREFACE 

The author. joined the bubble chamber film analysis group at 

Imperial College in October 1963 and gained initial experience by assisting 

in the routine work for experiments with 4 Gev/cep and 3.5 Gev/c K-p 

interactions. The present experiment with K-  mesons at 6 Gev/c was started 

in the summer of 1964 and the author was present at sane of the bubble 

chamber runs, assisting in film quality control. He took part in scanning 

the Imperial College quota of film, a process that took about seven months, 

and he was responsible for the practical setting up of much of the 

programming system used in the analysis. Besides this he wrote or 

modified a number of minor programs which were required to perform sane 

of the thousand and one minor tasks which an experiment such as this 

in practice involves. 

The author was responsible for the analysis of those events 

in which at least two strange particle decays were observed. 
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CHAPTER JDNE 

INTRODUCTION 

The experiment described in this thesis was undertaken by six 

separate groups working in collaboration. These were the bubble chamber 

groups at the Universities of Birmingham, Glasgow and Oxford, Imperial 
n 	n 

College, the Rutherford Laboratory and the Max Planck Institut fur Physik 

and Astrophysik at hunich. The five British groups had previously 

collaborated in a K-p experiment at 3.5 Gev/c, so that the present 

experiment may be regarded as a continuation of the study of K-p 

interactions at high energies. 

One specific motivation for performing this experiment was to 

search for the 2-  particle predicted by SU(3) symmetry theory. To some 

extent this motive was removed, or at least its priority was lowered, 

by the publication(1), while this experiment was still in its early stages, 

of an event definitely identified as 2-  production and decay. Since 

then several such events have been published, including one from this 

experiment 2), so that the existence of the 2-  is now well established. 

Correspondingly, the belief in the fundamental correctness of SU(3) has 

also been strengthened. Although the 2-  is, of course, a negative hyperon 

its production is not considered in this thesis. 

The aim of the present work is to present the results of an 

examination of those events in which either three strange particles are 

produced or aF,e-  or negative hyperon is produced. In the case of the 

three strange particle final states the KR system and in particular the 



9 meson is found to. be most interesting, sa production is considered 

in sane detail. 

The basic properties of Feynman diagrams have been found useful 

as a picture on which to base the experimental analysis. Three basic 

types are used, the s-, t-, and u-channel diagrams. As examples we can 

cite:- 
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the most useful of these being the t- and u- channel diagrams (e.g. see 

chapters 4 and 5). The tom. (an1 u-) channel diagram, eorresponda to the 

peripheral or Born Term model(3) which is simply a lowest order pertubation 

theory calculation. It should be rcmaabcred that the external lines need 

not correspond to single particles and that these are only the lowest 

order diagrams. Since the perturbation theory expansion of strong 

interactions does not converge, the higher order diagrams ought to 

swamp the lowest. This disasterous fact is ignored in strong interaction 

physics as the lowest order diagrams give a useful qualitative description 

of the physical facts. 
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The majority of bubble chamber experiments are very much alike 

as regards the process of extracting physical information about the 

interactions being studied. Thus the following resum'e of such an 

experiment would fit the work being done by most bubble chamber groups 

throughout the world, and its elaboration for this particular experiment 

forms the subject of the next chapter. 

The pictures taken with the bubble chamber are first examined 

(scanned) by physicists and their assistants for events of the required 

topology. The specified events are then measured by special measuring 

machines which produce the measurements in a form such as punched tape 

suitable for the use of a computer. From the measurements a series of 

computer programs reconstruct the event in space in terms of the moments 

and angles of all the tracks and then test various hypotheses regarding 

the nature of the event. Events which satisfy the tests of particular 

hypotheses are then used in the plotting of histograms, graphs and 

scatter plots in order to obtain information about the nature of the 

interaction leading to the final state specified by the hypothesis 

concerned. 

Except for special cases such as the search for an 2-  particle, 

the physical knowledge learnt from a bubble chamber experiment depends 

upon the number of events studied i.e. the amount of film taken. Because 

the bubble chamber is a completely non-selective detecting device - as 

opposed to counters say, which can be arranged to detect only a specific 

particle with a particular mcmentum - in order to study a microscopic 
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state such as the production of cp mesons, a large amount of data has to 

be examined most of which may not be related to cp meson production. Only 

after the data has been assembled can that.  part relating to such a specific 

process be extracted. For such reasons the statistical significance of 

the data in many channels is sadly low with the result that statistical 

errors frequently outwoigh all other sources of errors. This is 

particularly true in a study of multiple strange particle production. 

A number of conventions are used in this thesis which it may 

be useful to define. First, in refering to production angular 

distributions, the direction taken as forward is always that of the 

incident IC meson seen in the overall centre of mass. Secondly, 'we use 

units in which c=1, so that momentum, mass and energy are all simply 

given as Gev, and finally, when specifying a final state which has been 

kinematically fitted, a K°,A or a 21°  in brackets means that the decay of 

that particle was not seen but the particle's presence was inferred from 

the requirements of momentum and energy conservation. 
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CHAPTER TWO 

BASIC EXPERIMENTAL PROCEDURE 

In this chapter a description is given of the beam and the bubble 

chamber, and of the techniques used in scanning, measuring and data 

analysis. Possible biases and errors will only be indicated; their 

detailed treatment is left to the next chapter. 

2.1 The Beam 

This experiment used the 02 beam at CERN(4)  (Fig. 2.1) which 

was designed to operate with either radiofrequency separators or electro—

static separators, the latter being used to obtain K—  particles at 

6 Gev as reported here. The beam had a single stage of separation, as 

calculations indicated that this would give a higher flux of wanted 

particles than two stages, while maintaining the muon contamination at 

an acceptable level, provided that phase space acceptance and mamentum 

bite were redefined after separation. This arrangement in practice gave 

a muon background of 20 to 30%. 

In order to have available the maximum possible particle flux, 

it is necessary to make use of the strong forward peaking of particles 

produced in the target by the Proton Synchrotron beam. For the 02 

beam this was achieved by placing the target inside one of the magnet 

units of the P.S., since with this arrangement the beam line accepted 

particles with essentially zero production angle. During the actual 

runs the beam was tuned to give about 10 kaons and 3 muons at the bubble 



chamber per burst. 

Details of the value of the beam momentum and its spread and 

estimates of the pion contamination will be given in the next chapter. 

2.2 The Bubble Chamber 

The 02 beam was operated in conjunction with the 150 cm. British 

National Hydrogen Bubble Chamber, technical details of which may be found 

in References 5, 6, and 7; only a brief description is given here. 

The principal feature of interest is the optical system (Fig. 

2.2) which was of the 'straight through illumination' type. As a result 

of the illumination system the volume of chamber visible to each camera 

was slightly different. Thus the region of illuminated hydrogen common 

to all three cameras was 64% of the total, while 80% was visible to any 

combination of two cameras. The linear dimensions of the visible region 

were approximately 50 x 140 cm. by 50 cm. deep. 

Two sets of chamber based fiducial marks were available, one 

set on the inside of the front glass and another set on the inside of 

the back glass (Fig. 2.3), while a further camera-based fiducial system 

was printed onto the film by the glass platw:• onto which it was sucked 

to hold it in the correct focal plane. The relative positions of the 

fiducials on each chamber window are known to ± 10 microns and the lines 

of the camera based system are known to be straight to within a micron. 

This accuracy is required to allow accurate calibration of the cameras 

and optical parameters used by the geanetry program. 

The magnetic field(7) differed in each run with the chamber. 
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For the so called D and F run it was 13.54 kg., while for the E run it 

was 12.267 kg. 

Altogether some 390 thousand pictures were taken, though not all 

were of usable quality. The film was divided equally amongst the six 

collaborating groups who separately scanned, measured and computed the 

events found on it. Basic policies for this processing were decided at 

collaboration meetings, but the actual details of the way they were 

applied varied from group to group. For this reason the rest of this 

chapter relates specifically to the work done at Imperial College. 

Scanning and heasuring 

Scanning criteria were drawn up to enable events to be classed 

as specifically as possible. 

The film was scanned for all interactions with the exception of 

thos which produced only neutral particles, none of which were seen to 

decay. In addition tau decays of the beam tracks were noted; these were 

to be used to determine absolute values of cross-sections. Every event 

found was described by a topology AB=C where 

A is the number of charged tracks leaving the production vertex, 

B is the number and charge of such tracks that are believed to be 

strange particle decays: all charged decays were taken to be strange 

particle decays unless the bubble density and curvature of the track 

definitely identified the decay as that of a pion. 

C is the number of neutral particle decays (V °'s) apparently 

12 
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associated with the event. 

An event had to satisfy the following criteria to be recorded 

in the scan:- 

(a) It must have been produced by a beam track. Events arising 

from incoming tracks making a visible angle on the scanning table with 

the general beam direction were rejected. 

(b) Events with none or only one visible strange particle decay 

('common' events) were only noted if they were 'Region A' events. An 

event was said to lie within region A if (i) the beam entered through 

the top of the 24cm. by 90cm. region (as measured on the back glass of 

the chamber) defined on View 2; (ii) the production vertex of the event 

lay in the region and (iii) any decay lay within the 32cm. by 102 cm. 

region (Fig. 2.3). Any other event was said to be in Region B. 

(c) Events with more than one visible strange particle decay 

('rare' events) and tau decays of the beau track were noted wherever 

they occurred, together with their region, A or B. 

The scanning of V°'s posed two problems. First, the association 

or non-association of a V°  with an event had to be assessed. A V° was 

assigned to an event if its line of flight, as estimated on the scanning 

table, passed within 2cm. of the production vertex or a negative decay. 

This very loose criterion was adopted in order to include 2:3' decays. 

Secondly, to avoid unnecessary measurement, electron pairs were to be 

distinguished from V°'s where possible. If the opening angle was greater 

than 3°  on all views the pair of tracks was classified as a V°; if less 

than 3°  then they were classified as a V°  if neither of the tracks was 
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Obviously an electron (from bubble density and curvature) and if the 

ratio of the momentuL of the positive track to that of the negative 

track was approximately 3. This latter condition was invoked in order 

to avoid loss of fast A particles which decayed with the proton going 

backwards in the centre of mass of theA. 

Other useful inzormation recorded while scanning were the 

presence of stopping protons, stopping 7c-p,-,e decays and Dalitz pairs. 

If the length of a track before decay was less than 3 mm. on all views 

this fact was recorded. These events were not measured because such 

short tracks do not allow an accurate determination of their direction. 

British National scanning tables, which had a magnification of 

10, were used for scanning. Three scans were made, the first two being 

independent, while the third scan checked the results of the previous 

two, especially the discrepancies. A card containing the frame number, 

topology, and a sketch of the event to aid the measurer, plus any other 

information considered useful, was filled in for every event verified 

by this scan. 

Measurement of the scanned events was made with digitised 

measuring machines. X and Y coordinate pairs, together with sufficient 

information to identify them, were punched an paper tape in the form 

of octal numbers. The least count of the digitiser was 2 microns (3:IL the 

film. For more detailed descriptions of these machines see for example 

References 8 and 9. The measurement of an event involved the measurement 

of five specified fiducial marks, the vertices and a series of points 

along each of the tracks on all threo stereoscopic views of the event. 
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Ths measurements thus obtained were processed by a series of computer 

programs to givs information about the physical nature of the event. 

2.4 Data Analysis 

The first step was to transfer the information on paper tape to 

magnetic tape by means of an Elliot paper tape reader coupled to an 

I.B.M. 1401 computer. A program called PING, run on an I.B.E. 7090 

computer, was then used to organise the measurements into a form 

suitable for input to the geometry program. PING performed elementary 

checking operations on the labelling of the measurements and rejected in-

correctly labelled events, converted the octal numbers of the measured 

points to decimal numbers, and wrote the events which passed its tests 

onto a magnetic tape in the format used by the geometry program. 

The Geametry Program 

This was the first major program used in the data processing. It 

was originally written by the staff of the Rutherford Laboratory and 

modified during the course of this experiment at Imperial College (by 

Mrs. M. Acranian). A detailed description of the mathematical methods 

used by the program can be found in Reference 10 and the practical 

running of the program in Reference 11, only an outline of these being 

given here. 

The aim of the program is to calculate the vector momentum of 

all the tracks and the space coordinates of the vertices, together with 

their errors, and to write these on magnetic ty,tpo in n form useful bath for 

bock-keeping and hypothesis testing. 
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First, a set of expected fiducial positions is supplied for 

each view in a standard reference frame for that view. The measured 

set of fiducials is then fitted by a least squares procedure to the 

corresponding standard set and the transformation coefficients thus found 

are used to transform all measured points an the view to the standard 

reference frame. After this transformation, all the film points are 

converted to rays defined by the point at which the ray cuts the front-

glass liquid interface and the direction cosines of the ray with respect 

to the x and y axes of the chamber. 

The method of corresponding points is then used to find space 

points on each track(12). A 'best' view is selected for each track, and 

for each ray on this view corresponding rays are determined on each of 

the other views. A weighted mean of the points of intersection of these 

corresponding rays is taken to give the coordinates of the space points. 

A circle or parabola fit is then made to the x-y projection of the space 

points and a simple helix fit is made to the z-coordinate. At this 

stage, tracks which arc found to be straight within errors are fitted 

by a straight line. 

Finally, a mass dependent helix is fitted to the measured film 

points. The best fit helix is obtained by projecting a helix back onto 

the film plane and minimising 4. 
le
'di where di  is the distance fran the 

ith measured point to the image of the helix. The circle or parabola 

fit already obtained is used to rotate the track so that the standard 

helix 
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x =a, + p cose + Ox(0) 

y =f3 + p sine + C (0) 

z =y + p0 tan?. 

can be used, where a and 0 specify the axis, p the radius, 7\. the pitch 

and y the z-coordinate at 6 = 0. cx and 0 arc mass dependent corrections 

to allow for the slowing down of the particle by  the liquid. The fitting 

is done three times using 0x  and C appropAct:. to the kacn, pion end 

proton mass in turn. The physical parameters obtained from the helix 

fit which are used for hypothesis testing are the azimuthal angle, the 

tangent of the dip angle and the reciprocal of the mcmentum, all defined 

at the centre of the track. 

Vertex coordinates arc determined by projecting a space point 

onto the film and minimizing 

d  
v 	

+ 

2 

2 dT 

2 
6T 

Vertex 
points 

 

Track 
images 

where dv. 
is the distance of the image of the space point from the point 

1 	th 
measured as the vertex on the 

.
view,

v 
is a standard error on this 

quantity, dT  is the distance of the image of the space point from the 

.th 	jth 
1 	image of the 	reconstructed track ando

T 
is its standard error. 

_ 
If after this fitting rd

2 
= 02  > ka2  and/ or 7d2 	02  

ir  vi  nv v 4/. ij nT T 4  
k being a specified constant (typically 2 or 3), then the minimizing 

process is repeated using Env and°
nT 

in place of0 v 
and QT. 

In the version described in Reference 10, vertex coordinates 
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were determined from vertex points only. At the beginning of this 

experiment, vertex points and track images were used separately to 

determine vertex positions, and the one with smaller rAl2  taken. Towards 

the end of the experiment the above method was introduced into the 

program and is now standard. 

Originally the program produced a library tape containing the 

results of the reconstruction only for completely reconstructed events. 

Towards the end of the experiment a version was introduced which also 

produced a library tape of events in which one or more tracks could not 

be reconstructed. This library was used together with new measurements 

of the failed tracks to produce completely reconstructed events. Thus, 

whereas previously the whole of an event which failed partially in 

reconstruction was remeasured, with the new program only individual 

failed tracks were remeasured, a useful saving of effort. 

The Kinnmatics Program 

The events on the library tape were kinematically tested cy the 

Hypothesis Assigning and Testing Program, known briefly as the 'Kinematics 

Program', written at the Rutherford Laboratory(.1113 "14) 

Masses are assigned by the program to the tracks of an event by 

mapping the hypothesis tracks and vertices onto the geometry tracks and 

vertices in all physically different ways. For example, if the hypothesis 

tracks are given as K.-W. -7(1C+  the hypothesis will be mapped onto the 

geometry tracks 1,2,3,4 in the two ways 

1 2 3 4 and 1 2 3 4 

K 7C+  IC"..  7C-1- 	 7C- 	Ir e 
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Every assignment is tested by performing a least squares fit to momentum 

and energy conservation at each vertex in turn, then at all vertices 

simultaneously. The fitting is done by minimising 

) 	(
xj  
. 	) 	7.;47 a f (x) , 1 	la 	

xj 	
k k - j 

thefirsttermbeingtheX2 forthefitandwherex.are the kinematical 

variables, xi are the measured values (fran the geometry program) of these 

-1 variables, Gij  is the error matrix associated with the x11, ak  are the 

Lagrangian multipliers and the fk(x) satisfy the constraint equations 

f
k
(x) = 0 

At each vertex therlare four constraints (three of manentum and one of 

energy) so if all parameters are known, i.e. vector momentum of all tracks 

known, the fit is a four constraint (4C) fit. If there is assumed to be 

a single missing neutral particle, this has three unknown parameters and 

the fit is a one constraint (10) fit. When a fit or hypothesis is 

described as 40 or 10 in the rest of this thesis, this refers to the 

number of constraints at the production vertex unless otherwise specified. 

For each track parameter in a successful fit a quantity known as the 

normalised Stretch, defined by 

m 
x. - x. 
i  S

i 
 - 	.3.,  	 

m 	121 

	

<6 (x. 	x.)6(x.-x.> 2  
\ 

	

i 	1 	1 	11  

is calculated. The use of this in detecting systematic errors is 

discussed in section 3.5. 

Given that a minimum was found for in and the constraint equations 

were satisfied within specified limits, then the fit was said to be 
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successful provided that the probability of X2 was greater than 0.001. 

In the final compilation of data, it was usually necessary to apply a 

higher cut-off on the probability of)C
2 
for reasons which are given in 

the following chapter. The results of hypothesis testing are written 

onto a new library tape together with the original geometry information 

and a summary of these results is printed out for examination by the 

physicist. 

After analysis of the results of kinematic fitting, events which 

had fits satisfying the selection criteria discussed in section 3.5 were 

written onto a Data Summary Tape in preparation for the statistics program. 

The Statistics Program 

This program was also written at the Rutherford Laboratory(151 

Its basic operations are those of calculating and histogramming physically 

valuable quantities from the events which it reads on the Data Summary 

Tape. The quantities which may be histogramaed are:- 

(i)effective masses of all canbinations of particles; 

(ii)missing mass at the production vertex; 

(iii)centre of glass angles and momenta; 

(iv)resonance production and decay angles (the Smith and Treiman 

Yang angles); 

(v)hyperon polarisation angles; 

(vi)4-momentum transfer. 

The missing mass squared at a vertex is defined by 

- (rLin  -EEout  )2  -- ()pin  -rzout )2 
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where 	and p. are the energy and momentum of the incoming tracks in 	in 

(including any target proton) and 
rout  and n 	are the energy and pout

momentum of the outgoing tracks as given by the geometry program (i.e. 

before kinematic fitting is attempted). 

4— momentum transfer is defined by 

t = ( p2 
	—p1 )

2 	( E
2 
- E

l 
)2 = 

2 
( m2 

1 
m2 1 + 2E

1 
- 2p

1
p
2
cose 

where E
2 

and p 
2
are the energy and momentum of the outgoing group of 

particles at a Feynman vertex, Eland pl  are the energy and momentum of the 

incoming particle and 6 is the production angle, all in the centre of 

mass of the complete system. This definition makes t positive for most 

physical processes. 

The Smith and Treiman-Yang angles are a set of four angles which 

have been found useful for analysing resonance production and decay (see 

for example Reference 16). In the present program they are defined as 

follows (Fig. 2.4)g- 

Smith I (S1); 

Cos (Si) = I . D 	(unit vectors) 

Smith II (S2); 

Cos (S2) = N 

Smith III (S3); 

Cos (S3) 	,4 

where I is the direction of the incident K-  as seen in the rest frame of 

the resonance,D is the direction of one of the decay particles of the 

resonance and is the normal to the production plane. 

The Treiman-Yang angle (T Y)is the azimuthal angle of ,D with 
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respect to I,„ I; in th plLmc perpridicular to I. 

These angles are clearly not all independent and in this thesis 

only Smith I and TI-eiman-Yang distributions are shown. In each case the 

cosine of the Smith I is plotted while the Treiman-Yang angle is plotted 

in radians. 

It has been found useful to generalise the Smith I angle slightly 

and call it the 'scattering angle'. Its definition is the same as above, 

but it is regarded in a different way and compared to the usual production 

angle. This is illustrated in Fig. 2.5 and its use is described in 

chapter 4. 

In addition the program permits multiple selection on ranges of 

effective mass, centre of mass angle and 4-mtmentum transfer, and two 

dimensional plots of any of the histogrammed quantities against any other 

can be produced. The histograms may be produced in either weighted or 

unweighted foLm. The method of weighting is discussed in section 3.6. 

The program was modified by the Imperial College group tc enable 

unfitted events to be handled. The Data Summary Tape for unfitted events 

contained fitted information for all decay vertices, but at the production 

vertex geometrical track parameters were used and a fictitious particle 

was inserted which had a mass equal to the missing mass and a momentum 

equal to the missing momentum. 

2.5 Determination of Spin Density klatrix Elements  

To determine the spin density matrix elements of a resonance 

from its decay distributions in Smith I and Treiman-Yang angles the 
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'method of moments' has been used. Writing the Smith I angle as@ and 

the Treiman-Yang angle as T, the decay distribution of a 1-  particle into 

two 0-  particles in terms of the spin density matrix elements is
(17) 

W(e,T) = 2-[ 11 sin2O (1  -211)c°520 -p 1 -1 sin20cosap 47c  

t'12ReP10sin23 	(I)  

It may then be shown that the matrix elements can be estimated 

from the experimental distributions in 0 and p by 

P11 	4 = 1- (3 - 5C-73) 

A
l -1 
	4 (sin6cos2p) 

Re  P10 = 
	(sin2OcoacP) 442 	• 
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CHAPTER THREE 

BIASES AND ERRORS 

Biases and errors which can affect all events are discussed in 

this chapter. The following list indicates where they occur:- 

1) Constants used in the geometry program 

2) Magnetic field in the bubble chamber 

3) Beam momentum 

4) Scanning 

5) Kinematic fitting and event selection 

6) Particle decays 

7) Beam contamination, 

Eost of the constants and errors required in the analysis can 

best be determined at the end of the experiment when all the data is 

available, .s it would have been impractical to recompute and re-analyse 

all the data, the values used for such quantities as the beam momentum 

and its error are those determined using a relatively small initial sample 

of the events, even though much improved values are now available. Besides, 

the statistical nature of the final results of the experiment are such 

that quite gross errors would have to be made in order to change them 

significantly. This, however, is not an argument in favour of laxness 

on the part of the experimenter as good constants and errors will mean 

that his results will at least be statistically ulibia.eri even though they 

be of low statistical significance. 

At the end of the chapter the method of calculating cross- 
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sections is discussed. 

Li Geometry Constants 

The optical constants used by the geauetry program to reconstruct 

events were determined by the Oxford group(18). First, any distortions 

introduced by the camera lenses were estimated by fitting the measured 

positions of a photographed grid of points to their known positions in 

space. The points were measured with respect to the camera based fiducial 

lines using the standard film measuring machines and the photographs of 

the grid were taken with the cameras removed from the chamber and with 

the grid placed at distances equal to the camera to front-glass and camera 

to back-glass separations in turn. When this was done, the camera 

coordinates and the parameters used in the points to rays conversion 

formulae were determined by fitting the measured positions on the film 

of the chamber based fiducial marks to their known positions in space. 

The points to rays conversion equations used by the program had 

the form 

p = 1 + cix + c2y + 

X = -bipxf(2) b3  

Y = -bipyf(r2) b
4 

U =
xil

(r2) 

V = -yf1(r2) 

c3 r
2 
 c

4
r4  (r2 = x2 4. y2) 

where (X,Y;U,V) are the ray coordinates, (x,y) are the film point 

coordinates, b3  and b
4 
 are the coordinates in the chamber of the optic 

axis of the camera and b
1 

is a magnification. The expression p allows 
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for lens distortion and the functions f and f
1 
 define the ray tracing 

through the window of the chamber. The parameter c
3 
is that referred to 

in section 3,5. 

The error matrix for the physical parameters calculated by the 

program depends directly a the root mean square scatter of measured 

points about a reconstructed track or vertex. To avoid difficulty with 

bad measurements a cut—off, oc, was applied on the R.III,S, scatter. For 

tracks with a scatter < oc, a standard value, cis, the mean of the scatter 

distribution (Fig. 3,1a), was used, while for tracks with a scatter > Go 

the actual value of the scatter was used. Vertices were treated in a 

similar manner (Fig. 3.1b). In addition tracks with a scatter > 50µ 

were rejected and had to be rem,:asured after careful examination, which 

frequently revealed that such tracks contained a small angle decay. 

2.2 Magnetic Field in the Bubble Chamber  

The absolute value of the magnetic field at the centre of the 

chamber was measured by proton spin resonance with the chamber itself 

absent; deviations from the central value over the volume of the chamber 

were measured using the Hall effect(7). As a check that the magnetic 

field with the chamber in position was correct, the K°  mass was determined 

from its decay into e.77.-; An ideogram (Fig. 3.2) of the invariant mass 

of a sample of V°'s believed to be K°  decays gives a K°  mass of 

497.9 0.4 Mev. (The error quoted here is only that due to statistics.) 

The ideogram also gives an indication of the mass resolution obtained in 

the experiment. 
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3.3 Beam hcmentum 

Having established the magnetic field and optical constants, the 

beam manentum was determined by reconstructing beam tracks and taking a 

weighted mean of the calculated momentum for tracks over 50 cm. long. The 

value obtained was 6.02 Gev for the D and F runs and 6.04 'rev for the E 

run. The error on this quavltity was taken as t 1% which may be considered 

as being made up of k,4 uncertainty in the mean beam manentum and N 

manentum bite, the latter being an engineering parameter for the beam. 

3j4 Scannillg 

The usual formula for calculating scanning efficiency after a 

double scan has been made is 

E = 34
12
(N
1 
 + 1 

2 
- N

12
)/ N

1
N
2 

where 	N
1 is the number of events found in scan 1 

N2  is the number of events found in scan 2 

N
12 

is the number of events found in both scans. 

To derive this, it was necessary to assume that the probability of seeing 

an event in a particular scan was the same for all events, which is 

certainly not true as sane events were much clearer than others. Further, 

especially with rare events, many events were misidentified so that the 

number of events found in each scan was not straightforward to count. Be 

this as it may, an application of the formula to the scanning results for 

various topologies yields efficiencies ranging from about E30 to 100% 

with mv]tiple vertex (rare) events lying mainly in the lower half of this 

range. As the value of the efficiency for individual topologies derived 
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by this method is unreliable, all cross-sections derived from rare events 

have been calculated assuming a 10% scanning loss, and a 55 uncertainty 

in this is folded into the errors. 

The same remarks apply to ' decays of the beam track which are 

difficult to see because the maximum opening angle for the decay is only - 

10°  at 6 Gev. Greater certainty about scanning loss could be obtained by 

further scans of this film and in fact this was done on a few rolls. The 

scanners searched only for T decays in these additional scans, but failed 

to find a signifiCantly greater number. Superficially, their results did 

shawl-4.A inc_:: oc; 	tna nu±cr of decays found, but careful examination 

of them by a physicist showed that the majority of the new decays were in 

fact sane other kinds of events which the scanner had misidentified as 

¶ decays. The moral of this cautionary tale may well be that when the 

scanner is searching only for rare events such as s" decays there is 

tendency on his or her behalf to give an event the benefit of any doubt. 

This is permissible, and in fact desirable, when the events are tc be 

subjected to kinematic analysis, but when the appearance on the scanning 

table is to be the sole guide, much greater care must be taken. 

The scanning results for rare events found at Imperial College 

are given in Table 3. 

34,5_ Kinematic Fitting  and Event S6,!ection 

In an ideal bubble chamber experiment, the probability distribution 

for the X2 of correctly selected kinematically fitted events is flat, and 

the Stretch functions for all track parameters are distributed as normal 
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Gaussians. Any deviations from this idesl represent the presence of 

systematic errors and/or badly estimated measurement errors. 

Thus the dip Stretch function for a sample of 't decays of the 

beam track indicated that there was a systematic error in the dip which 

had opposite sign for the beam and outgoing tracks (Fig. 3.3a,b). The 

probability of X2  distribution for these 'CIS was sharply peaked at the 

lower end (Fig.3.3c) for tha same reason. A possible explanation of this 

effect lay in incr:rect geometrical reconstruction, and in particular in 

the constants used in the point to ray conversion formulae. The constants 

which corrected for curvature in the vertical plane were varied and the 

Stretch functions and probability plots were found to improve somewhat 

when thy were decreased (Fig. 3.3,d,e,f). (It has since been shown that 

this curvature effect can be overcome by using point to ray conversion 

parameters which depend upon the depth of the track 	the chamber.) The 

effect that this variation had on the important physical parameters such 

as effective masses and centre of mass angles was well within their errors, 

so that, as this was discovered late in the experiment, it was decided to 

ignore it. However, if 40 fits were taken down to a probability level of 

1% it was estimated that 10% of true 40 type e:7ents would fail to fit 

above this level (compare the probability distribution in Fig.3.3c with 

that of ng.3.7c). 10 fits have not been significantly affected as can 

be seen frac the sample of Stretch function distributions in Fig. 3.5. 

idoreover, the half widths of these distributions are constitent with unity 

indicating that the errors are essentially correct. 

The angular Stretch distributions for neutral tracks (i.e. those 
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connecting a V
o 
to its production vertex) are a good test of vertex 

reconstruction, as the positions of the two vertices define the measured 

direction of the track. The appropriate distributions for this experiment 

(Fig. 3.6) are consistent with unit Gaussians indicating correct vertex 

reconstruction. 

Even allowing for a small bias due to the above effect, the 

probability distributions for IC fits has a large peak at the bottom end 

(Fig. 3.7a). This is caused by misfitting, particularly by fitting one 

missing 7t° hypotheses to events which really had two ,els missing and 

Aetype hypotheses to events which were really of the re type. That 

this is occurring can be seen fran missing mass distributions, Fig.4.4 

for example. It was, therefore, necessary to impose either limits on the 

missing mass or on the probability of the production vertex fit. Except 

for the above effects the probability distributions for the Imperial 

College rare events (Fig. 3.7) are flat. 

Some further criteria besides goodness of kinematic fit were 

necessary in order to make the best assignment of events to hypotheses. 

Except for cocrliderations specific to individual channels which will be 

dealt with later, the following were the criteria applied, and events 

selected on this basis were put onto a Data Summary Tape:- 

(i) the bubble density calculated fran the fitted parameters for 

all the tracks should agree with that observed; 

(ii) 4C fits taken in preference to 10 fits; 

(iii) single strange particle hypotheses taken in preference to 

triple strange particle hypotheses which in turn were taken in preference 
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to quintuple strange particle hypotheses; 

(iv) probability cutoff of 0.1'/; applied for all fits; 

(v) charged K decay fits rejected in preference to hyperon decays 

if the length of the decaying track was less than 10 cm/Gev of fitted 

momentum. 

The bubble density of a track was the one specific piece of 

physical information not available to the kinematics program. Fits were 

accepted or rejected on the grounds of bubble density by physicists 

examining all events and comparing the observed bubble density with that 

given by any fit. It was found possible to distinguish K fran ,xmesons 

up to a momentum of 0.7 Gev and protons fran mesons up to a momentum 

of 1.4 Gev. 

Criteria (ii),(iii) and (v) are based on the idea of a difference 

in a priori probability(19)  for producing a particular kind of event. 

Thus 40 fits were accepted in preferrence to 10 fits because the kinematic 

limits (within errors) of the former overlap a small region of those of 

the latter, whereas the kinematic limits (within errors) of the latter 

overlap a large proportion of those of the former. Hence, with this 

criterion we lose no genuine 40 events, while a few genuine 19 events are 

misidentified as 4C events. With the opposite criterion (i.e. 10 fits 

taken in preference to 40 fits) we would have no contamination in the 40 

category, but a large proportion of genuine 40 would be misidentified as 

10, and it is this loss of 40 events which we wish to avoid. 

The cross-section for single strange particle production is at 

least an order of magnitude larger than that for triple strange particle 
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production. The cross-section for producing five strange particles is 

not known, but as few examples of events with four (or more) strange 

particle decays have been found it must be extremely small ( 4 5 p,b). 

The a priori pr6iability of a short decaying track being a K meson 

decay rather than a hyperon decay is small, since the decay length of a 

charged K meson is about 7 metres per Gev while that of a hyperon is a few 

centimetres/Gev. The decay length chosen as cutoff is arbit:ary, but was 

sufficient to resolve all the ambiguities of this kind that occurred. 

The probability of X2  cutoff was set low initially because it was 

easier to raise it if necessary than to re-select the events if the cutoff 

was thought to be too high. In practice, ratbF.1 than alter this cutoff, 

limits were imposed on the missing mass and its error. 

3.„0 Particle Decals 

A number of corrections are necessary to allow for loss of particle 

decays. These corrections divide into three classes: 

(i) unseen neutral decays i.e. /1.-4n 	
; K0 	+ 

(ii) decay of A and Kl outside the chamber; 

(iii) small angle decays of charged particles. 

All appropriate cross-sections contain a factor of 3/2 to allow 

for the decay A- n 	7e. The correction for events with a single K1 

decay is 3. Events with a K°  K°  system are more complex as the K°K°  

system can be any mixture 

of these states which are 

in the table below. (The 

of the states KM., 
KoK
2 

0_0 
, K2A2. The fraction 

observed as none, one or two Kf decays is given 

branching ratios used for these corrections are 



A --)n ?t° =  2 y 	 7C+7Z-  

p 	Ki° 0-4 7L'e 
= 2 ) 
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State No Decay Seen One Decay Seen Two Decays Seen 

Kcc°  

, o 
K
1
K
1 

Ko 1Ko
2 

o o 
K
2
K
2 

4/9 

1/9 

1/3 

1 

4/9 

4/9 

2/3 

0 

1/9  

4/9 

0 

0 

The correction for the loss of A's and IK°'s which decay too close 

to the production verte:: or outside the chamber is done by calculating a 

weight W for each eventt- 

W = F /jF.exp( -1m/pct ) p fexp( -(F + D)m/pct ) - exp( -Dm/pct)]) 

where )? is the length of the region in which the production vertex can 

occur, D is any additional length in which a decay can occur, 1 is the 

minimum track longth, m is the rest mass and t the proper lifetime of the 

decaying particle, p is its momentum and c is the velocity of light. 

This expression was derived from the more usual one using potential 

lengths by integrating over the fiducial volume the probability of seeing 

an event. As an exact solution of the three dimensional problem is complex, 

the integration was performed along a single axis, the choice of axis being 

fixed for each event by determining which face of the fiducial box the 

particle would have passed through if it had not decayed. In practice, 

the majority of decaying tracks would have passed through the downstream 

end of the fiducial box used for rare events. Although nominally the 

production vertex is allowed to be anywhere within the fiducial region, 

the majority of events occur in quite a narrow region down the chamber 
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because of the beam profile. This region was determined by plotting out 

the positions of all the production vertices, and the coordinates of its 

boundaries and those of the fiducial be used for rare events are given 

in the table below. 

Production Region Fiducial Region 
(see Fig. 2.3) 

X 55 to —55 cms. 55 to —55 cms. 0 110 cms. 

Y 8 to -8 cms. 17.5 to -17.5 cms. 9.5 cms. 16 cms. 

Z 22 to 26 cms. 5 to 40 ems. 16 cms. 4 cms. 

This method avoids giving excessive weights to events at the extreme 

downstream end of the chamber. These are the events which are likely 

to be most poorly measured and identified. 

No correction }:as been made for loss of ;+ decaying outside the 

cnamber as this would be small, but a correction has been worked out to 

allow for the loss of small angle decays. These were estimated by 

examining the distributions of cos 6 9  6 being the 21 decay angle in its 

centre of mass, and 9, defined below, as functions of momentum (Fig. 3.8) 

P ) • (P2  
(I)  = COS 

IP2 	Z 

which is the azimuthal angle of the 2 decay. A comparison of these 

distributions for the three decays 2"--i.n + 9t-  and 21±--)p 	7L°  

indicated that the proton decay mode of the 2+  was so badly biased that 

any attempt at correction was useless, while the losses in the 2i-3n + 

decays were similar, making it possible to combine the data for the two. 

Assuming that no events were lost for the intervals q) >0.3it for all 
2 
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2 momenta, and -0.8 <cose < 0.6 for P2,, <1.2 Gev, -0.8 < cos° < 04 for 

1.2 < P 	< 3 z6 Gev and .-C.8 < cose < 0, for P2 >3.6 Gev, the expected 

total number of events in each momentum interval was calculated. A weight 

given by the expected number divided by the observed number of events was 

then calculated, and parameterised by N = 1 + ( 0.13 ± 0.03 )13z  (Fig. 3.4)• 

This expression was incorporated into the statistics program together 

with a factor exp(ml/Pct) which corrects for the loss of short 2 tracks. 

Applying the same priociple to all E.-  decays in which the A was 

seen gives a correction factor of 1.07 ± 0.1. There were too few events 

to investigate the momentum dependence of any loss. 

17 Beam Contamination 

The gt/K ratio of the beam was determined in several ways. 

Measurements made by absorbing the beam in lead, by counting the number of 

interactions with the beam tuned to the 'mirror point' and by calculation 

fran the Cercnkov and scintillation counters gave a It/K ratio of 15 ± 5% 

for run D and the first half of run E and 2 ± 2% for the second half of 

run E and all run F(20). The iqunich group obtained a value of 6 ± 3% 

for runs E and F by fitting the number of interactions to the Cerenkov 

and scintillation counters readings(21) . A further estimate of the 't/IC 

ratio is given in the next section. 

3.8 Calculation of Cross-sections 

The crows-section for a process is conveniently given by 

C5 (microbarns) = np. 
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where n is the number of events corresponding to the process and µ is the 

microbarn equivalent (µb/event). 1.t. is calculated from the observed number 

of T decays of the beam track by 

µ = 103°mf/ApNpct µb/event 

where 	m is the K-  mass in Gev (0.4938) 

f is the branching ratio of K-  to three charged particles 

(5.8 t 0.2%) 

A is Avogardro's number (6,02 x 1023) 

P is the density of 'iquid hydrogen (0.061 ± 0.001 gm/cm3) 

N is the number of T decays corrected for scanning loss 

p is the beam momentum (6.02 ± 0.06 Gev) 

c is the velocity of light (3.00 x 1010  cm/sec) 

and 	t is the X lifetime (1.229 x 10-8  sec). 

This becomes 	µ = (2110 t 90)/pN µb/event. 

At Imperial College the number of q-  decays observed in region A 

was 421 with a calculated efficiency of 91%, so 

= 0.758 t 0.05 µb/event. 

It is also possible to estimate µ from the total number of events 

observed, the pion contamination and the Kp andtp total cross-sections. 

However, it is useful to reverse the calculation and to use the value of 

µ obtained above to give a further estimate of the pion contamination in 

the beam. Thus the ratio of pions to kaons in th.-  beam is given by 

oK 

where NT is the total number of events observed and 
a
K 
and a are the 
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total K—p and qcp cross—sections respectively. 

After correcting for the loss of low momentum transfer elastic 

scatter events, NT  for Imperial College data is 33,900 ± 1000. Using 

a= 24.0 t 0.3 mb and o= 28.5 ± 0.3 mb(22), the pion contamination is 

calculated as 6 ± 6%. This is a useful confirmation of the previous 

estimates. 

The calculation of many of the cross—sections presented in this 

thesis was complicated by the fact that 	all the data was available 

from all the collaborating groups. The differences in the quantity of 

data available for different final states is reflected in their errors 

and in the fact that histograms of events from different topologies can 

not always be directly compared. 

To compute the cross—section and its error for a particular 

process the number of events contributing to this process must be 

calculated. This is obtained from the observed number of events by 

multiplying by the correction factors required to compensate for 

(a) the loss of events in data analysis because of poor film, 

computing and book—keeping errors, 

(b) the branching ratio of V°'s to neutral particles, 

(c) the loss of particles decaying outside the chamber or at 

small angles. 

We have already dealt with points (b) and (c). The losses in 

(a) arise partly from human error and partly because some events are 

unmeasurable as they are obscured by other tracks, or the film was 

damaged in some way. For Imperial College this correction factor is 
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1.25 t 0.06 (see footnote to Table 3) and for other groups it is about 

1.34 (these numbers refer to rare events only). A breakdown of what 

happened to Imperial College rare events is given in Table 3. 

The number of events observed was also corrected for those events 

which are ambiguous between two or more hypotheses. In general, if an 

event was ambiguous between m hypotheses it was assigned to each hypothesis 

with weight 1/M. The error in the total number of events, IQT, assigned 

to an hypothesis is then 

4[ITT + E-( 1  - ii)]  

7 

	

Nunique 	

i -'1  
where NT  = 	

+ - 1  the summation being ,1713.' 	
over the ambiguous 

1 
events, each with ambiguity mi. 

	

The error 	the correction factor (a), on the microbarn 

equivalent, and the statistical error on the observed number of events, 

were added in quadreture to give the error on the cross-section. 



TABLE 3 

 

Numbers of Ev ents 

 

Failed 
to pass 

Topology 	Scanned Unmeasurable Analysis 
System 

Successful 
in passing 
Analysis 
System 

Total 
After 
Analysis 

43 

002 	96 

003 	15 

202 	225 

203 	15 

21-1 	126 

41-1 	137 

21+1 	80 

41+1 	71 

6ra 	14 

Others 	170 

TOTALS 	949 

	

7 	7 	60 	74 

	

26 
	

17 
	

84 
	

127 

	

1 	2 
	

8 
	

11 

	

12 	10 
	

62 
	

84 

	

13 
	

11 
	

77 	101 

	

11 
	

3 
	

42 	56 

	

10 
	

6 
	

16 	32 

	

1 	2 	4 	7 

	

13 
	13 
	

65 	91 

	

95 
	

72 
	

427 	594 

Footnote:-  The total number of events after data analysis is less than 

that scanned because many events were misclassified by the scanners. The 

events that did not pass through the data analysis system will contain 

some that are misclassed, and this was allowed for when the correction 

factor required to determine cross-sections was calculated. If T1,2,..5 

are the numbers in columns 1,2,..5 of the TOTALS row, then instead of 

calculating the correction factor as T5/T4, the following expression was 

used:- 	 T4 ♦ T5(T2 + T3)/T1 
T4 
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C.HAPTER FOUR 

YKR PRODUCTION 

A number of final states containing YKE were produced with 

sufficiently large a cross-section to allow same analysis of resonance 

production. Unfortunately, the number of events in any single channel 

was so small that the results presented here can only be a guide to what 

occurs in these interactions. In a few specific cases the data is such 

that a quantitative analysis seems useful. 

In any final state involving a A there exists the possibility 

that it arose from the decay Zg--ipA.4- y . As the Q.-value for this decay 

is small, corresponding A and r hypotheses are frequently kinematically 

ambiguous to such an extent that separation of the two can only be 

achieved in part by an examination of missing mass and momentum 

distributions. Such a separation was not possible with the statistics 

available for the final states discussed here, so that Z°  contamination 

is largely unknown. 
- - 

We examine each of the final statesAKK,A.Mc, 

and reE°,, which were all produced relatively strongly. All cross-

sections mentioned in the text are tabulated in Table 4 at the end of the 

chapter. In addition, this table contains sane cross-sections for those 

final states in which the number of events produced was so small as to 

preclude further analysis. Discussion of the results in the context of 

other experiments and theory is left to chapter 6. 
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4.1 The AKK Final States 

These final states were observed both asAKci°  andAer. L°  

contaminationin the latter case seems to be small as none of the Imperial 

College events which fitted AK+K-  also fitted Z°K+K-(with probability 

>1%). A plot (Fig. 4.1) of missing mass against its error for events in 

which a A and K°
1 
 were seen shows that the peak corresponding to a missing 

K°  has an as;mmetr,7 of about one standard deviation, indicating the 

possible presence of Z° contamination. At lower energies (e.g. 3.5 Gev, 

Reference 8) o(Z°cp).=--' -4g-cs(Aw) and at 5 Gev, Barnes et al.(23) estimate 

a 2°  contamination of about 10% in their AK°(K°) final state. It would 

therefore appear that 2°  contamination is unimportant in this channel, 

The Dalitz plot and KK mass spectrum (Figs. 4.4, 4.6) show a 

strong T and possibly some f production. As expected the T contains no 

K
1
°K°  events (because its C-parity is nugative), these contributing mainly 

to the f region, indicating positive C-parity. There is no evidence for 

any resonance in either AK or AK states (Fig 4.5). 

Taking the T as those states having a KK effective mass in the 

range 1.0 to 1.04 Galt (this effective mass range is used throughout this 

thesis when the T is specified) we find that it is all produced at low t 

(Fig. 4.7), there being no event in the backward hemisphere. The spin 

density matrix elements calculated from the Smith I and Troiman-Yang 

angle decay distributions (Fig. 4.9) are 

Pli = 0.45 ± 0.07 ; p1-1 = 0.39 ± 0.13  ; 	RePlo  = -0.07 ± 0.08, 

and the A polarisation is given by 

0.1).A. =(3/47:„Cose.=0.28 I 0.26 



where ei is the polarisation angle and N is the total number of events 

(Fig. 4.8)• 

The total cross-section for Ap(p-,---i1C17.) is 11 ± 2 µ,b. 

A useful parameterisation for the t distribution of 2-body 

processes (see Reference 24 and chapter 6 for the reasons for this) is 

dt cc ex (-At) 

The data here is inadequate to provide a good test of this form, but if 

we assume it, (and the data is certainly compatible with it), we can 

determine the value of A from the maximum likelihood estimate 

1 = A 	train 

where t and t , are the mean and minimum values of t respectively. The min 
t distribution for AT in this case gives A = 2.67 ± 0.53 Gev-2. The 

production angular distribution for w in Aco is also shown for comparison 

with that of the (ID (Fig. 4.10). 

Since its statistical significance is so small, we can only 

quote a cross-section for Af production, which is 2.2 ± 0.9 µb. f 

production is considered again at the end of this chapter when a value 

for its branching ratio f--o 	/ 	qiii) is derived. 

The AKEic Final States 
,  The final states which were observed are AK o Ko '7C AK

+ 
K 7C°I 

l~Ii1 CliA- and AKaic4K- The first was well identified while the 

identification of the other three was somewhat problematical. The 
+ - AK K e events were extracted from all events with topology 201 by 

51 
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taking kinematic fits with a probability greater than 1% which were• 

consistent with bubble density, and then applying a 2.5 standard deviation 

cut as well as cuts at -0.04 Gev2  and 0.08 Gev2 	the missing mass 

squared. In addition the missing momentum was required to be greater 

than 100 iviev to eliminate possible mis-fitting of AK+K-  and ref. These 

cuts were arrived at after careful examination of both fitted and unfitted 

data. It was estimated fran ccmparison of the missing mass squared 

spectrum of AK+K_xo with that for A7C+7C-1t°  (Fig. 4.11) that the cuts used 

gave a loss of about 30% of true AK41-7c°  while passing a background of 

mis-fits of about the same figure. This background should be fairly 

smoothly distributed in the mass distributions uhless a strong sharp 

resonance was being produced in another final state which was mis-fitting 

to AK
+
K
-
it°. There should, therefore, be no serious effect on well known 

resonances such as the 9 except for a slight increase in background. 

The is produced quite strongly in this final state (Fig. 4.12), 

the cross-section for Avt°  being 9 ± 3 µb, no significant portion of this 

being Y*°(1385)9. 

The production angular distributions of the A, 9 and no (Fig. 4.15) 

indicate that the A and 9 are produced peripherally i.e. at small 

production angles and small t, while the it°  is not. We might therefore 

consider this channel as a candidate for a double peripheral graph after 

the manner of Joseph and Pilkuhn(26)  (Fig. 4.16). We look at the 

scattering angles between the irand9in the geccntre of mass and the 

p and A in the Ax°  centre of mass (Fig. 4.15) for events in which 
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Cosel < -0.6 and Cos e; > 0.6 (this corresponds in practice to a t cut 

at 2 Gev); these distributions should be symmetric about zero if either 

(re or Ate resonant states are formed or if the particles are produced 

according to Lorentz invariant phase space. If a double peripheral model 

is applicable then these distributions should look like the productim 

angular distributions of low energy twc-body production processes i.e. 

something like K-(K+  or K*+) cps and (K-  or e)p-,Ae. This is, of 

course, a rather naive picture, as the K or K*  exchange particles are 

"off their mass-shell" and there are numerous difficulties with even the 

simple peripheral model where both incoming particles are physical. The 

present data does show a slight peripheral-like peaking, though even taking 

the two distributions together, they are asymmetric by only two standard 

deviations. 

There is a second peak in the KI-K-  effective mass distribution 

(Fig. 4.12) at —1.2 Gev in which the IA-  are as peripheral as the T. 

As this does not occur elsewhere, nor does it correspond to a known 

resonance, it must be presumed to be the result of mis-fitting rather than 

a previously unobserved resonance. In particular, it could occur as the 

result of mis-fittingAK+7(17°) events in which K*°  is strongly produced. 

(Ais-identifying the 917-  as a K-  will certainly give a mass of about 1.23 

Gev for KI-K-  if the genuine K4.7C-  mass was 0.89 Gev:) This possibility 

is supported by the observations of the following paragraphs. 

Another feature of this final state is the production of K*4.(890) 

(Fig. 4.13). To the author's knowledge a positive strangeness K*  has not 

been previously observed in K-p interactions, except in conjunction with 
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a L-7, or 	, or as the decay product of a non-strange meson (e.g. D,E or f ). 

The K A effective mass distribution for the K
*4. 

events (taken as those 

events with 0.84 Gev <141(K+e) < 0.94 Gev, Fig. 4.18) does not show any 

evidence for e production, nor does the K;;. 4-K-  effective mass (Fig. 4.20) 

show any significant structure. The known resonances are indicated on 

these plots purely for reference. 

In the spirit of the double peripheral model, a diagram such as 

that in Fig. 4.17 might be a useful way of examining this channel. If 

this is the case, then we might also expect to see the channel AK*617°  

as p° or 0-exchange could mediate between the top two vertices. Indeed, 

the Kgc mass plot for the final states AKNic°  and AK17c-K (Fig. 4,14) 

does show a I peak. kbreover the numbers of events in these two final 

states and in AK+K-;c°  and AK°gc+K-  are compatible with the known branching 

ratios of the K
*
. We feel justified in combining the data from all four 

AKKgc final states to look at the channel AeK, but in practice, because 
the K° can not be distinguished from the K°, 11  AK°K°gt°  events have not 

been used. 

Fig. 4.13 shows the combined KT: mass plot while Fig. 4.19 shows 

the production angles of the K, K7C and A plotted against Kgc effective 

mass. This method of display gives an easy comparison between resonant 

and non-resonant events. In the K*  region the A is 1Jeaked strongly 

backwards in the centre of mass whale the K and K are peaked forward, 

the K perhaps more so 	n the K
* 

In analogy with Ave we look at 
the scattering angles between the incoming and outgoing K and between 

the A and p (Fig. 4.19). These show a significant peaking, indicating 
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a peripheral interaction between each pair of particles, though in the 

case of the a.* it is not very strong. 
cr-o The cross-sections for AKA1* K-  and AK*  K are 14 ± 4 11,b and 

14 ± 6 lib respectively. 

If a non-strange resonance decayed to KK*  we would expect that 
*+ , the amounts of K K and K, *o  to be the same (because both K and K*  

have I-spin -) as observed, and we would also expect to see the same 
-* 

amount of Kid . No K*  is seen however, and this is qualitatively 

consistent with the double peripheral model for the following reason. 

Chan Hong-Mo et al.(27) have shown that, other things being equal, diagrams 

with a heavy particle coming from the centre vertex are kinematically 

favoured over those with a light particle caning from this vertex. 

Hence, the channel AK K is kinematically favoured over AK*K because a K*  

must be produced at the centre vertex (if we neglect baryon and double 

strangeness exchange) whereas a K must be produced at the top vertex. 

1. 	The AKIT7c.x Final  States 

The total cross-section for these final states is quite high, 

being 112 2: 12 µb, in strong contrast to the corresponding cross-section 

of < 3 µto at 3.5 Gov(8)  . When seen as AK°1c c1/4-1"K` and AK4K-7c1-2C-  the 

contamination was small, but the hypotheses AR°K+7r7c°  and AK°K-7C1-7c°  

were generally kinematically ambiguous with one another.' Permutation of 
4-, 

the K's and 9t's lead to some ambiguities in AK }K 7c+7c—  . If only one 

permutation gave a cp, then this was taken as the 'correct' fit, if 

neither or both gave cp' s, then both permutations were used, each with 
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weight of one half. (In all, this affected only 7 events, 2 of which gave 

a 9.) 

The KK mass spectrum from the first two final states (Fig. 4.21) 

shows strong cp production ( a (A97c+7ci 	± 3 p.b) with no sign of 

associated Y*  production or any structure in the 7d-7C-effective mass; the 

9 decay distributions (Fig. 4.30) correspond to density matrix elements 

p11  = 0.36 1 0.07 p1 	= -0.01 ± 0.1 Re p10  = -0.02 ± 0.08. 

The production angular distributions (Fig. 4.23) of the A and cp 

.show strong peripheral peaking, whereas the two pions have this 

characteristic to a much less marked extent. The scattering angles 

(Fig. 4.23) for cp7c+ and 97C-, both strongly asymmetric, indicate that 

the cp and 'Vs are not produced at the same vertex. In contrast, the 

scattering angles for A7C+ and Ate-  are essentially flat indicating that 

these three particles may be produced at the same vertex either through 

a resonance or according to phase space. The effective mass plots (not 

shown) for Aw+, kit-  and Aicbx-  show no evidence of resonance production. 

The only other significant features in Alt9rit±ic-  is sane 

evidence for a e and a sharp peak in the K°7c+71:-  effective mass 

distribution (not shown). However, we would expect 12 An7t-ic°  for he. 

11 AKcPx±',T-  from the channel A17°K* '/C-  but the KI-9[°  mass plot fran 

AK -K. ic-ic°  gives only about 6 events at most in the K*  region. The K*  

peak in AK°R°•x -fm-  therefore seems spuriously large. Likewise, no 

explanation other than a statistical fluctuation can be found for the 

K°7c÷9C peak; it happens to be at the peak of phase space, has no 

counterpart elsewhere and corresponds to no known resonance. 
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4.4 77TYKR Final States 

When these final states were seen as Zi9jeK, any permutation 

ambiguities were dealt with in the same way as for A7e7Cel-; Z±gtTelo  

events seem well identified. Although the loss of V-  decaying to p + 7E°  

was serious, the effective mass spectra and angular distributions for 

these were not significantly different fram those for events in which 

n + 7Z+ . Accordingly, 2+-:,- p + 70 events have been used in all 

histograms, but the cross-sections for 2+ events have been calculated from 

n + 	events and doubled to allow for the proton decay mode. 

These final states are again dominated by p production, but in 

contrast to the A channels which show no Y*(1385) there is also relatively 

strong Yt (1405) and Yo (1520) formation (Figs. 4.22 and 4.24). The final 

states 2-h7t-p and 2-9t+p are remarkly (imilar so the data has been combined. 

The Dx effective mass for 77tcp events (Fig. 4.25) shows little 

Y*  formation, no more than might be expected from an incoherent overlap 

of Y*  and p events. No attempt has therefore been made to select out 

rocp events in looking at the channel 79up. The Treiman-Yang.,and Smith I 

distributions for the p (Fig. 4.27) give density matrix elements 

0.12 	0.17 ± 0.09 Re p io  = -0.C4 ± 0.08 pll = 0'43  ± 	P1 -1 = 

indicating that if the p is produced by a peripheral process it is by a 

mixture of vector and pseudoscalar exchange. The p production angular 

distribution (Fig. 4.27) is of the peripheral type and the pit scattering 

angles (Fig. 4.28) are also peripherally peaked-. The p would therefore 

again seem to be produced on its own at a separate vertex. Both the 1-4" 

and Z are peaked backwards in the overall centre of mass, the Z-1-  more 
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so than the Z-  (Fig. 4.27), while the pions are much less peaked. The 

2T: scattering angles (Fig. 4.28) are consistent with being flat, so the 

2 and 7C are presumably produced at the same vertex. This would explain 

the similarity between 24- and 2-  channels. 

A double peripheral mechanism xould be expected to show a 

distinct difference between the channels because the charges of the 2 and 

76:make it impossible to draw the same diagrams for both 24.  and 7—  (if we 

neglect the possibility of double charge exchange). The 21' must be 

produced at the bottom vertex by meson exchange, whereas the r must be 

produced at the centre vertex by baryon exchange. 

As no difference between the channels is seen, we conclude that 

the 1:cup production mechanism is dominated by a single peripheral diagram. 

Both rc', (1405) and Yt (1520) are peaked strongly backwards in 

the centre of mass (Fig. 4.26). The K°17°  scattering angles do not give 

much information because the K°  can not be distinguished from the K°. 

There was little Y*  production in 1±,e1 *K-  and these would be very 

susceptible to mis-fitted 2±90;x41c-  events. 

4.5 27K+170  Final State 

The production mechanism for this final state appears to be 

different from that farri-cp as is shown by the angular distributions. 

The K is peaked sharply backwards while the 1 and K°  are peaked forward 

in the centre of mass (Fig. 4.29). The epeak is similar to that in 

sic (see the next chapter), so the possibility of a 2-R°  resonance 

(i.e. a E*--  decaying to 	presents itself. However, the 2-17° 
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effective mass plot, with only 10 events, shows no significant structure. 

f' (1500) Meson 

As the f'  has been seen in only two previous experiments
(23
' 
28) 

a careful examination of the data for possible f' production is useful 

even though the statistical significance of the present data is poor. 

o-o The previous observations of the f as a K1  A resonance have 

shown that. it is a C = P = +1 resonance with a possible spin of 2. The 

JP  assignment 2 is strongly favoured on theoretical grounds as it would 

then allow the f to be classified as the isosinglet member of a 2+  SU(3) 

octet which can mix with f(1250). No experimental estimate has been made 

of its branching ratio to el-, while its decay into KKK' or ilk*  has been 

shown to have a small branching ratio (29). 

To obtain a reasonable number of events we have combined the 

017°  effective mass plots from A.K°17°,.A.K°1 -; 	 2±xT1C9C°  

(Fig. 4.31). This plot has a peak of rather more than three standard 

deviations in the mass range 1.49 to 1.59 Gev, to which events with two 

seen K°
1

1s make a significant contribution. If we assume that the events 

in the above mass region come from a ell°  phase space background plus a 

K°K°
1 
 state, then we can calculate the relative proportions of the two 

contributions from the observed number of events; 

a = 3(N
2 - N/4) ; 
	

b = 3(N1 - N2) 

where N1 is the number of events observed with one seen K
o
1, N2  is the 

number of events observed with two seen K°
1
's and a is the actual number 

_o 	 070 
of K

11 
events and b is the actual number of K is. events produced. In 
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doing this we neglect any loss of Kits which decay to n+.7t-  outside the 

chamber as this effect should be small. (The error introduced by 

neglecting this will certainly be much smaller than the statistical error.) 

This calculation gives the total number of f events as 15 and the total 

number of background events as 30; of these, 7 f t  events have two observed 

K°1  decays and 7 have only one observed Ko decay. The estimate of resonant 

and non-resonant contributions calculated by this method agrees well with 

that given by drawing a smooth curve through the background events and 

counting the number of events above this line (Fig. 4.31). 

If K°'s obey Bose statistics, a resonant state decaying to K°K°  1 1 
must have even parity and angular mcmentum and should decay to K+K-  with 

a branching ratio f 	K+ K_ f 	KN°  of about two. To determine this 

branching ratio experimentally we have plotted the ler" effective mass 

fran AK+K-, AK+Kic+ic-  and 21±7c-Ter (Fig. 4.31) ; there is a slight 

enhancement in the f
1  region. Unfortunately, as the data for the two 

mass plots do not cane fran exactly the same sample of events, the height 

of the two f peaks can not be directly compared. We can, however, 

calculate the total cross-section for f production in the three final 

states Af t , Af t•icbic-  and 217Ff l , fran the K+K-  and Ki)Ka.°  modes separately. 

Their ratio then gives the f branching ratio. By this method we obtain 

K+K() = 5.6 2: 1.8 pl and 6(ff 1--) K1K13.) = 5.5 ± 1.4 p,b which gives 

a branching ratio f t -ii 	/ f t-b-; eiki°  = 1.0 ± 0.4. 

For ccmparison, we can calculate, using the same method, the 

branching ratio for the cp. This gives a value of 1.2 ± 0.3 for 

cp 	KK-  /(i) 4 KM. Thus the branching ratio for the p is in agreement 

• 
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with the accepted value, but that for the f'  is same two and a half 

standard deviations below that expected. 

4.7 The Multineutral Two V°  Events 

It is possible to estimate the contribution fromAere and 

J1K°P7tq7t°  to the missing mass spectrum tola°  (Fig. 4.2) in the events 
1 

with no charged particles at production. The final statel0,coEoexcke  

is omitted because the comparable channelAK°10w47—ie is not strong. 

The phase space curve drawn on Fig. 4.2 is that for Kw franAKKK and has 

been normalised to the number of events below 900 Mev, where the 

contribution due to K7Clt from A.KK7c7t is negligible. The numbers of 

events obtained in this way forJeFe andleFee are given in 

Table 4. 
o-o The number of events Obser7ed of the type KlA, + neutrals 

(Fig. 4.3) is much larger than expected from the number of KM + neutrals. 

(No events of these final states were found at Imperial College.) There 

are two possible explanations for this. First, these are events of the 

a,o type w`p — Iiiiiin + 'es and secondly they are of the type 

K-p -.:7, lq:KNI + es. The first possibility is incompatible with the 

determination of the beam contamination. Crennell at al.
(30) 
 in a 6 Gev 

9C-p experiment obtain 178 Kin events and 206 Kf.Ky.  + neutrals events, 
1  

with a microbarn equivalent of about 18 events per microbarn. In this 

experime%t, assuming a 6% pion contamination and a microbarn equivalent 

of 5 events per microbarn, we expect about 4 events of the type 

7C p-,?.K°1K° + neutrals and 2 events of the type w-p --7>KicKin. We do, in .1. 
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fact, see one event consiel.ent with A -p --- Ko,o The second possibility 

is quite realistic, and it is noticeable that the missing mass spectrum 

starts above the en threshold. As the cp is the only known resonance 

decaying to K_A
2  this final state must go dc*ninately through K

o  cpn; a 

comparable channel pK cps might then be expected to be strong. This is 

seen as pK-Klc_KL)  (a topology 201 event) and pKK+K-  (400 event). 

Unfortunately, the missing mass continuum for the interpretation pK K°  

of a 201 event with identified K° is such that any possible K° peak in 

the missing mass is swamped by mis-fitted final states of the type 

p. K°  + m e's; topology 400 events had not been processed at the time of 

writing, so no data is availabl for the channel pK-T. 	We thus 

conclude that the large number of events in the final state K°K°
1 
 + 

1  

neutrals can not be explained by pion contamination in the beam giving 

final states K°K°n +7e's, but might be explained by RchT production, 

though we can not confirm this. 
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Final State 
Observed 
Number 

of Events 

Correction 
Factor Cross-Section (lib) 

A la? 	( no cps 24 5.00 12 2 3 

A K+K- 	(floc) 30 1.81. 15 2 3 

Acp 	(cp ,-;- KM) 16 4.37 7 12 

Ay 	(cp 'b K+K--) 9 1.81 4.5 ± 1.5 

A t' 	(t°'--t KI°.1q) 8 2.86 2.2 ± 0.9 

1) A 15.°(I°7°) 74 1 9 ± 3 

1) 	A 14)(K°11.°7c°) 18 1 2 ± 1 

A K+K-7t° 	(nog)) 92 1.81 53 2 8 

Acp 7z° 	(cp-f IA) 12 2.33 9 2 3 

2) A Kjc:Iqic°  8 7.87 6 ± 2 

A K °K-7c+  15 10.0 22 ± 6 

A i°9C-K+  17 10.0 25 ± 6 

APle 	(le .4 K+9C") 6 10.0 9 2 4 

ATC°K*  ° (e_. KY) 3 31.5 9 2 6 

A Ire+ 	(Ii*.,  K,,°) 10 2.33 7_ 2 

A K-K*4. 	(le-,  KL)7L+) 5 10.0 7 2 3 

A K°17°7t+7c — 	(no cp) 34.5 4.86 24 2 4 

A K+K-7c+7C 	(no (p) 34 1.93 15 ± 3 

Acp iz+9t— 	(9 -? KDCD 8 4.31 5 2 2 

Ay7E+7C. 	(cp -; K+r) 13 1.93 6 2 2 
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continued over ... 



Final State 

li:°.1K-.K+ 	0  
A  ii°:r 1-7c- 

3) AKi°1 D  7C+7C-It°  

A K°K-7-1" 
R°K+7t- 

(no (0 

(noon) 

(nocp) 

(no cp) 

( cp -444 ) 

(9 K+K) 

necp 

2%4-9 
	

(cp K+K-) 

2+K-Kc'e 

2,K+17:°9t°  

4) Y:( )405)K°1-Z°  

4) Y:(1520)K°R°  

3) 2+7 
11

-K°K°7e 

TABLE 4 (ccntinued) 
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Observed Correction 
Number 	Factor 	Cross-Section (1b) 

of Events 

46.5 

3 

9 

1 

10 

9,07 

22.2 

9.95 

8.15 

8.15 

62 t 11 

13 

13 ± 4 

± 1 

9 ± 3 

11 8.77 11 t 3 

32 4.08 14 t 3 

21 3.13 24 t 6 

18 1.43 10 ± 2 

4 7.09 3.1 ± 1.5 

6 3.13 7±3  

10 3.30 3.7 ± 1.2 

9 1.43 4.8 ± 1.6 

7 15.3 12 ±4 

13 6.40 9 t 3 

17 4.96 9 ± 2 

10 4.96 5 ± 1.6 

1 26.8 3 1: 3 

continued over • • • 
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TABLEA (continued) 

Final State 

--------- 

3)Z-7z+K°K°170 

7+  K°K-it+ 7t_ 
if.°K-F•x- 

K'ire 
- K°K+ C 

3) prei°  
3) NK01,701Z7 

Observed 
Number 

 	of Events 

4.3 

15 

18 

6 

10 

Correction 
Factor 

26.8 

14.2 

7.1 

17.9 

12.1 

Cross-Section (.1b) 

13 ± 7 

24 ± 6 

14 ± 4 

16 ± 7 

20 ± 6 

Footnotes:- The corre3tion factor is the product of the factors which 

correct for events not passing the analysis system (1.31 for rare topol 

ogles, 1.05 for canmon topologies), scanning loss (1.1 for rare topologies, 

1.0 for canmon topologies), weight and loss of neutral decays. The 

error on this factor is 6%. 

1) See section 4.7. No corrections have been applied in obtaining the 

cross-section quoted as the state 	the KcR°system is not known. 

Assuming it is pure K°K°  the correcting factor is 6.6. 

2) Assuming that the K°K°  system is in a pure K15Y.  state. 

3) Assuming that the 	system is in a pure K°K°  state. 

4) For the 7C decay modes of the 	only. 
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CHAPTER FIVE 

NEGATIVE HYPERON PRODUCTION 

Some aspects of EC, 2-  and Y*  (1355) production are examined 

here, and, because they occur in the same final states and are of great ineeis€  

for canparison with the corresponding cp channels, the channels 2±7c7co 

and :Pcx-hn-w are also examined. As before, dross-sections are tabulated 

at the emd of the chapter in Table 5. 

A straightforward qualitative explanation of peripheral positive 

and neutral hyperon production in K-p collisions is afforded by the 

simple one meson exchange mcdel. Thus processes such as 

Kp Aic° 	and K p 	Y*1.1C-- 

may be represented by the diagrams of Fig. 5.la,b. However, we cannot 

construct such simple diagrams as these for the production of negative 

hyperons unless a doubly charged meson exists, and no such meson has yet 

been discovered, A baryon exchange diagram, though, is easily drawn for 

a process such as 

K-p 	Y
*-

7C+ 	(Fig. 5.2a) 

All charge states of hyperons can appear in the final state of a meson 

exchange interaction if it proceeds through a Y xrK(n 4.1) state, which 

may or may not be resonant, such as that of Fig. 5.2b. 

The production of Erby peripheral interactions with meson 

exchange is doubly restricted by charge and strangeness, as the exchanged 

meson would be required to have two units of strangeness as well as of 

charge. Moreover, a positive strangeness K meson, which can give further 
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information about the nature of the interaction, must also be produced 

together with the E.-. 

In final states of high multiplicity the peripheral picture of 

iLt4..actions is nct, on the face of it, valid. However, in final states 

such as Z--1/4-C-Fit+ic--7c° 	the hyperon is strongly peaked backwards, 

suggesting that even here peripheral interactions play an important role. 

5.1 ,17-  Production 

The loss of Er decaying at small angles when the A is seen has 

been estimated in section 3.6. A histogram of L/P has been made to 

estimate the losses of short and long lived Er(Fig. 5.4; L is the length 

of the El-  track and P its momentum in centimetres and Gev respectively)... 

These corrections have been determined from the histogram of the number 

of E-- which decay within a certain range of L/P (line A), and they have 

then been used to draw the cumulative plot from which the 	lifetime 

can be estimated (line B). This gives a value of (1.7 ± 0.2) x 10-1C  

seconds for the EC-lifetime. A similar process has been applied to the 

A's from the Eldecay (Fig. 5.4) crid,the two corrections so obtained have 

been used in calculating the cross-sections for 	final states. 

A considerable fraction of the total Frproduction proceeds 

through channels giving three or more pions in the final state. The low 

cross-section and the large number of final states populated results in 

there being insufficient events in any single final state to allow a 

study of resonance production. Some E,0(1530) is observed in the channels 

ECee7t-  and E.7,1C7L-1-7c-70 (lags. 5.11 and 5.12)0  but there is no 
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significant production cf this resonance in other final states, or of any 

other resonance, save possibly some K*(890), in any of the Er-final states 

observed. Our attention is therefore directed towards the production 

angular distributions of the 	and the K. 

In the two body channel 27K+  the production angular distribution 

of the EC-(Fig, 5.5) is peaked sharply forwards. This may be taken as an 

indication of a hyperon exchange mechanism, the forward hyperon peak 

corresponding to the forward meson peak in a meson exchange reaction. 

Assuming the differential cross-section is given by exp 	), where u 

is the 4-momentum transfer from the incoming K to the outgoing 	we 

obtain 

ii = 2.4 ± 1 Gev-2 	(neglecting the backward event.) 

Kinematically fitted 
H,_ 

 events containing me or more pions have 

been examined by plotting the Erproduetion angle against the K production 

angle (Figs. 5.6 and 5.7). The philosophy behind this is as follows. 

If we attempt to explain Erproduction by simple Fcynman diagrams there 

are four basic particle exchange types (t- and u-channel) that we can 

draw (Fig. 5.3a - d), and one s-channel diagram (Fig. 5.3e). The 

contributions from pions have been ignored except whore they form a 

necessary external line, and the states T:2  K, N, Y and LT are meant to 

represent only the B and S quantum numbers of the particles involved. 

Furthermore, there is no reason for restricting the internal lines to 

resonant states. Now, if we assume that the characteristic of the one 

meson exchange diagram ( i.e. that a particle produced at the upper vertex 

is peaked forwards  while one produced at the lower vertex is peaked 
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backwards) applies to all these diagrams, then their main contributions 

to the E v K production angle plots should occur in the regions indicated 

in Fig. 5.9. The diagram of Fig. 5 Je would be expected to contribute 

to the whole of the plot, though not necessarily uniformly as the 

distribution would depend upon the amplitudes of the partial waves involved. 

Higher order diagrams will only I 	to destroy any peaking, so there 

should be nc elrious danger of misinterpretation if any strong peaking 

is observed. 

Comparing these simple ideas with the experimental data (Figs. 

5.6, 5.7), we see that in all final states there is a clustering of the 

events in which the Er' is produced forward and the K is produced backwards, 

suggesting that hyperon exchange (Fig. 5.3a) is occurring. There is also 

a slight clustering of events in the region corresponding to a meson 

exchange interac cion (Fig. 5.3h) in EK7:7k7c and possibly in EK 7C 7C A plot 

of the E production angle against its scattering angle (here G7-i, is the 

direction of the E with respect to the inccming proton, Fig. 5.10) for 

7-7-1(1.7c4-7c—  and 7rK+7c+7c—it° makes this 	4e4 . This, therefore, appears 

to be evidence for the existence of a meson of strangeness 2, or possibly 

for a process in which two mesons of strangeness 1 are exchanged. However, 

it should be remembered that some processes which produce forward veaking 

of the hyperon can also produce a small backward peak so that the above 

interpretation is not necessarily valid. 

The production angular distribution for all (i.e. including 

those events which were not kinematically fittable at the production 

vertex) Ewith the A from its decay seen shows a substantial forward 
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peak as well as a large isotropic component and a small backward peak 

(Fig. 5.8). This data is dominated by final states with three or more 

pions, further substantiating the early remarks concerning the importance 

of peripheral-like producbon in high multiplicity events. In general, 

the K is not identifiable in events which are not kinematically fittable 

at production, so no two dimensional plot can be made. 

5..2 2-Production 

At an early stage in the experiment it was decided not to measure 

events with the topology 210 as it was expected that very few of them 

would give successful kinematic fits. The data on 2±  production is thus 

restricted to the rare channels and to the four and five body final states 

from events with topology 410. 

Cuts of 3 standard deviations and at ± 0.16 Gevawere applied to 

the missing mass squared to select the five body final states 27c77c+lt9t°. 

A comparison of weighted and unweighted histograms for Zi7C77C+7C-  and 

T - Z 7C 7C 7C 7 0  showed that the weighting was not changing their shape 

significantly, so only unweighted plots are shown. The explanation of 

this is that the empirical weighting factor roughly counteracts the effect 

of the exponential factor correcting for the loss of short decaying 

tracks. The exponential term dominates, and for 7 events with a minimum 

length cut-off of 0.6 cm. the weight at 300 Kiev is about 2.8, while at 

600 Mev it is about 1.8, decreases to a minimum of 1.46 at 1.4 Gev and 

then rises again at higher momenta. Moreover, there are very few events 

with the momentum of the 2+  less than 400 Mev. The variation in weight 
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for 2-events is even less because the 27 lifetime is longer than that of 

the 2+. 

Only those events in which the 2+  decays to n + e have been 

used. 

ZI7t7.7Z+.7C-  Final States 

The neutral 27ceffective mass distribution (Fig. 5.13) shows 

evidence for Y*(1405) and Y*(1520) production and a small peak at about 

1800 hey. In the region of the Yt's (taken as 1.36 to 1.46 and 1.49 to 

1.55 Gev) the 2 production angular d!,;tributions (Fig. 5.14) are peaked 

sharply backwards. Outside these regions the 2's are produced nearly 

isotropically, though there is still a backward peak (Fig. 5.15). Both 

2+ and 2  have very similar angular distributions even in non-resonant 

events where they might have been very different as they are in 2+K K
0 

 0  

the 2 being all forward (Fig. 4.29) and the one 2+  going backwards. 

A two dimensional plot (not shown) of 2±7z7  effective mass 

against production angle suggested that the peak around 1800 hey is 

probably a mixture of the 	at 1660, 1765 and 1815 Mev, though the 

number of events is too small to make the situation clear. The number of 

events in this peak is sufficient to account for the backward peak in.  

Fig. 5.15. Thus it appears that 2's are produced essentially isotropically 

when they are not resonant with pions. 

Zj7C+7C-1L °  Final States 

Y:(1405) and *1520) are both present in the neutral 2.K 

effective mass distribution for these final states (Fig. 5.16). No other 

hyperon resonance is observed in this mass combination, and in particular 
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Y*
1
0(1660) is not produced - an upper limit of 12 events corresponding to 

a cross-section < 7 µb. In these final states, in contrast to the 

previous ones, both 24- and 2-  are peaked strongly backwards in the non-Yo  

events (Fig. 5.17). The backward peaking in the .1.1 regions is not 

significantly greater than in the rest of the ev-nts (Fig. 5.18). There 

is, however, no evidence for strong Y* formation in other mass combinations. 

The 'n4-7c-e effective mass spectrum shows evidence for to 

production (Fig. 5.19) no significant proportion of which is associated 

with the eo's (Fig. 5.20). The 2±  and w production angular distributions 

(Fig. 5.21) indicate that the process has a peripheral nature and they 

also show a small backward peak for the w. Thus these channels (27tw) 

account for sane of the backward peaking a the 2's that do not form 

Y*1  s , The to decay distributions (Fig. 5.21) give spin density matrix 

elements (calculated after background subtraction) 

pill= 0.62 ± 0.11 ; 	p 1  _1  = 0,24 ± 0,20 ; Re p10  = 0.08 ± 0.10. 

Unfortunately, the colc scattering angle is not available owing to 

limitations of the statistics program. 

5 . 3 fial. 3_8 5 ) Production 

I*1-(1385) production in A 7C+7Z-  and A7c+7c-7t°  is consistent with 

zero(31) so our attention is confined to A7C+7C 9C +7C 	and .A.7C+7C --7C 	 7C°7C 

where there are peaks at the Y1(1385) mass in both Mt+ and ./1.7-  effective 

mass distributions (Figs. 5.22 and 5.24). It is interesting to note 

that a 1 (1385) is also observed in the kinematically unfittable 

channels A7Cf7c-  + several 7v °'s. Cuts of three standard deviations and 
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at - 0.5 to 0.08 Gev2  cPre applied to the missing mass squared when 

selecting A9c+9 -9t+IC-7z° 	events. 

The Yl  (1385) peak in A7C+7C-egC-  is only about two standard 

deviatio:LI 3.1Dove phase space , in ;.:ontrast to the Y"-1(1385) which is more 

than. four standard deviations above phase space (Fig. 5.22). The production 

angular distributions cf .A.7t F  and AAL for the Yi regions and for back-

ground regions have been subtracted to give production angular distributions 

of the Yle's. (The Y1 regicn has been taken as 1.34 to 1.43 Gev, about 

twice the natural width, and the background regions have been taken as 

1.275 to 1.32 and 1.45 to 1.495 Gay, leaving gaps of about one half the 

resonance width to avoid having too much of the resonance tail in the 

background.) 

The procE59 of background subtraction is dangerous for two 

reasons:- 

(a) It- is difficult to be sure that the correct amount of 

background has been subtracted, especially in this case where the phase 

space is changing rapidly. 

(b) The errors on the background su!tracted plot are large - they 

are in fact given by the square root of the sum of the resonance region 

and background contributions to any bin. 

In spite of this, there seems to be a real difference between 

the Y14-  and Yl.̀ production angular distributions (Fig. 5.23). As expected, 

the Y1 has a strong backward peak, but surprisingly, appears to have a 

small forward peak as well. This forward peak could, however, be the 

result of insufficient background subtraction. The Y1  is also peaked 
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backwards and has no significant forward peak. 

There is no other hyperon resonance produced in this final state. 

Turning to the final state Ai r7C7C+7C77.° 	, we see that both 

Yr(1385) and Yi*-(1385) are strongly produced (Fig, 5.24). The effective 

mass distributions of A7C+7C-  when either A7C+  or MC lies in the 

Y1(1385) region show a peak at about 1650 Mev (Fig. 5.25). The 

corresponding A ef background subtracted histogram (obtained by 

taking either the Ae or Ax in a background region as defined prey • 

iously) indicate that the majority, if not all, of the 4.-(1385) is 

associated with the A 7+7C-  peak at 1650 Mev. This is not so for the 
4. Yi  (1385). The production angular distributions of the Yi 's are almost 

flat; in other words, they do not show peripheral characteristics (Fig. 

5.26). Likewise, the production angular distributions of the *ft 7C+  in 

the region 1.6 to 1.725 Gev do not have a peripheral character (Fig. 

5.27). As we would no:,niallY expect a neutral hyperon resonance to be 

produced in a peripheral interaction, or at least to show some peripheral 

characteristics, the reason for this Y11.1c peak is rather obscure. In any 

case, a resonance decaying to Y*
1(1385)/t should also decay to t'ic7  and 

there is no evidence for a corresponding peak in Zt7C1:7 1-'x 7C 0  as was 

pointed out in section 5.2. The decay angular distributions of the peak 

are flat, so give little additional information. 

An alternative possibility is that the peak is produced by sane 

kinematic effect. A plot of Alc+  against 11.7c-  effective mass for events 

in the region of the peak (1.6 to 1.725 Gev) shows that the two 	bands 

overlap and that the majority of the YI events come from the overlap 
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region (Fig. 5.28); but such an effect would occur anyway if a resonance 

of mass 1650 May decayed to Y1(1385).?cv  because of the restricted phase 

space for the decay. We must therefore leave the interpretation of this 

peal!: open. 

The 7c 1- z*-- t°  effective mass spectrum shows strong w production 

(Fig. 5.29), little of which is associated with the Yi
+ 
 (Fig. 5.30), 

non. with the 	and none with the 1650 peak. The production and decay 

angul.. distributions of the w are essentially flat, and give the 

following spin density matrix elements: 

Pll = 0.32 t 0.04 ; (D1 	= -0.09 ± 0.07 ; Re P l0 =-0.06 t 0.06 

(calculated from the background subtracted plots). 



T.ABLE_2 

Final State 
Observed 
Number 

of Events 

Correction 
Factor Cross-Section (0) 

TIC+ 6 2.82 1.9 ± 0.8 

-1e-7-c.°  10 2.57 2.9 *. 0.9 

'7e-w+K°  17 2.29 4.3 ± 1.1 

10-7C1--  21 2.82 7 ± 2 

E-eK0e 24 5.14 14 ± 3 

57.-KI-e7c-7t°  39 2.57 11 ± 2 

7. 	 7c1-7c-9t+K.°  22 2.29 6 ± 1.2 

7-7-K+7t+9C-7t+7c-  6 2.82 4,5 ± 1.9 

7-7- 7c47c7z+K°7e 8 5.14 4.6 ± 1.9 

7-r-K47c-e7C-7t+7t°  3 2.57 2.1 ± 1.2 

Ent+  7L--  'X+  7C.  7C+K ° 1 2.29 0.6 ± 0.6 

1) Total 	E  238 2.67 87 ± 9 

2-70-  7 --  7Z+  121 1.58 51 ± 6 

+7c 'X+  it-  95 3.56  90 ± 12 

0*  2) Y(1/405) +7c-  14 2.20 8.2.  ± 4.2 

2) Y:( 1520 )9t+7c-  19 2.20 n ± 4 

2-7c÷7z-7c+e 296 1.54 122 ± 13 

7.47x-7:47c-7c°  190 3.51 178 ± 20 

2) Y:( 14 05 )it+7c-7t°  36 2.16 21 ± 6 

2) Y:(1520)7c47C-7 0  26 2.16 15 ± 5 

continued over ... 
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TABLE 5 (continued) 

Factor 

1.54 

3.51 

1.98 

1.98 

Correction 
Cross-Section (µ b) 

12 ± 4 

23 ± 8 

65 ± 8 

16 ± 4 

Observed 
Final State 	Number 

of Events 

7c+w 	 28 

Z+ic-o) 	 25 

A7C+  7Z-7C+  7C 	 160 

"Y*4-  (1385 )7E-4- 7(7( 	40  

Y*—  (1385 )7c÷7C1- 7c 	12 1.98 5 ± 2.5 

A1C+  1C 7C+  1C.--  7C° 	802 1.95 320 ± 30 

Y*4-  (1385)7 1- 7 ° 	108 1.95 43 ± 9 

Y* (1385)7c+7° 	70 1.95 28 ± 6 

(Y*±(1385)7c+)(1650)7c-f7C7c°  80 1.95 32 ± 7 

A'T-4- 7( co 	 160 1.95 64 ± 11 

Footnotes: 

1) From events with afdecays in which theA is seen. 

I  2) ZTP-;  decay modes only of Yt's. 
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HAPTER SIX 

DISCUSSICh 

Some of the data obtained in this experiment has been examined 

in the previous two chapters, and it is the purpose of this one to place 

the results obtained in their context with other experiments (at lower 

energies) and with present theoretical ideas. 

At the moment, detailed theoretical analysis of production 

mechanisms has been essentially restricted to two body channels. The 

method,-. used have nearly all been based on the peripheral model modified 

by a variety of procedures to make it 	a better and more quantitative 

description of the experimental data. The three bactic difficulties with 

the model are, first, that it does not predict differential cross-sections 

that fall as quickly as experimental ones with increasing t. Secondly, 

that it violates unitarity - it g:iv-s cross-sections several orders of 

magnitude too large - and thirdly, that when the exchange of a particle 

with spin j is considered, the Born amplitude diverges as sj. To overcane 

this last difficulty the Regge pole model(32) was formulated; j is 

replaced by the Regge "trajectory", a(t), with a(m2) = j, ra boring the 

mass of the exchanged particle, and the real part of a decreases as t 

increases. The factor su is then replaced by sa(t),  which increases 

more slowly than s j  for all physical values of t. The functions a(t) 

are usually taken as straight lines, though there is no la priori' reason 

for doing so. There is, however, ample experimental evidence to indicate 

that, provided 1.1,,  believes in the Regge model, the a(t) are straight 

lines. (See for example the trajectories associated with the N*ts(33) 
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and the Regge pole model analyei of 7C-p charge exchange scattering
(34).) 

A genralised extension of the peripheral model to many-body 

channels has been made by Amati et al.
(35), and Joseph and Pilkuhn have 

performed specific calculations for some three body channels in icp 

interactions with some success
(26)

. No similar calculations have been 

made for the three body channels elucidated in chapter four, so further 

remarks about them can only be of a rather general nature. 

One of the most successful branches of theoretical high energy 

physics is the unitary symmetry classification of particles and resonances 

(witness its prediction of the existence of the 9,-). The groups SU(3), 

SU(6) and its relatiiistic extensions have been used, not only to classify 

the particles according to th-fl, quantum numbers, but also to relate their 

masses and many of their coupling constants and to derive relations between 

cross-sections and be.;,leen decay rates (see for example Reference 36). 

We shall use SU(3) to explain some of the properties of the meson (or 

rather we shall show that SU(3) is consistent with the observed behaviour 

of the P). 

6.1 The Production. Properties of the p Meson 

The quantum numbers of the P meson are now well established
(37) 

_ 
as id

PG 
 = 01~~, which are the same as those of the w. Its production and 

decay properties are, however, significantly different from those of the 

w and these differences may be ascribed to the different ways in which 

the p and w couple to other particles. Thus the behaviour of the p can 

in several instances be explained by assuming that its coupling to 
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non-strange mesons and baryons is small i.e. the coupling constants Goff 

and G 	etc. -0,w0. That this is so can be shown to be consistent with 

the represDrtation of the 9 in unitary symmetry. 

Under SU(3) either the 9 or thew should be the isosinglet member 

of a vector meson octet and the other a unitary singlet. Unfortunately, 

neither particle has the mass expected for the isosinglet member of an 

octet. The Gell-Mann - Okubo mass formula
(38) relating the masses of the 

members of an octet predicts that the isosinglet octet vector meson 

should have a mass ,,e930 r'iev. As the mass formula is in remarkable 

agreement with the masses of the pseudoscalar meson and baryon octets 

there appears no reason why it should not also work for the vector mesons. 

Sakurai therefore suggested(39) that the 9 and w might be mixed by the 

medium strong symmetry breaking interactions because they have the same 

quantum numbers. As a result of this mixing, the physical particles will 

not have the masses expected from the theory without mixing. 

The physical states 9 and w can be expressed in terms of the 

pure SU(3) states w1  the unitary singlet, and w8  the octet member, by 

w = w1cos8 	coS aul° 

cp = 1  uin  e 	w8 c 058 

where e is the mixing angle. Using the physical particle masses and the 

Gell4'iann - Okubo prediction for the mass of w8, 	the angle e is 

calculated by diagonalising the mass matrx(40). The result is e "2738
o 

The SU(3) representation of the vector mesons can now be rewritten in 

terms of the physical particles w and 9 rather than wi  and wA. 

The vector meson octet is usually represented by
(40) 



111 

8/4'6 + • p°//kr 2 
	

K + 

(V8). = 	(080 6 — p V,,f 2 	K* 0 

--*  K 	 K ° 	—2(1)05 

The octet and singlet can be combined to form a nonet
(41) 

(v,). 	• j  = (V
8
)
i
j  + (1/J)0i (r 1) 

If we now choose the mixing angle such that sine = 1/132  corresponding 

bo 0-35.5
o 
and to a T mass of about 1000 riev, then the diagonal terms of 

V;., takea particularly simple form. Using this approximation to e the 

nonet becomes 

+ p°  )02 

(v9)i j = 	 (w P°)P2 
	

K* 
 
0 

K* 	 0 	
--cP 	z 

The pseudoscalar octet ( 	) and unitary singlet 71 (960) 

can be combined in a similar nanner, thou ,  in this case the mixing angle 

between 11 and 111  is smAJ1  (about 100), The pseudoscalar nonet is then 

(assuming zero mixing angle) 

71/46 11703 w°/!2 K+ 

(P9)i3  = 	Tit 6 + 71103 	7C°/;,r2 	K° 

K— 	 liV/3 2106 

Now meson — meson coupling constants are derived from terms such as 
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(79)ii(79)jk(P9)ki 	and 	(V9)ii(V9)jk(V9)k1  . 

Since the T is represented by (11
9 3

3  ) it is clear that it can only couple 

with the strange mesons and never with the 7and p. In other words, the 

approximation sin0= 1/13 gives coupling constants %rpm!  = 0, where m 

and m' are non-strange mesons. No such restrictions occur for the w. 

We now consider the representation of the baryons. The usual 

octet representation which is analogous to the meson octets is 

	

/V./6 + 1°///12 	2+ 

(B8) ij = r2- 	Abf6 	2 °/,f2 

r-s 	 0 
2A/if 6 

For our purpose, we take instead the representation obtained by combining 

three quarks(422 43)  (actually the meson octet can be derived by taking 

the product of two quarks, so in some ways this representation of the 

baryons is more consistent with that of the mesons) which is related 

to (B8)1  by 

1 
Bi  	ei  (B j„k 	j1 8)  k 

and the decuplet is Dijk  (with the four N*(1238) states being represented 

by D111, D112 D121 D211, D221 4-  D212 + D122  and D222 
(43)).  We note 

that the non-strange baryons are not represented by terms containing an 

index 3. 

The coupling of the baryons to the vector meson octet is derived 

from terms such as 

EijIkpv jkl 
	kv 

N.1D  Tiijkpu  113  
91k 11,0 • 
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Now, because the p is the (V9)33 term and the non-strange baryons do not 

occur in terms with index 3. the p can not couple to them, so Gor 0. 

Of cori:se, a proper calculation using the correct mixing angle 

will give coupling constants that are not_ identically zero;  but they are 

about a factor of a hundred down compared to those of the (J(44) 

The most direct evidence for the correctness of the above theory 

is the strong suppression of go-pgc(41, 45)u If we therefore accept 

that Grtgc 	we can make sane specific observations concerning the p 

production da.Y..ribEd in chapter four. 

In the channels /L(W, 217jcp , /17(+7t-cp it was shown that the 

p is in all cases strongly peaked forward and that, within the statistical 

limitations of the data,. the scattering angle of the T in the 97C centre 

of mass is also peaked forward. This peaking is most striking in the 

combined data for the production and scattering angles (Fig. 6.1). We 

now offer an explanation of this based on the diagram of Fig. 4.16 with 

appropriate changes to accanodate the other channels. Besides this 

diagram there are two other possible cases (neglecting baryon exchange, 

which is discussed below), one in which the pion is produced at the top 

vertex with the p, and the other in which it is produced at the lower 

vertex, possibly resonantly with the hyperon. We assert that the first 

of these does not occur because the p does not couple to pions. The p 

is then always produced in a peripheral like manner at a separate vertex 

by K or K
* 

exchange, and the other particles;  a hyperon and pion(s) 

may be produced at the same vertex or by a multiperipheral process like 

that in Fig. 4.16. Also it is clear that there cua not be a T'K or PP 
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resonance. Of course, all these observations are first approximations 

in that the relevant coupling constants are not exactly zero. 

It is instructive to look at the correspcmding w channels whore 

the above remarks do not apply. The combined production angular 

distribution of the w la not nearly so peaked forward as that of the so 

(Fig. 6.2; only 2,±,-c7i and and An+n-w can be shown as Awn° can not be 

fitted, there being two 7cgs in the final state). In addition there 

appears to be a significant backward peak, which is also present in Aw 

(Fig. 4.10) hut absent in Acp. The backward w peak in Awis attributed 

to baryon exchange(46) and its absence in the cp channel is expected if 

the coupling to nucleons is small (sc we can neglect baryon exchange in 

(p channels). The ratio, R, of backward cp production to backward w 

production has been calculated by a number of authors using the particle 

mixing model (for example, Reference 47). They obtain values of R of the 

order of 0.01 depending upon the precise assumptions made. We can set an 

experimental limit of R < 0.1, X 48) 
Bronzan and Low 	put forward an alternative explanation for 

the different behaviour of the cp and G.) when they postulated the existence 

of a new quantum number, A, which is conserved by strong interactions. 

They assigned A(cp) = 1, A(w) = -1, A(9z) = -1, A(K) = -1 and A(K*) = 1 

so that the decay cp--3p It was forbidden by A conservation. A further 

consequence of this rule is that cp production by e exchange and w 

production by K exchange is forbidden. If, however, the exulanation 

for the suppression of cp p gy. is as has been suggested here, there 

should be little difference between 9 and w production in Acp and Aw but, 
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distinct differences can be expected in.  .::1-4einnels with 10s because the w 

can couple to them while the(pcan not (the A quantum number would not 

prevent vir coupling). 

The production parameters ofAcand Aw (forward w only) are shown 

in the table below. 

   

a- 

 

Fk 

    

Channel °Total 
(11b) 

A P1 -a 	Rep10 P A 

Acp 13 ± 3 2.7 t .5 .45 ± .07 .39 ± .13
..._..0 	

 .08 .28 
._x_..

.26 
Au) 13 ± 3 1.2 ± .2 .47 = .1 .02 .13 -:02 ± .06 .5 ± .25 

tr. 	 

( The Aw data are taken from Reference 31 and we have used the branching 

ratios T-4KIVAll 9 = 0.88 and w-4A+7CWAll w = 0.9.) 

The only significant difference between these is the value of 

pi _a:  and this may occur because absorption in the final state is 

different. Both channels appear to go mainly by K*  exchange, thus violc-r. 

ating A conservation in the case of the T. 

We have already seen that w and c production angular distributions 
in the channels 1±7c;( w or c) and ile7Clw or w) are very different, which 

is not expected on the basis of A conservation alone. The spin density 

matrix elements for the p and w in these channels are given in the table 

below, but no further conclusions aan be dr-nin from them. 

Thus we can conclude that the data on p production in this 

experiment supports the SU(3) predictions regarding the 9 coupling 

constants, but is in disagreement with selection ru:ics based on A 

conservation. 
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Channel P11 

2 	9t cp .43 

± 7 Z 	w .62 ± .11 

A7C+?C .36 ± .07 

A7Z+7C-0.) .32 + 

PI -1 

.17 t .09 

.24 i 020 

-..01+,1 

-,09 ±.07 

-.04 .1  .08 

.08 ± .10 

-.02 ± .08 

± .06 

It is interesting to examine the way in which the production 

parameters of the channel AT vary with energy. The production angular 

distributions for the y at 3p 3.5, 4.1, and 5.5 Gev(49) are shown in 

Fig. 6.3, and the spin density matrix elements, cross-sections and the 

slopes of the t distributions are given in the table below and in Fig. 

6.5. (The values of the slopes of the t distributions have been 

calculated from the histogrammed data. It was not possible to do this 

for the 5.5 Gev data b3cause the histogram bins are larger than the mean 

value of t.) 

Beam 	A 
Momentum c- 
(Gov) 	(p.1) 

3 
	

37 ± 6 	1.9 ± .3 

3.5 
	

38 "7 	2.2 ± .3 

4.1 
	40 ± 11 	2.2± .5 

5.5 
	20 ± 6  

Pll 	P1 -1 

.36 ± .07 	.15 ± .12 

.31 ± .05 	.07 ± 

±2 4" 
• 

-45 -2: g 	,23 ± .23 
........................................ - 

We notice that the distributions are al,proximately exponential in t 

and that the width of the peak shrinks with increasing energy. The first 

observation suggests that the 'Optical Model'( '') may be a reasonable 
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description of the process and the second that the Regge pole exchange 

model(32)  can be applied. These two approaches, though quite different 

in origin, are not incompatiblep and it is interesting and possibly 

instructive to emabine them. The differential cross-section can be 

written in terms of the two models as 

= G(s)J(8)t  and 
\dtiOptical 	71:6)Re 	

- F(t)s21(t) - 2 
Regge 

These two equations are attempts to explain the same physical situation 

so they must be equal. Equating them is the same as forcing the Regge 

description of the t distribution to be pure exponential. If we assume 

that ct(t) =.70...0  alt , then we obtain 

2e(2allns + k)t dc5  dt - F s2a0 - 0 

where Fo  and k are constants. Now, if we plot the slopes of the t 

distributions against ln(s) we should obtain a straight line whose slope 

is that of the Regge trajectory contributing to this channel (Fig. 64). 

This slope is only meaningful if either there is only one trajectory 

contributing, or if the contributing trajectories all have the same slope. 

The data appears to be in extremely good agreement with this simple 

analysis, the line on the plot being that expected if we take the usual 

of the :lope of a trajectory as 1 Gev-2. Further, if we extrapolate 

do/dt to t = 0 then 

	

f 	\ 

	

ln 
O 	= In Fo  + (2a0  - 2)1n s 

dtit=0 
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so we can plot ln(do/dt!t„.0) against ln(s) and hope to obtain a straight 

line. However, the variation of cross-section with energy is such that 

this will not OCCUT (Fig. 6.5). In defence of the theory it must be 

pofnted out that the experimental values do not lie on a smooth curve as 

they might be expected to on the grounds of experience with other channels 

(such as A.4. There are two possible reasons for this. First, that the 

experimental values might be bad, and second that there is an s-channel 

resonance, which seems unlikely though not impossible. Of course the 

theory itself is rather crude because it contains only an 'effective 

trajectory' where two are probably occurring. Moreover, the ratio of the 

two trajectories' contributions to the cross-section is not necessarily 

constant with change of energy, so that a°  will not be constant. Although 

not directly relevant, it is worth remarking by way of circumstantial 

evidence for the theory that Morrison(50) has plotted ln(a) against 

ln(p incident) for many two body processesl but not including AT, and 

found that the experimental points lie on straight lines. Morrison 

himself observes that the slope of such lines should be approximately 

2a(0) - 2 as small values of t yield most of the cross-section. 
are 

There4two obvious disadvantages to this semi-phenomenological 

approach to testing the Regge description of two body processes. The 

first is that the t distribution is not truly exponentiall as for example 

the vector exchange contribution must fall to zero in the forward 

direction. The second is that several Regge trajectories may be expected 

to contribute to the process. In this case the trajectories corresponding 

to the K and K*(890) are probably dominant, and any contribution from 
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higher trajectories (e.g. K (1400)) can be neglected. ao  will vary with 

energy because the K and K' trajectories have different intercepts at 

t = 0, but its value should lie between the intercepts for the two 

trajectories i.e. between --24 and 0:20. Examination of the variation 

of spin density matrix elements with energy (Fig. 6.5) indicates that 

the proportion of vector exchange is increasing with energy. Hence the 

exponent of the energy variation of the cross-section should increase 

with energy towards a maximum of-144. Further, more accurate data at 

several energies would be invaluable. 

One last point, even if the above was found to be an accurate 

description of the data, it does not give much information about the 

real nature of the physical processes concerned, but the establishing 

of a systematic trend is a useful first step. 

6.2 The Double Peripheral 11:odel 

We have seen in chapter four that the idea of the double (or 

multi-) peripheral model can be useful es a means of examining the data. 

Its validity as a specific productior mechanism for the channels Aye, 

i-V-cp 	and re-R°  is however limited. In the case of the p 

channels we showed that the p must be produced at a separate vertex but 

the pion and hyperon may cane from the same vertex, either resonantly 

or non,-resonantly. However, if we canbine the hyperon - pion scattering 

angles the forward peaking of the hyperon is clear (Fig. 6.7). It would 

therefore seem that the double peripheral mechanism does contribute to 

these channels. 
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TheAKK
* 
 channel is somewhat different. Here the Ais clearly 

peripheral but the peripheral nature of the KK*  system is not established. 

It is interesting to compare the present re mass spectrum with that of 
a recent paper on a 5 Gev K-p experiment(29)  (Fig. 6.4). The peaks at 

1.45 Gev and 1.58 Gev occur in both. The 1.45 Gev peak could be inter-

preted as the E meson, but the second peak does not correspond to any 

known resonance. It would be worth examining this with greater statistical 

accuracy. 

6.3 Negative Hyperons 

In the channels 2-K K°  and E-e there appears to be clear 

evidence for hyperon exchange. The TX+  result has been observed in 

other experiments (e.g. at 3.5 Gev and at 2.24 Gev 5425)) and has been 

interpreted as being dominated by YI(1385) exchange(55). In this 

experiment there is one Erproduced in the backward hemisphere, and in a 

3.5 Gev experiment(51) there is a backward peak. This backward peak has 

not been explained by hyperon exchange. 

The peripheral nature of the production process is evident even 

in the high multiplicity E-events. It was shown that the mechanism was 

such that the 	and K tended to be produced in opposite directions, 

suggesting a hyperon exchange process when the 37  goes forward and a 

double-strange meson exchange when the E-  goes backwards. The backward 

z.L observed in these channels may be compared to the backward peak 

observed in EK at 3.5 Gev. 
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Evidence for a strangeness 2 meson was presented at the 1965 

Dubna conference
(52)

. A three standard deviation peak at —1.3 Gev was 

observed in the KK mass spectrum produced by 3 and 3.5 Gev K+  mesons. 

Since then, a furfii,er experiment and compilation of world data 
	
has 

shown that there is no oignificant peak in the KK mass spectrum up to 

about 2 Gev. In view of the behaviour of the 	it would be useful if 

more data on the KK mass spectrum were available at higher energies. 

The Y-  (1385)7( Enhancement at 1650 liiev 1 

It is impossible to say whether this is a resonance or kinematic 

effect from the present data alone. The flat production and decay angular 

distributions give no definite information about the spin and parity of 

the enhancement. 

In a recent paper(54) an enhancement at 1680 hey in the /17c+ 

effective mass in the final state .i1. +7 produced by 5.5 Gev K-  is claimed 

as a resonance. A Y(1385)70 peak, presumed to be another decay mode of 

the same Objectlis also seen in the final state 1190-7c -ic°. A similar A1C+ 

peak ie-also observed in .1170+•K in the uw5a for this experiment
(,i) 

The present 1650 peak is 	observed in the neutral state, no positive 

counterpart being seen, so it is not clear that there is any relation 

between the peaks. In any case, none of the data is adequate to permit 

a determination of the quantum numbers of the state, and until that is 

done it is not possible to say with certainty that such peaks correspond 

to resonances or to ascertain that they are different production and 

decay modes of the same object. 
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