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ABSTRACT 

This t h e s i s presents en account of the analysis of 
the reactions 

w + D -» P s p co° 

and i r + D -» ? s ? v ° 

at 4*0 GeV/c incident momentum, carried out by the author 

w h i l s t at the University of Durham. 
The experiment, undertaken i n collaboration with the 

University of Birmingham and the Rutherford Laboratory, i s 
described i n d e t a i l , p a r t i c u l a r emphasis being applied bo 
the limitations of the experimental setup, the accuracy of 
the r e s u l t i n g data and the problems associated with the use 
of a deuterium target. 

Following a description of the selection of the channel 
1T+ D -> P s P T T + T T " V° 

the production and decay processes of the w° - mesons are 
analysed i n d e t a i l * The r e s u l t s are compared with those 
from previous analyses and with the predictions of various 
Regge Pole models. To describe the various features of the 
data i t i s found necessary to infer the presence of s i g n i f i ­
cant contributions from unnatural parity exchanges such as 
the B - meson, i n disagreement with the e a r l i e r t h e o r e t i c a l 
interpretations which assumed the complete domination of the 
natural parity component, namely p - exchange. 

As part of t h i s analysis the nature of the associated 
background i s determined, and the r e s u l t s indicate the possible 
breakthrough of events from the l+c channel, 
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ir +D ~> P s P ir+ ir~ 

The c h a r a c t e r i s t i c s of these events i n the 1.0 GeV/c 
region of the t r i p i o n mass spectrum i s investigated, and i t 
i s concluded that they may w e l l affect the interpretation of 
the obsprved enhancements attributed to the controversial H° 
and Ai resonances. 

F i n a l l y the production mechanism of the 77 - meson i s 
analysed. 
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CH"PTER ONE 

INTRODUCTION 

|The p r o d u c t i o n of the CJ° - meson v i a TT - N c o l l i s i o n s 

has jLn recent years c res ted a c e r t a i n amount o f cont roversy . 

This arose f r o m the i n a b i l i t y of the ea r ly p - Regge Pole 

models t o descr ibe the exper imenta l da ta . Although the 

model could descr ibe very w e l l o ther channels dominated by 

p - exchange, such as 

ir~ P -> 7T° n 

none could e x p l a i n the OJ° - p roduc t ion da ta . The main 

d i f f i c u l t y was the absence o f any s t r u c t u r e i n the d i f f e r ­

e n t i a l cross s e c t i o n at t ~ 0.6 ( G e V / c ? ) 2 , corresponding 

t o the nonsense wrong s igna ture zero of the p - t r a j e c t o r y . 

Attempts were made t o e x p l a i n t h i s by the i n t r o d u c t i o n of 

s t r o n g cuts or ab so rp t i on , but none was s a t i s f a c t o r y . 

Moreover, whereas p - exchange p r e d i c t s the s p i n densi ty 

m a t r i x element p 0 0 t o be zero, the exper imental values were 

observed t o be very l a r g e . Adding f u r t h e r t o these d i f f i c ­

u l t i e s were the observed incons i s tenc ies i n the r e s u l t s f rom 

d i f f e r e n t experiments, whereas some repor ted a minimum i n 

the d i f f e r e n t i a l cross s e c t i o n at low t , or s t r u c t u r e i n 

the s p i n dens i t y ma t r ix elements, others d i d n o t . The 

main cause o f the l a t t e r problem has e s s e n t i a l l y been the 

l ack o f s t a t i s t i c s , and i t i s the i n t e n t i o n of t h i s ana lys i s 

t o u t i l i z e the high s t a t i s t i c s ava i l ab l e f rom the k GeV/c 

IT + D experiment t o examine i n d e t a i l both the d i f f e r e n t i a l 

cross s e c t i o n and sp i n dens i ty ma t r ix elements f o r those co° -

mesons produced i n the channel /^0^m^irT\ 
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7 r + D —» P 0 P 7T + 7 r " i r ° 

where poss ible e x t r a c t i n g the e f f e c t s due to background. 

I n chapters 2 and 3» the exper imenta l sebup i s descr ibed, 

f r o m the be^m l i n e and the bubble chamber, t o the f o r m a t i o n 

o f the | f i n a l data summary tape , the inheren t inaccuracies 

and l i m i t a t i o n s be ing descr ibed a t a l l stages. I n a d d i t i o n 

the problems and c h a r a c t e r i s t i c s associ" ted w i t h the use of 

a deuter ium t a r g e t ere d iscussed . The concept o f seen and 

unseen spec ta to r p ro ton events i s in t roduced and i n p a r t i c ­

u l a r p r e l i m i n a r y r e s u l t s are presented i n d i c a t i n g the poss ible 

e f f e c t s due to the P a u l i exc lus ion p r i n c i p l e . 'Jhereas i n 

previous analyses the p r o d u c t i o n mechanisms associated w i t h 

the l a t t e r two classes of events have been considered i d e n t i ­

c a l a t a l l values o f t , the examination o f the e f f e c t s due 

t o the P a u l i p r i n c i p l e i n d i c a t e t h a t t h i s may not be c o r r e c t . 

I n chapters 4 and 6, the p roduc t ion and decay of the co° -

mesons are analysed i n d e t a i l , and the r e s u l t s compared w i t h 

t h e p r e d i c t i o n s o f var ious Repge Pole models. The nature 

o f the associated background i s discussed i n chapter 5» the 

r e s u l t s i n d i c a t i n g the poss ib le breakthrough o f events f rom 

the 4c channel 

7 T + D -* P s P 1T + 7T~ 

which may have impor tan t consequences f o r the i n t e r p r e t a t i o n 

o f the H° and reg ions o f the t r i p i o n mass spectrum. 

I n chapter 7» the product ion mechanism of the 77 - mesons 

produced i n the channel 

i r + D -> P s P i r + v~ ir° 

are analysed, the t o t a l and d i f f e r e n t i a l cross sec t ions 
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being determined. 

Finally a conclusion to the thesis i s given summarising the results. 

I 



CHAPTER TWO 

GENERAL EXPERIMENTAL CONSIDERATIONS 

INTRODUCTION 

4. 

The 4 GeV/c ir D experiment was designed as a high s t a t ­

i s t i c s experiment f o r t he s p e c i f i c study o f n e u t r a l meson r e s ­

onances, and i n p a r t i c u l a r f o r those c o n t a i n i n g n e u t r a l decay 

products such as the cu°, A-^0 and Ar>° mesons. I n a l l , some 

&50K p i c t u r e s were t aken . I n t h i s chapter the experimental 

setup i s desc r ibed , p a r t i c u l a r emphasis being app l ied t o the 

i nhe ren t l i m i t a t i o n s imposed on the accuracy and q u a l i t y o f the 

d a t a . 

2 . 1 THE BEAM LINE 

A p r o t o n beam, which was ex t rac ted f r o m the CERN pro ton 

synchroton, impinged on a copper t a r g e t i n the U5 beam l i n e . 

From the numerous p a r t i c l e s produced, the r e q u i r e d 4 GeV/c 7 r + 

- mesons were seperated i n the beam l i n e and d i r e c t e d i n t o the 

bubble chamber. 

The beam l i n e i s i l l u s t r a t e d schemat ica l ly i n FIG. 2 . 1 , 

the corresponding key t o the components be ing shown i n t ab l e 

2 . 1 . The o p t i c s of t he system can e s s e n t i a l l y be d i v i d e d 

i n t o 3 s e c t i o n s : -

(a) The f o r m a t i o n and momentum ana lys i s stage 

(b) The sepa ra t ion 

end (c) The f i n a l c l e a n i n g and p repa ra t i on f o r the bubble 

chamber. 

To achieve the r e q u i r e d sepa ra t ion o f the 4 GeV/c pions i t was 
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TABLE 2 . 1 

LIST OF U5 BEAM LINE ELEMENTS 

No. Element 
D e s c r i p t i o n 

1 Target - Copper 
2 H o r i z o n t a l C o l l i n a t o r 
3 V e r t i c a l C o l l i n a t o r 
4 2M Quadrupole 
5 2M Quadrupole 
6 1M Qundrupole 
7 2M Quodrupole 
8 Bending Magnet 
9 Bending Magnet 

10 V e r t i c a l C o l l i n o t o r 
11 H o r i z o n t a l C o l l i n a t o r 
12 0.75 M Quadrupole 
13 H o r i z o n t a l C o l l i n a t o r 
14 V e r t i c a l C o l l i n a t o r 
15 Bending Magnet 
16 Bending Magnet 
17 2M Quadrupole 
IS 2M Quadrupole 
19 Separator 
20 2M Quadrupole 
21 2M Quadrupole 
22 2M Qu»drupole 
23 Separator 
24 2M Quadrupole 
25 2M Quadrupole 
26 2M Quadrupole 
27 2M Quadrupole 
28 Separator 
29 Beam Stopper 
30 V e r t i c a l C o l l i n a t o r 
31 2M Quadrupole 
32 2M Quadrupole 
33 H o r i z o n t a l C o l l i n a t o r 
34 V e r t i c a l C o l l i n a t o r 
35 Bending Magnet 
3o Bending Magnet 
37 V e r t i c a l Bending Magnet 
38 2M Quadrupole 
39 21! Quadrupole 
40 H o r i z o n t a l C o l l i n a t o r 
41 V e r t i c a l Bending Magnet 
42 Bubble Chamber 

Symbol 
i n F i g . 2 . 1 

T 
CI 
C2 
Ql 
Q2 
Q3 
04 
BM1 
BM2 
C3 
C4 
Q5 
C5 
C6 
BM3 
BM4 
Q6 
Q7 
RF1 
Q8 
Q9 
010 
RF2 
O i l 
012 
013 
014 
RF3 
BS 
C7 
015 
Q16 
C8 
C9 
BM5 
BM6 
VBM1 
017 
o i s 
C10 
M8 
BC 

Distance 
From 
Preceding 
Element(M) 

0 
4 .5 
0.65 
1.85 
4 .00 
2.50 
3-50 
3.87 
3.00 
5.92 
0.58 
1.00 
2.25 
2.35 
2.00 
3.00 
3.05 
2.50 

15.50 
7.09 
3 .91 
3 .91 
7.09 
5.75 
2.50 

11.50 
2.50 
5.75 
7.55 
1.50 
3.30 
3.00 

ll.OO 
1.90 
4.26 
3.00 
2.18 
2.22 
2.50 
9.00 
2.00 
5.00 

FORMATION 
AND 

K0;i3i\TUM 

ANALYSTS 
STAGS 

62 m 

SEPARATION 
STAGE 

50 m 

t 
PREFERATION 
FOR BUBBLE 

CHAMBER 
STAGE 

53 m 



- 5 -

cons idered s u f f i c i e n t t o use only 2 o f the-3 a v a i l a b l e R.F. 

c a v i t i e s . I n essence the ope ra t ion of t h i s system i s such 

t h a t the r e l a t i v e phasing between RF1 and RF2 i s so arranged 

t o p rov ide a maximum d e f l e c t i o n t o the p a r t i c l e s awry f rom 

the o r i g i n a l beam a x i s , the unwanted p a r t i c l e s b e i n g r e tu rned 

t o t h i s a x i s and subsequently absorbed i n the bepm s topper . 

S t a b i l i s a t i o n of t he momentum and f o c u s s i n g of the r e s u l t i n g 

beam was then mainta ined by c a r e f u l m o n i t o r i n g o f the c u r r e n t 

l e v e l s w i t h i n the bending magnets and quadrupoLe magnets. I n 

a d d i t i o n the v a r i o u s c o l l i m a t o r s were r e g u l a t e d t o ma in ta in a 

reasonable f l u x o f p a r t i c l e s i n t o the chamber. 

The exposure was under taken i n two p a r t s . I n the f i r s t 

exposure o f August 71» w i t h an opera t ing beam momentum o f 

4 .02 ± 0 .01 GeV/c, a f l u x l e v e l o f some 12 pions per pulse was 

m a i n t a i n e d . I n the second exposure o f 1973 however, i t was' 

cons idered adv isab le t o increase t h i s l e v e l t o 15 per pulse 

i n o rder t o increase the e f f e c t i v e r a t e o f data c o l l e c t i o n . 

As i l l u s t r a t e d i n FIG. 2 . 2 , the beam momentum o f the second 

exposure was s l i g h t l y lower and centred a t 3*94 - 0 .01 GeV/c. 

2 .2 - THE CONTAMINATION OF THE TT* BEAM 

At beam momenta o f 4 GeV/c, the sepa ra t ion produced by 

i the R.F . c a v i t i e s i s s u f f i c i e n t t o reduce the pos s ib l e contam­

i n a t i o n t o the f o l l o w i n g 3 charged components, namely P, ^ + 

and K + . 

(a) THE m+ CONTAMINATION 

The most probable source o f ^ + con tamina t ion a r i se s f r o m 

the decay o f the pions v i a the process ir-> n + v • Those 

muons produced w i t h i n the beam l i n e are momentum analysed and 
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subsequently removed. Hence the only e f f e c t i v e contaminat ion 

sross f r o m the pions decaying between the l a s t c o l l i m a t o r , 

C9, and the bubble chamber. Using a p ion l i f e t i m e o f 2.6 x 

10"*° sees. , and a l o r e n t z f a c t o r o f 29*1, the percentage of 

p ions decaying over t h i s d is tance of some 7 metres i s i n the 

r e g i o n of 3f» The vas t m a j o r i t y of these however, w i l l appear 

" o f f beam" i n the chamber, and the est imate o f the f i n a l contam­

i n a t i o n i s o f the order o f 0.4 i 0.1%. 

(b) " THE K* CONTAMINATION 

This was es t imated f r o m the number o f Tau decays of the 

K- mesons which cou ld be f i t t e d t o a sample of some 3000 3 -

prong events . An upper l i m i t of 1 event was found as a Tau 

cand ida te . Hence, a l l o w i n g f o r the branching r a t i o of the 

K - decay, and the observed l eng th o f beam t r a c k , an upper 

l i m i t t o the degree o f K + contaminat ion was found t o be 0.5 -

0 .1$ . 

(c) THE PROTON CONTAMINATION 

This has been est imated by us ing a method described by 

Gordon, (Ref. 2 . 1 ) . He has shown t h a t i n the two reac t ions 

i r + D -» P P i r + ir (1) 

and P D -» P P P (2) 

/ / o - l ) cr ( ir D) TOTAL <r(2 (T (PD) TOTAL 

and P r o b a b i l i t y ( ir - f i t to a r e a l P beam) _ l 
P r o b a b i l i t y ( P - f i t t o a r e a l irbeam) 2 

From these , an est imate o f the contaminat ion can be made. The 
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p r o b n b i l i t y o f producing a p i o n f i t t o a r e ? l p ro ton beam 

can be determined by producing r e a c t i o n (2) f rom the pure 

p r o t o n beam d i r e c t f r om the p ro ton synchro t ron . This enables 

a comparison t o be made o f the expected and experimental prob­

a b i l i t y f o r producing a p r o t o n f i t t o the p ion beam. Fo l low­

i n g t h i s procedure provided an es t imated pro ton contaminat ion 

o f 4 i 3 f . 

2.3 THE BUBBLE CHAMBER 

For bo th exposures the chamber used was the CERN 2 metre 

deuter ium f i l l e d bubble chamber, (CERN 2m DBC). I t s general 

c o n s t r u c t i o n i s descr ibed b r i e f l y below. As i n any d e t e c t i o n 

system, the bubble chamber has c e r t a i n i n t r i n s i c e r r o r s and 

l i m i t a t i o n s , and i n the subsequent sec t ions the more important 

cases are d iscussed. 

(a) THE GENERAL CONSTRUCTION OF THE CHAMBER 

The chamber cons i s t s o f a s ing le aluminium c a s t i n g , w i t h 

an i n t e r n a l c l e a r s e c t i o n o f dimensions 200 x 51 x 60 cms. 

This i s f i l l e d w i t h the order of 1000 l i t r e s of l i q u i d deuterium 

a t a temperature o f 27° K under a pressure o f approximately 6 

atmospheres. As i l l u s t r a t e d i n FIG. 2 . 3 i the inner s ec t i on 

i s enclosed by a c o l d t ank , and a s t a i n l e s s s t e e l vacuum tank 

i n order t o reduce heat losses . The chamber was operated i n 

i t s double pulsed mode, w i t h the order of ^/lO of a second 

between p i c t u r e s , and some 2 seconds between each double pu l se . 

The sequence o f ope ra t ion i s i l l u s t r a t e d i n FIG. 2 . 4 . Surround­

i n g the vacuum tank i s a l a r g e electromagnet producing a near 

u n i f o r m f i e l d over the e n t i r e l i q u i d chamber volume, the cu r r en t 
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i n the magnetic windings being, of the order of 1000 amperes. 
A " through i l l u m i n a t i o n " system was provided by 3 monochrom­
a t i c e l e c t r o n f l a s h tubes v i a the back glass of the chamber. 
The i l l u m i n a t e d volume was then observed f rom the f r o n t by a 
t r i a n g u l a r a r ray o f cameras. I n a d d i t i o n , etched onto both 
the f r o n t and back g l a s s , were the measuring f i d u c i a l marks 
r equ i r ed f o r the geomet r i ca l r e c o n s t r u c t i o n of the events. 

(b) THE RESOLUTION OF THB SYSTEM 

The accuracy a t t a i n e d depends i n i t i a l l y upon the photo­

graphy. I n order t o achieve the r e q u i r e d depth o f focus i t 

i s necessary t o s t o p down the camera lenses . This however, 

r e s u l t s i n d i f f r a c t i o n e f f e c t s , such t h a t ins tead o f seeing 

the bubbles , t h e i r corresponding Ai ry d iscs are observed. 

U l t i m a t e l y , the optimum value i s decided by the photographic 

p l a t e , s ince t h i s sets a lower l i m i t t o the r e s o l u t i o n . 

Assuming a t y p i c a l f i l m r e s o l u t i o n o f 700 l i n e s per cm., then 

the Ai ry disc has t o be as la rge as 11+fj, (« V700 cm), t o be 

r e s o l v e d . I f the r e q u i r e d depth of focus i s then 50 cm. i t 

can be shown t h a t the Ai ry d isc image w i l l correspond t o an 

e f f e c t i v e bubble s ize i n the chamber o f some 200^ , 

(c) OPTICAL DISTORTIONS 

Although the q u a l i t y o f both the camera lenses and glass 

windows i s ve ry h i g h , d i s t o r t i o n s are nevertheless in t roduced , 

and i n order t o achieve r e l i a b l e r e c o n s t r u c t i o n of the events 

i t i s necessary t o make the appropr ia te c o r r e c t i o n s . The 

main sources o f d i s t o r t i o n are the non alignment of the o p t i c 

axes, the f i l m t i l t , =>nd the d i s t o r t i o n s w i t h i n the lens system 
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?nd glass windows. A study o f these e f f e c t s by Ke l lne r i n 

1965» ( R e f . 2 . 2 ) , showed t h a t the d i s t o r t i o n s could be repres 

ented by a s imple power s e r i e s . I f x and y represent the 

d i s t o r t i o n f r e e coord ina tes on the " i d e a l f i l m plane*', then 

the r e l a t i o n between these and the exper imenta l f i l m plane 

coordina tes 5s g iven b y : -

where f i s the f o c a l l e n g t h . The d i s t o r t i o n c o e f f i c i e n t s «. 

f i l m s t r e t c h , ct0 , aA and a take i n t o account the 

e l l i p t i c a l d i s t o r t i o n s created by the non-alignment of the 

o p t i c and mechanical ax i s o f the lens , and any a d d i t i o n a l 

h i g h e r order d i s t o r t i o n s are inc luded i n « • 
6 

(d) THERMAL CONVECTION AND TURBULENCE 
« 

The chamber conta ins some 1000 l i t r e s of l i q u i d deuter ium, 

which i s double pulsed the order of every 2 seconds-. Under­

s tandably , t h i s and the subsequent c r e a t i o n o f temperature 

d i f f e r e n c e s produces thermal convect ion and turbulence w i t h i n 

the l i q u i d . The bubble v e l o c i t i e s r e s u l t i n g f r o m convect ion 

are o f «-3 c m s / s e c , which f o r a bubble growth t ime of 1 ms. 

b e f o r e photography, corresponds t o a movement of some 30/j. . 

I n a d d i t i o n , the temperature d i f f e r e n c e s r e s u l t i n the so c a l l e d 

" t w i n k l i n g e f f e c t " , a r i s i n g f rom the subsequent v a r i a t i o n s i n 

the r e f r a c t i v e index of the l i a u i d . Estimates made by Thomas, 

( R e f . ? . 3 ) , i n d i c a t e t h a t t h i s e f f e c t r e s u l t s i n an apparent 

movement o f the bubble by some 30 /j, . From the previous 

Ot X a y oc„ xy a.x 4. —2_ + 4 

and OL are t he c o e f f i c i e n t s r e l a t e d t o the t i l t angle and 
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s e c t i o n however, i t i s ev iden t t h a t both o f these e f f e c t s are 

n e g l i g i b l e compared t o the apparent s i ze o f the bubbles . 

(e) VARIATIONS IN THE MAGNETIC FIELD 

The magnetic f i e l d i n t h e chamber i s u s u a l l y denoted by 

i t s c e n t r a l v a l u e , and i n the CERN 2m chamber t h i s i s 17*5 K 

gauss. Any v a r i a t i o n s i n the f i e l d are mapped w i t h an accur­

acy o f about Vfo of the c e n t r a l v a l u e , so t h a t the corresponding 

c o r r e c t i o n s t o the p a r t i c l e paths can be made i n the k inemat ics 

r e c o n s t r u c t i o n programme. The maximum v a r i a t i o n occurs a t 

the edges o f t h e chamber, and amount t o some 3%» Since the 

f i e l d i s a t the s a t u r a t i o n va lue f o r the e lect romagnet , c u r r e n t 

v a r i a t i o n s have l i t t l e o r no e f f e c t . 

( f ) THE EFFECTS OF MULTIPLE SCATTERING 

Coulomb s c a t t e r i n g w i t h i n the chamber l i q u i d r e s u l t s 

i n a spur ious t r a c k cu rva tu r e even under the i n f l u e n c e o f a 

zero magnetic f i e l d . Such an e f f e c t creates e r r o r s i n the 

momentum measurements c a l c u l a t e d f r o m the cu rva tu re o f the 

t r a c k s r e s u l t i n g f r o m the a p p l i e d magnetic f i e l d . From 

s c a t t e r i n g theory i t can be shown t h a t the e f f e c t i v e s a g i t t a 

i n t r o d u c e d by t h i s e f f e c t can be expressed as 

where P i s t he momentum o f the p a r t i c l e i n MeV/c, £ c i t s 

v e l o c i t y , T\ the r a d i a t i o n l e n g t h i n cms, 5 the t r a c k 

l e n g t h i n cm, and 2 . I k i s the s c a t t e r i n g cons tan t . The 

magnitude o f Sc i s s u f f i c i e n t i n nuclear emulsions, where the 

s c a t t e r i n g cons t an t i s l a r g e r , t o enable d i r e c t Pyj measure-
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ments t o be made. I n bubble chambers however, i t i s an 

undes i rab le secondary e f f e c t compared t o the app l ied magnetic 

f i e l d , and represents a noise l e v e l ranging f rom If i n hydrogen 

t o about 30^ i n propane. From the above express ion f o r Sc 

i t i s ev iden t t h a t the e f f e c t of m u l t i p l e s c a t t e r i n g i s o f 

p a r t i c u l a r importance f o r shor t t racks and low values of P/3 

I n a d d i t i o n , as expla ined i n the f o l l o w i n g chapter , the measure­

ment e r r o r s are s u f f i c i e n t l y s m a l l , ~0.4%, t h a t -the l i m i t on 

the. exper imenta l accuracy i s due t o these m u l t i p l e s c a t t e r i n g 

e r r o r s r a t h e r than the measurement e r r o r s . 

2 .4 DEUTERIUM TARGETS 

I n the p rev ious s e c t i o n the bubble chamber has been described 

and discussed f r o m the p o i n t o f view of i t s c o n s t r u c t i o n and 

l i m i t a t i o n s . I n t h i s s e c t i o n the m o t i v a t i o n f o r us ing a 

deuter ium t a r g e t w i l l be discussed, and i n p a r t i c u l a r , t he 

concept o f " spec ta to r s" i n t roduced . 

(a) THE CHOICE OF TARGET 

As mentioned i n the i n t r o d u c t i o n t o t h i s chapter , the 

experiment was s p e c i f i c a l l y designed t o study n e u t r a l meson 

resonances, and i n p a r t i c u l a r t o study those con t a in ing s ing le 

n e u t r a l decay products such as the o^°, A]_° and A2 0 mesons. 

Such resonances are observed i n the 3 p ion combinat ion ifir ir° 

and t h i s p a r t i c u l a r c o n f i g u r a t i o n can be formed i n severa l 

types o f i n t e r a c t i o n s , t he most obvious choices b e i n g : -

(1) T T + P -> P 

( 2 ) 77" ~ P -> N 

(3) 77" + N -+ P 
and (4) 77" ~ N -* N 

77* iriP 

1? ir 770 

77*77" 77° 

77*TT 77° 

77* 

ir 
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The no - f i t channels (2) and (4) however, where 2 neutral 
pa r t i c l e s are present, contain i n s u f f i c i e n t information to 
make a thorough analysis. Hence the obvious candidates 
are reactions (1) and (3). Of the two, reaction (3) i s 
simpler,' since i t does not contain the inherent ambiguity of 

I 
the two it mesons, one of which i n reaction (1) may be assoc-

++ 

iated with a A 
The least complex and hence most easily analysed neutron 

target i s the deuteron. For t h i s and the above mentioned 
reasons a deuterium target was chosen, and the use of such a 
target introduces the following additional features. 
(b) THE NATURE OF THE INTERACTIONS 

Essentially two d i f f e r e n t i n i t i a l interactions can occur, 
f i r s t l y the so called coherent interactions i n which the 
deuteron remains i n t a c t , and secondly, interactions i n which 
the deuteron binding energy i s overcome, and subsequent breakup 
occurs. At incident energies of 4 GeV, coherence occurs i n 
only some 2 or 3$ of the cases, and throughout the remainder 
of t h i s analysis the channels considered are necessarily 
associated with deuteron breakup. Such reactions introduce 
the so called spectator neutron or proton which essentially 
corresponds t o the non-interacting nucleon. I n t h i s analysis, 
where the neutron interactions are reauired, we are concerned 
with the spectator protons. 

(c) IDENTIFICATION OF TK5 SPECTATOR 

The deuteron binding energy is s u f f i c i e n t l y small ~ 2.2 MeV 
that by invoking the impulse approximation, (Ref. 2.4)> the 
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assumption can be made that the interaction i s e f f e c t i v e l y 
with free p a r t i c l e s . This assumption implies a zero momentum 
transfer between the target nucleons, and consecuently the 
momentum of the non-interacting p a r t i c l e , allowing f o r second­
ary scatters, should be t y p i f i e d by the Hulthen d i s t r i b u t i o n . 
Experimentally however, the non-interacting so called spectator 
nucleon cannot always be distinguished unambiguously. In 
the p a r t i c u l a r case of ir N charge exchange, the f i n a l state 
involves two candidate spectator protons, both of which can 
l i e w i t h i n the Hulthen d i s t r i b u t i o n . Fortunately however, 
at incident pion momenta of 4 GeV/c t h i s ambiguity only occurs 
at low k - momentum transfers t o the target nucleon, and hence 
only affects a r e l a t i v e l y small percentage of the t o t a l events. 
Throughout the analysis the ambiguity i s resolved by a r b i t r a r i l y 
assigning the slower proton t o be the spectator. Fake calcul­
ations indicate such' an assignment to be wrong i n some 3% of 
the cases. 

(d) SEEM AND UNSEEN SPECTATOR PROTON EVENTS 

In deuterium, the minimum momentum required to produce 
a v i s i b l e proton track i s ~85 MeV/c. Hence proton momenta 
below t h i s l i m i t w i l l remain undetected. From the form of 
the Hulthen d i s t r i b u t i o n , i l l u s t r a t e d i n FIG.2.5, i t i s implied 
that ~2/3 of the spectator protons w i l l be unseen. In the 
f i t t i n g of these events the unseen spectator protons are essen­
t i a l l y treated as badly measured tracks. A zero momentum i s 
assigned to the tracks with errors consistent with the maximum 
observable momentum. The subsequent f i t t i n g procedure then 
i t e r a t e s t o the optimum value f o r i t s momentum and direction. 
The laboratory momenta and angular d i s t r i b u t i o n s f o r the 
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spectator protons i d e n t i f i e d i n the manner specified above, 
are i l l u s t r a t e d i n FIG. 2.5* For both the 4c events 

+ • -
IT D - » P s P77 1 "7f 

and the lc events 

i n which the spectator proton i s seen, the spectntor protons 
are found t o follow closely the Hulthen d i s t r i b u t i o n and 
exh i b i t the expected angulpr isotropy i n the laboratory, 
thereby confirming that the i n i t i a l interactions are w e l l 
described by the impulse approximation. The observed dis-
creoancies f o r the unseen spectator proton lc events are due 
t o the f a c t that both the 7 7 0 and the spectator proton are 
missing. As a r e s u l t , the unseen spectator protons tend t o 
be f i t t e d along or opposite t o the 7 7 ° momentum, and hence lead 
to the forward backward peaking of the angular d i s t r i b u t i o n . 
I n addition, the inaccurate f i t t i n g of the spectator momentum 
results i n a discontinuity i n the expected Hulthen d i s t r i b u t i o n 
i n the region of 65 MeV/c. This arises because the sharing 
of the missing momentum for the unseen spectator proton events 
i s weighted i n favour of the if* and hence the f i t t e d unseen 
spectator proton momentum tends to be underestimated. Although 
the f i t t i n g of these events i s incorrect, the momentum vector 
of the spectator i s s u f f i c i e n t l y small not to adversely affect 
the f i t t i n g of the rest of the tracks. 

The minor discrepancies that exist f o r the wel l f i t t e d 4c 
and seen spectator lc events can be explained q u a l i t a t i v e l y 
by the additional modifications discussed below. 
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(e) THE VARIATION IN THE CENTRE OF MASS ENERGY 

For interactions w i th stationary laboratory targets the 
v a r i a t i o n i n the centre of mass energy i s e n t i r e l y the result 
of the experimental soread i n the beam momentum. For 
deuterium however, the constituent target nucleons follow the 
Hulthen d i s t r i b u t i o n i n momentum and hence add an additional 
spread of some 10% to the o v e r a l l centre of mass energy i n 
the ir-N system. To calculate the ir-N centre of mass 
energy, either the i n i t i a l or f i n a l state particles can be 
used. However, i n using the i n i t i a l state particles i t must 
be remembered that the target nucleon i s o f f the mass sh e l l . 
I t i s therefore i n s u f f i c i e n t to put the target momentum equal 
and opposite to t he spectator, the ef f e c t i v e mass of the two 
nucleons must also be constrained to the deuteron mass. The 
experimental d i s t r i b u t i o n f o r the centre of mass energy deter­
mined from the secondaries i s i l l u s t r a t e d i n FIG. 2.6. 

( f ) THE EFFECT OF THE FLUX FACTOR 

A fur t h e r consequence of the non zero momentum of the 
target nucleon i s the f l u x v a r i a t i o n depending on whether the 
target nucleon i s moving towards or away from the primary. 
Both the f l u x and the centre of mass energy w i l l be increased 
f o r the case where the i n t e r a c t i n g particles are moving towards 
one another. Hence i f the cross section is independent of 
the centre of mass energy, a s l i g h t asymmetry w i l l result i n 
the spectator angular d i s t r i b u t i o n , exhibiting a preference 
for forward goin,<? snectators i n the laboratory. For resonance 
production however, the cross section has a strong dependence 
on the centre of mass energy, as described by the r e l a t i o n 
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<r a p"n 

where P i s the primary momentum, and n i s t y p i c a l l y the 
order of 2. Kence i n channels such as 

7rTD -> Ps ftrV" 

which are dominated by resonance production, the va r i a t i o n 
of the resonance cross section with centre of mass energy i s 
s u f f i c i e n t t o reverse the above mentioned asymmetry i n pref­
erence of backward going spectators. Experimentally such 
an asymmetry i s observed f o r t h i s channel i n the r a t i o of 
1 : 1.01. For the channel 

ir+ D -» Ps P ir+7f~ir° 

however, where the resonance production i s less s i g n i f i c a n t , 
the effects of the f l u x v a r i a t i o n are found to dominate, and 
an asymmetry of 1 : 0**17 i * 1 preference of forward going spec-
t a t o r s i s observed. A plot of the experimental va r i a t i o n i n 
the f l u x for the 4c channel 

ir +D ->Ps PiPiT 

calculated from the r e l a t i o n 

FLUX , £2L . ZS h L U* c + EN 

where P and E refer to the momentum and energy of the particles 
indicated, i s i l l u s t r a t e d i n FIG. 2.7. 

(g) SECONDARY SCATTERING 

The expression f o r the ir - D scattering amplitude involves 
not only the one step emplitudes of the impulse approximation, 
but also the subsequent multiple scattering terms. In addition, 
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a small but f i n i t e p r obability exists for the f i n a l state 
scattering between the spectator and any one of the other 
secondary p a r t i c l e s . Either of these effects w i l l result 
i n a d i s t o r t i o n of the expected Hulthen - l i k e momentum d i s t ­
r i b u t i o n f o r the spectators. A further contribution to t h i s 
e f f e c t may arise from the possible A-A states of the deut-
eron. The uncertainty p r i n c i p l e enables the normal N - P 
components to transform momentarily i n t o a A A or A A 

state. The existence of such states has never been confirmed, 
and recent results produced by members of the collaboration 
from the University of Birmingham, (Ref. 2.5)» set an upper 
l i m i t of 1% to t h i s process. The re s u l t i n g "spectator protons" 
from such a process are t y p i f i e d by momenta i n excess of 0.8 
GeV/c, and w i l l therefore t o a small and perhaps negligible 
extent add t o the d i s t o r t i o n of the expected Hulthen - l i k e 
momentum d i s t r i b u t i o n . The cumulative effect of these processes 
can account for the observed excess of spectator momenta greater 
than 300 MeV/c, i l l u s t r a t e d i n FIG. 2.5. 

(h) SHADOWING EFFECTS 

The mutual shadowing of the constituent nucleons implies 
that the t o t a l deuterium cross section is less than the sum 
of the indi v i d u a l nucleon cross sections. Hence the micro-
barn equivalent for a ir-N event from a deuteron target i s 
greater than i t s counterpart produced from a free neutron 
target. The r e l a t i o n between the cross sections is given by 

cr (irD)= o - ( 7 T N ) +cr(irP)-<r ( 7 7 N L o-(ifP) 
4 w<r 2> 
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2 where <r > i s the average separation of the nucleons. 
Although t h i s expression i s not charge independent, the 
necessary co r r e c t i o n terms are n e g l i g i b l e , (Ref.2.6). 
Therefore, using the values f o r the ir- P cross sections 

. <r W ?) = 27.5 mb 

<r (ifp) = 34.1mb=cr (/n) 

and the experimentally determined ir + D cross section of 56 nib 
the magnitude of the R.M.S. separation of the nucleons i s eval­
uated as 3.7 - °«2 f which compares favourably with the value 
determined from electron s c a t t e r i n g data, (Ref. 2.7)• 

( I ) TH5 PAULI EXCLUSION PRINCIPLE . 

The Pauli exclusion p r i n c i p l e postulates t h a t a symmetric 
wave fu n c t i o n of two i d e n t i c a l fermions i s not allowed. 
This has important consequences i n deuterium interactions 
since the occurence of two f i n a l state i d e n t i c a l fermions 
leads t o a depletion of events i n the low 4 - momentum transfer 
region t o the target nucleon. 

The o v e r a l l deuteron wave function f actorises i n t o the 
spin component and the o r b i t a l angular momentum component. 
The spin terms which are a l l symmetric can be w r i t t e n as 

x ( l , l ) - x N 1(J,». x N 2 U , l ) (1) 

x ( l . O ) 5 N 1 ( l , l ) . x N 2 ( l » - l ) + x N 1 ( l . - l ) . x N 2 ( i . l f l (2) 

x ( l , - l ) = x N 1 U , - i ) . x N 2 U . - l ) (3) 



where the subscripts indicate the two nucleons 3nd the 
indices the values of (S, Sz). I f spin n o n - f l i p occurs 
then the above functions s t i l l describe the f i n a l spin states, 
and only the o r b i t a l components a l t e r . .However, since the 
Pauli p r i n c i p l e forbids o v e r a l l symmetric wave functions, the 
o r b i t a l components must be antisymmetric and contain only 
odd J! values. A l t e r n a t i v e l y , i n the case of spin f l i p > 

i 

events described by (1) and (3) f l i p i n t o (2), or the a n t i ­
symmetric state 

I (4) 

This s i t u a t i o n only allows events with odd jj f o r the spin 
states (1) t o (3)» and even 8 f o r the spin state (/».)• 
From t h i s discussion i t i s evident t h a t the correction f o r 
the number of events l o s t v i a spin f l i p i s smaller than t h a t 
f o r spin n o n - f l i p , since i n the l a t t e r case a l l even 5 - states 
are forbidden. 

To estimate the loss of events i n the d i f f e r e n t i a l cross 
section, ^ / d t i s expressed i n terms of the p a r t i a l f l i p and 
n o n - f l i p cross sections, (see Ref. 2.S and Appendix one). 

(S)- &-*«w]($)pup4-»w] (*) NON FLIP 
where H(q) is the deuteron form factor, and q the-3-momentum 
transfer ( ^ t ^ ) . H(q) however, can be w r i t t e n as 

• ( r ) 2 i i S J L I r 2 dr H(q) = 4tt 

where $(r) is the spacial wave function, 
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and evaluated as a function of t by using the value of r 
calculated i n the previous section. The upoer and lower 
l i m i t s t o the event loss can then be determined as a function 
of t , by assuming the domination of e i t h e r spin f l i p or spin 
n o n - f l i p . The r e s u l t i n g correction factors are i l l u s t r a t e d 
i n FIG. 2.8, the d i v i s i o n of the experimental results by these 
figures giving the corrected values. The results indicate 
that the e f f e c t is only of importance for t - values less 
than 0.05 (GeV/c 2) 2. 

In the above calculation however, the use of equation 
(5) does not allow the effects of the Pauli principle to be 
determined f o r the seen and the unseen spectator proton events 
separately. I t s use e f f e c t i v e l y implies an integration over 
a l l f i n a l state proton momenta and hence does not d i f f e r e n t i a t e 
between the above two classes of events. 

The work of the Durham collaboration however, summarised 
i n Appendix one, i l l u s t r a t e s how th i s s i t u a t i o n can be avoided. 
Essentially a v i s i b i l i t y l i m i t is specified f o r the protons 
and the i n t e g r a t i o n i s performed separately over the seen and 
unseen spectator proton events. The correction factors r e s u l t ­
ing from such a calculation are shown i n FIG. 2.9> and as can 
be seen the results for the spin f l i p and spin non-flip cases 
are i n excellent agreement with the above calculations. 
This approach however, also enables a calculation to be made 
of how the spin f l i p and spin non-flip processes w i l l affect 
the seen and unseen spectator proton events. The results of 
such a calculation are shown i n FIG. 2.10, which i l l u s t r a t e s 
the expected r a t i o of these two classes of events plotted as 
a function of the square of the momentum transfer t > 
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measured from the target deuteron to the di-proton system. 
The resu l t s are preliminary results only, and have yet to 
be confirmed. In t h e i r present form however, they have some 
very important implications. Namely that the Pauli exclusion 
p r i n c i p l e does not have the same effect on the seen and unseen 
spectator proton events, and i n particular implies t h a t the 
production processes r e s u l t i n g i n the spin non-flip of the 
r e c o i l i n g proton w i l l dominate the unseen spectator proton 
events at low t • Consequently consistency between these 
two classes of events should not be expected i n the low t -
region. 
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CHAFTER THREE 

THE PROCESSING OF THE EVENTS 

INTRODUCTION 

In t h i s chapter, the stages from the scanning of the 
events to the production of the f i n a l sample f o r analysis' 
are discussed, p a r t i c u l a r emphasis being applied to the 
errors introduced and to the qu a l i t y of the data f i n a l l y 
achieved. 

3.1 THE SCANNING OF THE FILM 

Throughout the exposure t e s t s t r i p s of the f i l m were , 
taken consisting of some 30 frames from the end of each r o l l . 
By t h i s procedure, the general quality of the f i l m was moni­
tored. Checks were made on the uniformity of the illumina­
t i o n and for signs of consistent scratching or stretching of 
the f i l m . In addition, the track density, bubble size and 
track count were observed i n order to ensure correct operation 
of the chamber and beam l i n e . An example of the quality of 
the f i l m i s i l l u s t r a t e d i n FIG. 3«1» which shows a sample 
frame of the f i l m taken during the f i r s t exposure. In a l l 
some 850K frames were taken, with an average y i e l d of about 
2 events per.frame. I n i t i a l l y a l l events were scanned f o r 
i n order to estimate the t o t a l i r + D cross section, but 
throughout the majority of the analysis scanning rules were 
used to select the reouired events for measurement. 
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(g) THE SCANNING RULES 

The events t o be sought were a l l TT N events apart f rom 

1 - prong s c a t t e r i n g s , and a l l events produced i n assoc ia t ion 

w i t h V°j> . As mentioned i n the previous chapter the charact ­

e r i s t i c o f 7r +N events i s the occurrence of the p ro ton spect­

a t o r s . Events i n which the spec ta tor p ro ton i s not v i s i b l e 

w i l l have an odd number of outgoing t racks and are t h e r e f o r e 

unambiguously i d e n t i f i e d as neutron t a r g e t events . For even 

prong events however, where the specta tor p ro ton must be seen, 

the fo rm o f the Hul then d i s t r i b u t i o n shown i n FIG. 2.5» impl ies 

t h a t the m a j o r i t y o f the spec ta tor protons w i l l have momenta-

less than 300 MeV/c and should stop w i t h i n the chamber, w i t h 

a maximum t r a c k l e n g t h o f some 25 cms. Therefore the even 

prong 7r N events are cha rac t e r i s ed by a t l e a s t one s topping 

p r o t o n . The above r u l e i s mod i f i ed f o r the p a r t i c u l a r case 

of two - prong events . Here, two i d e n t i f i a b l e protons are 

r e q u i r e d , and i n a d d i t i o n , a t l e a s t one must be observed t o 

s t o p . The f i n a l ca tegory , corresponding t o the strange p a r t ­

i c l e p roduct ions are i d e n t i f i e d by the associated V° and 

hence a l l V° events are recorded. I n a l l cases, the o f f -

beam events were excluded and the accepted events res t r ic ted t o 

the f i d u c i a l volume i l l u s t r a t e d i n FIG. 3 .2 . 

To summarise t h e r e f o r e , the scanning r u l e s were as 

f o l l o w s 

(a) A l l events w i t h a V° 

(b) A l l odd pronged events 

(c) A l l even prongs ( >2) w i t h a t l e a s t one associated 

s topping p r o t o n . 
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and (d) Two prong events w i t h two i d e n t i f i a b l e protons, 

one o f which must be observed to s t o p . 

I n a d d i t i o n , k i n k s , secondary sca t t e r s and D a l i t z pa i r s were 

recorded , and a t i n t e r v a l s of every 50 frames a beam count 

was made f o r bo th the f i r s t and second pulses . The number 

of events se lec ted by the procedure corresponded t o approx­

ima te ly 1 event every 2 f rames. 

(b). SCANNING LOSES 

A s m a l l number of frames were considered unmeasurable 

e i t h e r as a r e s u l t o f f o g g i n g or f r o m excessive sc ra t ch ing 

on the f i l m . I n a d d i t i o n there are losses o f events through 

i m p e r f e c t scanning e f f i c i e n c i e s , or f r o m events undetected 

by t he chamber. By re-scanning severa l of t h e r o l l s , the 

scanning e f f i c i e n c y was found t o be of the order o f 95% w i t h 

an even spread over a l l t o p o l o g i e s . The most common omissions 

were t h e s m a l l spec ta to r p ro ton s tubs , e f f e c t i v e l y hidden by 

o t h e r secondaries, or produced at steep angles i n the chamber. 

This loss however, i s no t thought c r i t i c a l s ince these events 

w i l l be reduced t o odd prongs and consequently t r ea t ed as 

mis s ing spec ta to r events . As a r e s u l t the m a j o r i t y of the 

l o s t i n f o r m a t i o n i s r ega ined . An a d d i t i o n a l loss t o the miss­

i n g spec ta to r events a r i s e s f r o m events i n which the k - momentum 

t r a n s f e r t o the t a r g e t nucleon i s so smal l t h a t bo th the i n t e r ­

a c t i o n and spec ta tor protons w i l l be unobservable. This loss 

however, as discussed i n the previous chapter i s e f f e c t i v e l y 

i n c l u d e d i n the c o r r e c t i o n f o r the P a u l i exc lus ion p r i n c i p l e , 

s ince the vas t m a j o r i t y o f these events w i l l l i e i n the ^ -

i n t e r v a l dominated by t h i s e f f e c t . I n conc lus ion t h e r e f o r e , 

the scanning losses are considered n e g l i g i b l e . 



3 .? THE CR0S3 SECTION EVALUATION 

As mentioned i n the previous s e c t i o n , i n i t i a l l y a l l 
events were scanned f o r , and f rom a sample of some 33,750 
frames t h e number of events found was 85,067* A breakdown 
of the events i n t o prong s izes i s shown i n t a b l e 3*1, along 
w i t h the corresponding cross s e c t i o n s . 

The t o t a l cross s e c t i o n i s ca l cu l a t ed f rom the expression 

cr^CriX)" 1 

where n i s the number o f i n t e r a c t i o n centres / c . c . i and X 

the mean f r e e path between i n t e r a c t i o n s . When expanded i n 

terms o f t h e t o t a l l e n g t h o f beam t r a c k , L , f o r a l l i n t e r a c t i o n s 

i t becomes, 
N A 

£ r = L l T d o 

where N i s the t o t a l number o f i n t e r a c t i o n s , A, the atomic 

weight f o r deu te r ium, No avogadros number, and d the dens i ty 

o f l i q u i d deuter ium. Since t h e d i s t r i b u t i o n of i n t e r a c t i o n 

po in t s i s e f f e c t i v e l y l i n e a r throughout the f i d u c i a l volume, 

the t o t a l l e n g t h o f beam t r a c k L , i s g iven by 

L = 10.3 (L f ) N* -^Lf) r/2 

where L f i s the l e n g t h o f the f i d u c i a l volume scanned (= 107 cm), 

N ' the t o t a l number o f f rames , n the number o f events, and 

10.3 the average number o f beam t racks per f rame. Al lowing 

t h e r e f o r e f o r a 5% beam contamina t ion , the above sample of 

scanned events y i e l d s a t o t a l i r + D cross s ec t i on of 50*4 - If- mb, 

which i s i n good agreement w i t h the value o f 56 ^ 1 mb obtained 

f r o m counter experiments , (Ref. 3*1). The microbarn equiv­

a l e n t f o r the t o t a l experiment was c a l c u l a t e d by assuming the 



TABLE 3.1 

| THE TOPOLOGICAL CROSS SECTIONS 
i 

PRONG 
SIZE 

THE NUMBERS 
OF EVENTS 

CROSS SECTION 
mb 

1 8776 5.21 

2 30834 18.32 

3 14574 8.66 

4 24197 14.37 

5 3109 1.85 

6 3143 1.87 

7 118 0.07 

8 93 0.06 

9 2 0.001 

ALL 84846 50.4 
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+ 

counter experiment value o f 56 - Imb. This y i e l d e d a value 

of 0.066 ± 0.007 /zb/event. 

3.3 THE KaASUKIKSNT OF THE EVENTS 

The measurement of the f i l m was undertaken i n two stages. 

F i r s t l y each event was p r e - d i g i t i s e d t o a p o i n t accuracy of 

some 25^ on the t a b l e . At Durham, 4 image plane d i g i t i s e r s 

were used, and the sequence o f measurements f o r each event 

w e r e : -

(a) The p r imary v e r t e x 

(b) The beam t r a c k 

(c) Two f i d u c i a l crosses 

(d) Any secondary v e r t e x 

(e) The t r a c k s associated w i t h the secondary ve r t ex 

( f ) The t r a cks associa ted w i t h the primary v e r t e x 

(g) Two more f i d u c i a l crosses 

and (h) The pr imary v e r t e x again . . 

This was repeated f o r each v iew, and i n a l l cases two poin ts 

per t r a c k were t aken . This i n f o r m a t i o n was then passed on 

t o t h e measuring dev ice . 

(a) THE R . H . E . L . HPD1 AUTOMATIC MEASURING MACHINE 

This machine uses the f l y i n g spot technique, whereby a 

l i g h t spot o f some 10^ diameter scans across and along the 

f i l m i n the r e g i o n s p e c i f i e d by the p r e - d i g i t i s i n g , and by 

s imul taneously f o c u s s i n g on a d i g i t i s i n g g r a t i n g records the 

x and y coordinates o f the t r a c k s . The spacing of the scan 

l i n e s on the f i l m i s o f the order of 90^ and the t y p i c a l K.'A. 

e r r o r f o r a t r a c k so measured i s i n the r e g i o n o f 2 t o 3/z on 
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the f i l m . Tre main advantage of t h i s device i s i t s speed 

hour compared t o only some 3 per hour on a convent iona l 

machine. I n a d d i t i o n the machine measures the r e l a t i v e 

bubble d e n s i t y o f a l l the t r a c k s i n an event. U t i l i z a t i o n 

o f t h i s i n f o r m ° t i o n reduces t h e necessi ty f o r human i n t e r ­

v e n t i o n , whereby c e r t a i n events have t o be re tu rned t o the 

scanning t a b l e t o est imate t r a c k i o n i s a t i o n and thereby 

reso lve c e r t a i n ambigu i t i e s i n the f i n a l f i t s . A f t e r the 

HPD has d i g i t i s e d the t r a cks the r e s u l t s are converted i n t o 

master p o i n t s , and on average one master p o i n t i s produced 

every 2.5 cms. of t r a c k i n r e a l space. A t y p i c a l e r r o r on 

such a p o i n t i s 30/j, i n the x - y plane and 300^ i n the z 

d i r e c t i o n . 

(b) THE MEASUREMENT ERRORS 

At i n c i d e n t p i o n momenta of 4 GeV/c, the t y p i c a l momentum 

f o r a secondary i s i n the r eg ion of 1 GeV/c, w i t h a t r a c k 

l e n g t h o f some 50 cms. i n the chamber. From the previous 

s e c t i o n t h i s i m p l i e s t h a t some 20 master po in t s w i l l be 

produced f o r most o f the t r a c k s . I n a d d i t i o n , since the 

t r a c k s are mainly produced i n the x - y plane a t y p i c a l 

e r r o r on the l o c a t i o n of these po in t s w i l l be o f the order 

o f 50 jLi . I f we cons ider j u s t 3 of these po in t s as i l l u s t r a t e d 

i n FIG. 3 .3 , the r e l a t i v e e r r o r on the t r a c k momentum i s 

g i v e n by, 

o f measurement, whereby i t can handle some .$00 events per 

(1.5) 2 (TP 
5 ih MEAS. 3.75 x 10 
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By s u b s t i t u t i n g i n t h i s express ion w i t h values o f cr = 

P = 1.0 GeV/c, L = 50 cms. and H = I 7 . 5 K gauss, the r e s u l t i n g 

e r r o r i s 0.4%. This obv ious ly represen t s an upper l i m i t 

s ince the accuracy w i l l be improved cons iderab ly by us ing a l l 

20 p o i n t s as opposed t o j u s t 3» Comparing t h i s e r r o r w i t h 

t h e Vfo m u l t i p l e s c a t t e r i n g e r r o r mentioned i n the previous 

chap te r i t i s ev iden t t h a t the p r e c i s i o n i s res t r i c ted mainly 

by tthe coulomb e r r o r s r a t h e r than the measurement e r r o r s . 

3.4 THE RECONSTRUCTION OF THE EVENTS 

This i s achieved by u s ing the R u t h e r f o r d Laboratory 

3 - d imens iona l r e c o n s t r u c t i o n programme GEOMETRY, ( R e f . 3 . 2 ) . 

A f t e r a l l o w i n g f o r o p t i c a l d i s t o r t i o n s and f i l m s t r e t c h , the 

master p o i n t f i l m coord ina tes are used t o r e c o n s t r u c t the event 

end thereby c a l c u l a t e the v e r t e x p o s i t i o n s and cen t r e o f t r a c k 

momenta. I n a d d i t i o n , the corresponding az imutha l angles, 

d i p angles and assoc ia ted e r r o r s are c a l c u l a t e d . The magni-

tude o f the e r r o r s i n terms of a percentage are i l l u s t r a t e d i n 

FIG. 3.4 and represen t the t o t a l e r r o r est imates a f t e r i n c l u d ­

i n g a l l the above mentioned e f f e c t s . The r e s u l t s shown corres 

pond* t o a v " secondary and the seen spec ta to r protons f r o m 

the r e a c t i o n 

+ + - Q 
IT D -*PsP IT IT IT 

Apart f r o m the spec t a to r p r o t o n , the r e s u l t s f o r t he i r" are 

t y p i c a l f o r a l l the measured secondaries f r o m bo th the 4c and 

l c channels i . e . 

0.1% 0.5% and 
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The r e l a t i v e e r r o r s f o r the d i p angles ( \ ) are l a r g e r than 

f o r the azimuthal angles ( & ) since the measurement e r ro r s 

i n the z - d i r e c t i o n are l a r g e r than i n the x - y plane. 

The r e s u l t s f o r the spec ta to r protons are d i f f e r e n t because 

o f the s h o r t e r t r a c k lengths a v a i l a b l e f o r measurement. As 

i l l u s t r a t e d i n FIG. 3.4 the angular e r r o r s ore g rea te r , and 

i n a d d i t i o n , the r e l a t i v e e r r o r on the cent re of t r a c k momentum 

e x h i b i t s a double s t r u c t u r e . The t w o peaks r e s u l t f rom the 

f a c t t h a t a l a rge number of the specta tors are observed t o 

s top i n the chamber. Hence f o r t h i s p a r t i c u l a r c lass o f 

events the t r a c k momenta can be est imated f r o m the range, which 

f o r sho r t t r a cks r e s u l t s i n smal ler e r ro r s than the curvature 

measurements. 

3.5 THE KINEMATIC FITTING OF THE EVENTS 

A f t e r r e c o n s t r u c t i o n , the events are f i t t e d t o a ser ies , 

o f hypotheses. This was achieved by us ing the Ruther ford 

Labora tory KINEMATICS programme, (Ref. 3 . 3 ) . Each hypothesis 

i s t e s t e d by demanding conserva t ion o f energy and momentum as 

descr ibed by the f o l l o w i n g equat ions, and i n each case a ^2 

p r o b a b i l i t y f o r the f i t i s c a l c u l a t e d . 

S Px = ^ (Pj cos X., cos J^) - P cos"hcos $ 

2 Py = S (P. cos X. sin ) - P cosX sin j6 

S P Z = 2 (P,, s i n K ) - P sinX 

2 E = | (P 4

2 + m. 2 )* - ((P2-hn2)* + 1^ ) 

0 

0 

-y 0 

+ 0 

where the summation i s over the outgoing p a r t i c l e s 
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I f t he re are no n e u t r a l p a r t i c l e s i n the f i n a l s t a t e , a l l 

f o u r c o n s t r a i n t equat ions can be used and hence the f i t s 

are termed 4 - c o n s t r a i n t , (4c ) , f i t s . VJith a n e u t r a l p a r t ­

i c l e of known mass missing- however, the 3 momentum equations 

have t o be used t o solve f o r P, \ and $ f o r the missing 

p a r t i c l e , l e a v i n g the energy equat ion as the only c o n s t r a i n t . 

This r e s u l t s i n the so c a l l e d l c f i t s . The f i t s t o the 

channel 
-» PS P7T+77""77° 

are l c f i t s , and the r e l a t i v e e r r o r on the momentum, d i p , 

and az imutha l angles f o r the f i t t e d tf> and unseen spectator 

pro tons are i l l u s t r a t e d i n FIG. 3»5« As expected, these are 

cons ide rab ly l a r g e r than the corresponding e r r o r s on the seen 

t r a c k s which have r e l a t i v e e r r o r s of a s i m i l a r magnitude t o 

those shown a t the r e c o n s t r u c t i o n stage i n FIG. 3*4* I f 

a l l the measured v a r i a b l e s were known e x a c t l y , the above 

c o n s t r a i n t s would be s u f f i c i e n t t o r e s t r i c t only one accept­

able hypothes is t o each event . I n p rac t i ce however, the 

l i m i t e d exper imenta l accuracy enables severa l hypotheses t o 

f i t each event , and t h e r e f o r e a process f o r dec id ing which 

f i t i s most l i k e l y t o be c o r r e c t has t o be devised . 

3.6 IONISATION TESTS 

The number o f hypotheses f i t t i n g each event can be 

reduced by making i o n i s a t i o n t e s t s on the secondary t r a c k s . 

I f the c a l c u l a t e d i o n i s a t i o n f o r a t r a c k o f a g iven hypothesis 

d i f f e r s by more than a pre - determined amount f rom t h a t 

measured, the hypothesis i s r e j e c t e d . The m a j o r i t y o f these 

t e s t s are handled i n t e r n a l l y by the programme JUDGE,(Ref.3.4), 

\ 
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snd only some % r e q u i r e human i n t e r v e n t i o n by r e t u r n i n g 

them t o the scanning t a b l e and es t ima t ing the i o n i s a t i o n 

by eye. 

3.7 THE AMBIGUITIES 

A f t e r the above process ing a data summary tape o f the 

accepted events was made. The number o f events which gave 

a f i t t o the 4c channel 

was 32,417» and the number f i t t i n g the l c channel 

TT* D -> Ps P IT TT $ 

was 58,891. However, as mentioned above, many of these f i t s 

are ambiguous, s ince the same events a l so provide f i t s t o 

other channels . An i n d i c a t i o n o f the types o f ambigui t ies 

f o r these channels i s g i v e n i n t a b l e 3*2. The r e s u l t s 

i l l u s t r a t e t h a t the events w i t h unseen specta tor protons and 7T°* 
prov ide more a m b i g u i t i e s . This e f f e c t a r i ses f r o m the f a c t 

t h a t the e x t r a miss ing i n f o r m a t i o n makes the c o n s t r a i n t s bo 

the f i t l e ss r i g o r o u s , thereby a l l o w i n g more hypotheses t o 

be f i t t e d . 

From the ambigui ty t a b l e i t can be seen t h a t there i s 

a l a rge number of p ro ton beam f i t s . For the w e l l cons t ra ined 

4c f i t s t o the channel 

7T+D ->• PSPTTV" (1) 

some 48% are ambiguous w i t h the 4c p r o t o n beam hypothesis 

P D - > P P P IT" ( ? ) 

Since however, as c a l c u l a t e d i n s e c t i o n 2 .2 , the estimated 

p r o t o n beam contamina t ion was found t o be only 4 i 3% i t 

was decided t o d i s r e g a r d the pro ton beam f i t s . A d d i t i o n a l 
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confirmation that the proton beam f i t s fire erroneous i s 
the observed strong p° and f° signals seen i n the 77+77-" 
e f f e c t i v e mass combination f o r reaction (1), confirming that 
t h i s hypothesis represents the true f i b . The TT IT mass 
spectrum for the proton beam ambiguous events with prob­
a b i l i t y > 0.5 i s i l l u s t r a t e d i n FIG. 3*6, and from t h i s i t 
is evident that the proton beam contamination i s consistent 
with the 4 * 3 % l e v e l previously estimated. 

• The remaining ambiguities were resolved by the following 
procedure. Fake calculations indicate that a f i t to a 4c 
hypothesis should always be taken i n preference t o a lc hypo­
thesi s . The basis of th i s selection arises from the facb 
tha t the generated lc events rarely provide acceptable 4c fits 
unless the errors on the measured tracks are made unduly large. 
Since t h i s experiment has r e l a t i v e l y small measurement errors, 
the above selection procedure was adopted. 

I t should be noted however, that the reverse case of a 
true 4c event r a r e l y providing a f i t to a lc channel i s not 
correct. As mentioned i n more d e t a i l i n chapter 5 i t has 
been found that from a sample of 10,000 generated 4c events of 
the type 

tf+D -»ft P flr+fr " 

6ft» provide unambiguous f i t s to the lc channel 
IT D-> Ps P 7T IT 7T 

This has important consequences, since not only w i l l events 
be l o s t from reaction (1), but they w i l l also contribute 
towards reaction (2) i n the form of good unambiguous events. 
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(a) THE STL^CTION 07 THE CH-WNHL T T + D Ps Pre* 

The ambiguities f o r this channel are shovzn i n table 3.2. 
Since t h i s hypothesis corresponds to a lc f i t , the kc ambig­
u i t i e s wjere always taken i n preference. Hence the only 
relevant ambiguities are the other lc hypotheses f i t t i n g the 
event. These ambiguities were resolved by always accepting 
the f i t s with the greatest x 2 p r o b a b i l i t i e s . The danger here 
i s that the true f i t s t o the events may be rejected i n favour 
of a spuriously better f i t t i n g hypothesis. That t h i s i s 
not important can be seen i n FIG. 3»7» where the ir ir ir° 

e f f e c t i v e mass d i s t r i b u t i o n i s shown for the accepted and 
rejected events. Since the dominant feature of the w° prod­
uction seen i n the accepted events i s not observed i n the 
rejected events there i s evidently no serious loss of genuine 
events. 

An i n d i c a t i o n of the purit y of the f i n a l sample i s given 
by the proba b i l i t y and missing mass squared d i s t r i b u t i o n s . 

2 
For a pure sample the x probability should be evenly d i s t r i ­
buted between zero and 1.0, and the missing mass squared 
d i s t r i b u t i o n symmetric about the ir° mass squared. In 
practice however, an excess of events was found at low x 2 

p r o b a b i l i t i e s and large missing mass squared values. The 
most probable source of these events i s NOFTTS, i.e.events 
with more than one missing neutral. Hence the following x 2 

p r o b a b i l i t y cuts were made, the accepted events corresponding to 
X p r o b a b i l i t y > 0.06 for unseen spectator proton events 

and ^2 p r o b a b i l i t y > 0.02 for seen spectator proton events. 
These correspond t o approximately a two standard deviation 
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cut on the missing mass squared d i s t r i b u t i o n , i . e . 

- 2 A MM? < m7r-°2 for >mir°2 

and MM2 + 2 A I IN? > m7i°2 for MM?< m 

thereby e f f e c t i v e l y removing the excess of events at large 
p 

MM values. After the above selection, the f i n a l sample for 
analysis was 41»341 events. The corresponding MM?, missing 
energy, missing mo-nentum and x 2 probability distributions 
f o r the seen and unseen spectator proton events are shown i n 
FIG. 3-8. 

In the selection of the above channel i t must be remembered 
th a t the selection c r i t e r i a are not absolutely e f f i c i e n t and 
although any breakthrough of wrongly assigned events is 
obviously greatly reduced, a certain number w i l l nevertheless 
remain i n the f i n a l sample. 
3.8 THE RESOLUTION IN MASS AND THE SQUARE OF THE 

4 - MOMENTUM TRANSFER 

When analysing structure i n mas's spectra or 4 - momentum 
tra n s f e r squared d i s t r i b u t i o n s i t is essential to know the 
experimental resolution. 

(a) THE MASS RESOLUTION 

A knowledge of the mass resolution i s of particular 
importance when parameterising narrow resonance signals 
such as the <w° and 77 resonances. As discussed i n chapters 
4 and 7» the observed experimental widths and shapes of these 
resonances are highly dependent on the shape of the resolution 
function. This i s p a r t i c u l a r l y true f o r the 77 resonance since 
i t s narrow width of some 3 KeV implies that the resolution 



O Q 

W CO 

H CO 
TO « 
to O 

TO (0 

LO EH 

TO 
CO H 
s 9 
CP 

« a: w 
H P H 2 
TO s? 
T O W < 

w o w 
rc #2 £c 
EH «< 

to 

O M 
IU 

-o-
9 

8 

c-
I ® 

I o 

j 9
 PL, 

= ® 

= o _= f> 
= 9 

I in 
— w* 

r o 

^ ° 
9 



a w 

(A VI 

OS 

n co O CO E-« 
S2 IA 

o rub> 
a <u ©o CO 

0) 

tH W in 
O CO 

9 
W PS. p. 
O 1 © In IA M CO 
CO 2 + 
COO fc 

9 1=3 
0) 

0 } 

CO 
M 

s < PL, P 
cost 
COM 
C O M 

H J 
9 ©C\i 

OfflS 
© ^ CO Pi o 

CO to CM W 
I © 9 

in 0* 1 
®. CM 

I 

to 
f 
© 8 

1A 



-35-

function alone i s s u f f i c i e n t t o describe the experimentally-
observed shape of t h i s resonance. 

The shape of the resolution function i s that resulting 
from the superposition of gaussians corresponding to the 
d i s t r i b u t i o n of errors on the effective mass. Depending 
on the form of t h i s d i s t r i b u t i o n the f i n a l shape of the 
resolution function can vary considerably, ranging from gaussian 
t o approximately B r e i t Vfigner i n mass squared. Hence to 
determine the parameterisation best suited t o the resolution 
function, i t i s f i r s t l y necessary to determine the form of 
the d i s t r i b u t i o n of the errors on the effective mass. 

The error on the ef f e c t i v e mass was determined by express­
ing the e f f e c t i v e mass of the system of particles i n terms of 
the f i t t e d momentum, azimuthal 8nd dip angles of the f i n a l 
state p a r t i c l e s . The error on the effective mass i s then 
given by:-

i = l , n 

where the numbers 1 to n represent the f i n a l state particles 
contributing to the ef f e c t i v e mass M, P the momentum, 
the dip angle and ^ the azimuthal angles of the associated 
tracks. The values of P, 7\ and , $ , and t h e i r associated 
errors are calculated i n KINEMATICS. The f i n a l form and 
derivation of the above expression f o r the par t i c u l a r cases 
of two p a r t i c l e and three p a r t i c l e mass combinations are 
shown i n Appendix two. The results f o r the mean error on 
the e f f e c t i v e mass, plotted as a function of the effective 
mass f o r the ir* ir~ mass system, for seen and unseen spectator 
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proton events i n the 4c channel 

ir + D -* Ps P fl" V" 
are shown i n FIG. 3.9* Similarly the results for the 7Mr"/70 

mass system as calculated for the lc channel 

I 7T+D ̂  Ps P TrVV 5 

are shown i n FIG. 3.10* In a l l cases the error i s seen 
to increase as a function of the effective mass, and as 
expected, the resolution i s worse for the l c f i t s and unseen 
spectator proton events. 
(b) THE RESOLUTION IN THS 4 - MOMENTUM TRANSFER SQUARED 

Plots of the 4 - momentum transfer squared,t , and the 
density matrix elements as a function of ±. contain inform­
ation concerning the nature of the exchange mechanisms i n an 
in t e r a c t i o n . I n p a r t i c u l a r Regge theory predicts structure 
at c e r t a i n values of t , and hence i t i s essential to know 
the experimental resolution i n t h i s variable. 

The derivation f o r the expression f o r the error on the 
4 - momentum transfer squared between the target deuteron and 
the i n t e r a c t i o n proton i s shown i n Appendix two. Essentially 
i t i s expressed i n terms of the f i t t e d values f o r P, % and 6 

f o r the spectator and fas t protons, and the error i n t c a l ­
culated from the Expression 

A t = 4 a M 2< +(^ 2<#^ 2] 
the variables used being the same as those used i n the 
expression for AM shown above. The results f o r the above 
mentioned 4c and lc channels for both seen and unseen spec­
t a t o r protons are shown i n FIG. 3.11 and 3.12. For the 4c 
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channel the mean e r r o r i n t i s p l o t t e d as a f u n c t i o n of t 
i n the p°-meson region 0.71 -*• 0.81 (GeV/c 2), whereas f o r 
the l c channel the same p l o t i s shown f o r the to0 meson region 

I 2 

0.76 -»• 0.81 (GeV/c ) . The magnitude of these errors essen­
t i a l l y sets a l i m i t t o the minimum size of the t - i n t e r v a l s 
used i n the determination of the v a r i a t i o n of the d i f f e r e n t i a l 
cross s e c t i o n or spin density matrix elements as a f u n c t i o n of 
t . I n t h i s analysis however, as described i n chapter 6, the 
minimum size f o r the t i n t e r v a l s was decided by demanding 
s u f f i c i e n t s t a t i s t i c s i n each region to minimize the generation 
of apparent s t r u c t u r e by s t a t i s t i c a l f l u c t u a t i o n s , and i n a l l 
cases the t - i n t e r v a l s were found to be w e l l i n excess of the 
above l i m i t set by the t r e s o l u t i o n . 

The r e s u l t s f o r both the mass and t r e s o l u t i o n s are only an 
i n d i c a t i o n of the magnitude of the e r r o r s , since they represent 
the mean values i n any given mass or t - i n t e r v a l . I n a d d i t i o n 
i t must be remembered t h a t the values of P, A and <j> used i n 
the above expression are the f i t t e d values, and hence c o r r e l a ­
t i o n s may e x i s t between the v a r i a b l e s , whereas the above 
expressions assume no c o r r e l a t i o n s . 
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CH AFTER FOUR 

THE DETERMINATION OF THE TOTAL AND DIFFERENTIAL 
CROSS SECTIONS FOR THE PRODUCTION OF co°-MESONS 

INTRODUCTION 

The w°-meson, f i r s t discovered i n 1961, has been observed 
i n .numerous reactions, and consequently has become a well 
defined and accurately parameterised resonance. The world 
averages f o r i t s central mass, width, quantum numbers and 
decay modes, as summarised by the Review of Particle Properties 
of A p r i l , 1974» (Ref. 4»1), are shown i n table 4.1. Although 
w e l l defined i n these respects, considerable controversy exists 
over the i n t e r p r e t a t i o n of i t s production mechanism. 

For w0-mesons produced i n the forward d i r e c t i o n i n the T T - N 
centre of mass system, conservation of isospin and G - parity 
r e s t r i c t the possible low l y i n g exchange particles to the p 
and the B-mesons. In the e a r l i e r t h eoretical interpretations 
( r e f . 4*2), the production process was assumed to re s u l t e n t i r e l y 
from the exchange of the p -meson, the more massive exchanges 
being considered n e g l i g i b l e . Hence the p - Regge Pole exchange 
model, (see Appendix 3)» was expected to be i n good agreement 
with the experimental data. I n practice however, the agreement 
was found to be very poor. Both the predicted behaviour of 
the spin density matrix elements and the expected minimum i n 

2 
the d i f f e r e n t i a l cross section at t~o-G (GeV/c2) were found 
to be i n complete disagreement with the experimental data. 

The f a i l u r e of t h i s approach indicates the following 



TABLE 4.1 

PROPERTIES OF THE aP -MESON 

i G JP c N 
DECAY MODES <? 

0" I " - + - 0 
IT TT IT 90 + 0.6 

MASS (MeV/c2) + 
ir TT 1.3 + 0.3 

782.7 ± 0.6 ' ° t 8.7 ± 0.5 

FULL WIDTH 
(MeV/c?) 

10.0 ± 0.4 
e+ e - O.OO76 + 0.0017 
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p o s s i b i l i t i e s : -
either (a) the Regge Pole model i s incorrect, 
or (b) the contributions from the more massive exchange 

such as the p' and B-mesons are larger than 
expected, 

and/or (c) the predicted features of the data are obscured 
by the effects of background. 

Since the predictions f o r the Regge Pole model fo r many other 
reactions are i n good agreement with experiment, the least 
favourable alterna t i v e i s that t h i s reaction should indicate 
the d i r e c t f a i l u r e of the model, and indeed, before such a 
conclusion can be made the alternative explanations mentioned 
i n points (b) and (c) have f i r s t to be investigated i n d e t a i l . 
Hence the aim of t h i s analysis, and of many e a r l i e r analyses, 
(Ref. 4*3), i s t o determine the spin density matrix elements 
and d i f f e r e n t i a l cross section for the w°-mesons, and examine 
them to determine the contributions from the more massive 
exchanges. I n addition i t i s intended i n t h i s analysis to 
make a detailed investigation of the background and thereby 
determine the v a l i d i t y of point (c), and examine how the back­
ground effects may influence the conclusions concerning either 
points (a) or (b). 

4.1 THE SELECTION OF THE EVENTS 

The events analysed are those r e s u l t i n g from the strong 
decay mode of the &P-meson into the 7r + IT" and rr° - mesons, 
as seen i n the lc channel 

n+ D -» Ps P rr+ vr w° , 

The selection of t h i s channel has already been discussed i n 
chapter 3, the t r i p i o n mass spectra corresponding to the 
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accepted and rejected events being i l l u s t r a t e d i n FIG. 3*7* 
As pointed out i n the previous chapter the accepted sample 
contains two d i s t i n c t groups of events, namely those with 
seen and unseen spectator protons. In many cases i n previous 
analyses, the lack of s t a t i s t i c s has required that these two 
subsets be analysed as one, the assumption being made that 
neither group i s i n any way biased, and that t h e i r production 
mechanisms are i d e n t i c a l . Although f o r the majority of the 
events the above assumption i s v a l i d , i t must be remembered 
th a t at low t - transfers from the primary to the t r i p i o n mass 
system, the Pauli exclusion effects become important, and as 
pointed out i n chapter 2, the exchange mechanisms resulting 
i n spin n o n - f l i p of the target nucleon w i l l dominate the unseen 
spectator proton events i n t h i s region. Consequently at low 

fc - transfers compatibility between the seen and unseen spect­
ator proton events should not be expected. For t h i s reason, 
and the additional fact that the f i t t i n g of the unseen spect­
ator proton events i s less accurate, i t was considered advis­
able to analyse these two samples separately. The correspond­
ing t r i p i o n mass spectra f o r the seen and unseen spectator 
proton events are shown i n FIG .4»1» the t o t a l number of events 
i n each sample corresponding to 

26,668 unseen spectator proton events 
and 14,673 seen spectator proton events 

In both of these plots the o>°-resonance can be clearly seen, 
the above mentioned difference i n accuracy between the two 
samples being w e l l i l l u s t r a t e d by the vastly d i f f e r e n t widths 
of the resonance peaks. 

Where possible, the most desirable method f o r analysing 
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the production mechanisms i s t o d i v i d e the sample of events 
i n t o d i s t i n c t groups, each corresponding t o a d i f f e r e n t type 
of exchange. The most obvious and e a s i l y made d i v i s i o n i s 
between events i n v o l v i n g baryon exchange and meson exchange. 
The corresponding Feynman diagrams f o r these two processes are 
shown i n FIG. 4.2, and from these i t i s evident t h a t baryon 
exchange w i l l r e s u l t i n backward going {y°-mesons i n the Tf - N 
centre of mass system. P r i o r t o t h i s experiment there has 
been l i t t l e or no evidence f o r the production of w°-mesons v i a 
such a process. However, as i l l u s t r a t e d i n FIG. 4»3» an 
s i g n a l i s c l e a r l y v i s i b l e f o r both the seen and unseen spectator 
proton events w i t h t r i p i o n mass combinations produced i n the 
backward d i r e c t i o n i n the i t - N centre of mass system. The 
corresponding mass spectra f o r the forwardly produced o>°-mesons 
are shown i n FIG. 4.4. For these events, as mentioned i n the 
previous s e c t i o n , the possible low l y i n g exchanges are r e s t r i c t e d 
t o the p }p' and the B-mesons, and since i n t h i s case no obvious 
d i v i s i o n e x i s t s between the events associated w i t h each i n d i v i d ­
u a l exchange, the forwardly produced OJ°-mesons are analysed as 
one group. 

The p o l i c y of the c o l a b o r a t i o n was t h a t Durham U n i v e r s i t y 
should analyse the forward production of a>°-mesons and the 
Rutherford Laboratory the backward production, (Ref. 4.4). 
Hence apart from the c a l c u l a t i o n of the t o t a l o/°-meson production 
cross s e c t i o n the m a j o r i t y of t h i s analysis i s concerned e n t i r e l y 
w i t h the forward production of w°-mesons. 

4.2 THE TOTAL Q)°-MES0N PRODUCTION CROSS SECTION 

To c a l c u l a t e a meaningful cross s e c t i o n i t i s e s s e n t i a l 
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t o determine the best f i t t o both the s i g n a l and the back­
ground. I n the case of 6>°-meson production, the shape of 
the s i g n a l i s welT defined, the review of p a r t i c l e properties 
showing i t t o be represented by a Breit-Wigner of c e n t r a l mass 
7S2.7 i 0.6 MeV, w i t h a f u l l w i d t h P of 10.0 ± 0.4 MeV. 
However, from the t r i p i o n mass spectra shown i n FIG. 4.1 i t 
i s evident t h a t the w i d t h of the oP peak i s considerably l a r g e r 
than 10 MeV, and i n a d d i t i o n i s d i f f e r e n t f o r seen and unseen 
spectator proton events. These increased values r e s u l t from 
the l i m i t e d experimental r e s o l u t i o n , which as i l l u s t r a t e d i n 
chapter 3 i s d i f f e r e n t f o r seen and unseen spectator proton 
events. Hence when f i t t i n g the s i g n a l , the precise form of 
the e r r o r d i s t r i b u t i o n , or r e s o l u t i o n f u n c t i o n , has t o be 
convoluted i n t o the f i t . 

ia) THE RESOLUTION FUNCTION 

I t i s expected t h a t the d i s t r i b u t i o n of e r r o r s on the 
square of the t r i p i o n mass i s gaussian i n i d e n t i c a l events, 
and t h a t the e r r o r s on events w i t h higher or lower t r i p i o n 
masses, or on events i n other parts of the chamber w i l l be 
d i s t r i b u t e d as other gaussians. Therefore the expected e r r o r 
d i s t r i b u t i o n , the r e s o l u t i o n f u n c t i o n , w i l l be the superposition 
of many gaussians. 

I n order t o determine the f i n a l shape o f t h i s superposition 
i t i s f i r s t l y necessary t o determine the frequency w i t h which 
each gaussian occurs. I n t h i s analysis t h i s was achieved by 
c a l c u l a t i n g the e r r o r on the t r i p i o n mass, as described i n 
s e c t i o n 3.$. The r e s u l t i n g frequency d i s t r i b u t i o n s c a l c u l a t e d 
f o r t he seen and unseen spectator proton events i n the t r i p i o n 



-43-

mass squared r e g i o n 0.4 —»0.8 (GeV/c ?) 2 are shown i n FIG.4.5. 
Hence by r e c o n s t r u c t i n g the superposition of gaussians i n 
accordance w i t h the above frequency d i s t r i b u t i o n s , the shapes 
of the r e s o l u t i o n f u n c t i o n s were determined. The r e s u l t s 
shown i n FIG. 4.6 i n d i c a t e t h a t the r e s o l u t i o n f u n c t i o n f o r 
the seen spectator proton events i s as predicted narrower than 
f o r the unseen spectator proton events, thereby confirming 
t h a t the d i f f e r e n t widths f o r the <y°-signals observed i n 
FIG. 4»1 are due t o the d i f f e r e n t mass r e s o l u t i o n s . 

The best f i t t i n g gaussian shapes are shown on the r e s o l u ­
t i o n f u n c t i o n s , and the r e s u l t s i n d i c a t e t h a t these f i t s are 
poor. This i s because the r e s o l u t i o n f u n c t i o n s are narrow i n 
the c e n t r a l regions and broad i n the t a i l s . These character­
i s t i c s suggest B r e i t Wigner shapes, and as can be seen i n 
FIG. 4»6, the B r e i t Wigner f i t s are considerably b e t t e r . 
The d e t a i l s of the f i t s are shown i n t a b l e 4*2. 

As a r e s u l t of t h i s a nalysis i t was decided t h a t i n the 
f i t t i n g of the t r i p i o n mass spectra, the r e s o l u t i o n functions 
were t o be parameterised as B r e i t Wigner shapes i n mass squared. 
Although the widths of the r e s o l u t i o n functions have already 
been determined from the above f i t s i t was considered advisable 
f o r t h e f o l l o w i n g reasons t o allow the w i d t h of the r e s o l u t i o n 
f u n c t i o n t o be a f r e e parameter i n the f i n a l f i t t i n g of the 
t r i p i o n mass spectra. 

F i r s t l y , as pointed out i n section 3*8, the r e s u l t s f o r 
the e r r o r on the t r i p i o n mass may not be exact, since the 
c a l c u l a t i o n s assume the f i t t e d v a r i a b l e s t o be uncorrelated. 
Hence although the general shape of the frequency d i s t r i b u t i o n s 
and r e s o l u t i o n f u n c t i o n s w i l l be c o r r e c t , the values f o r the 
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TABLE 4.2 

THE F I T S TO THE RESOLUTION FUNCTIONS 

OVER 40 B I N S USING 2 PARAMETERS 

GAUSSIAN F I T S 

UNSEEN SPECTATOR EVENTS 

SEEN SPECTATOR EVENTS 

B R E I T WIGNER F I T S 

UNSEEN SPECTATOR EVENTS 

SEEN SPECTATOR EVENTS 

r res 

53.0 

26.0 

61.0 

31.0 

X 

691.0 

417.0 

52.3 
98.6 



fina.1 widths may not be exact. 

Secondly, assuming the e f f e c t s of the c o r r e l a t i o n s to 

be n e g l i g i b l e , s comparison of the widths of the r e s o l u t i o n 

f u n c t i o n s r e s u l t i n g from the f i t s to the t r i p i o n mass spectra 

w ith thq'se shown i n t a b l e 4«2» provides a u s e f u l check on 

the v a l i d i t y of the f i t s . 

One f i n a l point concerning the r e s o l u t i o n function i s 

t h a t i n the above d i s c u s s i o n the v a r i a t i o n of the r e s o l u t i o n 

throughout the &; 0-region of the t r i p i o n mass spectrum has been 

considered n e g l i g i b l e , and only the average value over the 

f i t t e d r e g i o n has been considered. The v a l i d i t y of t h i s 

approximation i s w e l l i l l u s t r a t e d i n FIG. 3»10 i n which i t i s 

evident t h a t the e r r o r on the t r i p i o n mass i s a slowly varying 

f u n c t i o n throughout the <w°-region. As a d d i t i o n a l confirmation 

a l i n e a r v a r i a t i o n i n the r e s o l u t i o n was included i n the e a r l i e r 

f i t s , and as p r e d i c t e d the r e s u l t s i n d i c a t e d that t h i s a d d i t i o n a l 

p a r a m e t e r i s a t i o n was unnecessary. 

(b) THE PARAMETERISATION OF THE BACKGROUND 

From the t r i p i o n mass sp e c t r a shown i n FIG. 4»1» i t i s 

evident t h a t the parameterisation of the background i s l i k e l y 

to c o n s i s t of a smoothly varying low order polynomial. To 

confirm t h i s assumption, the background was i n i t i a l l y over -

parameterised and represented by a polynomial i n mass squared 

of the form 

N s a (M*) b + c ( M 2 ) d + e 

thereby a l l o w i n g the f i t t o assume a l a r g e v a r i e t y of p o s s i b l e 

shapes f o r the background. The r e s u l t s of such a f i t are 
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shown i n FIG. 4«7» and from t h i s i t i s evident t h a t the 

chosen background i s e s s e n t i a l l y l i n e a r i n mass souared. 

Hence the redundant parameters were removed and the background 
* 

p a r a m e t e r i s a t i o n replaced by the l i n e a r form, 

N = a ( M 2 ) + b 
(c) T'HS P^RANETOISATION OF THE SIGNAL 

As mentioned i n the i n t r o d u c t i o n to t h i s chapter the 

c e n t r a l mass and width of the CJ 0 - resonance are known to a 

high degree of accuracy. Consequently these q u a n t i t i e s were 

made pseudo parameters of the f i t and confined to the range 

defined by the p a r t i c l e t a b l e values shown i n t a b l e 4«1» 

The form of the B r e i t Wigner used i s as shown below:-

N(M) e W & X f T "I 
L(M2-M02)2 + (Mj ) 2 J 

r 0 / 3 Y 
where i n . 3 x 

r - 2M* T o / S \ , Q = j (M-9m7r 2) 2 and 

G o = 1 (Mo - 9 m i r 2 ) * 

The e x p r e s s i o n i s i n terms of mass squared (M), with MQ r e f e r i n g 

t o the c e n t r a l mass squared and To to the f u l l width i n terms 

of mass. The motivation f o r choosing a P - wave B r e i t Wigner 

i s t h a t the w ° - meson has a s p i n of 1 and hence the resonance 

shape should be s l i g h t l y asymmetric. The narrow width of 

the resonance however, renders the e f f e c t s of such a refinement 

t o be minimal and i n f a c t the use of a symmetric B r e i t "Wigner 

shape y i e l d s almost i d e n t i c a l r e s u l t s . The value of Q i n the 

above e x u r e s s i o n , which by d e f i n i t i o n i s the momentum of one 

of the decay products i n the r e s t system of the resonance, 

was evaluated f o r the p a r t i c u l a r case where the momenta of 

the 3 pions i n t h e w 0 r e s t system are equal. Although an 
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approximation, t h i s was considered the most accurate estimate, 

s i n c e i t corresponds to the centre of the D a l i t z plot and 

hence t o the most probable con f i g u r a t i o n , (see chapter 5)* 

(d) THE CONVOLUTION OF THE BREIT WIGNER AND RESOLUTION 
FUNCTION 

i 
With zero measurement and f i t t i n g e r r o r s , the a ) 0 s i g n a l 

could be d i s p l a y e d i n d i s c r e t e i n t e r v a l s of mass and paramet-

e r i s e d by the co°-Breit 7/igner f u n c t i o n alone. The in t r o d ­

u c t i o n of e r r o r s however, e f f e c t i v e l y r e - d i s t r i b u t e s the 

events i n each d i s c r e t e mass i n t e r v a l , i n accordance with 

the shape of the r e s o l u t i o n f u n c t i o n . Consequently some of 

the events i n i t i a l l y assigned t o a given mass i n t e r v a l w i l l 

be r e - d i s t r i b u t e d into the neighbouring regions, and the f i n a l 

shape r e s u l t i n g from t h i s w i l l be the experimentally observed 

d i s t r i b u t i o n . T h i s i n essence i s how the B r e i t Wigner and 

r e s o l u t i o n f u n c t i o n s were convoluted together, and the r e s u l t s 

of such a f i t are described below. 

(e) THE RESULTS OF THE FITS TO THE 6)°-REGI0N OF THE 
TRIPION MASS SPECTRUM 

The r e s u l t s of the f i t s to the t r i p i o n mass spectra 

corresponding to the production of eo°- mesons i n the fowward 

and backward d i r e c t i o n i n the ir - N centre of mass system are 

shown i n FIG. 4.8 and t a b l e 4.3, the events a s s o c i a t e d with 

seen and unseen spectator protons being f i t t e d s e p a r a t e l y . 

I n a l l c a s e s , the f i t s were made as a f u n c t i o n of mass squared 

over the t r i p i o n mass squared region 0.4 —* 0.8 ( G e V / c 2 ) 2 , 

the s i g n a l being represented by a P-wave B r e i t Wigner, the 

r e s o l u t i o n f u n c t i o n as an s - wave B r e i t Wigner, and the 

background as a s t r a i g h t l i n e , i n accordance with s e c t i o n s (a) 
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t o (c) above. From the r e s u l t s shown i n t a b l e 4 * 3 i t i s 

evident t h a t the f i t t e d widths f o r the r e s o l u t i o n functions 

are i n e x c e l l e n t agreement w i t h those determined from the 

e r r o r s c a l c u l a t e d i n the KINEMATICS programme. The r e s u l t s 

f o r the various cross sections are summarised i n t a b l e 4 * 4 , 

the conversion of the number of events i n t o cross sections 

being achieved by use of the microbarn equivalent calculated 

i n s e c t i o n 3 « 2 . 

( f ) CORRECTIONS 

Corrections are made t o the t o t a l cross s e c t i o n f o r the 

unseen decay modes described i n t a b l e 4»1> and f o r the events 

r e j e c t e d by the s e l e c t i o n c r i t e r i a . A d d i t i o n a l corrections 

are made f o r events l o s t as a r e s u l t of the Pauli exclusion 

e f f e c t s i described i n s e c t i o n 2 . 4 , and f o r events l o s t i n 

scanning. 

As discussed i n s e c t i o n 3 » 1 , the scanning losses corres­

pond t o events i n which both the spectator and r e c o i l i n g 

protons are i n v i s i b l e i n the bubble chamber. Such events 

are recorded as 2-prongs and hence omitted from the channel. 

FAKE c a l c u l a t i o n s estimate t h i s loss t o correspond t o some 2$ 

of the t o t a l , assuming t h a t protons are v i s i b l e a t momenta 

gre a t e r than 100 MeV/c. These losses are mainly r e s t r i c t e d 

t o the J[-transfer re g i o n , measured from the primary t o the 

t r i p i o n mass system, of less than 0 . 1 (GeV/c 2)^, and hence t o 

the r e g i o n dominated by the Pa u l i exclusion e f f e c t s . There­

f o r e the i n c l u s i o n of both the scanning and Pauli corrections 

w i l l provide an absolute upper l i m i t t o the losses, since i n 

many cases an event w i l l be l o s t f o r not j u s t one, but both 



TABLE 4 * 4 

PAULI CORRECTIONS 

CROSS SECTIONS FOR 
co° - PRODUCTION 

TOTAL 
SPIN 
FLIP 
/ b 

T0T4L 
SPIN 

NON FLIP 
/ b 

THE TOTAL FORWARD 
PRODUCTION CROSS 
SECTION WH3C H 
INCLUDES :- 2 6 9 + 27 272+ 27 280+ 28 

(a) EVENTS WITH 
SPECTATOR MOMENTA 

> 300 MeV/c 14 ± 2 1 4 ± 2 14 ± 2 

(b) EVENTS REJECTED 
BY SELECTION 
CRITERIA v 17+ 2 17± 2 17 ± 2 

(c) SCANNING LOSSES 5 ± 1 ' 5 + 1 5 + 1 

(d) UNSEEN DECAY 
MODES 2 7 + 3 27 + 3 2 7 ± 3 

THE TOTAL BACKWARD 
PRODUCTION CROSS SEC­
TION 3 4 ± 4 34± 4 3 4 ± 4 

THE TOTAL CROSS SEC­
TION 303+ 30 306+ 31 314 + 31 
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of the above reasons. The estimated losses due t o the 
Paula e x c l u s i o n e f f e c t correspond t o V/o and 4% f o r the 
occurence of t o t a l s p i n f l i p and t o t a l s p i n n o n - f l i p of 
the r e c o i l i n g proton r e s p e c t i v e l y . 

(g) THE COMPARISON OF THE PRODUCTION CROSS SECTION WITH 
THE RESULTS FROM PREVIOUS EXPERIMENTS 

A survey of the r e s u l t s f o r the o>° - production cross 
s e c t i o n s c a l c u l a t e d i n previous experiments i s shown i n 
t a b l e 4»5» The t a b l e includes a d e s c r i p t i o n of the f i t s 
made t o the various s i g n a l s and the c o r r e c t i o n s incorporated 
i n t o the f i n a l r e s u l t s . The p l o t of these production cross 
sections as a f u n c t i o n of the primary momentum i n the labor­
a t o r y system i s i l l u s t r a t e d i n FIG. 4 . 9 . The l i n e drawn 
represents the r e s u l t , <r <* P~n 

where n i s i n the re g i o n of 2. S , and P i s the primary momentum, 
and as can be seen the experimental data i s i n good agreement 
w i t h t h i s r e l a t i o n s h i p . The deviations t h a t do e x i s t may 
w e l l r e s u l t from the d i f f e r e n t c o r r e c t i o n s applied t o the 
r e s u l t s and i n p a r t i c u l a r t o the v a r i e t y o f parameterisations 
used f o r the s i g n a l and background. The l a t t e r problem i s 
w e l l i l l u s t r a t e d by the la r g e range of answers r e s u l t i n g from 
the f i t s t o the forwardly produced £0"°-meson events from t h i s 
experiment, w i t h unseen spectator protons. 

Using the v a r i e t y o f parameterisations shown i n t a b l e 
4 « 6 , on the data of t h i s experiment the expected amounts of 
c«/0-signal vary by as much as 800 events, equivalent t o some 
4 0 ^ o f the t o t a l estimated oJ°-signal. Consequently great 
c a u t i o n must be exercised i n the type of parameterisation 
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TABLE 4 . 6 

f 

FIT TO THE SIGNAL FIT TO 
BACKGROUND 

SIGNAL BACK -
GROUND 

No. 
BINS 

x 2 

GAUSSIAN (M) P 15?7 1223 25 3 0 . 2 

GAUSSIAN (M 2) P 1551 1176 20 2 2 . 7 

BREIT WIGNER (M) P 2247 503 25 1 7 . 6 

BREIT WIGNSR (M 2) P 2325 402 20 12 .0 

CONVOLUTION OF 
BREIT WIGNER AND 
RESOLUTION FUNCTI01\ L 1994 733 20 33.1 

THE KEY IS THE SAME AS IN TABLE 4.5 



chosen. I n t h i s a n a l y s i s , the choice of parameterisation 
was decided by accepting the f i t believed t o contai n the 
most p h y s i c a l s i g n i f i c a n c e , the choice of perhaps a spur­
i o u s l y b e t t e r f i t t i n g parameterisation, simply on the grounds 
of i t having a s m a l l e r ^ ̂  > being considered unacceptable. 
On t h i s b a s i s , the r e s u l t s from the parameterisation described 
i n the previous s e c t i o n , comprising the convolution of the 
B r e i t Wigner and r e s o l u t i o n f u n c t i o n i n mass squared were 
taken i n preference t o those r e s u l t i n g from the other f i t s 
described i n t a b l e 4 * 6 . I n a d d i t i o n the r e s u l t s of t h i s 
f i t are also found t o be i n b e t t e r agreement w i t h the s i g n a l 
t o background r a t i o c a l c u l a t e d independently from t h e co° 
D & l i t z p l o t analysis described i n chapter 5« 

4 . 3 THE DETERMINATION OF THE DIFFERENTIAL CROSS SECTION \AX I 

I n the determination o f the d i f f e r e n t i a l cross section 
f o r the forward production of &J°-mesons i n their -N centre of 
mass system, the events produced i n association w i t h spectator 
protons w i t h momenta i n excess of 300 MeV/c have been excluded. 
The number o f these events i s expected t o be small from the 
Hulthen d i s t r i b u t i o n , and i t i s considered t h a t these events 
may have been involved i n a f i n a l s t a t e i n t e r a c t i o n which 
would d i s t o r t the Jl" d i s t r i b u t i o n . 

As i n most conventional analyses, the d i f f e r e n t i a l cross 

r e g i o n centred on the cu°-mass. The r e s u l t s f o r (^pj a s 3 

f u n c t i o n of the 4-momentum t r a n s f e r squared X » measured from 
the primary t o the t r i p i o n mass system f o r both the seen and 
unseen spectator proton events are shown i n FIG. 4 . 1 0 , a l l 

s e c t i o n was f i r s t l y determined f o r a narrow mass 
dcr 
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events being r e s t r i c t e d t o the t r i p i o n mass range O .76—*0.8l 

(GeV/c 2). For values of Jc i n excess of 0 . 1 (GeV/c 2) 2, the 

d i s t r i b u t i o n s show no s i g n i f i c a n t s t r u c t u r e and are both w e l l 

f i t t e d by exponential f u n c t i o n s e where a = 2 . 9 * 0 . 8 

and 2 . 5 - 0 . 6 f o r the seen and unseen spectator proton events 

r e s p e c t i v e l y . I n s e t i n these diagrams are the v a r i a t i o n s 

of (^') f o r s m a H values of Jt , where Jt - Jr --tt*iu 

These i n d i c a t e t h a t the observed dips a t low £ are s t i l l 

present as J r — » 0 . 0 i n both the seen and unseen spectator 

proton events, thereby confirming t h a t t h i s e f f e c t does not 

r e s u l t from the kinematic a 1 cut o f f at ~ JTMIN. 

I n a d d i t i o n t h e d i p s t r u c t u r e has been examined t o 

determine whether i t r e s u l t s from t e c h n i c a l features of the 

data. The maximum c o r r e c t i o n s f o r the scanning losses and 

P a u l i e x c l u s i o n e f f e c t s are drawn on the p l o t s , and as can 

be seen, although much reduced, there i s s t i l l some i n d i c a t i o n 

of a d i p at low Jt\ 

I n the above p l o t s no c o r r e c t i o n s have been made f o r the 

e f f e c t s of background, and i t has yet t o be shown t h a t the 

expected minimum at Jr ^ 0 . 6 (GeV/c 2) 2 r e s u l t i n g from the 

f> Regge Pole exchange i s not obscur^ed by the background 

events. I n a d d i t i o n the e f f e c t s o f the background on the 

observed d i p at low Jc have also t o be determined. To 

minimize the e f f e c t of background only a narrow region of 

mass i n the c e n t r a l co° - region has been used. Consequently 

many events i n the t a i l s of the cu'° - d i s t r i b u t i o n have been 

r e j e c t e d . These r e s t r i c t i o n s can be obviated by e x t r a c t i n g 

the amount of oj° - s i g n a l and background i n each J " - i n t e r v a l . 

This i s achieved i n p r e c i s e l y the same way as i n the previous 
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s e c t i o n f o r the determination of the t o t a l co° - production 

cross s e c t i o n . The t r i p i o n mass spectrum of the events i n 

a given vi" - i n t e r v a l i s f i t t e d w i t h a B r e i t Signer convoliated 

w i t h a r e s o l u t i o n f u n c t i o n and a l i n e a r background. I n t h i s 

way, events i n a given Jc- i n t e r v a l are d i v i d e d i n t o w°-signal 
and background. The d i f f e r e n t i a l cross sections 
f o r the seen and unseen spectator proton events corresponding 
t o the co°-signal and background f o r the f i t t e d mass squared 
region 0 . 4 —* 0 . 8 (GeV/c 2) are shown i n FIG. 4 . 1 1 . 

Although the use of a l i n e a r paremeterisation f o r the 
background under the w°-signal was found t o be v a l i d i n the 
determination of the t o t a l co°-meson production cross s e c t i o n , 
such a parameterisation may not be c o r r e c t f o r a l l < } - i n t e r v a l s . 
Hence as a check, f i t s t o each region were also made using 
the polynomial background parameterisation described e a r l i e r , 
and i n a l l cases the r e s u l t s were found t o be i n e x c e l l e n t 
agreement w i t h those shown i n FIG. 4 . 1 1 . I n a d d i t i o n , t o 
improve the a v a i l a b l e s t a t i s t i c s f o r the f i t s , the samples 
c o n t a i n i n g the seen and unseen spectator proton events were 
combined. Although the widths of the r e s o l u t i o n functions 
are d i f f e r e n t f o r these two classes of events the use of a 
B r e i t Wigner r e s o l u t i o n f u n c t i o n i s s t i l l v a l i d , since the 
sum of two B r e i t Wigneraalso approximates t o a B r e i t Wigner. 
The r e s u l t s are summarised i n t a b l e 4»7» and as can be seen 
the r e s u l t s f o r the seen and unseen spectator proton events 
f i t t e d both separately and together, are i n good agreement. 

From the r e s u l t s shown i n FIG. 4 . 1 1 i t can be concluded 
t h a t there i s no evidence f o r a minimum i n the d i f f e r e n t i a l 
cross s e c t i o n at k ^ 0 . 6 (GeV/c 2) 2. The d i s t r i b u t i o n s f o r 
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both the seen and unseen spectator proton events e x h i b i t a 
smooth J : - dependence f o r Jr > 0 . 3 , w i t h exponents of 
2 . 8 - 0 . 8 and 3»8 - 0 . 6 r e s p e c t i v e l y . The main feature 
of the r e s u l t s i s the c o n t r a s t i n behaviour between the 

, / o 

d i f f e r e n t i a l cross sections at low *C- values f o r the w -
s i g n a l and background, which i s manifest as a strong d i p 
f o r t h e o>° - s i g n a l and an absence of a d i p f o r the background. 
This f e a t u r e i s present f o r both the seen and unseen spectator 
proton events. The e r r o r s quoted are s t a t i s t i c a l e r r o r s 
only and do not include the p r e c i s i o n w i t h which the f i t t i n g 
programme seperates the s i g n a l and background. The t r i p i o n 
mass spectra f o r the seen and unseen spectator proton events 
are shown i n FIG. 4 * 1 2 , i n J : ' - i n t e r v a l s of 0 .1 (GeV/c 2) 2 

from 0 . 0 t o 1 . 0 (GeV/c ) , and a comparison of the background 
under the w° f o r the f i r s t two Jb- i n t e r v a l s confirms the 
absence of any d i p i n the background as Jt —0.0. As 
i l l u s t r a t e d i n FIG. 4 » 1 1 however, the d i f f e r e n t i a l cross 
s e c t i o n f o r the background under the ca° - s i g n a l f o r the 
unseen spectator proton events i n d i c a t e s not only the absence 
of a d i p i n t h i s region, but also suggests an upward t r e n d . 
I t might be argued t h e r e f o r e t h a t the d i p i n the -c d i s t r i b u -
t i o n as Jc —> 0 . 0 f o r the co° - s i g n a l i s simply a downward 
f l u c t u a t i o n produced d i r e c t l y by the upward f l u c t u a t i o n of 
the background. 

To put t h i s i n t o perspective the Jt'- d i s t r i b u t i o n s are 
also shown i n FIG. 4»13 f o r the higher mass regions neighbour­
i n g t h a t of the cu°, (below the ft/0 mass there i s very l i t t l e 
background). The d i s t r i b u t i o n s are shown separately f o r 
events corresponding t o the f i r s t and second exposures. Such 
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a d i v i s i o n of the data wps considered necessary because 
of the observed differences i n the t r i p i o n mass spectra 
for y < O.05 (GeV/c 2) 2 f o r the unseen spectator proton 
events. The differences are w e l l i l l u s t r a t e d i n FIG.4.11+ 

i n which i t i s evident fchat that the strong 1.0 (GeV/c ) 
peak observed i n the 1st exposure i s not apparent i n the 
2nd exposure. From FIG. 4»13 i t can be seen that the 
d i s t r i b u t i o n s i n the higher mass regions can i n the same way 
as-the background under the co° - signal be described by the 
sum of two exponential d i s t r i b u t i o n s , the shallower d i s t r i b u ­
t i o n having a slope o f ^ 2 . 4 and the steeper one a slope o f " 6 . 0 . 

Lines of these slopes are drawn on a l l the plots and the results 
indicate that the upward t u r n i n the d i f f e r e n t i a l cross section 
for the background under thecu 0 - region i s r e a l , and hence 
that the observed dip i n FIG. 4»H as Jr —» 0.0 i s associated 
e n t i r e l y with the o)° - signal. 

(a) A SUMMARY OF THE RESULTS 

After making corrections f o r the Pauli exclusion e f f e c t , 
scanning losses, and the effects of the background i t can be 
concluded that the d i f f e r e n t i a l cross section (£^£/̂ U') for 
the forward production of <u° - mesons i n the TT-Kl centre 
of mass system dips as Jc —> 0 .0 , peaks at J; ro 0.25 (GeV/c 2) 2 

and exhibits a smooth exponential f a l l o f f f o r Jt' > 0 .3(GeV/c 2) 2 

with an exponent of 3*5 - 0 .5 , there being no evidence for 
any structure at Jc'^ 0.6 (GeV/c 2) 2. I n addition i t i s 
evident that the behaviour of the background i s not the same 
as f o r the co'° - signal. I t appears to be constructed from 
events associated with two d i f f e r e n t production processes, 
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one characterised by a slope of ~ 2 .4 and the other by a 
slope of 4*0, t h e i r net eff e c t tending t o obscure the 
presence of a dip at low Jt values f o r the o>° - signal. 
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CHAPTKR FIVE 

AN INVESTIGATION OF THE NATURE OF THE BACKGROUND ASSOCIATED 
\JITH THE Q)° - REGION OF THE TRIPION MASS SPECTRUM 

INTRODUCTION 

The results of the previous chapter suggested the 
presence of at least two d i f f e r e n t contributions t o the 
background i n the cu° - region of the t r i p i o n mass spectrum. 
I n t h i s chapter the nature of t h i s background i s analysed i n 
d e t a i l . I n p a r t i c u l a r the contributions to the - region 
and the H and Ai regions of the spectrum are discussed. 

5.1 THE SOURCES OF THE BACKGROUND 

Of p a r t i c u l a r importance i s the nature of the background 
whose t d i s t r i b u t i o n has an exponent of ~ 4» since i t i s t h i s 
which tends t o obscure the presence of a dip at low t i n the 
b)° - d i f f e r e n t i a l cross section. An estimate of the number 
of events characterised by t h i s exponent can be found by 
summing the excess of events above the shallow l i n e drawn i n 
FIG. 4*13. I t w i l l only correspond to an estimate since the 
true behaviour of either of these backgrounds i s unknown at 
low t . Indeed, either may dip or ris e here rather than 
conform t o the behaviour indicated by the straight lines. 
The results of summing these events as a function of the 
t r i p i o n mass spectrum f o r the 1st and 2nd exposure seen and 
unseen spectator proton events are shown i n FIG. 5.1, along 
with the t o t a l estimated number of events. The results 

file:///JITH
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indicate that these events are associated witlr a broad 
enhancement i n the 1.0 GeV/c2 region of the t r i p i o n mass 
spectrum, and i n pa r t i c u l a r to the low t region of the 1st 
exposure events with unseen spectator protons* The presence 
of t h i s feature i s cle»rly seen i n the t r i p i o n mass spectra 
shown i n FIG. 4«l4-

The d i f f e r e n t results i n the low t ' - region for the two 
exposures indicates a technical f a u l t i n one or other of the 
samples. I t i s not cle^r whether the technical f a u l t has 
resulted i n the removal of the 1.0 GeV/c2 enhancement from 
the 2nd exposure events, or resulted i n i t s inclusion i n the 
1st exposure events. 

I f the assumption were t o be made that the results for 
the seen and unseen spectator proton events should be consis­
t e n t , the 1st exposure events would be assumed to be dominated 
by the technical f a u l t , since the 1.0 GeV/c2 enhancement i s 
mainly associated with the unseen spectator proton events i n 
t h i s sample. However, as i l l u s t r a t e d i n section 2.4, the 
effects of the Pauli exclusion principle make the l a t t e r 
assumption uncertain. Indeed, for a production process 
r e s u l t i n g i n spin non-flip of the r e c o i l i n g proton, the events 
are expected t o populate the unseen spectator proton events 
p r e f e r e n t i a l l y . Consequently the comparison of the seen 
and unseen spectator proton events cannot be used to i d e n t i f y 
the presence of a technical f a u l t . 

5.2 A DISCUSSION OF THE ORIGINS OF THE ̂ NHINCBISNT IN 
THE 1.0 GeV/c2 REGION OF THE TRIPION MASS SPECTRUM 

The above problem can be resolved by examining the nature 
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of the 1.0 GeV/c2 enhr-nce'tient and determining whether i t i s 
a genuine feature of the t r i p i o n mass spectrum. 

The dipion mass combinations for the unseen spectator 
proton events confined t o the t r i p i o n mass i n t e r v a l 0.95 -* 

1.05 qeV/c2 and to the t - region < 0 . 1 (GeV/c 2) 2 are shown 
i n FIG. 5 « 2 , and the results clearly i l l u s t r a t e that the 
1.0 GeV/c2 enhancement is associated with a strong p°- signal. 
There i s l i t t l e ot no evidence for any p~ production, and only 
a- s l i g h t i n d i c a t i o n of p>+ production. This observation 
implies that the 1.0 GeV/c enhancement i s unlikely to be a 
resonance since a resonance decaying via p° ir° w i l l also 
contribute equally t o the p + i r " and p<" i r + modes. I t 
could be argued however tha.t a technical f a u l t i n the data 
might tend to obscure the presence of the p* and p~ signals, 
eg., by inaccurate f i t t i n g of the ir° secondaries. 
Consequently the p o s s i b i l i t y of the 1.0 GeV/c2 enhancement 
corresponding to a resonance cannot be disregarded. 

From the Review of Particle properties 1974 (Ref. 4 . 1 ) , 

the l i s t e d resonances associated w i t h p° - decays i n and 
around the 1.0 GeV/c region of the t r i p i o n mass spectrum 
are as shown below:-

7 / ' ( 9 5 3 ) , H (990) , ©(1019) 

the existence of the H - meson being i n some doubt. In the 
following sections, however, i t w i l l be seen that none of these 
i s able t o account f o r the 1.0 GeV/c enhancement. 

(a) The n' (958) 

Some 27% of the 77' decays proceed via the mode p° |J 
and since the kinemntical f i t t i n g programmes are unable t o 
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d i s t i n g u i s h between n % and -i ir°, the s u b s t i t u t i o n of a TT° 

f o r a $ w i l l r e s u l t i n p ° ir° mass combinations i n the 1.0 

GeV/c r e g i o n . However the expected 77' cross s ec t i on at 

t h i s i n c i d e n t energy i s ~ 17 // b (Ref. 5*1)• Hence since 

on ly some 27% proceed v i s the yp° ^ mode, the p red ic t ed cont ­

r i b u t i o n s f r o m t h i s process i s ~70 events. T h i s , however, 

obv ious ly represents an upper l i m i t t o the KIT $ contaminat ion 

o f the channel 

7 T + D -> Ps P 1T + 7T" 7T° 

s ince not a l l events w i l l produce assceptable f i t s and, i n 

p a r t i c u l a r , ones associa ted w i t h low momentum ^ w i l l be 

more l i k e l y t o p rov ide a f i t t o the 4c channel , 

i r + D -» P g P 7 r + v~ 

p a r t i c u l a r l y i f the spec ta tor pro ton i s unseen. 

Consequently the c o n t r i b u t i o n s from t h i s process are considered 

i n s u f f i c i e n t t o e x p l a i n the 1.0 GeV/c 2 enhancement. 

(b) THE tt (1019) 

This candidate i s considered u n l i k e l y t o r e s u l t i n the 

observed 1.0 GeV/c 2 enhancement, f o r the f o l l o w i n g reasons. 

F i r s t l y i t s f u l l resonance wid th i s only some 4 MeV/c 

and hence the enhancement associated w i t h t h i s should have 

an exper imenta l w i d t h < t o t h a t o f the cu° - s i g n a l . 

E x p e r i m e n t a l l y , however, the reverse i s observed. 

Secondly i t s p roduc t i on cross s e c t i o n at t h i s i nc iden t 

energy i s f a r too s m a l l , and eouivalent t o only some 20 events 

i n t h i s mode. 

F i n a l l y , having the same Quantum numbers as the w ° - meson 
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i t s p roduc t ion process i s u n l i k e l y t o be associated w i t h 

a t slope o f ~ 4*0 and moreover i t s d i f f e r e n t i a l cross s e c t i o n , 

i f t h e same as t h a t o f the o)°> w i l l tend t o d i p f t low t , 

r a t h e r than produce the l a rge c o n t r i b u t i o n observed. 

(c) TFE H (990) 

As mentioned i n the i n t r o d u c t i o n t o t h i s s e c t i o n , the 

evidence f o r the exis tence o f the H - meson i s now no longer 

considered very s t r o n g and i t i s omi t t ed f rom the main l i s t s 

i n P a r t i c l e Tables . 

One of the s t ronges t pieces o f evidence i n f avour of the 

H - meson r e s u l t e d f rom the ana lys i s of the 3.65 GeV/c i r + D 

experiment o f Benson e t a l . (Ref. 5 » 2 ) . Subsequently, however, 

the data have been re-analysed (Ref. 5»3)> and the previous 

r e s u l t s were a t t r i b u t e d t o a t e c h n i c a l f a u l t i n the da ta . 

The ques t ion now a r i ses whether the 1,0 GeV/c enhancement 

seen i n our exoeriment r e s u l t s f rom a s i m i l a r f a u l t . 

To i n v e s t i g a t e t h i s p o s s i b i l i t y f u r t h e r i t i s necessary 

f i r s t l y t o examine the previous evidence presented f o r the 

H enhancement and determine the s i m i l a r i t y o f the r e s u l t s w i t h 

those f r o m t h i s exper iment . 

The es t imated H° p roduc t ion cross sec t ions repor ted i n 

the e a r l i e r analyses were l a t e r found t o be overestimated s ince 

no allowance has been made f o r the e f f e c t s r e s u l t i n g f rom the 

use o f p - c u t s , which as po in ted out by Fung e t a l (Ref .5*4) , 

r e s u l t i n the d i s t o r t i o n o f phase space and the subsequent 

genera t ion of a spur ious enhancement i n the 1.0 GeV/c^ r e g i o n 

o f the t r i p i o n mass spectrum. This e f f e c t , however, could 

not account f o r a l l o f the observa t ions , since i n many cases 
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the enhancement was a lso anparent without; making any p - cuts 

at a l l , which indeed i s a l so t h e cose i n the present experiment. 

Moreover, the r e s u l t s could no t be expla ined i n terms of the 

ir ir % decay mode of the 77' . Indeed as i l l u s t r a t e d i n 

Ref. 5»5 , when the events i n t h i s r e g i o n were f i t t e d t o the 

ir ir t hypotheses, the r e s u l t s could not generate the expected 

f f ' p e a k . Consequently p r i o r t o 1970 there were f o u r p o s i t i v e 

c la ims f o r the existence of the H enhancement, namely:-

INCIDENT CROSS NUMBER 
CHANNEL MOMENTUM SECTION OF REF. 

b EVENTS 

i r + P A + + K° 4 GeV/c 70 i 25 ~ 1 ° 5.6 

T T + D PsP H° 3.65 GeV/c 75 * 15 ~ ^ 5.2 

ir+D P SP H° 3.29 GeV/c 50 70 5.7 

7T+P P T T + H ° 3.7 GeV/c lifO 5.3 

• 

As can be seen, a l l the r e s u l t s are based on very low s t a t i s t i c s . 

The main d i f f e r e n c e between the above r e s u l t s and the 

r e s u l t s o f the present 4 GeV/c experiment are t h a t the above 
+ - - + 

a l s o c l a i m t o see the charged decay modes p ir and p ir • 

However, s ince the s t a t i s t i c s f o r the H° - signals.-are very 

s m a l l , the evidence f o r the i n d i v i d u a l decay modes i s obviously 

not very s t r o n g . Indeed, i n none of t h e above cases were the 

r e s u l t s based on the observa t ion o f c l e a r p s i g n a l s , and ins tead 

the analyses r e so r t ed t o observing the numbers o f events i n ' 

the va r ious p - bands. However, i t could be argued t h a t the 

obse rva t ion of eau^l numbers o f events i n each p - band i s t o 

be expected, and does not au toma t i ca l ly imply an equal probsb-



i l i t y f o r e^ch o f the th ree p ir decay modes. Indeed, assuming 

a l l the decays t o occur v i a the p° IT0 mode, the r e s t r i c t i o n 

of t h e t r i p i o n e f f e c t i v e moss t o the 1.0 GeV/c reg ion auto­

m a t i c a l l y i m p l i e s t h a t the o ther ir-rr combinations w i l l 

be i n t h e i r r e s p e c t i v e p - bands. This i s s imply the converse 

of the observat ions made by Fung e t s i who demonstrated t h a t 

p - cu ts r e s u l t i n a 1.0 GeV/c^ enhancement i n the t r i p i o n 

mass SDectrum. Hence i t i s t o be concluded t h a t the 1.0 GeV/c' 

enhancement seen i n t h i s ana lys i s would be i n agreement w i t h 

the previous observat ions of the so c a l l e d H° resonance. 

The v a l i d i t y o f these previous observat ions were however 

p laced i n cons iderable doubt when the r e s u l t s of Benson e t a l 

(Ref . 5^2) , were found t o a r i s e from a t e c h n i c a l f a u l t i n the 

da ta , (Ref . 5«3)» This f a u l t was revealed by t h e remeasure-

ment o f t h e i r o r i g i n a l data compris ing some 1000 or so events 

i n the, t r i p i o n mass range « 1200 MeV/c 2 , which were then 

r e f i t t e d t o the f o l l o w i n g three hypotheses, 

7T+D -* PgP 7T + I T 77° (1) 

, r + D _» PSP T T + ir" i (2) 

7r*-D -» PSP i r + i r " (3) 

From the i n i t i a l sample o f 1033 events corresponding t o 

r e a c t i o n ( 1 ) , the re -p rocess ing y i e l d e d the r e s u l t s i l l u s t r a t e d 

i n t a b l e 5«1» and the p r e v i o u s l y observed H° enhancement d i s ­

appeared. However, i f indeed the , T H° r t events were o r i g i n a l l y 

associa ted w i t h a p ° s i g n a l i t could be concluded t h a t the 

disappearance o f t h e 1.0 GeV/c 2 enhancement was d i r e c t l y r e l a t e d 

t o the re-assignment o f 45 of t he events t o the 4c channel 



TABLE 5.1 

THE RESULT OF RE-PROCESSING THE H° 

EVENTS OF REF. 5.3 

HYPOTHESES 

PgP 7 r + 7 r " i r ° 

ASSIGNED TO T 

P s P i r + 7T ~ X 

HE EVENT 

P5 P i r + ir~ OTHERS 

INITIAL 
SAMPLE 1033 

AFTER 
RE-PROCESS­
ING 

961 7 • 45 70 
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7T 0 ->• *\jP ^ 7 r " 

s ince t h i s channel i s known t o be dominated by p° p roduc t ion . 

Moreover i t i s a l so s i g n i f i c a n t t h a t i n a l l the previous 

observat ions of the H° enhancement the associated 4c channels 

are a l l dominated by p ° p r o d u c t i o n . Therefore i f as i n the 

above experiment some of these 4c events were wrongly assigned 

t o t h e l c 7T° channel , the i n t r o d u c t i o n o f the ir0 may w e l l 

have r e s u l t e d i n the observed 1.0 GeV/c 2 enhancements i n the 

t r i p i o n mass spectrum. 

Consequently a poss ib le exp lana t ion of the observed 

1.0 GeV/c enhancements seen i n both t h i s and previous e x p e r i ­

ments i s a breakthrough o f events f r o m the 4c channel . More­

over s ince the ex ten t of such a breakthrough i s u n l i k e l y t o be 

the same i n a l l experiments t h i s would a lso e x p l a i n why the H ° 

enhancement i s no t always observed. The evidence t h a t 4c 

breakthrough occurs i n t h i s experiment i s presented i n the 

f o l l o w i n g s e c t i o n . 

5.3 THE EVIDENCE FOR THE CONTAMINATION OF THE l c CHANNEL 
ir+ D -» P,gP7T+ 77" TT° BY EVENTS FROM THE 

4c CHANNEL 7 r

+ D -> PSP ^ -

One method o f i n v e s t i g a t i n g the nature o f the 4c events 

which have been wrongly assigned t o the l c i r ° channel i s t o 

examine the 4 c / l c ambiguous events . These events as i l l u s t r a t e d 

i n chapter 3 are known t o be t rue 4c events o f the channel 

1T+ D -» PgP 7T+ 7T~ 

which have a l so provided a f i t t o the l c channel 

7T+D -* PSP 1T+ IT' 7T° 

Hence by wrongly choosing the l c f i t the e f f e c t s o f m i s i n t e r -
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pre t ed 4c events can be s imula ted . I t should be noted 

however t h a t a l though s i m i l a r i n na tu re , these events w i l l 

no t be exac t ly the same as the 4c breakthrough events, since 

the f o r m e r do a t l e a s t p rov ide a f i t t o t he 4c channel, and 

as suc,h w i l l be r e j e c t e d f rom the l c data sample. 
i 

(a) THE TRIPION *U3S DISTRIBUTION FOR THE 4 c / l c AMBIGUOUS 
EVENTS 

The t r i p i o n mass spectrum associated w i t h the 4 c / l c 

ambiguous events corresponding to t ' values measured from 

the pr imary t o the t r i p i o n mass system of less than 0.05 

( G e V / c 2 ) 2 i s shown i n FIG. 5 .3 . From t h i s i t i s evident t h a t 

such events w i l l indeed r e s u l t i n a 1*0 GeV/c enhancement. 

(b) THE DIFFERENTIAL CROSS SECTION FOR THE 4 c / l c AMBIGUOUS 

The f i t t e d t ' slope t o the d i f f e r e n t i a l cross s ec t i on 

f o r these events i s 4»4 - 0»5 which i s i n agreement w i t h the 

va lue o f ~ 4 . 0 found f o r the 1.0 GeV/c 2 enhancement i n the 

l c channel . 

(c) THE ANGULAR DISTRIBUTION FOR THE 4 c / l c AMBIGUOUS EVENTS 

The angular d i s t r i b u t i o n f o r the normal t o the decay plane 

o f the th ree pions i n the G o t t f r i e d Jackson frame of reference 

corresponding t o the t r i p i o n mass r eg ion 0.9 -» 1.1 (GeV/c ) 

and the t - i n t e r v a l < 0.1 ( G e V / c 2 ) 2 i s shown i n F E . 5.4a. 

From t h i s i t can be concluded t h a t should the 1.0 GeV/c 2 r e g i o n 

o f the l c channel a l so be associa ted w i t h 4c events , the c o r r e s -

ponding p l o t should a lso i n d i c a t e a s t rong s i n '6 dependence, 

and as i l l u s t r a t e d i n FIG. 5»4b, t h i s i s indeed found t o be 

1 
i i 
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the case. Horeover, i t i s also s i g n i f i c a n t t l - ; ' t tire *n£,ul'<r 

d i s t r i b u t i o n f o r the normal t o the decay plane f o r the H° -

resonance repor ted by Benson e t a l , (Ref. 5*2)> i s also 

cha rac t e r i s ed by a s i n 0 dependence. 

(d) THE DT3TRIBUTT0V OF TIP? FVEMT5 IN THE DALITZ PLOT 

The d i s t r i b u t i o n of the 4 c / l c ambiguous events i n the 

7r+ ir" 7T° D a l i t z p l o t i s shov/n i n t ab le 5*2. The r e s u l t s 

shown correspond t o events i n the t r i p i o n mass r eg ion 0.9-* 

1.1 GeV/c 2 , and f r o m the r e s u l t s i t i s evident t h a t should 

4c breakthrough occur , i t w i l l mainly populate sectors (1) and 

(6 ) , the boundaries o f the sectors be ing de f ined i n FIG. 5«5« 

The equ iva l en t d i s t r i b u t i o n corresponding to the 1st exposure 

unseen spec ta tor p ro ton events i s shov/n i n t a b l e 5*3» the 

events be ing c o n f i n e d t o the t r i p i o n mass range 0.9 -» 1.1 

(GeV/c 2 ) and the t ' - i n t e r v a l < 0.05 ( G e V / c 2 ) 2 . From t h i s 

i t i s ev iden t t h a t these events a l so have a tendency t o populate 

sec tors ( l ) and (6) p r e f e r e n t i a l l y . 

(e) THE AMOUNT OF 4c BREAKTHROUGH 

By assuming t h a t the 1.0 GeV/c enhancement observed i n 

the t r i p i o n mass spectrum r e s u l t s f r om the breakthrough of 

4c events f rom the channel 

7r + D P S P TT + TT" 

the number o f events i l l u s t r a t e d i n FIG. 5 . 1 can be used t o 
tke 

est imate the ex ten t o f the breakthrough in^two exposures. 

Hence us ing the es t imated p° cross s e c t i o n o f ~ 900^/b i n 

the 4c channel , the breakthrough i s equ iva len t t o some lo% i n 



T AIJLFi 5.2 

TH" DISTRIBUTION OF 4o / lC M-KTGUOUS 

EVENTS IN THE DALITZ PLOT FOR 

0 . 9 < W 3 7 r < 1 # 1 ( ° e V / c ? ) *ND 

t ' < 0.05 ( G e V / c 2 ) 2 

DMITZ 
SECTORS 1 ? 3 4 5 6 

NUMBER OF 
EVENTS 63 11 5 5 3 39 

TABLE 5.3 

i THE DISTRIBUTION OF l c EVENTS IN THE 
DALITZ PLOT FOR 0.9 < %TT < 1.1 (GeV/c 2 ) 
AND t ' < 0.05 (GeV/c2)2 

DALITZ 
SECTORS 1 2 3 4 5 6 

NUMBER OF 
EVENTS 67 23 36 19 17 40 

i 



FIG. 5-5 

THE BOUNDARIES OF THE DALITZ PLOT SECTORS 
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the 1st exposure R N D ~ 8% i n the 2nd exposure. The main 

d i f f e r e n c e between the two exposures has been the i n t r o d u c t i o n 

o f improved convergence c r i t e r i a i n the f i t t i n g r o u t i n e s o f 

the KINEMATICS programme f o r the 2nd exposure. The a l t e r a t i o n s 

were i n t roduced by D . J . C r e n n e l l o f the R u t h e r f o r d Laboratory 

and more r e c e n t l y he has m o d i f i e d the convergence c r i t e r i a 

s t i l l f u r t h e r . A b r i e f d e s c r i p t i o n of the improvements i s 

desc r ibed i n Ref. 5»9» 

Assuming the r e s u l t s o f Benson e t a l t o r e s u l t f r om a 

s i m i l a r problem i t i s i n t e r e s t i n g t o note t h a t h i s es t imated 

H° cross s e c t i o n corresponds t o some 8% o f the p° cross s e c t i o n 

i n the cor responding 4c channel , i n d i c a t i n g a p o t e n t i a l 4c 

breakthrough a t a s i m i l a r l e v e l to t h a t found i n t h i s e x p e r i ­

ment. 

5.4 THE RESULT OF APPLYING THE KINEMATICAL FITTING PROCEDURE 
TO GENERATED 4c EVENTS 

By g e n e r a t i n g FAKE events of t h e type 

i r + D -» Pg P ir* ir~ 

i t i s p o s s i b l e t o examine how many w i l l be wrongly assigned 

t o o the r channels by the k i n e m a t i c a l f i t t i n g procedure . 

A v e r s i o n of the programme FAKE was s p e c i a l l y m o d i f i e d 

t o handle deuter ium i n t e r a c t i o n 8 , i n c l u d i n g the gene ra t i on o f 

the spec t a to r protons w i t h momenta i n accordance w i t h the 

Hu l then d i s t r i b u t i o n . The events were generated f o r an 

i n c i d e n t beam momentum o f 4 GeV/c and the r e s u l t i n g secondaries 

assigned e r r o r es t imates c o n s i s t e n t w i t h those assoc ia ted w i t h 

t h i s exper iment . 

By t h i s procedure 5000 p° events 

7r +D -» Ps P p° -* Ps P v * 7 r " 
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and 5000 f events 

fr + D -» P s P f 0 -> P s p 7 r + i r " 

were generated, t y p i c a l t ' - d i s t r i b u t i o n s and angular 

d i s t r i b u t i o n s be ing inc luded i n both cases. These events 

were then processed by the k i n e m g t i c a l f i t t i n g programme, 

KINEMATICS, w i t h convergence c r i t e r i a i d e n t i c a l t o those used 

i n the f i r s t exposure, the equiva len t o f the i o n i s a t i o n t es t s 

descr ibed i n chapter 3 ^ l s o being a p p l i e d . The hypotheses 

subsequently assigned to these events are i l l u s t r a t e d i n 

t a b l e 5»4» From t h i s i t i s evident t h a t o f the 5000 p ° events 

generated ~ lk% w i l l be l o s t and re-ass igned t o other channels, 

3% o f them t o the l c ir° channel 

„-+D P s P 7T+ , r - ir° 

Moreover i t i s a l so apparent t h a t the seen and unseen specta tor 

protons tend to be re-assigned to d i f f e r e n t hypotheses, i . e . 

whereas the seen spec ta tor events are mainly l o s t t o the l c 

neu t ron channel 

.gr+D _> P s TT + i r + ir~ 

the unseen spec ta tor p ro ton events are mainly l o s t t o the 

l c ir° channel . This would e x p l a i n why the 1.0 GeV/c 2 

enhancement i n the l c ir° channel i s mainly associated w i t h 

the unseen spec ta to r p ro ton events . 

For the f ° events however, the p red i c t ed loss i s even 

l a r g e r , s ince some 25% of the events are re-assigned t o other 

channels , 9$ of them t o the l c ir° channel . I n a d d i t i o n , as 

found f o r the renerated p° events, whereas those associated 

w i t h seen spec ta tor protons tend t o be l e s t t o the l c neutron 



TABLE 5.f; 

THE HYPOTHESES ASSIGNED 

TO THE FAKE EVENTS OF 

THE TYPE IT D -> Pg P p ° 

HYPOTHESES' 
•a 

7T + D -> Ps P IT* 7T~ P S P i r + v~ TP p S N ir + ir+ 7T~ NOFITS 

SPECTATOR 
PROTONS SEEN UNSEEN SEEN UNSEEN SEEN UNSEEN SEEN 

** 

UNSEEN 

I N I T I A L 
SAMPLE • 1579 3421 

RESULTS 
OF 

KINEMATIC AL 

F I T T I N G 1159 3136 28 139 328 86 64 60 

THE HYPOTHESES ASSIGNED 

TO THE FAKE EYEKTS OF THE 

TYPE TT + D Pg P f 0 

HYPOTHESES 

P S P 
+ -

ir ir 
ps P V* iT IT0 F s N ir + TT + v" NOFITS 

SPECTATOR 
PROTONS SEEN UNSEEN SEEN UNSEEN SEEN UNSEEN SEEN UNSEEN 

I N I T I A L 
SAMPLE 1616 3384 

RESULTS 
OF 

KINEMATICAL 

t F I T T I N G 

894 2859 104 371 556 65 62 89 
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channel , those associated w i t h unseen spec ta tor protons fire 
l o s t t o the l c ir° channel . 

The t r i p i o n mass spectrum corresponding t o the 4 c / l c rr° 

ambiguous events i l l u s t r a t e d i n FIG. 5.3 suggests t h a t any 

breakthrough of f ° events i n t o the l c ir° channel' should appear 

i n the 1.4 GeV/c 2 r e g i o n , and f rom the c a l c u l a t e d f ° cross 

s e c t i o n i n the 4c channel , the p red ic ted number o f such events 

i s ~ 300 f o r the 1st exposure. Exper imenta l ly however, there 

i s no evidence f o r such a breakthrough. I t could be argued 

however t h a t since the genera l l e v e l of the background i n 

t h i s r e g i o n i s very h igh the presence of any f ° breakthrough 

may w e l l be obscurred. 

5.5 THE REMOVAL OF THE 4c CONTAMINATION IN THE l c ir° 
CHANNEL 

To s i m p l i f y the ana lys i s of the l c channel , va r ious 

methods were i n v e s t i g a t e d f o r the removal o f the 4c contamin­

a t i o n . U n f o r t u n a t e l y however, no* s u i t a b l e method was found, 

and t h e c h a r a c t e r i s t i c s o f a l l the f o l l o w i n g parameters f o r 

the 1.0 GeV/c 2 enhancement were found t o be cons i s t en t w i t h 

those f o r the m a j o r i t y o f the l c events, 

(a) the p u l l s on the t r acks 

(b) the X p r o b a b i l i t y 

(c) the miss ing energy 

(d) the missing momentum 

(e) the missing mass squared 

( f ) the beam momentum 

(g) the p o s i t i o n o f the events v / i t h i n the chamber 

(h) the lengths of the measured t racks 

( i ) the angular d i s t r i b u t i o n f o r the f i t t e d i r ° 

( j ) the momentum of the f i t t e d tr° 
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This r e s u l t however i s to be expected since the events i n 
auestion are those which. have f a i l e d to provide an acceptable 
f i t t o the he hypothesis and as such w i l l have values for the 
above parameters i n better agreement with the l c 7 7 - 0 values 
rather than the l+c values. 

Conseouently i t follows that the only effective method 
fo r the rer.ov«l of these events is the same procedure as used 
by Benson et a l , i . e . the re-fittiri£ of the events i n t h i s 
p a r t i c u l a r region of the t r i p i o n mass spectrum, using a version 
of KINEMATICS with improved convergence c r i t e r i a . 

5.6 OTHER CONTRIBUTIONS TO THE BACKGROUND 

Apart from any contributions to the background re s u l t i n g 
from technical f a u l t s there w i l l also be contributions from 
phase space and re f l e c t i o n s of real physical processes. The 
known contributions to the channel 

/ D ^ Pg P 7 T + I T " 7 T ° 

are shown i n table 5»5» along w i t h t h e i r estimated cross 
sections taken from Ref. (5*1)• 

I t was noted however that both the p ° A + and p° P ir° 

channels w i l l contribute towards the observed p° signals, and 
hence the p o s s i b i l i t y of these channels generating the 1.0 

GeV/c enhancement i n the t r i p i o n mass spectrum was investigated. 
By FAKING these channels however i t was found that such events 
w i l l only create 9 broad enhancement ranging from 0.8 -» 1.9 

GeV/c i n the t r i p i o n mags spectrum and hence cannot be a t t r i b ­
uted to the observed 1 GeV/c^ peak. This conclusion i s also 
i n agreement with the observation that should the p° A + events 
contribute towards the 1.0 GeV/c enhancement so also should 



TABLE 5.5 

CH A.MMEL ESTIMATED 
CROSS SECTIONS 

CCNTRISUTI0H3 
REGION 0.4 < 

TO THE „ 
< O.S(GeV/cV 

/ b t < 0 . 1 t < 0 . 1 

AP° P 120 0 0 

f A 22 0 0 

pA 300 46 16 

P ( P 7 T ) 300 + 12 20 

W (P 7T7T ) 100 + 20 

A°P •? 

DECK 
PROCESS­
ES • • 

VJhere e l e c t r i c charge i s not indicated i t i s to be understood 
that a l l possible charge configurations have been examined. 

+ These reactions have been faked as quasi two body processes 
i n which the (P TT ) or {Pirir ) is considered as a broad 
enhancement with T ~ 300 MeV/c centred at a mass value of 
I65O MeV/c 
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the p+ A 0 events, and hence there should be as many p+ s ns 
p° s associated with t h i s region. Experimentally however, 
the p° signal i s seen to dominate. 

Also mentioned i n table 5*5 are the signals r e s u l t i n g 
from the Â  resonance and the Deck process, {Ref. 5»10). 
The expected cross sections f o r these processes however are 
not e a s i l y estimated, but since both are predicted to contribute 
towards the 1.1 GeV/c region of the t r i p i o n mass spectrum, 
the experimental evidence suggests that t h e i r contributions 
towards the lc ir° channel are not very s i g n i f i c a n t . 

From the above discussion of kc contamination of the 
lc 7T° and lc neutron channels i t i s evident that great caution 
must be exercised i n the i n t e r p r e t a t i o n of enhancements i n and 
around the 1.0 GeV/c region of t r i p i o n mass spectra, the 
region which i s also associated with the controversial H°, Â  
and A^#5 resonances. Although i n t h i s experiment the mis-
interpreted 4c events mainly populate the 1.0 GeV/c region, 
there i s no reason t o assume that experiments at other primary 
energies using d i f f e r e n t kinematical f i t t i n g programmes w i l l 
produce an enhancement either i n the same region or to the 
same extent. Hence to a certain degree the p o s s i b i l i t y of 
kc contamination w i l l explain why the observations of the H°, 
Ai and Â ,5 resonances stre inconsistent when going from one 
experiment t o another. Moreover i t i s s i g n i f i c a n t that i n 
the results presented by French at the Vienna conference, 
(Ref. 5.11), the observed Ai signal i n a compilation of 

v ~ P -> Pyo 0 i r ~ (1) 

data i s less obvious than that associated with the combined 
samples of 
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v+ N - N p° v r + 

and 7 T + p P yo° 7T + 

data* I n the jxfvent of he contamination however, this i s 
to be jexoected since whereas reaction (2) may be subjected 
to 4c 'contamination reaction (1) should be free from Such 
e f f e c t s . 

5.7 CONCLUSIONS 

The resu l t s of the previous chapter suggested the 
presence of at least two d i f f e r e n t contributions t o the 

o 
background i n the oo - region of the t r i p i o n mass spectrum. 

In t h i s chapter, the' examination of the background 
associated with the larger' 4 d°/dt exponent of r 4 has revealed 
that due t o inadeauate convergence c r i t e r i a i n the kinematical 
f i t t i n g programme there has been a breakthrough of events from 
the 4c channel 

i r + D ^ P s P i r + TT 

As a r e s u l t of t h i s breakthrough a strong p° dominated 
1.0 GeV/c^ enhancement i n the t r i p i o n mass spectrum was 
genera ted and the nature of t h i s enhancement i s considered 

o 
consistent with previous observations of the so called H 
resonance. The extent of t h i s breakthrough was found to be 
d i f f e r e n t i n the two exposures for t h i s experiment, correspond­
ing t o ~ 18% and &% for the 1st and 2nd exposures respectively, 
the difference being a t t r i b u t e d to the d i f f e r e n t convergence 
c r i t e r i a used i n the kinematica1 f i t t i n p programme. 

The r e s u l t s also indicate th»t when analysing the 
region p a r t i c u l a r l y i n the channel 
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7 T + D •—> P5 N 7 T + 7T + 7f~ 

not only should the effects of the Deck process and p - cuts 
be considered, but also the p o s s i b i l i t y of 4c breakthrough 
should be investigated. 

I 
In section 5*6 the predicted contributions from phase 

i 
space and the r e f l e c t i o n s of r e ^ l physical processes were 
considered, and as i l l u s t r a t e d i n t-'ble 5»5» the main c o n t r i ­
butions to the co° - region arise from the p A process. 
5.8 THE EFFECTS OF THE BACKGROUND ON THB CJ° - ANALYSIS 

(a) THE DIFFERENTIAL CROSS SECTION 

As i l l u s t r a t e d i n chapter 4 j although the effects of 
background on the form of the d i f f e r e n t i a l cross section have 
been eliminated i n t h i s analysis, i t can be concluded that i n 
analyses where t h i s has not been done, the occurence of 4c 

breakthrough w i l l tend to obscure the presence of a dip at low 
t . I n addition, since the t - exponents for the background 
are found to be d i f f e r e n t from that of the cu° - signal, previous 
measurements of the t - slope which have not included allowances 
f o r the background, w i l l be incorrect. 

(b) THE DENSITY MATRIX ELEMENTS 

The determination of the density matrix elements f o r the 
w° production i s discussed i n the following chapter, and as 
i n the evaluation of the d i f f e r e n t i a l cross section, where 
possible the background effects are eliminated. 

From the results discussed i n the previous sections i t i s 
evident that 4c breakthrough w i l l r e sult i n a s i n 2 d i s t r i b u t i o n 
f o r the normal t o the decay plane i n the Gottfried Jackson 
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fr-me of reference. Hence the value of poo for 4c breakthrough 
events w i l l tend to zero. Consequently the contamination of 
the low t i n t e r v a l of the o)° - region by 4c events w i l l tend 
to reduce the average value of poo i n t h i s region. 

How the contributions t o the background l i s t e d i n table 
5.5 a f f e c t the spin density matrix elements i s not w e l l known, 
but since the numbers of these events are observed to be very 
small i n the central w° - region they are considered unlikely 
to have a marked e f f e c t . Indeed i t i s considered that the 
effects of 4c breakthrough are l i k e l y to be more important, 
since the angular d i s t r i b u t i o n for these events i s so strongly 
s i n ^ . 

(c) THE DISTRIBUTION OF THE EVENTS IN THE DALITZ PLOT 

o pp —— 
Since the co meson has I J values of 01 i t s d i s t r i ­

bution i n the Dalitz p l o t i s known to be symmetric about i t s 
maximum at the centre of the Dalit-z t r i a n g l e . Added to t h i s 
d i s t r i b u t i o n however, w i l l be the phase space and events 
associated with other processes such as 4c breakthrough or the 
jpA channel, and although the phase space w i l l be uniformly 
d i s t r i b u t e d throughout the Dalitz p l o t , the l a t t e r processes 
w i l l tend to congregate i n specific regions, the 4c break­
through mainly occuring i n sectors (1) and (6) described 
e a r l i e r . From the numbers of such events involved however, 
the overall Dalitz p l o t d i s t r i b u t i o n should be l i t t l e affected, 
and the possible d i s t o r t i o n s introduced w i l l only be of import­
ance when making detailed asymmetry analyses. 

The v a l i d i t y of the above assumption i s w e l l i l l u s t r a t e d 
i n FIG. 5.6 which i l l u s t r a t e s the d i s t r i b u t i o n i n the w° 
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Dalitz p l o t corresponding to the seen -md unseen spectator 
proton events i n the o>° - region 0.76 -> O.Sl (GeV/c ) of the 
t r i p i o n mass spectruta as a function of the OJ° decay matrix 
element sauared *h . This parameter i s evaluated from the 
expression, 

\ = I P 7T + X "P 7T " I / ( | (M3 / 9 - - % ? ) 2 ) 

where P 7r and P w~ are the momenta of the ir and TT " 

mesons i n the co 0 - rest frame, and \ i s so defined that the 
centre of the Dalitz p l o t corresponds to \ = 1.0 and the 
boundary t o X s 0 . 0 . The advantage of describing the Dalitz 
p l o t d i s t r i b u t i o n i n terms of t h i s variable i s that the d i s t r i ­
bution of non-resonant background w i t h i n the Dalitz plot i s 
isotr o p i c i n "K , whereas the co 0 - signal i s distributed 
l i n e a r l y from 0 .0 at the boundary of the Dalitz plot , 
( X = 0 , 0 ) , to 3 maximum at the centre, ( X = 1 . 0 ) . By 
placing the l e v e l of the background at k i 2 and 10 ± 3 for 
the seen and unseen spectator proton events respectively, the 
.corresponding signal t o background r a t i o s are lo-o ± g-o 
and 7-0 + Vo > which as discussed i n section 4.2g are i n 
agreement with the signal to background rat i o s r e s u l t i n g from 
the convoluted B r e i t VJigner and resolution function f i t s made 

o 
t o the 0) - signal. 



CHAPTER SIX 

THE ANALYSIS AND INTERPRETATION OF THE 
^ 0)° MESON PRODUCTION I EC KAN ISM 

i I 
INTRODUCTION 

In t h i s chapter, the investigation of the exchange 
mechanisms fo r co° - mesons, produced i n the forward direction 
i n the ir -N centre of mass system i s continued by analysing 
the mixture of superpositions of spin states associated with 
the co° - mesons, as determined from t h e i r decay angular d i s t ­
r i b u t i o n s . 

To begin w i t h , the concept of spin density matrix elements 
i s introduced and the association i s made between the nature 
of the spin states and the exchange mechanisms. This i s 
followed by the presentation of the experimental results f o r 
the spin density matrix elements and a discussion of t h e i r 
accuracy and the effects of the associated background. 
Fi n a l l y a comparison i s made with other experiments, and the 
r e s u l t s are discussed i n terms of the various models for forward 
co 0 - meson production. 

6.1 THE DEFINITION OF SPIN DENSITY MATRIX ELEMENTS 

Spin density matrix elements are used t o investigate the 
production mechanism of a given system of parti c l e s by analysing 
the mixture of superpositions of spin states associated with 
tha,t system of p a r t i c l e s , and i n general the v a r i a t i o n i n the 
types of exchanges i s investigated as a function of the produc-
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t i o n angle or 4 - momentum transfer squared to the produced 
system of p a r t i c l e s . 

For the p a r t i c u l a r case of an assembly of OJ° - mesons 
i n t h e i r i n d i v i d u a l rest systems, the use of an unpolarised 
beam and target implies that the assembly w i l l be a mixture 
of superpositions of spin states, the l a t t e r depending upon 
the spin and p a r i t y of the exchanged p a r t i c l e . In the case 
of an assembly of states, the average value of a physical 
Quantity Q w i l l be given by:-

Q = % Wi . < Q i ^ (1) 
i 

where Wi represents the weight of each state and ^ Q i ^ the 
corresponding expectation value, i . e . 

<Qi> = <y-\ I Q I * i > 

The states *^ i however, can be expressed i n terms of the 
eigenfunctions of the z- components of angular momentum m, 

' m 
where CU i s the amplitude of each eigenstate of m. 
For a p a r t i c u l a r state of spin J, there are (2J + 1) such 
eigenstates, with magnetic quantum numbers m ranging from 
+J t o -J. The values of m are defined with respect to a 
specific axis of quantisation, which i n t h i s analysis i s the 
d i r e c t i o n of the exchanged p a r t i c l e transformed i n t o the rest 
system of the CJ° - meson i n the frame of reference correspond­
ing t o either the direct or crossed channel interactions. 
This i s discussed i n more d e t a i l i n section 6 .3» Hence by 
expressing eauation (1) i n terms of the eigenstates of m, 
the average value of the physical Quantity Q can be w r i t t e n as 
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< Q"> A ^ , Q m m' P m m' m,m / 

where Q m m' = < ? ^ m | Q | 9̂  m ^ 

i s tbe expectation value o f Q between the various m states, 
a n d f> m m' = £ Wi CU o i * 

are the corresponding density matrix elements. 
From the above expression, i t i s evident that f o r a given 

value of J there are (2J + 1) spin density matrix elements, 
e.g. J « l,.the matrix i s of the form:-

p0\ f>oc p0-\ 

p-w p-\t> p~\ -\ 
each i n d i v i d u a l element containing information concerning the 
weights of the various superpositions of spin states, and the 
amplitudes and r e l a t i v e phases of the associated eigenstates 
of m. The properties of the spin density matrix can be 
summarised as follows r-

(a) i t i s hermitian 
(b) the sum of the diagonal elements i s 1 

(c) the diagonal elements are positive 
and (d) i f the spin Q u a n t i s a t i o n axis i s chosen to be 

i n the production plane and the beam i s 
unpolarised then parity conservation implies 
that f> m m/ = ( - l ) m - r a ' f> -m -m' 

6.? PREDICTIONS FOR THE SPIN DENSITY MATRIX ELEMENTS 

An i n d i c a t i o n of the connection between the f i n a l state 
eigenfunctions of m as described by the spin density matrix 
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elements, and the type of exchange is given i n the following 
examples i n which by considering the simple case of 1 - par t i c l e 
exchange, d e f i n i t e values are predicted for some of the spin 
density matrix elements. 

Since the forward production of co° - mesons i n the TT - N 
centre of mass system can only result from the exchange of known 

p, + 

p a r t i c l e s with spin p a r i t y (J ), of 1 or 1 " , the production 
process as seen from the rest frame of the (o° - meson can be 
drawn schematically as shown i n FIGs. 6.1a and 6 .1b, L being 
the o r b i t a l angular momentum between the incident and exchanged 
p a r t i c l e , and z the above mentioned spin quantisation axis. 
(a) THE EXCHANGE OF A P OR p' - MESON ( J P = 1") 

This type of exchange i s i l l u s t r a t e d i n FIG. 6 .1a. 

For angular momentum conservation L = 0, 1 or 2 with L z = 0. 

However, for p a r i t y conservation ( - 1 ) ( - 1 ) ( - 1 ) L = -1 and hence L 
must be odd and equal t o 1 . In addition, by conserving the 
Z - component of the angular momentum, m = 0 or - 1 . Hence 
t o produce the f i n a l states of the cu° - meson, | Jw, ra"> , 
the exchange p a r t i c l e states, |jex, m^ corresponding to 

| 1 , 0 ^ , | 1 , 1 ^ and | 1 , - 1 ^ are combined with the 
angular momentum state | L, m ̂  r J 1 , 0 ^ . The combining 
of these states i s described by the Clebsh Gordon coefficients, 
and i n t h i s p a r t i c u l a r case, the f i n a l state | Jw, = | l , 0 ^ 

i s forbidden, since the c o e f f i c i e n t for the combination of 
I L = 1 , 0^ and |Jex = 1 , 0 > is zero. Hence i n the 

f i n a l mixture of states, the eigenstates | m = 0 ^ do not occur 
implying that p on = p mo = 0 and i n p a r t i c u l a r that = 0 

and pu = p~\ = | . 
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(b) THE EXCHANGE OF A B-MBSON ( J P = 1 +) 

This process i s i l l u s t r a t e d i n FIG. 6.1b. By following 
the same technique as above, i t can be shown that the allowed 
values <|f L are 0 or 2, and that a l l 3 spin orientations 
m = 0, $ 1 are allowed i n the f i n a l states. Hence i n general 
a l l the p^t/* w i l l be d i f f e r e n t from zero. 

To summarise therefore, the value of pot> i n t h i s simple 
model of one p a r t i c l e exchange i s an excellent indicator of the 
presence of either type of exchange, since 

floe = 0 f o r p or p / exchange 
and poo 7^ 0 for B exchange. 

I t should be noted however that these predictions have not 
included any absorptive effects and hence w i l l only be v a l i d 
at low values of t . 

6.3 THE FRAMES OF REFERENCE 

As mentioned above, the magnetic quantum numbers m are 
defined with respect to a specific axis of quantisation. The 
most commonly used frames of reference are the so called 
G o t t f r i e d - Jackson and H e l i c i t y frames, which enable the 
production mechanisms to be analysed i n both the d i r e c t and 
the crossed channels respectively. By crossing symmetry, the 
crossed channel for the reaction 

i r + N -* P cu 0 

i s p N -> ir"cu° 

Both of these processes, i l l u s t r a t e d i n the cu° - rest frame 
i n FIG. 6.2, can be described either i n terms of the decay 
of an intermediate state S or by the i n t e r a c t i o n of the incident 
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and exchanged p a r t i c l e e, the intermediate state i n the crossed 
channel corresponding t o the exchanged p a r t i c l e i n the direct 
channel and vice - versa. 

To analyse the exchange mechanism i n either of these 
channels^ the axis of quantisation, Z, f o r the angular momentum 
components m, i s defined as the di r e c t i o n of the exchanged 

o 
p a r t i c l e transformed i n t o the rest system of the OJ - meson. 
Hence from the d i r e c t i o n of the exchange part i c l e s i l l u s t r a t e d 
in.FIGs. 6.2b and 6.2c, the quantisation axes for the Gottfried-
Jackson and H e l i c i t y frames are defined as follows:-
(a) THE GOTTFRIED - JACKSON FRAME 

This reference frame i s used to analyse the exchange 
mechanism fo r the d i r e c t channel process. Hence the quantisa­
t i o n axis, Z i s defined as the d i r e c t i o n of the beam transformed 
i n t o the rest system of the <y° - meson. However, as pointed 
out i n section 6 . 1 , i f the quantisation axis i s chosen t o be 
i n the production plane, and the beam i s unpolarised, conserv­
ation of p a r i t y s i m p l i f i e s the density matrix such that 

Hence to maintain t h i s condition, the y - axis i s defined to 
be the normal t o the production plane, and the x - axis is 
chosen to give a right-handed system. 

(b) THE HELICITY FRAME 

This reference frame i s used to analyse the exchange 
mechanism i n the crossed channel process, and hence i n t h i s 
p a r t i c u l a r analysis the quantisation axis i s defined as the 
d i r e c t i o n of the proton transformed int o the rest system of 

HI -If* 
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the a)0 - meson. The x and y axes are then defined i n the 
same manner as described i n the Gottfried Jackson frame above. 

6.4 THE DETERMINATION OF THE SPIN DENSITY ilATRIX ELEMENTS 

As shown i n section 6 . 1 , the average value of some physical 
quantity Q can be used t o determine the spin density matrix 
elements i . e . 

< Q > = ^ Qmn/.yOmm' 
m,m ' 

In general as i n t h i s p a r t i c u l a r analysis, the physical quantity 
used i's the decay angular d i s t r i b u t i o n of the system of particles 
under invest i g a t i o n . Hence Q m m'can be replaced by the decay 
matrix elements Amm'( 0,0 ) and the decay angular d i s t r i b u t i o n 
W ( ©, <f> ) i s given by: 

W ( 0 , 0 ) = ^ / m m'. A mm' ( e, 0 ) 
m, m ' 

The angles 6 and 0 , for a 3 body* decay, correspond to the, 
polar and azimuthal angles of the normal to the decay plane, 
as measured from the rest system of the resonance i n the above 
mentioned reference frames. However, for the decay of a spin 
J p a r t i c l e i n t o pions described i n the above manner i t can be 
shown, (Ref. 6 . 1 ) , that 

Amm'(e, <f>) = ^ D m f ( 0 , 0 ) . D m
J
x( ) 

where X i s the t o t a l h e l i c i t y of the decay products. 
The terms Dm^ essentially represent the r o t a t i o n required to 
transform the measurements of the angular momentum states made 
with respect to the d i r e c t i o n X » back t o the d i r e c t i o n of the 
exchanged p a r t i c l e , and quantisation axis. Therefore by 
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expressing Anni'le # ) i n terms of the known values of 
D m^ (8, <f>) the expression f o r the decay angular d i s t r i b u t i o n 
W ( ©, $> ) reduces to 

1,- 1 sin 2Q cos 2^ - 2 Re p ^ Q sin 2 $ cos ̂  J . 

Several methods exist f o r the extraction of the individual 
matrix elements p m m'from the above expression, and i n 
t h i s p a r t i c u l a r analysis, the technique used i s the method of 
moments described below 

(a) THE METHOD OF MOMENTS 

3 
The normalisation constant i n the above expression 

i s chosen such that 

f 
d f> \d cos 9 . W(cos © , 0 ) = 1 

-I 

Hence the average value f of a function f (cos 6 , 0 ) i s 
given by 

f = | d f j d cose f ( cose f 0 ) . W(cos e » <f> ) 
o - I 

Therefore by su b s t i t u t i n g i n the above expression with the 
value of W( 6, 0 ) i t can be shown that 

cos?e = A (1 + 2 poo ) 
7~2~ L 

s i n © cos}# = - ~ yD 1 - 1 

U J? and sinos cos 0 = — s j — Re p IQ 
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i . e . the values of the density matrix elements can be 
extracted by taking the average value of the corresponding 
c o e f f i c i e n t s i n the expression for W( 6, $)» a.nd the experimental 
s t a t i s t i c a l error on f i s given by 

A f - [n-l <fS - f 2 ) ] l / 2 

where n i s the number of events. The remaining density matrix 
elements i . e . p> 11, p 1-1 etc. can be determined from the 
properties of the density matrix described i n section 6.1. 

In addition, we define the combinations 
N ( i , l ) = f> l l + p l - i Natural 

and U ( l , 1) = 1 1 - p 1-1 Unnatural 

which at low t measure the contributions from natural p a r i t y , 
e.g. p - mesons, and unnatural p a r i t y , e.g. B-mesons, to 
the h e l i c i t y state 1. 

(b) STATISTICAL FLUCTUATIONS 

The use of l i m i t e d s t a t i s t i c s w i l l always introduce 
fl u c t u a t i o n s i n the r e s u l t s . Hence before a meaningful 
analysis can be made i t i s f i r s t l y necessary t o determine the 
magnitude of the f l u c t u a t i o n s and estimate at what l e v e l they 
may tend to simulate structure. 

This was achieved by observing the fluctuations created 
i n the spin density matrix elements f o r various random samples 
of events. The results shown i n FIG.6.3 correspond to spin 
density matrix elements calculated i n the Gottfried Jackson 
frame of reference f o r the sample of unseen spectator proton 
events centred on the OJ° - region and plotted as a function 
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of the t - transfer from the primary to the t r i p i o n mess 
system. To simulate the t - intervals the events have been 
ordered i n t , the f i r s t N events defining the f i r s t t - i n t e r v a l 
and so pn. The corresponding values for y5 i j however, have 
been calculated by randomly assigning the events t o each " t " 
region, and hence apart from the s t a t i s t i c a l fluctuations, 
the r e s u l t s should be is o t r o p i c . I n a l l cases the fluctua­
tions are found to be consistent with the error estimates, 
but i t i s evident that for the cases where N i s 70 

that apparent trends i n the fluctuations may be misleading and 
simulate the appearance of structure at certain values of t . 
As a consequence of these r e s u l t s i t was decided that the 
minimum value of N s u f f i c i e n t to reduce the s t a t i s t i c a l , f l u c t ­
uations arid yet s t i l l provide s u f f i c i e n t t - regions'to give the 

t - v a r i a t i o n , i s i n the region of 150 for t h i s experiment. 

(c) THE SENSITIVITY OF THE RESULTS 

The necessity for large s t a t i s t i c s becomes even more 
apparent when the s e n s i t i v i t y of the results i s considered. 
As i l l u s t r a t e d below, the shapes of the angular di s t r i b u t i o n s 
are extremely sensitive t o the vflues of p i j . 

As an example, consider the evaluation of ^ ) 0 o . This 
i s determined d i r e c t l y from the shape of the angular d i s t r i b u ­
t i o n i n cos 9 , i.e . 

w (cose ) = I [ ( 1 - f>*o) + (3f>co -1) c o s 2 e ] 
p 

a s i n 0 d i s t r i b u t i o n corresponding t o f>bo = 0.0, a 
cos^e d i s t r i b u t i o n t o j>00 • 1.0, and an isotropic d i s t r i ­
bution t o pQC = V3« Hence over the small range i n Pec 



from 0.0 to 1.0 the corresponding changes i n the angular 
d i s t r i b u t i o n are very large. This i s w e l l i l l u s t r a t e d i n 
FIG. 6.4» which shows the r a t i o of the number of events i n 
region A of the angular d i s t r i b u t i o n compared t o region B, 
plotte d jas a function of p^o » (the regions A and B being 
defined'in the same f i g u r e ) . From t h i s i t i s evident that 

the 
the value of Ao i s very sensitive tOAangular d i s t r i b u t i o n , 

range covers the v a r i a t i o n from sin 0 t o f l a t i n cos 8. 

6.5 THE RESULTS FOR THE SPIN DENSITY MATRIX ELEMENTS 
CORRESPONDING TO THE F0R7'MRDLY PRODUCED q>ol t-ESONS 
IN THE 7T - N CENTRE OF dA5S SYSTEM. 

(a) THE SELECTION OF THE EVENTS 

The main d i f f i c u l t y associated with the analysis of the 
spin density matrix elements of any resonance i s that the 
signal under investigation cannot be cleanly seperated from 
the associated background. Consequently the analysis i s 
generally r e s t r i c t e d to specific regions such as a narrow mas 
i n t e r v a l centred on the resonance peak, i n which the signal t 
background r a t i o i s more favourable. I t must be remembered 
however, that such r e s t r i c t i o n s are made at the expense of 
the available s t a t i s t i c s , and hence a compromise has to be 
made. 

The selection c r i t e r i a chosen f o r t h i s analysis are as 
follows:-

p n r t i c u l a r l y f o r fro < V3 since t h i s small part of the 
J —2 _ . _ n-i ,.4. • „ „ /2\ 

Similarly the value of p 1 - 1 i s highly dependent on 
the shape of the <f> d i s t r i b u t i o n i.e. 

•1 
W( * ) 1 - 1) - L o± - 1 cos 
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(1) Only events with t r i o i o n mass combinations 
produced i n the forward d i r e c t i o n i n the n - N 
centre of mass system are selected, 

and (2) The events are r e s t r i c t e d t o the t r i p i o n mass 
region (0.76-* 0.31) GeV/c2 

As i n the previous chapter, events associated with seen and 
unseen spectator protons are analysed seperately. These 
selections result i n signal to background r a t i o s of *v 10:1 and 
fS» 7 respectively. 

(la) THE EXPERIMENTAL RESUITS 

The experimental results f o r the events selected i n the 
manner specified above are shown i n FIG. 6.5 for hoth the 
H e l i c i t y and Gottfried Jackson frames of reference f o r the 
seen and unseen spectator proton events. The results are 
plotted as a function of the 4 - momentum transfer squared 
measured from the primary to the tr»ipion mass system. 
Tables of the results are also presented i n table 6.1. The 
number of events per t - i n t e r v a l are 152 and 158 for the 
seen and unseen spectator proton events respectively, and the 
errors shown correspond t o the s t a t i s t i c a l errors described i n 
section 6.4a. 

As discussed i n section 6.3a, the density matrix elements 
i n the Gottfried Jackson frame of reference are used to analys 
the exchange mechanisms fo r the direct channel process. 
Consequently i n order to examine the contributions from the f> 
and B meson exchanges, the remainder of t h i s analysis i s 
concerned e n t i r e l y with the results associated with t h i s 
frame of reference. To achieve t h i s objective however, i t 



FIG, 6.5 THE SPIN DENSITY MATRIX ELEMENTS 
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EVENTS IN THE TRIPION MASS REGION 
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FIG.6.5 THE SPIN DENSITY MATRIX ELEMENTS IN THE 
HELICITY FRAME OF REFERENCE FOR EVENTS IN THE 
TRIPION MASS REGION O.76 0.81 (GeV/c2) 
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is f i r s t l y necessary t o make allowances for the effects of 
background. 

(c) BACKGROUND SUBTRACTION 

o i p a r t i c u l a r importance i s the behaviour of y00o > Uj» 
and N( at low values of t , since these provide a dir e c t 
measure of the contributions from natural and unnatural pari t y 
exchange. 

For both the seen and unseen spectator proton events 
there i s an indication that f>oo may increase at low values 
of t . This region however, as discussed i n the previous 
chapter i s thought to be contaminated by a breakthrough of 
events from the channel 

v D — > Pg P w+
 I T " 

and hence allowances must be made f o r t h i s and also for the 
presence of the other background events described i n chapter 5« 

An in d i c a t i o n of the behaviour of the background can be 
found by looking at the results for t h e t r i p i o n mass regions on 
eithe r side of the central co° - peak, these regions being 
dominated by background of a similar type to that under the 
(a 0 - region. The results f o r the t r i p i o n mass i n t e r v a l 
0.81 -* 0.9 (GeV/c2) are shown i n FIG. 6.6, (the lower mass 
i n t e r v a l containing i n s u f f i c i e n t s t a t i s t i c s ) . The results 
indicate that fco may tend to 0.0 at low t - values f o r the 
background. I f t h i s e f f e c t i s r e a l , and moreover i s the 
r e s u l t of the above mentioned breakthrough of events from 
the 4c channel, the value of f>0o i n the t r i p i o n mass i n t e r v a l 
0.9 (GeV/b ) f o r the unseen spectator proton events 
should indicate s i m i l a r features, since i t i s t h i s region 
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which i s believed to be dominated by the 4c breakthrough. 
From the r e s u l t s shown i n FIG. 6.7 i t i s evident that t h i s 
same eff e c t i s very much apparent. Moreover, the results 
f o r the^ t r i p i o n mass region O.76 -» 0.81 (GeV/c') re s t r i c t e d 
t o the 'Dalitz Plot sectors described i n the previous chapter 

I 
showed 0 similar tendency for fio t o drop at low t i n the 
sectors believed t o be dominated by the 4c breakthrough. 
The s t a t i s t i c a l accuracy however, was i n s u f f i c i e n t for the 
result s t o be conclusive. 
(d) THE DETERMINATION OF />oo INDEPENDENT OF THE BACKGROUND 

As discussed i n section 6.4c, the value of f>oo i s 
determined d i r e c t l y from the angular d i s t r i b u t i o n i n cos 9 , 
and as i l l u s t r a t e d i n FIG. 6.4, the r a t i o of events i n region 
A of t h i s d i s t r i b u t i o n comoared to region B i s d i r e c t l y related 
to the values of f>oo • Hence by f i t t i n g the t r i p i o n mass 
spectra f o r these regions the amounts of w° - signal can be 
extracted, and hence the background free values of fbo deter­
mined. The f i t s made were as described i n section 4«2j the 
available s t a t i s t i c s only allowing t h i s to be achieved f o r the 
unseen spectator proton events i n t - intervals of 0.1 (GeV/c ) 
from 0.0 to 1.0 (GeV/c 2) ?. The f i t t e d t r i p i o n mass region 
was 0.4 —» 0.8 (GeV/c^)2 i n mass squared. 

The advantages of t h i s type of calculation are that i t 
uses a l l the w ° - signal and not just the central peak, 
and i n addition determines the value of j>oo free from back­
ground e f f e c t s . The disadvantages however, are that lqrge 
s t a t i s t i c s are required, and i t is d i f f i c u l t t o assess the 
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accuracy of the f i t t i n g techniaue. 
The res u l t s shown i n FIG. 6.C are i n good agreement 

with the above calculations, and indicate that the non-zero 
value f o r poo f o r the w° - signal at low t - values i s 
genuine, and i n addition supports the p o s s i b i l i t y of a s l i g h t 
increase i n i t s value at low t . Moreover, the results also 
indicate the Dresence of a minimum i n f>oo at t ~ 0.3 (GeV/c 2) 2, 
a feature which i s also apparent i n FIG. 6.5 i n the results 
for the ce n t r a l cu° - region (O.76 0.81) GeV/c? of the 
t r i p i o n moss soectrum, thereby confirming that t h i s effect i s 
associated with the oj° - s i g n a l . 

(e) A SUMMARY OF THE RESULTS 

A summary of the r e s u l t s for the spin density matrix 
elements f o r the forward production of w° - mesons i n the ir - N 
centre of mass system i n the Gottfried Jackson frame of reference 
i s given below:-
(1) The resul t s f o r the seen and unseen spectator proton 

events are consistent at a l l values of t 
(2) The value of p0o at low t i s non zero and i n the region 

of 0.4 
(3) A minimum occurs i n f>oo at t ~0.3 (GeV/c 2) 2 

(4) P\-\ i s positive throughout the entire t - range, and 
i n c e r t a i n regions may be consistent w i t h zero. 
Consequently N-̂  i s always ^ U]_^ 

(5) The value of Re p 10 i s negative at a l l values of t . 
(6) None of the spin density matrix elements indicate any 

structure f t t *v 0.6 (GeV/c2)^, corresponding t o the 
N7JSZ for P - t r a j e c t o r y exchange. 
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( f ) A 0T> MP PRISON OF THE RESULTS WCTH PREVIOUS EXPERIMENTS 

A survey of the values for f>oo , p 1 - 1 and Re p ]_o 
averaged over a l l t from previous experiments i n the range of 
incident energies from 1.7 to 13.0 GeV i s shown i n table 6.2. 
Also indicated are the position of any observed minima i n f>oo 

I 
The results indicate the following features:-

(1) /̂ oc tends to decrease with increasing energy, 
(2) P\-\ tends t o increase with increasing energy, 
(3) Re p i o i s approximately energy independent. 
I t i s also evident that the vast majority of the experiments 

2 ? 
are i n favour of a bro^d minimum i n fao at t ^ 0 . 3 (GeV/c ) "• 
Although the po s i t i o n , width and depth of t h i s minimum tends t o 
vary from one incident energy to another, i t must be remembered 
that i n many cases the accuracy i s somewhat l i m i t e d and hence 
s t a t i s t i c a l f l uctuations may tend t o obscure i t s exact position. 
I n c e r t a i n cases i t may be argued that the dip i t s e l f results 
from such s t a t i s t i c a l fluctuations. In t h i s experiment how­
ever, using high s t a t i s t i c s and removing background effects, 
the minimum was found to be a genuine feature associated with 
the co° - signal. Adding further weight to the existence of 
t h i s feature i s the marked s i m i l a r i t y with the results at 4.19 
GeV/c. In none of the experiments i s there any evidence for 
structure at t *v» 0.6 (GeV/c^)^, corresponding t o the WtfSZ for 
p - exchange. 

6.6 THE INTERPRETATION OF THE RESULTS 

(a) THE TOTAL PRODUCTION CROSS SECTION 
The summary of the t o t a l production cross section as 

calculated i n t h i s and previous experiments i s given i n 
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tsble 4. 5* and 3s i l l u s t r a t e d i n FIG. 4.9, the cross section 
v a r i a t i o n w ith the incident energy is w e l l described by the 
r e l a t i o n 

where P i s the primary momentum. The exact value of n 
however i s somewhat uncertain, since as i l l u s t r a t e d i n 
chapter 4, the positioning of the data points contributing 
to FIG. 4.9 i s highly dependent upon the type of parameterisa-
t i o n used to f i t the co° - signal* Moreover, not a l l the 
res u l t s have been corrected f o r unseen decay modes and 
scanning losses. Despite t h i s however, a conservative 
estimate would place n at 2.5 ± 0.5. 

As discussed i n Appendix 3» the energy dependence of 
the peripheral model with or without absorption, for vector 
meson exchange, i s incorrect, since i t diverges at higher 
energies. This i s w e l l i l l u s t r a t e d f o r o»° - production, 
since although the model i s i n good agreement at incident 
energies of ~ 2.7 (GeV/c), (Ref. 6.2) i t predicts a cross 
section about 6 times too large i n the 4 GeV/c region. This 
divergence with energy i s overcome i n the Regge pole model 
by replacing the spin of the exchange p a r t i c l e with the value 
of the t r a j e c t o r y parameter at t = 0 

i . e . cr cc s 2 * ^ - °>-2 

which at high energies, where 5 oL? is i n agreement with 
Morrisons relationship (J oi p ~ n, (Ref. 6.3), for 

-n = 2 oC (t . 0) - 2 
Therefore the value of n gives a direct i n d i c a t i o n of the 
dominating exchange t r a j e c t o r y , P t r a j e c t o r y exchange 
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predicting a value of n i n the region of -1.5* The larger 
value observed experimentally i s therefore incompatible with 
the exchange of the f> - trajectory alone, and i s consistent 
with a s i g n i f i c a n t contribution from the exchange of the B 
t r a j e c t o r y . 

Should the Regge pole predictions be correct the /> 
tr a j e c t o r y exchange should s t a r t to dominate at higher energies 
and hence the slope of the l i n e drawn i n FIG. 4*9 would be 
expected t o gradually become more shallow. Further data 
points at higher energies would therefore be desirable. 
Moreover, the inclusion of more well defined points calculated 
from r e l i a b l e parameterisations of the <w° - signal and 
including consistent correction factors w i l l enable a f i t to 
be made t o the energy dependence of the production cross 
section, and hence the contributions from the above t r a j e c t o r i e s 
determined as a function of the incident energy. 

• < b) THE DIFFERENTIAL CROSS SECTION ( d o 7 d t ) 

One of the main successes of the Regge Pole Model i s 
th a t i t not only predicts the correct energy dependence for 
the high energy charge exchange reaction, 

TT~P -* TT° N 

but i t also successfully predicts the observed minima at 
t rw» 0.0 and 0.6 (GeV/c 2) 2 i n the d i f f e r e n t i a l cross section. 
Since t h i s process i s dominated by the exchange of the p 

t r a j e c t o r y , s i m i l a r features were also predicted for cu 0 

production, (Ref. 4.2). As i l l u s t r a t e d i n table 6.2 however, 
although the majority of the experiments are i n favour of a 
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dip at low t , none indicate any structure at t ~ 0.6 (GeV/c 2) 2. 
Moreover, as demonstrated i n t h i s analysis, although back­
ground events may tend to obscure the presence of a dip at 
low t , t h e i r removal does not reveal any structure i n the 
0.6 (Gejv/c 2) 2 region. 

Several mechanisms have been suggested for the non 
appearance of t h i s structure, namely, conventional absorption 
theory, (Ref. 6.4)»or strong cut models, (Ref. 6.5)» The 
effects of the former however were found to be i n s u f f i c i e n t , 
and the l a t t e r predicted values of Re p ]_o > 0 i n disagree­
ment w i t h the experimental results. The most favoured solu­
t i o n i s the incorporation of a large contribution from B -
meson exchange. Not only i s t h i s i n agreement with the above 
mentioned energy dependence of the production cross section, 
but i t i s also i n agreement with the behaviour of the spin 
density matrix elements described i n the following section. 
Moreover, the dominance of the co - ir decay mode for the 
B _ meson suggests that the B - meson t r a j e c t o r y may well be 
important for cu production v i a ir _ N c o l l i s i o n s . However, 
i n neither t h i s nor any of the above mentioned experiments i s 
there any evidence f o r structure i n the d i f f e r e n t i a l cross 
section i n the region of the NWSZ for the B- trajectory 

2 
(t 0.2 GeV/c2 ), and indeed i n many cases the d i f f e r e n t i a l 
cross section i s observed to peak i n t h i s region. 

The predictions of two p and B Regge exchange models are 
drawn on the d i f f e r e n t i a l cross section determined from the 
analysis of t h i s experiment. The r e s u l t s , taken from f i t s 
made to the 4.19 GeV/c data (Ref. 6.6 and 6.7), are i l l u s t r a t e d 
i n FIG. 6.9* Note that the model described i n the f i r s t 
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reference also includes absorptive ef f e c t s , and the l a t t e r 
reference also i l l u s t r a t e s the results of incorporating p 
exchange into the model. Both of the f i t s are i n reasonable 
agreement with the data, the smoother varying non absorptive 
model reproducing the r e s u l t s somewhat better. 

(c) THE SPIN DENSITY MATRIX ELSIS3NT3 

The results of the survey of the spin density matrix 
elements given i n the previous section can be interpreted 
as follows:-

As discussed i n section 6.2a and 6.2b, the value of p0o 

at low t i s a di r e c t measure of the amount of unnatural parity 
exchange, (B exchange), contributing t o the production process. 
Hence the value of poo^ 0.4 indicates that some 40$ of the 
events proceed v i a B - exchange, which i s i n good agreement 
w i t h the observed values f o r and N̂ ", which indicate 
that the contributions from natural parity exchange are s l i g h t l y 

" larger than from the unnatural parity exchange. Moreover, 
as suggested by Hogaasen and Lubatti, (Ref. 6.S), the observed 

? 2 
minimum i n poo at t A/ 0.3 (GeV/c^) ' i s consistent with the 
vanishing of the unnatural p a r i t y exchange at the NWSZ f o r 
the B - meson. 

Hence, as deduced from the behaviour of the production 
and d i f f e r e n t i a l cross sections, the spin density matrix 
elements also indicate a si g n i f i c a n t contribution from the 
exchange of the B - t r a j e c t o r y . 

The e r r a t i c behaviour i n the shape and position of the 

minimum i n A>o at t ~ 0 . 3 (GeV/c 2) 2 i n going from one incident 
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energy t o another has led to some speculation as to whether 
the e f f e c t is genuine. The results of t h i s analysis hcvever, 
strongly suggest that i t i s , and hence i t is a feature which 
should be reproduced by meaningful Regge model f i t s . 

The observed decrease i n the average value of p^ snd 
I 

the increase i n the average value of p \ _ \ w i t h increasing 
energy are both i n agreement with the predicted domination 
of p exchange at higher energies. The observed negative 
values of Rep 10 however, are i n complete disagreement with 
the strong cut models. 

Predictions f o r the density matrix elements corresponding 
to the f> and B Regge exchange models described i n the previous 
section are shown i n FIG. 6.10. I n t h i s case the results 
fo r the absorptive model are i n better agreement, and reproduce 
the observed minimum i n poo • 
(d) REGGE MODELS AND oj 0 - PRODUCTION 

In general the gross features of the reaction 

i r + N -*• cu°P 
are well described by Regge pole models incorporating both p 
and B exchange t r a j e c t o r i e s . The detailed features however, 
namely the pbserved minimum i n yOoo at t <v 0.3 (GeV/c 2) 2 and 
the dip i n d c P / d t at low t are less w e l l f i t t e d . 

The resu l t s of t h i s analysis indicate that great care 
should be taken i n t r y i n g to f i t results i n which proper 
account has not been taken of the background, p a r t i c u l a r l y 
at low t , and also of f i t t i n g what may be spurious fluctuations 
i n spin density matrix elements, using i n s u f f i c i e n t s t a t i s t i c s . 
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Th e models are however very close t o correctly 
predicting the behaviour of both dcr/dt and the spin density 
matrix elements, and a better knowledge of the correct para-
meterisation of the B t r a j e c t o r y may solve the problem. 



CH\PTER SEVEN 

THE Ai'HLYSIS OF THE PRODUCTION 
OF THE 77 - :-IESON 

INTRODUCTION 

This analysis i s concerned with the "charged" decay mode 

r? -> ir + tr " 7 T ° 

which occurs v i a an electromagnetic decay with non-conservation 
of G - p a r i t y , the decay produots being analysed i n the 1c. 
channel 

7 T + D -» Pg P flr+ IT" 7 T ° 

The central mass width, quantum numbers and decay modes 
for the 7) - mesons, as summarised by the Review of Particle 
Properties of A p r i l , 1974, (Ref. 4«1) are shown i n table 7.1. 

The selection of the above channel has already been 
described i n chapter 3, and the occurrence of the 77 - meson i s 
clea r l y seen i n the t r i p i o n mass spectra for both the seen and 
unseen spectator proton events, as i l l u s t r a t e d i n FIGs. 4«3 
and 4*4• As expected the majority of the 77 events are assoc­
iated with t r i p i o n mass combinations produced i n the forward 
d i r e c t i o n i n the ir - N centre of mass system, but as indicated 
i n FIG. 4«3» there i s also some evidence for backward production 

The l i m i t e d s t a t i s t i c s do not enable such a rigorous anal­
ysis to be carried out as was made for the w° - production. 
Fortunately however, since i n t h i s experiment the 77 - resonance 
i s produced i n association with considerably less reflected 
resonance background than the w° signal, and moreover i s 



TABLE 7.1 

PROPERTIES OF THE Tj . MESON 

i G J P c N 

•o+o- + 

DECAY MODES % 

i G J P c N 

•o+o- + 
t % 38.0 ! 1.0 
n 3.1 ; i . i 

"n0TT°Tr° 30.0 1 l . l 
Tr+yf TT° 23.9 * 0.6 

TI*TT" )f 5 .0 1 0.1 

n + T7" 

T74 i f e+e7 1 < o.i 
TT + i f n° I 

/ / * / > " Tf" J 

CENTRAL MASS 
548 1 0.6 

MeV/c? 

t % 38.0 ! 1.0 
n 3.1 ; i . i 

"n0TT°Tr° 30.0 1 l . l 
Tr+yf TT° 23.9 * 0.6 

TI*TT" )f 5 .0 1 0.1 

n + T7" 

T74 i f e+e7 1 < o.i 
TT + i f n° I 

/ / * / > " Tf" J 

FULL WIDTH 

2.63 - 0.5S 
KeV/c? 

t % 38.0 ! 1.0 
n 3.1 ; i . i 

"n0TT°Tr° 30.0 1 l . l 
Tr+yf TT° 23.9 * 0.6 

TI*TT" )f 5 .0 1 0.1 

n + T7" 

T74 i f e+e7 1 < o.i 
TT + i f n° I 

/ / * / > " Tf" J 
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fu r t h e r renoved from the possible spurious results produced 
around the 1.0 GeV/c ' region of the t r i p i o n mass spectrum, 
the analysis is much s i m p l i f i e d . 

In the following sections the t o t a l 77 - production cross 
section i s calculated, including an estimate of the backward 
production . In addition, the results are presented for the 
d i f f e r e n t i a l cross section for 77 mesons produced i n the forward 
d i r e c t i o n i n the 77- -N centre of mass system. 

7.1 THE TOTAL PRODUCTION CROSS SECTION 
J a ) THE P AR AJ I3TERIS AT I ON OF TK5 SIGNAL 

As i l l u s t r a t e d i n table 7.1, the 77 - meson has an 
extremely narrow resonance width, s u f f i c i e n t l y narrow infact 
f o r i t t o be c l a s s i f i e d among the stable p a r t i c l e s . 
Consequently the observed widths and shapes of the resonance 
peaks seen i n FIGs. 4*3 and 4»4» result e n t i r e l y from the 
li m i t e d mass resolution. Hence unlike the parameterisation 

o 
of the a) - signal described i n section 4*2, the resolution 

-•function alone should be s u f f i c i e n t to f i t the 7 7 - signal. 
As discussed i n section 4»?a, the resolution function i s 

essentially the superposition of gaussians i n mass squared, 
corresponding to the frequency d i s t r i b u t i o n determined from 
the errors on the t r i p i o n mass. The frequency d i s t r i b u t i o n 
of gaussians f o r the seen and unseen spectator proton events 
corresponding to the 77 - region 0.2 ->0.4 (GeV/c 2) 2 of the 
t r i p i o n mass squared spectra are shown i n FIG. 7.1. The 
corresponding resolution functions, constructed i n accordance 
with the above frequency d i s t r i b u t i o n s , are i l l u s t r a t e d i n 
FIG. 7.2. Drawn on these p l o t 3 are the best f i t t i n g Gaussian 
and Breit Wigner shapes, the det a i l s of the f i t s being shown 
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i n t a b l e 7.2. As i n the esse of the OJ° - r e s o l u t i o n func-
' t i o n s , the B r e i t "'Jigner f i t s are marginally b e t t e r . The 
l i m i t e d s t a t i s t i c s however, renders the r e s u l t s of the f i t s 
t o be less r e l i a b l e than t h e i r co° - equivalents and since 
i n a d d i t i o n the d i f f e r e n c e between the two f i t s i s somewhat 
l e s s , i t was decided t o t r y both the B r e i t Wigner and Gaussian 
f i t s tr> the 77 - s i g n a l s . 

The s l i g h t d i f f e r e n c e i n the shapes of the r e s o l u t i o n 
f u n c t i o n s i n the r\ and co 0 regions can be understood by 
comparing the frequency d i s t r i b u t i o n s of the gaussian f o r 
these regions. From the comparison of FIGs. 7«1 and k»5 i t 
i s evident t h a t the c o n t r i b u t i o n s t o the t a i l s of the resolu ­
t i o n f u n c t i o n s from the broader gaussians i s somewhat less f o r 
the 77 - re g i o n . Hence the shape of the r e s o l u t i o n f u n c t i o n 
w i l l tend more towards the u l t i m a t e l y gaussian shape when the 
frequency d i s t r i b u t i o n i s very sharp. As an example of the 
more extreme case, the frequency d i s t r i b u t i o n f o r the 4c 
channel 

_> P g P 7 r + 7 r -

i s even sharper than f o r the 77 - reg i o n , and consequently the 
associated r e s o l u t i o n f u n c t i o n i s best represented by a 
gaussian. Hence as the er r o r s increase, the r e s o l u t i o n func­
t i o n v a r i e s from Gaussian t o B r e i t Wigner i n shape, the r e s o l ­
u t i o n f u n c t i o n f o r the 77 - region being somewhere between the 
two, and oerhaps s l i g h t l y nearer t o the B r e i t Wigner represent­
a t i o n . 

(b) THE PARVTT^RTSATION OF TH^ BACKGROUND 

As i n the f i t s made t o the w ° - region, the background 



TABLE 7.2 

I 
FITS TO THE RESOLUTION 

FUNCTIONS 

TYPE 
OF 

PARAMETERIZATION 
UNSEEN 
SPECTATOR 
PROTON 
EVENTS 

SEEN 
SPECTATOR 
PROTON 
EVENTS 

P r 

GAUSSIAN 21 26 . 9 9 10.4 

BREIT WTGNER 29 21.6 13 3 .a 

I 

i 
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was i n i t i a l l y overpar^meterised by the polynomial i n mass 

squared of the form, 

N(M ?) = a(M?) b + C(I/?) d + e 
The r e s u l t s of t h i s parameterisation are i l l u s t r a t e d i n 
FIG. 7 . 3 , and as i n the cu° - region, the background i s 
found t o be e s s e n t i a l l y l i n e a r i n mass squared. 

(c) THE! RESULTS OF THE FITS 

The r e s u l t s of the f i t s t o the rj region 0 . 2 - > 0 .4 

(GeV/c ) of the t r i p i o n mass squared spectra f o r both the 
seen and unseen spectator proton events are shown i n FIG . 7 .3* 

From the d e t a i l s of the f i t s i l l u s t r a t e d i n t a b l e 7»3 i t i s 
evident t h a t the widths of the r e s o l u t i o n functions are once 
again i n e x c e l l e n t agreement w i t h those c a l c u l a t e d from the 
e r r o r q u a n t i t i e s i n KINEMATICS. 

As i n the f i t s made t o the w° - r e g i o n , the predicted 
amounts of s i g n a l and background are observed t o vary depend-

« i n g on the parameterisation chosen. I n t h i s case however, 
the v a r i a t i o n i s only ' v 10$ as opposed t o the 40% f o r the oj° 

f i t s . This d i f f e r e n c e can be understood from the above 
discussion of the r e s o l u t i o n f u n c t i o n . The cal c u l a t e d f o r ­
ward production cross s e c t i o n shown i n t a b l e 7 » 4 corresponds 
t o the average r e s u l t f o r the two f i t s . The backward prod­
u c t i o n cross s e c t i o n was estimated from the t r i p i o n mass spec 
shown i n FIG. 4 . 3 . As f o r the U 0 production cross s e c t i o n , 
c o r r e c t i o n s were made f o r scanning losses, unseen decay modes 
and the e f f e c t s o f the Pauli exclusion p r i n c i p l e . 

A comparison of the r e s u l t s w i t h those c a l c u l a t e d i n 
previous exoeriments i s shown i n table 7 . 5 , and from FIG. 7 . 4 



TABLE 7.3 

THE RESULTS OF THE FITS TO THE 
- SIGNAL 

3 

SAMPLE FIT P FIT 
1 

TRINE >2 SIGNAL 
" ' 

BACK­
GROUND 

• • 

NO. 
BINS 

UNSEEN 
SPECTATOR 
PROTON 
EVENTS 

BREIT-
WIGNER 31 29 9 . 6 217 93 10 

UNSEEN 
SPECTATOR 
PROTON 
EVENTS 

GAUSSIAN 19 2 1 6.3 196 114 10 

SEEN 
SPECTATOR 
PROTON 
EVENTS 

BREIT-
WIGNER 12 13 4 . 6 108 23 12 SEEN 

SPECTATOR 
PROTON 
EVENTS GAUSSIAN 8 9 8.4 84 47 12 

1 

• 3 



TABLE 7 . 4 

THE TOTAL T\ PROBATION CROSS SZCTION 

PAULI w OUR1 iCTIONS 

THE TOTAL FORWARD 
PRODUCTION CROSS 
SECTION TrilCH 
INCLUDES 

b SPIN-] FLIP 3PIN NON 
FLIP ^ b THE TOTAL FORWARD 

PRODUCTION CROSS 
SECTION TrilCH 
INCLUDES 94 

+ 9 95 
+ c 

y 
98 i 10 

(P) T i l " DUMBER EXTRACTED 
FROM THE TRIPION 
.MASS SPECTRA 20 + 

1 
2 20 + 2 21 ± 2 

(b) THE EVENTS REJECTED BY 
THE SELECTION CRITERIA 1 + 0.2 1 + 0.2 1 t 0.2 

(c) SCANNING LOSSES 0.3 + 0 . 1 0.3 + mm 0.1 0.3 ± 0 . 1 

(d) THE NUMBER WITH Ps 
MOMENT A > 300 MeV/c 0 . 9 + 0.2 0 . 9 + 0.2 0 .9 £ 0 . 1 

(e) UNSEEN DECAY MODES 72 + 7 73 + 7 76 t 8 

THE TOTAL BACKWARD 
PRODUCTION CROSS 
SECTION WHICH 
INCLUDES:- 7.5 + 0 .8 7.5 + 0 . 8 7.5 i 0 .8 

(e) THE NUMBER ESTIMATED 
FROM THE TRIPION MASS 
SPECTRA 1.6 + 

mm 0.2 1.6 + 0.2 1.6 i 0.2 

(b) TOTAL LOSSES 0.2 + 0.1 0.2 + 0.1 0.? ± 0.1 

(c) UNSEEN DECAY MODES 5-7 + 0.6 5.7 ± 0.6 5 .7 ±0.6 

THE TOTAL CROSS SECTION 102 + 10 103 + 10 106 ± 11 
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TABLE 7 .5 

A SURVEY 07 THE TOTAL 1) PRODUCTION 
CROSS SECTIONS CALCULATED IN PREVIOUS 

EXPERIMENTS 

BEAM 
MOMENTUM 
(GeV/c) 

CROSS ' 
SECTION 

JJ b 

COPRECTIONS BEAM 
MOMENTUM 
(GeV/c) 

CROSS ' 
SECTION 

JJ b 
PAULI 
EXCLU­
SION 
LUSSES 

UNSEEN 
MODES 

SCAN 
LOSSES 

No. 
OF 
EVENTS 

REF. 

0.8 ± 0 . 1 1000 1 2 5 0 / 7 . 1 

1.14 800 1200 y ^ 70 7 .2 

1.7 628 1 1 7 0 y ~ 20 7.3 

2 . 7 210 + 40 y y / ~ 50 7 . 4 

4 . 0 95 ± 9 / y • ^ 300 
/ T H I S 1 

/ 
/ T H I S 1 

4 . 1 9 78 + 2 1 / 7.6 
5*. 4 117± 42 y A, 20 7 . 7 



FIG. 7 -4 THE VARIATION OF THE 1/-PRODUCTION CROSS-

SECTION WITH INCIDENT MOMENTUM. 
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CROSS 
SECTION 

100 

10 
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i t i s evident t h n t the r e s u l t s are i n good agreement v:i'Ji 

the r e l a t i o n or <*• r 

where CT i s the t o t a l production cross s e c t i o n and P the 
primary momentum i n the laboratory system. The slope of 
the f i t t e d l i n e i s - 1 . 6 ± 0 . 5 . 

7 . 2 THE DIFFERENTIAL CROSS SECTION 

The r e s u l t s f o r the d i f f e r e n t i a l cross s e c t i o n f o r the 
2 

re g i o n 0 . 5 - * 0 .6 (GeV/c ) of the t r i p i o n mass spectra f o r 
the seen and unseen spectator proton events p l o t t e d as a 
f u n c t i o n o f the L - momentum t r a n s f e r squared measured from 
the primary t o the t r i p i o n mass system are shown i n FIG. 7»5» 

The l i m i t e d s t a t i s t i c s do not enable the e f f e c t s of background 
t o be considered. Since however, w i t h i n the s t a t i s t i c a l 
e r r o r s the r e s u l t s f o r the seen and unseen spectator proton 
events are c o n s i s t e n t , these two samples were combined and 
as seen i n FIG. 7*5 t h i s sample provides a b e t t e r d e s c r i p t i o n 
o f the d i f f e r e n t i a l cross s e c t i o n . Drawn on t h i s p l o t are 
the c o r r e c t i o n s f o r the P a u l i exclusion e f f e c t and scanning 
losses. 

Even a l l o w i n g f o r these c o r r e c t i o n s , the d i f f e r e n t i a l 
cross s e c t i o n i s observed t o d i p as t - » 0 . 0 , peak at t <v 0.25 

(GeV/c 2) 2 and e x h i b i t a smooth exponential f a l l o f f f o r t > 
0 .3 (GeV/c 2) ?, w i t h a f i t t e d exponent of 3.5 ± 1 .0 . I t 
must be emphasised however t h a t the r e s u l t s are based on very 
l i m i t e d s t a t i s t i c s , and no allowance has been made f o r the 
e f f e c t s of background. The e f f e c t s of the kine m a t i c a l cut o f f 
a t t a t minimum are considered n e g l i g i b l e f o r the above r e s u l t s . 
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7 . 3 A 5UWRY *ND DISCUSSION Of Tli5 RESULTS 

(q) THE TOTAL F0R'7\RD PRODUCTION CROSS SECTION 

The r e s u l t s f o r the t o t a l forward production cross 
sections as ca l c u l a t e d i n t h i s and previous experiments are 
summarised i n ta b l e s 7 . 4 *>nd 7 . 5 , and as i l l u s t r a t e d i n 
FIG. 7 . 4 , the r e s u l t s are i n good agreement w i t h the r e l a t i o n -
ship d oC 1 

where n i s the order of 1.6 i 0 .5* 

Regge Pole models p r e d i c t the value of n t o be given by 
-n = 2 ©C ( t = 0) - 2 

where oC (t= 0 ) i s the value of the t r a j e c t o r y parameter at 
t = 0 . Hence since 77 - production involves the exchange 
of the A2 - meson only, a t r a j e c t o r y slope of u n i t y p r e d i c t s 
a value of n of 1.5> i n good agreement w i t h the experimentally 
observed value. 

(b) THE TOTAL BACKWARD PRODUCTION CROSS SECTION 

\Apart from the r e s u l t s o f t h i s experiment, there i s 
l i t t l e or no evidence f o r backward ?? production i n any previous 
experiments, mainly because of t h e i r l i m i t e d s t a t i s t i c s . 
This analysis y i e l d s a backward production cross s e c t i o n of 
7 .5 * 0*8 yfb, corresponding t o some 24 observed events. 
The lack of s t a t i s t i c s however does not enable any f u r t h e r 
analysis t o be made on these events. 

(c) THE DirF^W-'TTAL CP05S SECTION FC/-. F0R''fAaDLY PPGDXED 
77 - 1 .oOlMb 

As i l l u s t r a t e d i n FIG. 7 . 5 , the d i f f e r e n t i a l cross 
s e c t i o n i s observed t o d i p a t low t , and e x h i b i t a smooth 

file:///Apart
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exponential f e l l o f f f o r t >0.3 (GeV/c 2) 2, wit h an 
exponent of 3*5 ± 1*0. This i s i n general agreement w i t h 
the Regge Pole model o r e d i c t i o n (Ref. 7 * 8 ) , but none are 
a v a i l a b l e f o r a d i r e c t comparison at t h i s energy. I t 
should be emphasised however t h a t background e f f e c t s Ireve 
not been considered. 



-103-

OHAPTER 8 

GENERAL CONCLUSIONS 

This thesis presents the r e s u l t s of an analysis of 
the ^ and to° regions of the t r i p i o n mass spectrum associated 
with the channel 

-r +T» ^ . + - o 

at an incident pion momentum of 4 GeV/c. 
(A) THE to°-MESON 

The t o t a l production cross section was determined 
to "be 306 + 31 yfb, made up of the cross section for the 
forward production of to0 mesons i n the IT -N centre of mass 
system corresponding to 272 + 27//fb and the backward cross 
section to 34- + 4yt/b. These values as described i n section 
4.2 were determined by parameterising the(^°-signal with 
the convolution of a P-wave Br e i t Wigner and a resolution 
function i n mass squared. Such a parameterisation was 
taken i n preference to a B r e i t Wigner or Gaussian since i t 
was considered to be physi c a l l y better based. I t was noted 
however, that the estimated cross section could vary by as 
much as 40$ depending upon the type of parameterisation 
chosen. Consequently a di r e c t comparison with the re s u l t s 
from previous experiments i s not e a s i l y made, since as 
i l l u s t r a t e d i n table 4.5» different-parameterisations are 
used i n the various analyses, and also different correc­
tion factors are applied. I t i s to be expected therefore 
that these inconsistencies w i l l contribute to some extent 
towards the fluctuations i n the re s u l t s plotted i n Fi g . 4.9» 
which i l l u s t r a t e s the var i a t i o n of the production cross 
section as a function of the incident primary momentum. 
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I n epite of these fluctuations however, the r e s u l t s are 
i n good agreement with the relationship 

c roc r n 

where p i s the primary momentum and n^2.5 + 0.5. 
However, since the predicted value of n for p trajectory 
exchange i s 1.5, the experimental re s u l t s suggest that 

p -meson exchange alone i s i n s u f f i c i e n t to explain the 
r e s u l t s and implies the presence of a si g n i f i c a n t contri­
bution from B-meson exchange. 

The d i f f e r e n t i a l cross section for the forward 

production of (̂ P mesons i n the IT-K centre of mass system 
was determined independently of the background effects by 
extracting the amounts of signal and background i n each 
individual t - i n t e r v a l . As i l l u s t r a t e d i n Pig. 4.11, af t e r 
correcting for Pauli exclusion effects and scanning losses 

« 

the d i f f e r e n t i a l cross section was found to dip at low t , 
and exhibit a smooth exponential f a l l off with an exponent 
of 3.5 + 0.5 for t>0.3 (GeV/c ) . No evidence was found 
for any structure at t~0.6 (GeV/c ) , the region corres­
ponding to the MWSZ of the f >-trajectory. The r e s u l t s , when 
compared with the predictions of two p and B Eegge exchange 
models, were found to be i n good agreement, indicating yet 
again that a s i g n i f i c a n t contribution from B-meson exchange 
i s required to explain the r e s u l t s . 

~ The d i f f e r e n t i a l cross section for the background 
events was found to be constructed from two d i s t i n c t classes 
of events, one characterised by an exponent of ̂ 4.0 and the 
other by an exponent of ~2.4, the occurrence of the former 
component tending to obscure the presence of the dip i n the 
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low t-region of the d i f f e r e n t i a l cross section. 

The events characterised by the exponent of "4.0 
were fo'und to he associated with a 1.0 GeV/c2 enhance-

I 
ment i n the t r i p i o n mass spectrum. Upon examination 
however, the enhancement was found to r e s u l t from a 
technical f a u l t mainly associated with the 1st exposure 
unseen spectator proton events. Due to inadequate con­
vergence c r i t e r i a i n the kinematical f i t t i n g programme 
(KINEMATICS), events from the 4c channel 

rr +D -*P BP if i f 
were misinterpreted as l c i p events of the channel 

TT+D P S P i t n T? 
As a r e s u l t some 18$ of the p° events associated with the 
4c channel of the 1st exposure were l o s t to the l c i f 
channel, and i n p a r t i c u l a r to the low t , 1.0 GeV/c2 region 
of the t r i p i o n mass spectrum. For the second exposure the 
improvement of the kinematical convergence c r i t e r i a reduced 
the breakthrough to** 8$. In addition i t was noted that 
the c h a r a c t e r i s t i c s of the 1.0 GeV/c enhancement were con­
s i s t e n t with previous observations of the so called H° 
resonance, and moreover that the occurrence of a similar 
technical f a u l t i n other experiments may effect the i n t e r ­
pretation of the controversial A^ region. 

The ef f e c t s of the background events on the r e s u l t s 
for the spin density matrix elements for the CJ0 region 
were considered negligible. This was v e r i f i e d i n the 
r e s u l t s foryooo determined independently of the back­
ground e f f e c t s . The r e s u l t s for the spin density matrix 
elements i l l u s t r a t e d i n table 6.1, and F i g . 6.5 can be 
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summarised as follows:-
(a) The value of f>oo at low t i s ̂ 0.4 indicating that 
some 4Cj# of the events proceed via B-meson exchange, 
(b) A minimum was observed In poo at t ̂ 0.3 (GeV/c^) 
consistent with the positioning of the NWSZ for a B 
trajectory with a slope ^0.5. 
(c) p 1-1 i s positive throughout the entire t-range and 
i n c e r t a i n regions may be consistent with zero. Conse­
quently N^ i s always 
(d) The value of Re ̂ »10 i s negative a t a l l values of t . 
(e) None of the spin density matrix elements indicate 
any structure at t^0.6 (GeV/c 2) 2 corresponding to the 
NWSZ for f> -trajectory exchange, 
( f ) A comparison with the predictions of two p and B 
Regge exchange'models i l l u s t r a t e d i n F i g . 6.10 indicates 
reasonable agreement with the experimental r e s u l t s , the 
model incorporating absorptive effects providing better 
agreement i n that i t could also reproduce the observed 

2 2 

minimum Inpoo at t ~ 0 . 3 (GeV/c ) • 
A comparison of the r e s u l t s with those from previous 

experiments indicates that the vast majority of the experi 
ments are i n favour of a broad minimum in/>oo at t~0.3 

2 2 
(&eV/c ) , The varia t i o n i n the width position and depth 
of t h i s minimum i n going from one incident energy to 
another being attributed to the limited s t a t i s t i c a l 
accuracy of many of the previous experiments. 

Averaging the re s u l t s over a l l values of t indicates 
the following trends:-
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( 1 ) poo tends to decrease with increasing energy 
( 2 ) p 1-1 tends to increase with increasing energy 
( 3 ) Rep 10 i s approximately energy independent 
The interpretation of these trends i n the predicted 
domination of the leading trajectory, namely the p 
tra j e c t o r y at higher energies. 

To conclude therefore, the resu l t s for the to t a l 
cross section, d i f f e r e n t i a l cross section and spin density 

. matrix elements determined for the (J3 resonance are 
generally i n agreement with the predictions of Regge Pole 
models which incorporate not onlyyo-trajectory exchange 
"but also a si g n i f i c a n t contribution from the exchange of 
the B-trajectory. 
(B) THE -MESON 

The'total rj' production cross section was' determined to 
be 103 + lO^b, the cross section for the forward production 
i n the 95 + ^ b and the backward cross section to 7.6 + 0.8 
jif\>. I n both cases corrections were made for Pauli exclusion 
e f f e c t s , scanning losses and unseen decay modes. The 
optimum parameterisation for the yj signal was considered 
to l i e somewhere between the B r e i t Wigner and Gaussian 
representations as a function of mass squared. Consequently 
the above cross sections were determined from the average 
value of the r e s u l t s produced by the above two parameter-
i s a t i o n s . A comparison of the resu l t s with those from 
previous experiments indicates that the variation i n the 
cross section as a function of the primary momentum i s 
well described by the relationship 

-n 
cr oc P 
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where p i s the primary momentum and n= 1.6 + 0.5. Since 
•fj production involves the exchange of the Ag meson only, 
a Regge t r a j e c t o r y slope of unity predicts a value of n of 
1,5t i n agreement with the experimentally observed value. 

The limited s t a t i s t i c s only allowed the d i f f e r e n t i a l 
cross section for the forwardly produced ^ meson i n the 
7T-N centre of mass system to be determined for a narrow 
mass i n t e r v a l taken about the central mass. After 

- correcting for Pauli exclusion and scanning losses the 
d i f f e r e n t i a l cross section was found to dip at low t and 

o 2 

exhibit a smooth exponential f a l l off for t >0.3 (GeV/c ) 
with an exponent of 3.5 + 1.0. Although i n general agree­
ment with the Regge model predictions, non was available 
for a di r e c t comparison a t t h i s incident momentum. I n 
addition" i t should be noted that due to the small s t a t i s t i c s 
available the effe c t s of background were not considered. 
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AprrNDTX ONE 

THE PVJLI EXCLUSION SPTSCT 

As discussed i n chapter 2, deuterium i n t e r a c t i o n s i n v o l v ­
i n g two f i n a l s t a t e protons w i l l be subject t o Pauli exclusion 
e f f e c t s . Expressing such an i n t e r a c t i o n i n the general form 

. ir+ D -> PP X° 
the m n t r i x element r e p r e s e n t i n g the process con be w r i t t e n as 

M". < qxo, Tcpp |T | D > 
where D represents the deuteron at r e s t , q i the momentum of 
the p a r t i c l e i n d i c a t e d , and kpp the r e l a t i v e momentum of the 
2 f i n a l s t a t e protons. 
By applying the impulse approximation however, t h i s can be 
re-expressed as 

M = MF {t ) < kpp,, ) T(£ ) | D > 
„, where Kp ( t f ) i s the matrix element d e s c r i b i n g the equivalent 

i n t e r a c t i o n s w i t h f r e e neutron t a r g e t s i . e . 
7T+ N -* P X° 

These r e a c t i o n s , as described i n chapter 2, can proceed e i t h e r 
v i a s p i n f l i p or sp i n n o n - f l i p of the t a r g e t nucleon, and hence 

-> 
Mp ( t ) can be represented by two separate incoherent amplitudes 
i . e . f o r spin non f l i p Mp ( t ) = a 
and f o r s p i n f l i p Mp ( t ) = b 
Depending on which of these two processes occurs the f i n a l s t a t e 
protons w i l l form one of two incoherent s t a t e s , namely, 
e i t h e r (1) The TRIPLET STATE which must have an antisymmetric 
space wave f u n c t i o n . 
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or (2) The 3TNGLUT 5T \T~* v h i c l must have a syinnetric space 
wave f u n c t i o n . 
As described i n cl'apter 2, the spin non f l i p process c°n only 
populate the t r i p l e t s p i n s t a t e , whereas the spin f l i p process 
i s d i v i d e d between the two, V 3 c o n t r i b u t i n g towards the s i n g l e t 
s t a t e and t o the t r i p l e t s t ate 

hence ^-Fitf)2 * ( ) a | 2 + | ) b ) ? ) f o r the t r i p l e t s t a t e 
p 1 2 

and % ( t ) = - |b) f o r the s i n g l e t s t a t e 

Considering f i r s t l y the t r i p l e t s t a t e : -
TK2 TRIPLET STAT3 

This s t a t e i s described by an o v e r a l l antisymmetric wave 
f u n c t i o n which can be w r i t t e n as 

The operation of T ( ? ) on'this s t a t e can be considered as 
-»• 

e f f e c t i v e l y s u b t r a c t i n g t from the f i n a l d i - p r o t o n state t o 
give the r e l a t i v e momenta the nucleon has i n the deuteron, 
( i g n o r i n g the b i n d i n g energy, as implied i n the use of the 
impulse approximation). 
Since t i s subtracted from one proton i t has the e f f e c t o f 

1 —» 
s u b t r a c t i n g 7; t from the r e l a t i v e momentum k 

hence <\t I T ( t ) = <1 - h ~t I 
2 ' 

where <TT - ̂  t | = [ e i '* " \ ^1****)*] 

(0 
and since ?1 + P2 = t and k = f (Pi - P2) 

equation (1) can be r e - w r i t t e n i n terms of the momentum of 
one of the protons, 
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< k . ^ t | = < k | T c ? ) . pi^-lZi1**) 

< l ? | T ( t ) | D > . ^ ( e i ( ? - t ) . t - S 1 ? - " * ) * D (?) d 3 f 

where ( f ) i s t i e deuteron wave f u n c t i o n 

But u D (x) = J e'1 x ^ XL d 3 r 

where UD(X ) i s the deuteron wave f u n c t i o n i n momentum space 

<k |T ( r ) |D>- ^2 (U D ( ? . *) - U D ( ? ) ) 

( S ) ™ - 1 H 8*§M 8)[* Mr-D-owrf -
I g n o r i n g conservation of energy and momentum the f i r s t two 
terms of the expanded i n t e g r a l when i n t e g r a t e d t o i n f i n i t y 
reduce t o u n i t y , and hence the expression reduces t o " 

k) . (|a| 2
 + f N ' j [ l - l ] . 

\ /TRIPLET u 

where I = ÛD (t - ? ) UD (? ) d 3 "P 

THE SINGLET STVTE 

For t h i s s t a t e an o v e r a l l symmetric wave f u n c t i o n i s 
r e q u i r e d , and hence 

< k > | = ( e 1 ^ + e" 1 ^ ) 

and by f o l l o w i n g the same procedure as above 
_ i 

< k * | T (?) |D> = J? (UD ( ? . ?) + U D (P) ) 

and hence 
RslKGLST = T I f [ l • l ] 
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where I = ^ U
D ( t f - ?) . U D (P').c 3 "? ys above. 

THE T0T\i DI?F"I^'ITIM CRQ55 SECTION 

Combining the above two c o n t r i b u t i o n s t o give the t o t ? l 
d i f f e r c n t i ? ! cross sections we have 

The i n t e g r a l I i s evaluated by the f o l l o w i n g procedure. 

I -C>1> ( ? - ?) U D (?) d 3 ? = J J d 3 ? x D ( l t ) e
1 ^ - ? ' 1 ? l 

( ? ) ^ ^ 

by performing a Fourier transform on each U. 

Hence I = ^ ( ?±) x D ( T 2 ) e 1 ^ ^ e ^ ^ - H ) 

r,r, 

r , r* I . H ( t ) T 

where H ( t ) i s the deuteron ft>rm f a c t o r 

Hence <a? TOT - (W2
 + f W j / 1 - H<?>) + 7 l ^ f 1

 + H ( t j j 
' (2) 

end i t i s the use of t h i s expression ss i l l u s t r a t e d i n 
chapter 2 which i s used t o c a l c u l a t e the losses due t o the 
Pa u l i e xclusion e f f e c t . 

However, from the d e r i v a t i o n of t h i s expression i t i s evident 
t h e t not only i s energy and momentum not conserved f o r the f a l l 
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range of i n t e g r a t i o n over P but a l l i n f o r m a t i o n concerning 
the f i n a l s t a t e proton momenta i s l o s t by i n t e g r a t i n g over 
a l l possible proton momenta t o i n f i n i t y . 

To r e t a i n t h i s i n f o r m a t i o n , t he expression i s l e f t i n 
the form 

( i f (H ? + §N 2) £ !'JD <?-^' - 'V?f S(?-? T ) 

where Pr i s the momentum of the resonance X° described i n the 
i n t r o d u c t i o n . The f u n c t i o n i s included t o 

-> 
r e s t r i c t the values of P t o those allowed by momentum and 
energy conservation. The expression used f o r Uj)("?) i s t h a t 
of t h e Hulthen d i s t r i b u t i o n 

Un(P) = 1 - 1 

w i t h values o f ot = 2.2 x 93^ (MeV.)2 and p * 5.5 

The P a u l i exclusion e f f e c t c o r r e c t i o n f a c t o r s r e s u l t i n g 
from t h i s c a l c u l a t i o n are i l l u s t r a t e d i n FIG. 2.9» and by 
comparing the r e s u l t s w i t h those shown i n FIG. 2.3, c a l c u l a t e d 
from eauation (3)» i t i s evident t h a t f o r p r a c t i c a l purposes 
the i n c l u s i o n of energy and momentum conservation makes l i t t l e 
d i f f e r e n c e . This r e s u l t i s t o be expected since the express­
i o n f o r the Hulthen d i s t r i b u t i o n e f f e c t i v e l y cuts o f f at <v 300 
MeV and hence problems of momentum conservation w i l l only be of 
importance at very low t - t r a n s f e r s , where there i s l i t t l e 
data i n the present experiment. 

The e f f e c t the Pauli p r i n c i p l e has on the i n d i v i d u a l 
samples of seen and unseen spectator proton events can be 
found by making separate i n t e g r a t i o n s of the above expressions 
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up t o and beyond a s p e c i f i e d v i s i b i l i t y l i m i t f o r the proton 
nonenta. Usinr a v i s i b i l i t y l i m i t of 110 I'4eV/c, the predicted 
r a t i o of unseen spectator proton events t o seen spectator proton 
events as a f u n c t i o n of t was ca l c u l a t e d . The r e s u l t s i l l u s t ­
r a t e d i n FIG. 2.10, do not include the category of events where 
both protons are not v i s i b l e since, as described i n chapter 3» 
these events are l o s t from the data sample. Also included 
i n the c a l c u l a t i o n s were weighting f a c t o r s allowing f o r the 
f l u x and centre of mass energy v a r i a t i o n s , which as discussed 
i n chapter 2 are dependent upon the spectator proton momenta. 
The r e s u l t s c l e a r l y i l l u s t r a t e t h a t at low t - values the 
r a t i o of unseen t o seen spectator proton events i s l a r g e r 
f o r spin n o n - f l i p processes than f o r s p i n f l i p processes. 
Moreover, since i n both cases the r a t i o i s observed t o increase 
at low t i t f o l l o w s t h a t c o m p a t i b i l i t y between the seen and 
unseen spectator proton events should not be expected at low 
t - values. Hence as discussed i n chapter 5» the presence 
of a d i s p r o p o r t i o n a t e number of unseen spectator proton events 
at low t does not neces s a r i l y imply a t e c h n i c a l f a u l t i n the 
data since both phase space r e s t r i c t i o n s and Pauli e f f e c t s w i l l 
increase the r a t i o i n t h i s region. 

The d i f f e r e n t behaviour i n the curves f o r s p i n f l i p and 
s p i n n o n - f l i p processes i n d i c a t e s t h a t a comparison of the 
pr e d i c t e d r a t i o w i t h the experimental r e s u l t s should enable a 
d i r e c t measurement t o be made of the p r o p o r t i o n of events 
proceeding v i a spin f l i p and spin n o n - f l i p of the r e c o i l i n g 

proton i n a given data sample. ouch i n f o r m a t i o n would be 

very important f o r many production processes. For co° 

production f o r instance, although/) and B meson exchanges 
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pre believed to r e s u l t i n spin f l i p of the r e c o i l i n g proton, 
a d i r e c t measurement of t h i s would not only allow t h i s t o 
be v e r i f i e d , but would ^Iso enable an i n v e s t i g a t i o n t o be 
made oj" the presence of any s p i n non f l i p processes which may 
r e s u l t , from other exchanges. 

The experimental r e s u l t s f o r the OJ° region 0 . 6 6 0 . 3 6 
GeV/c2 are shown i n FIG. 2.10, and although the r e s u l t s are 
clos e r t o the s p i n f l i p curv° than the s p i n non f l i p curve, 
the agreement i s i n s u f f i c i e n t t o make any conclusions concern­
ing the r e l a t i v e amounts of the spin f l i p and s p i n non f l i p 
processes. 

I t i s t o be noted however, t h a t the e f f e c t s of background 
have not been allowed f o r , and work i s continuing at the 
U n i v e r s i t y of Durham t o improve the c a l c u l a t i o n by the i n c l u s ­
i o n of secondary s c a t t e r i n g e f f e c t s of the spectator proton. 
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APPENDIX TWO 

THE ERROR ON THE EFFECTIVE MASSES AND 
k - MOMENTUM TRANSFERS 

(a) THE ERROR ON TWO - PARTICLE MASS COMBINATIONS 

The e r r o r was evaluated by expressing the e f f e c t i v e mass 
i n terras o f the momentum (P), d i p ( X ) and Phi ( 0 ) angles 
of t h e i n d i v i d u a l p a r t i c l e s . The l a t t e r v a r i a b l e s were 
chosen i n preference t o Px, Py and Pz since they were consid­
ered t o be more independent. The expression was then d i f f e r ­
e n t i a t e d i n terms of P, X and 4> , the assumption being made 
t h a t the v a r i a b l e s are independent f o r the two p a r t i c l e s , and 
from the r e s u l t s , the R.M.S. e r r o r was c a l c u l a t e d . The d e t a i l s 
o f the c a l c u l a t i o n are shown below:-

The e f f e c t i v e mass of the system i s given by 
., . . M2 E 2 - ,P2 .. ,(1) 

where E and P represent the t o t a l energy and momentum of the 
system. 

But E = E i + E 2 - (P ] 2 + M^)* + ( P 2
2 + M2

2 

where the su b s c r i p t s 1 and 2 r e f e r t o the c o n s t i t u e n t 
p a r t i c l e s 

since p2 m ( P x i + ?x?)2 + ^ + ^ 2 + ( P z i + P z 2 ) 2 

equation (1) reduces t o 
vF = ( ( P x

? + M 1
2 ) ' + ( P / + I ? 2 V ) ? - ( P x 1 + P x 2 ) ? + (Pyi+Py?)+(F Z 1 +Pz?) ? 

and by re - expressing Px, Py and Pz i n terms of P, >. and 0 

t h e r e l a t i o n becomes:-
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\? = + 2(P 1
J ?+:i 1

P)^(Pp >+I*i ?
?)>' - 2 P1P9 c o s \ cos7s 2 

c o s ^ c o s ^ -2 P1P2 cos^i cos)\2 s i n 0 i s i n 0 2 - 2 ? l P2 s i n M 

sin?\ 2 

Hence 1 
2 1 

AM = ? K 

where 

S 
i=l,2 

^M2 _ 9 P . r , - ' 
I P i 

JM^ 

2 P]_ E-j_ E 2 - 2 ?2 c o s ^ l cos"X 2 ^ c o s 0 1 c o s 0 2 + s ^ n 0 1 

sin ^ 2 ) -2 P 2 sin X-̂  s i n X ? 

~ 2 p i P2 s i n X c o s X 2 (cos0^ cos$ 2 + s i n $ ^ sin<£2) 

" 2 P l P2 c°s>. 2. s i r i ^ 2 

a 2 P]_ ?2 cosX 1 COS>» 2 ( s i n ^ i c o s 0 2 " c o s 0 1 s^ni> 2^ 

The above i n d i c e s can be interchanged t o give the corresponding 

expressions f o r 
/ /5M \ and /SM2 

UP2| \s>q) (̂ 2 
(b) THE ERROR ON THREE PARTICLE MASS COMBINATIONS 

The expression i s c a l c u l a t e d i n p r e c i s e l y the same way 
as above, except i n t h i s case, 

5M2 op 
— — _ ?F1 (E2+E0) - 2 Pp cosX 1 cosTvo (cos 0 1 cos<Ao + 
J P l " E X ' ^ 1 2 " 2 

s i n <f>i s i n 0 2 ) - 2 P3 cos cos 7^ (cos 0 ^ cos0 ^ + sin0 ^ s i n 3 

- 2 s i n X 2_ (P ? sin7\ 2
 + p3 s i n k 3) 
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DM2 

~ = 2?i ?2 s i n 7^ cos X ? (cos <f>-± cos0 2
 + s i n ^ 1 sin0 ? ) 

+ 2 Pi P̂  sink cosX ^ ( cos cos ^ - j + s i n <f> ̂  s i n 0 3) -

2 P;L cosX i (P2 s i n X 2 + P3 sinX-^) 
and 

1 = ? P i P 2 cosX ̂  cosX 2 ( s i n 0-̂  cos 0 2 - cos 0-L s i n 0 ? ) + 
«$1 

2 P̂  P̂  c o s X ^ cosX-j ^ s* n ^ l c o s 3̂ " c o s ^ 1 s ^ n ^ 

Once again the indices can be interchanged t o give the 

values of 

3M2 3M2 and SM 2 

5P2 ^2 0̂2 etc. 

(c) THE ERROR ON THE 4 - MOMENTUM TRANSFER 

This i s c a l c u l a t e d i n a s i m i l a r manner as above. For 
.reactions-of the type- ^- p s ^ p x ° 

the 4 - momentum t r a n s f e r f r o m the primary t o the X° system 
i s given by:-

t = (qD - ( q P S + q P ) ) 2 (1) 

where the q'sare the 4 - momenta of the p a r t i c l e s i n d i c a t e d 
i n the s u b s c r i p t s . Hence by re-expressing t h i s i n terms of 
P, X and 0 f o r the spectator and i n t e r a c t i o n protons, 
r e l a t i o n (1) becomes:-

t = - (MQ2 + M i 2 + M ?
2) + 2 P 1P 2 cos 7\± cos Xp (cos <j>1 cos 0 2 

+ s i n 0 . i s i n 0 2 ) +2 P LP 2 s i n 0 L s i n <j>2 + 2 MD ((p£ 4 r i - j 2 ) * + 

( P 2
2 + - 2(P X

2 + M^2) * ( ? / + II* )$ 
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snd hence 

A t = 

where 

UP! 

2 
i=l,2 

2 Mp Pj " ? ̂ 1E2 + 2 P2 (cos cos \ ̂  c o s 01 C O S 02 

+ * cos "K^ c o s ^ j s ^ n ^ 1 5 i n 0 2 + s * - n 0 i s -^ n 02 ^ 

a t „ 
3* s - 2 P2 ( s i n X ^ cos ^ c o s 0 1 c o s 0 2 + s ^ n ^ i c o s ^2 

sin0 -j_ s i n 0 2 ) and 

St 
301 - 2 P]_ P2 (cos cos>\ 2 sin0 ^ s i n 0 2 " c o s ^ l c o s ^ 2 

cos 0i s i n 0 2 - cos0 ̂  s i n ^ g ) 
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APPENDIX THREE 

THE REGGE POLS K0D5L 

INTRODUCTION 

One of the compelling arguments f o r the Regge Pole 
hypothesis was the f a i l u r e of the Absorption model t o handle 
p a r t i c l e s w i t h non-zero s p i n . 

The e v o l u t i o n of Regge Poles was s t a r t e d by Regge and 
o 

h i s c o l l a b r a t o r s i n the l a t e 195O's and developed from concepts 
A 

i n p o t e n t i a l theory. E s s e n t i a l l y i t was demonstrated t h a t the 
p a r t i a l wave amplitude was not only a n a l y t i c as a f u n c t i o n of 
energy, but was also a n a l y t i c as a f u n c t i o n of the angular 
momentum. The f i r s t c l a i m of the model was the existence of 
t r a j e c t o r i e s cc(E), such t h a t whenever E equals the mass of a 
p a r t i c l e on a t r a j e c t o r y , Re a (E) equals the spin o f t h a t 
particle-,-. E- *> -E threshold -corresponding t o resonances, and--
E < E t h r e s h o l d corresponding t o bound s t a t e s . I n p a r t i c u l a r , 
the t r a j e c t o r i e s c o r r e l a t e bound states and resonances of the 
same i n t e r n a l quantum numbers, w i t h spins t h a t d i f f e r i n u n i t s 
of two, the c o n t i n u a t i o n of the t r a j e c t o r y i n t o the s - channel 
p h y s i c a l r e g i o n g i v i n g r i s e t o the so c a l l e d exchange t r a j e c t ­
ory. The basic d i f f e r e n c e between t h i s model and the p e r i ­
pheral model i s t h a t the concept of exchange p a r t i c l e s i s 
replaced by exchange t r a j e c t o r i e s . I n the r e l a t i o n f o r the 
energy dependence of the p e r i p h e r a l model, 

nr ~ 2J-2 
(T OC s 
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the s p i n J of the exchange p a r t i c l e i s replaced by the t r a j ­
e ctory parameter a( t ) at t = 0 , and since t h i s i s always 
l e s s than 1, the exponent of the energy dependence i s 
always zero or negative, thereby overcoming the divergence of 
the p e r i p h e r a l model f o r spins > 1. Some of the a d d i t i o n a l 
p r o p e r t i e s of the model are l i s t e d below:-
(a) SIGNATURE 

This i s introduced i n order t o take i n t o account the 
d i f f e r e n t e f f e c t s of exchange forces f o r even and odd Jf . 

A Regge Pole of even (odd) signature only c o n t r i b u t e s to a 
p a r t i a l wave of even (odd) $ , and hence an even (odd) s i g ­
nature t r a j e c t o r y can only contain p a r t i c l e s of even (odd) ]J . 

(b) FACTORISATION 
One c h a r a c t e r i s t i c property of the p e r i p h e r a l model i s 

the occurence of the cou p l i n g constants f o r each vertex, and 
the f a c t t h a t t h e o v e r a l l s c a t t e r i n g amplitude i s p r o p o r t i o n a l 
t o the product of these two terms. This feature i s termed 
f a c t o r i s a t i o n , since the amplitude f a c t o r i s e s i n t o one c o n t r i ­
b u t i o n from each v e r t e x . This property also applies t o the 
Regge Pole model, b u t only t o the p a r t i c u l a r case of one Regge 
Pole exchange. As soon as several t r a j e c t o r i e s are exchanged 
t h e r e are i n general no c l e a r cut p r e d i c t i o n s from t h i s p r i n c ­
i p l e . The importance o f f a c t o r i s a t i o n l i e s i n the f a c t t h a t 
one and the same Re^ge Pole coupling may occur i n d i f f e r e n t 
r e a c t i o n s , and since i t i s independent of how i t couples t o 
t?e other p a r t i c l e s , i t i s possible t o p r e d i c t r e l a t i o n s 
betvreen the s c a t t e r i n g amplitudes of d i f f e r e n t processes e.g. 

°TOT ( P P ) • °T0T ( 7 n r ) * °TOr ( 7 r P ) * 
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(c) GHOSTS 
Poles which occur for t < 0 cannot be incorporated 

i n t o t\e model since they imply an i n f i n i t e d i f f e r e n t i a l 
cross - s e c t i o n at t h a t t - v a l u e . Such poles are termed 
Ghosts, |and are e f f e c t i v e l y removed by reducing the residue 
t o zero'by p u t t i n p i t p r o p o r t i o n a l t o a ( t ) 

(d) DAUGHTER TRAJECTORIES 
Unwanted s i n g u l a r i t i e s occur at t = 0 i n the s c a t t e r i n g 

amplitudes of r e a c t i o n s t h a t do not have t h e i r masses p a i r -
wise equal, as i n e l a s t i c s c a t t e r i n g . The most popular 
method of overcoming t h i s problem i s t o invoke f u r t h e r Regge 
t r a j e c t o r i e s known as "daughters", which have s i n g u l a r r e s i ­
dues which p r e c i s e l y cancel the s i n g u l a r i t i e s produced by the 
o r i g i n a l parent t r a j e c t o r y . 

(e) CONSPIRACY AND EVASION 

Constraints a t a p a r t i c u l a r t - value can be produced 
by the riratereection of a-set of t r a j e c t o r i e s which "conspire-" 
together t o give the desired e f f e c t . Conspiracy can be 
"evaded" by imposing conditions not on the t r a j e c t o r i e s , but 
on the residues t h a t appear i n the amplitudes. Any combina­
t i o n of conspiracy and evasion i s possible. 

( f ) SHRINKAGE 

For t h e exchange of a s i n g l e Regge Pole the J"-dependence 

i s given by ^ a ^ 2 a ( t ) * 
dt so 

where s i s the centre of mass energy. This implies t h a t 
as s increases the slope o f t h e d i f f e r e n t i a l cross s e c t i o n 
becomes steeper, and hence the peak i s observed t o "shrink". 
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(g) REGGE DIPS 

Minima occur i n the d i f f e r e n t i a l cross sections at 
momentum transfers f o r which a contributing meson trajectory-
passes through a zero or negative integer, 

a(t) - - n, n = 0,1,2 
of f o r a baryon t r a j e c t o r y where 

a(t) = 4, " 3/2 

The contribution of a single Regge Pole i s r e a l at i t s r i g h t 
signature point, and imaginary at i t s wrong signature point. 
At unphysical values of the angular momentum, f o r a given 
h e l i c i t y configuration kinematic^l factors cause the amplitude 
t o vanish at i t s wrong signature points, giving r i s e t o the 
so called nonsense wrong signature zeros. 

(h) REGGE CUTS 
A Regge cut i s a li n e of si n g u l a r i t i e s i n the angular 

momentum plane caused by the exchange of two or more poles. 
Such a region has to be avoided dn the overall i n t e g r a l , i n 
order t o obtain the t o t a l cross section. Although t h e i r 
positions are w e l l defined, t h e i r precise i n t e r p r e t a t i o n i s 
open t o speculation. 

( I ) THE C0?<?ART30N OF THE MODEL T'flTH EXPERIMENT 
The main success of the model has been i n the f i t t i n g 

of vector meson exchange processes e.g. qr"P _> 7r°N 

and i n p a r t i c u l a r f o r the reproduction of the observed dips 
i n the d i f f e r e n t i a l cross sections. 

In general, the properties of the model l i s t e d above, 
combined with absorption effects render i t s u f f i c i e n t l y 



-124-

f l e x i b l e t o f i t a whole host of reactions, a f a i r l y compre­
hensive l i s t being tabulated i n an a r t i c l e by P.D.B. Collins 
(Ref. ^ 3 • l ) . However, i t i s perhaps the f l e x i b i l i t y of the 
model which draws most c r i t i c i s m , and many consider the 
introduction of cuts etc. to weaken i t s c r e d i b i l i t y consid­
erably. 
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