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ABSTRACT 

In Chapter 1 we d i s c u s s the importance of a study 

of high energy strangeness-exchange r e a c t i o n s i n 

e l u c i d a t i n g the exchange mechanisms and symmetry p r o p e r t i e s 

of meson-baryon s c a t t e r i n g . The c r o s s - s e c t i o n and 

p o l a r i s a t i o n data fo r K N - » - T T E , A and T T N - » - K Z , A are reviewed 

i n Chapter 2. An exchange-degenerate poles with weak 

cuts model for the data i s proposed, and the r e s u l t i n g 

s u c c e s s f u l p o l a r i s a t i o n and u n s u c c e s s f u l c r o s s - s e c t i o n 

d e s c r i p t i o n s are d i s c u s s e d . The model's f a i l u r e to 

reproduce the well-known l i n e r e v e r s a l c r o s s - s e c t i o n 

i n e q u a l i t y at intermediate energies i s i n t e r p r e t e d 

i n terms of low energy resonance e f f e c t s . 

A u n i f i e d treatment of non-zero e x o t i c exchange 

processes and l i n e r e v e r s a l symmetry v i o l a t i o n i n terms 

of Regge-Regge cuts i s presented i n Chapter 3. A f t e r 

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

approximation f o r these cuts we present e x p l i c i t 

c a l c u l a t i o n s of the e x o t i c strangeness-exchange c r o s s -

s e c t i o n s f o r K p - * i r + Z ~ and IT p->K+Z~. I t i s shown t h a t 

the small s i z e of the data for these i s not e a s i l y 

explained. Since we a l s o show that the i n c l u s i o n of 

non-leading cuts aggravates the disagreement between 

data and the leading c u t s model, the u s e f u l n e s s of 

Regge-Regge cut d e s c r i p t i o n s at intermediate energies 

i s c a l l e d i n t o question. 
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In Chapter 4 we propose an a l t e r n a t i v e method 

of obtaining, from the data, information about 

strangeness-exchange amplitudes. I t i s shown how a 

study of j o i n t decay c o r r e l a t i o n s can y i e l d an almost 

complete production amplitude determination. Using 

the process TT p-*K*A as an example, we present an 

e f f i c i e n t means of accomplishing t h i s and i n t e r p r e t 

the ensuing numerical r e s u l t s making comparisons 

with the model of Chapter 2. 

Some conclusions are recorded i n Chapter 5. 
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1 : INTRODUCTION 
1.1 The elementary p a r t i c l e s 

In the past two decades an i n c r e a s i n g number of 

s o - c a l l e d elementary p a r t i c l e s have been observed i n high 

energy s c a t t e r i n g experiments. Subsequent t h e o r e t i c a l 

e f f o r t s have been d i r e c t e d towards c l a s s i f y i n g these i n t o 

m u l t i p l e t s according to a s e t of quantum numbers d e s c r i b i n g 

t h e i r i n t e r n a l symmetry p r o p e r t i e s , and according to t h e i r 

p h y s i c a l c h a r a c t e r i s t i c s such as mass and s p i n . Most of 

these p a r t i c l e s or resonant s t a t e s can e x h i b i t h a l f - l i v e s 

and i n t e r a c t i o n times which are orders of magnitude sh o r t e r 

than those of the t y p i c a l electromagnetic i n t e r a c t i o n s , 

and are grouped together as a c l a s s and denoted h a d r o n s ^ 

(or s t r o n g l y i n t e r a c t i n g p a r t i c l e s ) . T h i s t h e s i s concerns 

some aspects of the i n t e r a c t i o n s among members of t h i s 

c l a s s . 

Quantum numbers found to be u s e f u l , s i n c e they 

correspond to conserved q u a n t i t i e s i n strong i n t e r a c t i o n s , 

are p a r i t y ( P ) , charge conjugation ( C ) , G p a r i t y , baryon 

number (B), charge (Q), hypercharge ( Y ) , strangeness ( S ) t 

and angular momentum ( J ) . The e x i s t e n c e of t h i s l a s t 

quantum number i s a d i r e c t consequence of Lorentz i n v a r i a n c e 

which assumption forms a •cornerstone of the theory of 

elementary p a r t i c l e s p h y s i c s . The observation t h a t hadrons 

occur i n multiplets of p a r t i c l e s e.g. (TT v°-n+) possessing 

s i m i l a r p r o p e r t i e s apart from t h e i r charge Q, can be 

explained by invoking a f u r t h e r i n v a r i a n c e p r i n c i p l e 

t h a t of i s o s p i n ( I ) . In the S-matrix f o r m a l i s m ^ of 

^Y and S are not independent - see equation (1.1.1). 

„ i • . • • • < 
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p a r t i c l e s c a t t e r i n g which we s h a l l adopt, the assumption 

of i s o s p i n i n v a r i a n c e i s implemented by p o s t u l a t i n g t h a t 

the amplitudes which d e s c r i b e p a r t i c l e i n t e r a c t i o n s are 

i n v a r i a n t under i s o s p i n - s p a c e r o t a t i o n s of the group SU(2). 

T h i s assumption has been experimentally w e l l v e r i f i e d as 

i t had been p r e v i o u s l y i n nuclear p h y s i c s where i t was 

f i r s t introduced. 

In the same way t h a t observed i s o s p i n m u l t i p l e t s 

were explained i n terms of an underlying symmetry p r i n c i p l e 

and i t s a s s o c i a t e d group s t r u c t u r e , i t was suggested by 
(2) (3) Gell-Mann and Ne'eman t h a t the observed grouping of 

these i s o s p i n m u l t i p l e t s i n t o higher m u l t i p l e t s ( i n f a c t 

s i n g l e t s , o c t e t s and decuplets) of p a r t i c l e s with s i m i l a r 

p r o p e r t i e s , be explained by p o s t u l a t i n g some higher 

underlying symmetry. I n t h i s case the i n v a r i a n c e of 

s c a t t e r i n g amplitudes under r o t a t i o n s of the group SU(3) 

was postulated. The power of the assumption comes i n 

r e l a t i n g the p r o p e r t i e s of i s o s p i n m u l t i p l e t s of d i f f e r e n t 

strangness, and a p r i o r i unrelated quantum numbers e.g. 

(K°,K +), (TT , T T ° , T T + ) and (K ,K°). I t t h e r e f o r e g i v e s an 
(4) 

underlying meaning to the Gell-Mann N i s h i j i m a r u l e 

Q = I 3 + ^ (1.1, 

12 being the t h i r d component of the i s o s p i n vector ^. 

J u s t why p a r t i c l e s only seem to occur i n m u l t i p l e t s 

which are SU(3) s i n g l e t s o c t e t s or decuplets, i s not known. 

The observed r e s u l t can be reproduced however, by assuming 

each p a r t i c l e to be formed from combinations of fundamental 

t r i p l e t s q and q of p a r t i c l e s (quarks) which need have no 



- 11 -

e x i s t e n c e p r o p e r t i e s other than mathematical. In p a r t i c u l a r , 

i f we assume mesons are formed from qq combinations we f i n d 

only s i n g l e t and o c t e t SU(3) r e p r e s e n t a t i o n s may occur 

- j u s t as i s found experimentally. Mesons not e x p r e s s i b l e 
(5) 

as qq and baryons as qqq are c a l l e d e x o t i c s . The 

experimental absence of such e x o t i c p a r t i c l e s t a t e s has 

profound i m p l i c a t i o n s f o r S-matrix theory v i a the concept 

of d u a l i t y which w i l l be introduced i n the next s e c t i o n . 

L 2 A n a l y t i c i t y of s c a t t e r i n g amplitudes 

In our S-matrix approach the complete information 

concerning a s c a t t e r i n g process i s contained i n a (complex) 

s c a t t e r i n g amplitude whose modulus-squared represents a 

p r o b a b i l i t y . The conservation of p r o b a b i l i t y then demands 

u n i t a r i t y of the amplitude - a non l i n e a r r e l a t i o n among 

i t s matrix elements. Following the example of c e r t a i n 

f i e l d t h e o r i e s i t i s supposed t h a t intermediate p a r t i c l e 

or resonant s t a t e s are to be a s s o c i a t e d with poles i n the 

s c a t t e r i n g amplitude when considered as a complex funct i o n 

of energy. I t has so f a r been found s u f f i c i e n t to demand 

a n a l y t i c i t y of the s c a t t e r i n g amplitudes apart from these 

s i n g u l a r i t i e s and those generated from them by the (non­

l i n e a r ) u n i t a r i t y c o n d i t i o n . t 

The assumption of a n a l y t i c i t y i n complex energy 

obviously imposes powerful c o n s t r a i n t s on the p o s s i b l e 

forms of s c a t t e r i n g amplitudes, as does t h a t of c r o s s i n g 

t A more p r e c i s e d e f i n i t i o n of maximal a n a l y t i c i t y of the 

f i r s t kind may be found i n r e f e r e n c e ( 1 ) . 
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symmetry. I n appendix 1A the d e f i n i t i o n s of the t - and u-

channel processes which correspond to a given two-body 

process 

a + b —> c + d (1.2.1) 

are given, along with a summary of our choice of kinematic 
(6) 

v a r i a b l e s . The assumption of c r o s s i n g symmetry i s t h a t 

the three a n a l y t i c amplitudes d e s c r i b i n g the s-, t - and u-

channel processes are a n a l y t i c continuations of each other. 

In summary, the u n i t a r i t y c o ndition together with 

the a n a l y t i c i t y and c r o s s i n g p o s t u l a t e s leads to a p i c t u r e 

wherein bound s t a t e s ( p a r t i c l e s t a t e s below a given threshold) 

are manifest as poles i n the amplitude on the r e a l energy 

a x i s below a t h r e s h o l d branch point. Resonant s t a t e s are 

seen as second sheet poles i n the energy plane whose p o s i t i o n 
(7) 

d e s c r i b e s the resonance width 

Resonance poles are c l e a r l y r e f l e c t e d i n low energy 

s c a t t e r i n g data f o r the r e a c t i o n c r o s s - s e c t i o n s . T h e i r 

p o s i t i o n i n the energy plane can be reasonably w e l l determined 
(8) 

using phase s h i f t a n a l y s i s techniques a t energies near 

t h r e s h o l d but as one proceeds to energies s e v e r a l proton 

masses above t h i s the resonant e f f e c t s are l e s s marked. The 

onset of smooth r e a c t i o n c r o s s - s e c t i o n s i n d i c a t e s t h a t the 

resonances, i f any, overlap and the low energy d e s c r i p t i o n 

of a s c a t t e r i n g amplitude as a sum of resonance c o n t r i b u t i o n s 

ceases to be u s e f u l by i t s e l f . F o r t u n a t e l y i n t h i s kinematic 

region the angular momentum a n a l y t i c i t y p o s t u l a t e can be 

of s e r v i c e i n providing an a n a l y t i c form with which to 

d e s c r i b e the amplitude. How t h i s comes about i s described 

i n the f o l l o w i n g . 
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Having made a c l a s s i c a l p a r t i a l wave decomposition 

of the s c a t t e r i n g amplitude 

A ( t , s ) = Z (2£+l)P£ ( c o s 6 t ) f £ (t) (1.2.2) 
£=1 

where t i s the t o t a l energy squared f o r the process 

c + a —> b + d (1.2.3) 

we may p o s t u l a t e t h a t the amplitude ^ £ ( t ) i s an a n a l y t i c 

f u n c t i o n of £, apart from some s p e c i f i e d s i n g u l a r i t i e s . 

I t i s then p o s s i b l e to convert the sum of equation (1.2.2) 

to a contour i n t e g r a l - the Sommerfeld - Watson transform. 

The procedure of continuing ^ ( t ) to a l l complex £ was f i r s t 
j u s t i f i e d i n n o n - r e l a t i v i s t i c p o t e n t i a l s c a t t e r i n g by 

(9) 
Regge who showed that the amplitude developed poles 

(Regge poles) along some t r a j e c t o r i e s £ = (t) which f o r 

i n t e g e r £ > -\ could be a s s o c i a t e d with an exchanged 

" p a r t i c l e " , regarded as providing the s c a t t e r i n g p o t e n t i a l . 

The p r e c i s e relevance of the above paragraph's 

arguments to f u l l y r e l a t i v i s t i c elementary p a r t i c l e 

s c a t t e r i n g i s not c l e a r but i t would seem p l a u s i b l e t h a t 

i f hadronic s c a t t e r i n g i s c o n t r o l l e d by a s i m i l a r w e l l -

behaved (but short-range) p o t e n t i a l , such Regge poles may 

a l s o e x i s t i n hadronic amplitudes and be a s s o c i a t e d with 

p h y s i c a l p a r t i c l e s . 

The decomposition (1.2.2) which r e f e r s to the 

t-channel process (1.2.3) i s thus expected to be e x p r e s s i b l e 

as contour i n t e g r a l term (the background i n t e g r a l ) plus 

c o n t r i b u t i o n s from Regge poles of the f o r m ^ ^ , 
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l + e - i l T a i ( t ) 
R ( s , t ) :E B (t) ̂ =2 P a. (cose ) (1.2.4) 

i s i n i r a . (t) * l 

The c r o s s i n g symmetry p o s t u l a t e then allows us to d e s c r i b e 

the s-channel process (1.2.1) by a s i m i l a r form and i n 

p a r t i c u l a r to d e s c r i b e high energy small angle s c a t t e r i n g 

by the parametric form 

A ( S ' ^ = f 0 i ( t ) s ? n , a . ( t ) S ^ ( 1 ' 2 - 5 ) 

i i 

f o r t / s << 1 and where as i n equation (1.2.4) the ± r e f e r 

to the s i g n a t u r e o f the r e l e v a n t Regge pole. Obviously 

t h i s r e p r e s e n t s a strong p r e d i c t i o n for high energy s m a l l 

angle s c a t t e r i n g c r o s s - s e c t i o n s and i n p a r t i c u l a r i m p l i e s 

a c l o s e connection between the amplitude's power law energy 

dependence and i t s phase. 

As d i s t i n c t from the resonance d e s c r i p t i o n , t h i s 

p a r a m e t r i s a t i o n of the d i r e c t channel process (1.2.1) i s 

expected to be u s e f u l i n the high energy region where 

resonance e f f e c t s have died out. However we have supposed 

the amplitude always to be a n a l y t i c i n energy, and a simple 

a p p l i c a t i o n of the Cauchy theorem to the amplitude 

expressed i n a resonance p a r a m e t r i s a t i o n at lower energies 

and i n a crossed-channel exchange p a r a m e t r i s a t i o n a t higher 

e n e r g i e s , w i l l t h e r e f o r e s t r o n g l y c o r r e l a t e the two s e t s 

of parameters. The sum-rule thus obtained i s known as a 
(12) 

F i n i t e Energy Sum-Rule ' (F.E.S.R.). The assumption t h a t 

there e x i s t s an energy region where the two p a r a m e t r i s a t i o n s 

are e q u a l l y v a l i d and t h a t there e x i s t s a c l a s s of amplitudes 

to which the resonance s a t u r a t i o n p r e s c r i p t i o n a p p l i e s , 

c o n s t i t u t e p a r t of the d u a l i t y assumption. 



- 15 -

When the absence of e x o t i c s t a t e s mentioned i n 

Sect i o n 1.1 i s demanded of a d i r e c t channel resonance-

s a t u r a t e d amplitude, exchange degeneracy (E.X.D) of the 
(13) 

crossed channel Regge poles i s implied and t h i s i n 

turn imposes s t r i c t c o n s t r a i n t s on the phases of r e l a t e d 

Regge amplitudes. Thus i t i s seen that the a n a l y t i c forms 

allowed i n equation (1.2.5) are i n many cases very much 

determined by reasonable t h e o r e t i c a l assumptions and i t 

i s of i n t e r e s t to attempt phenomenological v e r i f i c a t i o n 

of them. 

L 3 Regge poles i n high energy s c a t t e r i n g 

P a r t of t h i s t h e s i s w i l l be concerned with matching 

a n a l y t i c forms such as equation (1.2.5) to the s c a t t e r i n g 

data i n an attempt to determine f o r a given Regge pole ( i ) 

the t r a j e c t o r y ou (t) and r e s i d u e 6^(t) (both supposed r e a l 

i n the s c a t t e r i n g region t<0 which i s below the cr o s s e d 
(14) 

channel t h r e s h o l d ) . I t has been shown t h a t Regge poles 

vhich s a t u r a t e amplitudes must have f a c t o r i s a b l e r e s i d u e s . 

That i s , i f pole ( i ) c o n t r i b u t e s to the proce s s e s , 

a + b —> c + d 

a + b —» a + b (1.3.1) 

c + d —» c + d 

then, i s an obvious notation, 

B_abcd = B _ a b a b x e _ c d c d { i 3 2 ) 

3t i s t h e r e f o r e of i n t e r e s t to see whether some s t r u c t u r e , 

e.g. a zero, i n g^ c <* c c^ tr a n s m i t t e d to 3^ a^ c <^ v i a equation (1.3.2) 
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i s found experimentally. An i n s t a n c e of such residue 

s t r u c t u r e i s t h a t implied by the presence of the s o - c a l l e d 

"nonsense" or "sense mechanisms" re q u i r e d by the t-channel 

angular momentum a n a l y t i c i t y when c o r r e c t account i s 

taken of s p i n . 

An obvious f e a t u r e of high energy small-angle 

s c a t t e r i n g implied by (1.2.5) i s the presence of a forward 

peak i n the s c a t t e r i n g c r o s s - s e c t i o n (the modulus-squared 

of an amplitude) i f and only i f the cross-channel quantum 

numbers allow the exchange of a Regge t r a j e c t o r y of 

p a r t i c l e s . T h i s c o r r e l a t i o n has been w e l l noted i n the 
(16) 

l i t e r a t u r e and lends a measure of c r e d i b i l i t y to the 
Regge assumptions. S p e c i f i c a l l y , i f c t ^ ( t ) , say, i s the 

highest t r a j e c t o r y i n equation (1.2.5) when p l o t t e d i n a 
(17) 

Chew-Frautschi p l o t (Rea(t) vs. t ) then to a good 

approximation 
|A|2 % e j - ( t ) . s 2 a i ( t ) 

= e j ( t ) e x p { 2 1 o g s ( a o + a ±
I t ) } (1.3.3) 

where we have assumed for the moment t h a t 

o . ( t ) = a +a't (1.3.4) 

i . e . t h a t a(t) i s a s t r a i g h t l i n e i n a Chew-Frautschi p l o t . 

Thus the slope of the exponential peak i s expected to 

decrease l o g a r i t h m i c a l l y with s - a c h a r a c t e r i s t i c p r e d i c t i o n 

of Regge pole dominance and the s t r a i g h t l i n e t r a j e c t o r y 

assumption which we might hope to be a reasonable one i f we 

accept as evidence the l i n e a r i t y of baryon resonance s p i n 

when p l o t t e d a g a i n s t mass-squared (the t>0 p a r t of the Chew 
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F r a u t s c h i p l o t for baryon Regge t r a j e c t o r i e s ) . Unfortunately 

no evidence of l i n e a r i t y i n the meson case i s a v a i l a b l e 

independently. 

When co n s i d e r i n g , as we w i l l l a t e r , meson-baryon 

s c a t t e r i n g processes l i k e 

irN — > irN 

or TTN —» KA (1.3.5) 

we are able to make use of angular momentum conservation 
2 

to decompose |A| i n t o the incoherent sum, 

|A| 2 = |N| 2 + | F | 2 (1.3.6) 

where F i s an amplitude corresponding to u n i t change i n 

the baryon s p i n s t a t e and N to no change. T h i s decomposi­

t i o n i s not unique and depends, for example, on the 

qu a n t i s a t i o n d i r e c t i o n s f o r the baryon 1s s p i n s . A 

u s e f u l and simple way of qu a n t i s i n g the s p i n i s to p r o j e c t 

i t along the p a r t i c l e 3-momentum. Th i s s p i n p r o j e c t i o n 

c a l l e d the p a r t i c l e h e l i c i t y and introduced by Jacob and 
(18) 

Wick can be used to define t w o - p a r t i c l e h e l i c i t y 
(18) 

s t a t e s and hence h e l i c i t y amplitudes H. . (X. and X c 

are the i n i t i a l and f i n a l baryon h e l i c i t i e s i n 

processes ( 1 . 3 . 5 ) ) . 

The Reggeisation procedure of paragraph 1.2 involved 

amplitudes f o r the t-channel ( s p i n l e s s ) process which were 

a n a l y t i c so t h a t a simple a n a l y t i c c ontinuation gave the 

s-channel ones. The c o r r e c t c r o s s i n g procedure f o r the 
non-a n a l y t i c h e l i c i t y amplitudes was given by Trueman 

(14) 
and Wick and i n v o l v e s a matrix i n h e l i c i t y space (see 
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Appendix I B ) . F o r many a p p l i c a t i o n s i t i s more c o n v e n i e n t 

t o use a Regge p a r a m e t r i s a t i o n of t h e s - c h a n n e l h e l i c i t y 

a m p l i t u d e s t h u s o b t a i n e d t h a n a p a r a m e t r i s a t i o n of t h e 

d i r e c t a n a l y t i c c o n t i n u a t i o n of t h e t - c h a n n e l h e l i c i t y 

a m p l i t u d e s . Such an a p p l i c a t i o n i s d i s c u s s e d i n S e c t i o n 1.4. 

By c o n s i d e r i n g t h e p r o p e r t i e s o f t h e h e l i c i t y c r o s s i n g 

m a t r i x * Cohen-Tannoudji e t a l ^ 0 ^ have summarised t h e 

e f f e c t o f R e g g e i s a t i o n on s - c h a n n e l a m p l i t u d e s w h i c h t u r n 

out t o have s i m p l e a n a l y t i c p r o p e r t i e s . The c o n t r i b u t i o n 

of a s i n g l e Regge p o l e t o p r o c e s s (1.2.1) i n t h e a r b i t r a r y 
. (20) s p i n c a s e i s v ' 

2 n /2 i + € - t i r c i ( t )
 s

 ( t ) 

T> * x i = < _ t> ( t - t ) e. , ( t h ^ f - — r n - (--) ( i . 3 . 7 ) 
Vd a X b ° V d a b s : L n i' a^ S

Q 

where SQ i s an a r b i t r a r y s c a l e f a c t o r 

n = IX -X -Xj+X, I = n e t t h e l i c i t y f l i p . 1 c- a d b' 

n + x = j A c - A a | + | x d - X b l 

t 0 = t 
cos e = 1 (1.3.8) 

x 
2 

The e x t r a f a c t o r (-t) comes from t h e ( d y n a m i c a l ) 
(21) 

a s s u m p t i o n o f an e v a s i v e s o l u t i o n f o r t h e t - c h a n n e l 

Regge p o l e . 

I t i s p a r a m e t r i c forms of t h i s k i n d w h i c h we s h a l l 

use i n l a t e r c h a p t e r s . 

t The a u t h o r s of R e f e r e n c e (20) c l a i m t h e a s y m p t o t i c 

f a c t o r i s a b i l i t y o f t h e c r o s s i n g m a t r i x t o be a n e c e s s a r y 

i n g r e d i e n t o f s - c h a n n e l R e g g e i s a t i o n s . We d i s a g r e e w i t h 

t h i s and g i v e r e a s o n s i n Appendix I B . 
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1.4 Regge p o l e s i n meson-baryon p r o c e s s e s 
- + _ + 

I n c o n s i d e r i n g 0 ^ — » 0 \ s c a t t e r i n g (where t h e 
P 

symbols denote t h e J o f t h e p a r t i c i p a n t p a r t i c l e s ) we 

have o n l y two i n d e p e n d e n t h e l i c i t y a m p l i t u d e s , w h i c h have 

t h e form 
s \ 1 + - i ™ ( t ) s o ( t ) 

Tn = 'V^ s L ™ ( t ) ^ (1.4.1) 

f o r a s i n g l e c o n t r i b u t i n g Regge p o l e . n ( = 0,1) i s d e f i n e d 

i n e q u a t i o n ( 1 . 3 . 8 ) . The e x p r e s s i o n s f o r t h e e x p e r i m e n t a l 

o b s e r v a b l e s a r e g i v e n i n Appendix 2A. 
(22 93 9 4 

U s i n g s u c h f o r m u l a e , a t t e m p t s have been made ' ' 

t o d e s c r i b e t h e n e a r - f o r w a r d s c a t t e r i n g p r o c e s s e s i n v o l v i n g 

i r 1 , K 1 incoming beams on both p r o t o n and n e u t r o n t a r g e t s . 

The l e a d i n g n o n - s t r a n g e meson Regge t r a j e c t o r i e s (and t h e i r 

quantum numbers) w h i c h have been used t o d e s c r i b e some o f 

t h e s e a r e shown i n T a b l e ( 1 . 4 . 1 ) . 
P r o c e s s Exchanges 

n+p — = > TT+p P f p 

T T - p -* Tr°n P 

T T - P n°n A 2 

K±p K±p Pfw p A 2 

K±n K±n Pfw p A 2 

K"p K°n p A 2 

K+n — K°p p A 2 

J P I G c Mass(MeV) 

P 2 ( ? ) 0 + ( ? ) + ? 

f 2 + 0+ + 1260 

w 1" 0" - 784 

P 1" 1+ - 765 

A 2 2 + 1" + 1310 

(a) (b) 

T a b l e (1.4.1) 
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I n t h i s p r o c e d u r e of Regge p o l e phenomenology 

s e v e r a l d i f f i c u l t i e s have been met w i t h . Among t h e s e a r e 

( i ) The o b s e r v e d c o n s t a n c y w i t h energy of t o t a l and 

e l a s t i c d i f f e r e n t i a l c r o s s - s e c t i o n s a t momenta between 

15-25GeV+, r e q u i r e s t h e e x i s t e n c e o f a vacuum t r a j e c t o r y 

(P) w i t h i n t e r c e p t a (0)=1. No p a r t i c l e w i t h an SU(3) 
P 

c l a s s i f i c a t i o n i s known t o be a s s o c i a t e d w i t h t h i s 

t r a j e c t o r y , t h e Pomeron. T h i s u n c e r t a i n t y makes a Regge 

p o l e d e s c r i p t i o n of e l a s t i c s c a t t e r i n g d i f f i c u l t . 

( i i ) F a c t o r i s a t i o n of r e s i d u e s t r u c t u r e i s n o t a l w a y s 

c o m p a t i b l e w i t h a p o l e dominance model. 

( i i i ) I n p r o c e s s e s where o n l y one l e a d i n g exchange i s 

e x p e c t e d , t h e r e c o i l p o l a r i s a t i o n from an u n p o l a r i s e d 

t a r g e t ( s e e Appendix 2A) i s p r e d i c t e d t o be z e r o . I n 

i r p > TT°n, f o r example, a s u b s t a n t i a l l y n on-zero measure-
(23) 

ment has been r e p o r t e d 

( i v ) The l o g a r i t h m i c s h r i n k a g e noted i n S e c t i o n 1.3 

i s n o t a l w a y s found, i n d i c a t i n g t h e p r e s e n c e of some 

o t h e r exchange c o n t r i b u t i o n . 

(v) The h i g h energy t o t a l c r o s s - s e c t i o n measurements 

of K±p and i r ± p above 30GeV a r e not c o m p a t i b l e w i t h a s i n g l 

d o m i n a t i n g vacuum p o l e ( t h e Pomeron) w h i c h would have 

p r e d i c t e d a s y m p t o t i c e q u a l i t y o f each p a i r . 

( v i ) The Sommerfeld-Watson t r a n s f o r m f o r a m p l i t u d e s 

w i t h s p i n e x h i b i t s f i x e d p o l e s a t w r o n g - s i g n a t u r e nonsense 

f We u s e u n i t s 4i = c = 1 = GeV 
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... (15) . , , , , . . . . . (24) . p o i n t s w h i c h a r e n o t a l l o w e d by u n i t a r i t y i n 

a m p l i t u d e s s a t u r a t e d by a n g u l a r momentum p l a n e p o l e s . 

The p r e s e n c e of c u t s i n a n g u l a r momentum would r e s t o r e 

c o m p a t i b i l i t y . 

F i n a l l y i n t h i s s e c t i o n , we note t h a t t h e b a r y o n s 

and meson t r a j e c t o r i e s i n v o l v e d i n t h e p r o c e s s e s o f 

T a b l e (1.4.1) b e l o n g t o n o n - s t r a n g e m u l t i p l e t s . W i t h i n 

t h i s s e t of r e a c t i o n s , t h e r e f o r e , we a r e un a b l e t o t e s t 

SU(3) i n i t s most p o w e r f u l form, t h a t i s , when i t r e l a t e s 

m u l t i p l e t s o f d i f f e r i n g s t r a n g e n e s s , e.g. i n 

TT" P — > K°l° 

and TT" P -» K°A° (1.4.2) 

p, A and E° b e l o n g t o s e p a r a t e i s o s p i n m u l t i p l e t s ( u n l i k e 

p and n ) . However (1.4.2) a r e e x p e c t e d t o have t h e same 

exchange mechanism (s e e C h a p t e r 2) i n much t h e same way 

as do 

K~p — » K~p 

and K"n — • K~n . (1.4.3) 

I n p a r a g r a p h 1.6 t h e a d v a n t a g e s of d i s c u s s i n g p r o c e s s e s 

l i k e (1.4.2) w i l l be d i s c u s s e d f u r t h e r . 

L 5 A b s o r p t i o n 

I n S e c t i o n 1.4 we no t e d some t h e o r e t i c a l and 

e x p e r i m e n t a l i n d i c a t i o n s t h a t f u r t h e r exchange c o n t r i b u t i o n s 

s h o u l d be added t o t h o s e s u p p l i e d by Regge p o l e s a l o n e = 
(25) 

H i s t o r i c a l l y i t was found t h a t one meson 

exchange models p r e d i c t e d a n g u l a r d i s t r i b u t i o n s t o o l a r g e 

i n magnitude and n o t s t r o n g l y enough peaked i n t h e n e a r -
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forward d i r e c t i o n when compared w i t h d a t a . I t was 
(26) 

s u g g e s t e d t h a t t h i s f o r w a r d peak i n the d a t a (which 

l o o k e d l i k e "shadow" s c a t t e r i n g i n an o p t i c a l a n a l o g y ) 

c o u l d r e f l e c t t h e e x i s t e n c e of t h e many i n e l a s t i c f i n a l 

s t a t e c h a n n e l s w h i c h a r e e x p e c t e d t o be f e d p r i m a r i l y from 

low i m p a c t p a r a m e t e r c o l l i s i o n s ( l a r g e momentum t r a n s f e r s ) . 

Thus i t was thought t h a t t h e low p a r t i a l wave ( i m p a c t 

p a r a m e t e r b 3£./q) a m p l i t u d e s s h o u l d be r e d u c e d below t h e 

exchange model e x p e c t a t i o n i n o r d e r t o r e p r o d u c e t h i s 

" a b s o r p t i o n " e f f e c t . I n d e e d t h e agreement o f d a t a and 
(26) 

p r e d i c t i o n s was improved when t h i s was done 

S i m i l a r d i f f i c u l t i e s were e n c o u n t e r e d w i t h t h e Regge 

p o l e exchange model i n d e s c r i b i n g a n g u l a r d i s t r i b u t i o n s . 

A l t h o u g h t h e Regge p o l e model s h o u l d a l r e a d y i n c l u d e t h e 

e f f e c t s o f a b s o r p t i o n (as compared w i t h t h e one meson 
(27 28) 

exchange) a d d i t i o n a l a b s o r p t i o n ' a c h i e v e d by 
(28) 

s u p p r e s s i n g t h e low p a r t i a l waves, was found b e n e f i c i a l 

i n t h a t t h e a n g u l a r d i s t r i b u t i o n s became more p e r i p h e r a l . 

By p e r i p h e r a l , we mean t h a t i n i m p a c t p a r a m e t e r s p a c e o n l y 

a f i n i t e band of a m p l i t u d e s c o n t r i b u t e s i g n i f i c a n t l y t o 

t h e t o t a l s c a t t e r i n g a m p l i t u d e . A t y p i c a l Regge exchange 

a m p l i t u d e b e f o r e (R) and a f t e r (A) a b s o r p t i o n i s shown i n 

b - s p a c e i n F i g u r e ( 1 . 5 . 1 ) . 

i • 

•kCfermO 
F i g u r e (1.5.1) 
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Why a more s t r o n g l y peaked a n g u l a r d i s t r i b u t i o n i s 

o b t a i n e d i s e a s i l y s e e n w i t h r e f e r e n c e t o e q u a t i o n ( 1 . 2 . 2 ) . 

The more r a p i d l y v a r y i n g P ^ f c o s e ) n e a r cos0= 1 a r e t h o s e 

w i t h h i g h £, so t h a t t h e a n g u l a r v a r i a t i o n o f t h e o v e r a l l 

a m p l i t u d e i s t h e n d e t e r m i n e d by t h e r e l a t i v e w e i g h t s o f t h e 

h i g h and low o r d e r p o l y n o m a l s . S u p p r e s s i n g t h e low 

f ^ a m p l i t u d e s t h e r e f o r e i s e x p e c t e d t o i n c r e a s e t h e a n g u l a r 

v a r i a t i o n ( s l o p e ) o f t h e o v e r a l l a m p l i t u d e . 

The d e t a i l s of how s u c h a b s o r p t i o n i s a c h i e v e d i n 

a g i v e n r e a c t i o n w i l l be d i s c u s s e d i n C h a p t e r 2 and 

A p p e n d i c e s . The p r o c e d u r e may be d e s c r i b e d r o u g h l y as 

adding t o t h e Regge exchange, a b - s p a c e c o n v o l u t i o n o f t h i s 

exchange a m p l i t u d e and a Pomeron exchange a m p l i t u d e 

r e p r e s e n t i n g t h e d i f f r a c t i v e p a r t o f t h e a s s o c i a t e d e l a s t i c 

s c a t t e r i n g . I n a l o o s e s e n s e t h i s i s s e e n t o r e p r e s e n t a 

double Regge p o l e exchange, p r o b a b l y a c u t s i n g u l a r i t y i n 

t h e c r o s s e d c h a n n e l £-plane and as s u c h might p r o v i d e a 

s o l u t i o n t o problem ( v i ) of S e c t i o n 1.4. The t h e o r e t i c a l 

i m p l i c a t i o n s o f t h i s i n t e r p r e t a t i o n of t h e a b s o r p t i v e 

c o r r e c t i o n as an a n g u l a r momentum c u t w i l l be d i s c u s s e d 

b r i e f l y i n C h a p t e r 3. F o r t h e moment we t r e a t a b s o r p t i o n 

s i m p l y as a p r e s c r i p t i o n b u t may l o o s e l y d e s c r i b e t h e 

c o r r e c t i v e t e rm as a " c u t " f o r c o n v e n i e n c e o f n o t a t i o n . 

Two d i s t i n c t p h i l o s o p h i e s on t h e c o n s t r u c t i o n of 

p o l e p l u s c u t a m p l i t u d e s have a r i s e n : 

( i ) The b a s i c Regge p o l e exchange s h o u l d have t h e 

r e s i d u e s t r u c t u r e demanded of i t by a n a l y t i c i t y i n t h e 

t - c h a n n e l (nonsense mechanisms e t c . ) and by d u a l schemes 
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(e.g. exchange d e g e n e r a c y ) . Then t h e unenhanced c o n v o l ­

u t i o n p a r t s h o u l d o n l y weakly modify t h e b a s i c s t r u c t u r e 
, , (29) g i v e n by t h e p o l e 

( i i ) The b a s i c Regge p o l e s h o u l d be s t r u c t u r e l e s s s i n c e 

a n a l y t i c i t y r e q u i r e m e n t s s h o u l d a p p l y t o t h e c o m p l e t e 

a m p l i t u d e . Any s t r u c t u r e i n t h e f i n a l a m p l i t u d e i s 

o b t a i n e d from d e s t r u c t i v e i n t e r f e r e n c e w i t h an enhanced 

c o n v o l u t i o n p a r t " 

The weak c u t p r e s c r i p t i o n ( i ) has proved more 

s u c c e s s f u l i n d e s c r i b i n g t h e dip/no d i p s y s t e m a t i c s of 

de: 
(32) 

meson-baryon s c a t t e r i n g ^ , w h i l e t h e s t r o n g c u t model 

has had n o t a b l e s u c c e s s e s i n p h o t o - i n d u c e d p r o c e s s e s 

where t h e s m a l l energy dependence o f t h e c r o s s - s e c t i o n s 

i s a problem f o r p o l e o r weak c u t models. T h e i r i m p l i c a ­

t i o n s f o r s t r a n g e n e s s — e x c h a n g e i n t e r a c t i o n s w i l l be 

d i s c u s s e d i n C h a p t e r 2. An e x t e n s i o n of s u c h c u t models 

has been t o r e p l a c e t h e vacuum exchange (Pomeron) by a n o t h e r 

Regge p o l e and t h u s t r y t o e x p l a i n double charge-exchange 

p r o c e s s e s , f o r example. A p p l i c a t i o n s l i k e t h i s w i l l be 

made i n C h a p t e r 3. 

L 6 S t r a n g e n e s s - e x c h a n g e p r o c e s s e s 

The p r e v i o u s s e c t i o n s have shown t h a t i n o r d e r t o 

d e v e l o p a d y n a m i c a l t h e o r y o f h a d r o n i c p h y s i c s , i t i s 

n e c e s s a r y t o i d e n t i f y t h e exchange f o r c e s and t h e i r 

u n d e r l y i n g s y m m e t r i e s . U s e f u l c o n c e p t s w h i c h p r o v i d e a 

framework w i t h i n w h i c h t o o p e r a t e have been l i s t e d : -
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(a) Regge p o l e exchange and p o s s i b l e a b s o r p t i v e 

c o r r e c t i o n s . 

(b) The d u a l i t y a s s u m p t i o n s . 

(c) SU(3) symmetry. 

I n o r d e r t o i n v e s t i g a t e t h e s e p h e n o m e n o l o g i c a l l y 

( i . e . by c o n s t r u c t i n g models t o compare w i t h e x p e r i m e n t ) 

i t i s advantageous t o s e l e c t a s e t o f r e a c t i o n s f o r w h i c h 

t h e r e e x i s t s as complete a s e t o f d a t a as p o s s i b l e , and 

whose Regge exchanges span complete SU(3) m u l t i p l e t s . 

A m b i g u i t i e s i n an a n a l y s i s a r e r e d u c e d by c h o o s i n g e a c h 

r e a c t i o n i n t h e s e t s u c h t h a t i t i n v o l v e s as few exchanges 

and as few s p i n a m p l i t u d e s as p o s s i b l e * . R e a c t i o n s o f t h e 

t y p e 

PB -+ PB (1.6.1) 

p 

where P i s a p s e u d o s c a l a r ( J =Q~) meson and B an o c t e t 

b a r y o n (*j +) , s a t i s f y t h e s e c r i t e r i a w e l l . The non-

s t r a n g e exchange m e d i a t e d s u b s e t l i s t e d i n T a b l e (1.4.1) 

have been w e l l s t u d i e d whereas t h e f o l l o w i n g s t r a n g e n e s s 

exchange r e a c t i o n s have been l e s s s o , 
KN — > TTY 

(1.6.2) 
TTN — > K Y 

where N i s a n u c l e o n and Y a hyperon (A o r I ) . The o n l y 

e x p e c t e d exchanges i n (1.6.2) a r e t h e K * ( 8 9 0 ) ( t h e 

J P = 1" SU(3) o c t e t p a r t n e r o f t h e p and w) and t h e K*(1420) 

( t h e J P = 2 + p a r t n e r o f the A^ and f ) . T h e s e mesons have 

n a t u r a l p a r i t y s i n c e t h e y have P = ( - ) J . Only two 

An e x c e p t i o n t o t h i s i s d i s c u s s e d i n C h a p t e r 4. 
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s p i n a m p l i t u d e s a r e i n v o l v e d , e.g. s - c h a n n e l h e l i c i t y 

f l i p and n o n - f l i p . S i n c e A i s an i s o s p i n s i n g l e t and 

£ an i s o s p i n t r i p l e t i n t h e same SU(3) baryon o c t e t , 

a chance o c c u r s o f t e s t i n g SU(3) symmetry f o r v e r t e x 

c o u p l i n g s . The h e l i c i t y f l i p a m p l i t u d e i s s e e n t o 
(29) 

dominate i n p o r exchange p r o c e s s e s ( w i t n e s s t h e 

f o r w a r d c r o s s - s e c t i o n t u r n o v e r i n T r ~ p -* i r ° n ) so t h a t t h e 

n o n - f l i p a m p l i t u d e i s n o t w e l l - d e t e r m i n e d . The absence 

of a f o r w a r d t u r n o v e r i n r e a c t i o n s (1.6.2) g i v e s t h e hope 

of a dominant and hence w e l l - d e t e r m i n e d n o n - f l i p h e l i c i t y 

a m p l i t u d e . A l s o s i n c e t h e A and E + d e c a y s a r e n o t p a r i t y 

c o n s e r v i n g , t h e s p i n s t a t e of t h e f i n a l s t a t e b a r y o n ( t h e 
(33) 

p o l a r i s a t i o n ) i s s i m p l y a n a l y s e d e x p e r i m e n t a l l y , 

l e a d i n g t o a more complete s e t o f measurements t h a n i s 

r e a d i l y o b t a i n a b l e f o r t h e p r o c e s s e s of T a b l e ( 1 . 4 . 1 ) . 

T h e r e a r e f u r t h e r t h e o r e t i c a l r e a s o n s f o r e x a m i n i n g 

p r o c e s s e s (1.6.2) w h i c h a r e h e n c e f o r t h denoted as a c l a s s 

by H.C.E.X. (Hyper-Charge Exchange, o r e q u i v a l e n t l y 

s t r a n g e n e s s exchange) r e a c t i o n s . s - c h a n n e l p r o c e s s e s o f 

the form 

a + b — » c + d 

and c + b — * a + d (1.6.3) 

a r e s a i d t o be r e l a t e d by l i n e r e v e r s a l . The n o m e n c l a t u r e 

i s e a s i l y u n d e r s t o o d on drawing s y m b o l i c t - c h a n n e l 

exchange graphs ( F i g u r e ( 1 . 6 . 1 ) ) X X X 
F i g . (1.6.1) 
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w h i c h a r e e v i d e n t l y r e l a t e d by " t w i s t i n g " t h e top l i n e s . 

I n o ur c a s e i f 

A f l t t — W Y ) = e v d - e " 1 1 I 0 ' v ) s a v + e T ( i + e - 1 7 r a T ) s
a T 

t h e n 

A(TTN - > K Y ) = - 3 v ( l - e ~ i 7 i a v ) s a v + B T ( l + e " i i r a T ) s a T 

(1.6.4) 

(1.6.5) 

where v d e n o t e s t h e v e c t o r (1~) K*(890) and T d e n o t e s t h e 

t e n s o r ( 2 + ) K * ( 1 4 2 0 ) . The v e c t o r s i g n change comes from 

i t s n e g a t i v e s i g n a t u r e (£• = - 1 ) . F o r t h e m e a s u r a b l e s , 

r e l a t i o n s (1.6.4) and (1.6.5) i m p l y c e r t a i n s y m m e t r i e s 

(e.g . P ^ r ( K N ) = - p f — (TTN) f f o r a l l s and t ) w h i c h a r e 3 d t d t 

r e a d i l y s u b j e c t t o e x p e r i m e n t a l t e x t . 

F i n a l l y i f we a p p l y t h e d u a l i t y c o n s t r a i n t s o f 

p a r a g r a p h 1.2 s i m p l y summarised by t h e H a r r a r i - R o s n e r 
(34) 

d u a l i t y d i a g r a m r u l e s , we f i n d t h e diagram f o r 

KN — > TTY t o be n o n - p l a n a r ( F i g u r e ( 1 . 6 . 2 ) ) , 

K 

F i g . (1.6.2) 

t h u s p r e d i c t i n g A(KN — » uY) of e q u a t i o n (1.6.4) t o be 

r e a l a t h i g h e n e r g i e s and f o r a l l s m a l l | t | . C o n s e q u e n t l y 

we e x p e c t 
a v ( t ) = a T ( t ) = a ( t ) 

3 v ( t ) = e T ( t ) 6 ( t ) (1.6.6) 

f The m e a s u r a b l e s a r e d e f i n e d i n Appendix 2A. 
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i n t h e s m a l l a n g l e h i g h energy s c a t t e r i n g r e g i o n , 

s u g g e s t i n g t h a t 

A (KN — » IT Y) = 2 6 ( t ) s a ( t ) (1.6.7) (a) 

and A (TTN — > KY) = 2B ( t ) e " 1 ™ ( t ) s " ( t ) ( 1 . 6 . ? ) (b) 

bot h v e r y s t r o n g p r e d i c t i o n s . T h i s i s a s p e c i f i c example 

of t h e E.X.D. Regge p o l e s r e f e r r e d t o i n S e c t i o n 1.2. 

Thes e r e a c t i o n s , t h e r e f o r e , o f f e r a p o s s i b i l i t y 

of i n v e s t i g a t i n g i d e a s ( a ) , (b) and ( c ) of page 25 

and p e r h a p s s h e d d i n g l i g h t on some g e n e r a l f e a t u r e s a l r e a d y 

found i n s t u d i e s of t h e p r o c e s s e s of T a b l e ( 1 . 4 . 1 ) . Such 

an a n a l y s i s i s r e c o u n t e d i n C h a p t e r 2. 

Of t h e c l o s e l y r e l a t e d p r o c e s s e s 

K"p — > T r " z + (1.6.8) (a) 

K"p —* TT + £ " (1.6.8) (b) 

o n l y (a) f a l l s i n t o c a t e g o r y (1.6.2) s i n c e (b) a l l o w s o n l y 

t - c h a n n e l exchange o f i s o s p i n 3/2 ( e x o t i c ) quantum 

numbers. T h i s exchange can be a c h i e v e d by t h e "double 

Regge" exchange o f S e c t i o n 1.5 - a Regge-Reggecut. I n 

C h a p t e r 3 we d i s c u s s an a t t e m p t t o c o r r e l a t e t h e p r o p e r t i e s 

o f s u c h c u t s as a p p l i e d both t o t h e a l l o w e d r e a c t i o n s 

(1.6.2) and t o e x o t i c exchange r e a c t i o n s t y p i f i e d by 

(1.6.8) ( b ) . 

I n C h a p t e r 4 we d i s c u s s an a l t e r n a t i v e a pproach 

t o t h e problem of e x t r a c t i n g from t h e d a t a , i n f o r m a t i o n 

on s t r a n g e n e s s exchange. M o t i v a t e d by t h e l a c k o f s u c c e s s 

o f h i g h energy models as d i s c u s s e d i n C h a p t e r s 2 and 3, 

a method i s proposed whereby t h e j o i n t d e c a y s i n s t r a n g e n e s s 
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exchange p r o c e s s e s of t h e t y p e 

nN — > K* Y v ' 

KN — > V Y, (1.6.9) 

a r e a n a l y s e d i n o r d e r t o o b t a i n d i r e c t l y t h e p r o d u c t i o n 

a m p l i t u d e s t h e m s e l v e s . I n (1.6.9) V i s any n o n - s t r a n g e 

v e c t o r meson and Y, a hyperon s u c h as A o r Z + whose 

p a r i t y n o n - c o n s e r v i n g decay e n a b l e s 12 decay c o r r e l a t i o n 

p a r a m e t e r s t o be measured. From t h e s e 12 p a r a m e t e r s we 

show how 10 o f t h e 11 d e t e r m i n a b l e a m p l i t u d e p a r a m e t e r s 

may be o b t a i n e d . An e f f i c i e n t means o f c o n v e r t i n g a l l 

t h e a v a i l a b l e decay d a t a i n t o i n f o r m a t i o n about t h e 

p r o d u c t i o n p r o c e s s , i s a d v o c a t e d . The r e s u l t s o f an 

a p p l i c a t i o n t o n p — > K*A a r e compared t o t h o s e of 

C h a p t e r 2. 
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C H A P T E R T W O 

STRANGENESS-EXCHANGE, L I N E REVERSAL 

AND ABSORPTION 
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2. S t r a n g e n e s s - e x c h a n g e , l i n e r e v e r s a l and a b s o r p t i o n 

I n t h i s c h a p t e r t h e d a t a on r e a c t i o n s ( 1 . 6 . 2 ) a r e 

a n a l y s e d w i t h r e g a r d t o h i g h energy models, i n p a r t i c u l a r 

t h e weak c u t model o f S e c t i o n 1.5. 

2.1 Regge P o l e s i n HCEX p r o c e s s e s 

We saw i n C h a p t e r 1 how h i g h energy d a t a a r e u s e f u l l y 

a n a l y s e d i n terms of t h e c r o s s e d - c h a n n e l a n g u l a r momentum 

p l a n e s i n g u l a r i t i e s of w h i c h Regge p o l e s a r e t h e s i m p l e s t , 

but t h a t e x i s t i n g d a t a have many f i n e r d e t a i l s n e c e s s i t a t i n g 

t h e i n c l u s i o n of a d d i t i o n a l s i n g u l a r i t i e s . Among t h e more 

extended Regge models w h i c h have been c o n s i d e r e d a r e 
(35) 

(a) complex p o l e s (b) s t r o n g c u t s , and ( c ) EXD 

p o l e s p l u s weak c u t s . We s h a l l show t h a t o f t h e s e o n l y (c) 

e a s i l y p r e d i c t s t h e o b s e r v e d hyperon p o l a r i s a t i o n s i n t h e 

l i n e - r e v e r s e d p a i r s o f HCEX r e a c t i o n s . The s h o r t c o m i n g s 

of model ( c ) i n d e s c r i b i n g t h e n o n - a s y m p t o t i c d i f f e r e n t i a l 

c r o s s - s e c t i o n s , w i l l be d i s c u s s e d as a p r e l u d e t o C h a p t e r 3. 

As p r e v i o u s l y n o t e d , t h e HCEX r e a c t i o n s a r e e x p e c t e d 

t o be dominated by exchange d e g e n e r a t e ( E X D ) K V and K* Regge 

p o l e s f o l l o w i n g a p p l i c a t i o n of t h e H a r a r i - R o s n e r d u a l i t y 

d i a g r a m r u l e s . Thus we e x p e c t f o r both s p i n a m p l i t u d e s 

( s e e e q u a t i o n ( 1 . 6 . 7 ) ) : -

A(KN — » Y) r e a l - denoted t y p e R ( r e a l ) 

and A ( N — ) KY) e ~ 1 1 i a K * - denoted t y p e C (complex) 

Immediate c o n s e q u e n c e s a r e t h a t 

P (R) = P ( C ) = 0 

and | ^ ( R ) = |£(C) (2.1.1) 

"*"part of t h i s work was done i n c o l l a b o r a t i o n w i t h A.D.Martin 
and C. M i c h a e l and was p u b l i s h e d i n R e f e r e n c e ( 4 2 ) . 
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a t any g i v e n s and t w i t h ^ showing t h e Regge s h r i n k a g e 

o f p a r a g r a p h 1.3. None of t h e s e f e a t u r e s i s s u b s t a n t i a t e d 

by t h e d a t a i n any s i z e a b l e r e g i o n of s and t ( s e e f o r 

example F i g u r e s (2.1.1) and ( 2 . 1 . 2 ) ) . 

A l l o w i n g EXD b r e a k i n g i n r e s i d u e s and/or t r a j e c t o r i e s 

does not a l l o w agreement w i t h t h e d a t a as c a n be s e e n by 

r e f e r e n c e t o e q u a t i o n s (1.6.4) and ( 1 . 6 . 5 ) . 

( i ) I f 3 y £ B T but a v = a T , t h e n 

l « = Si <c»' 
a p r e d i c t i o n w h i c h i s c e r t a i n l y wrong below 10 GeV , and 

P (R) = -P (C) ? 0 

2 
w h i c h i s wrong f o r | t | & .2 GeV . 

( i i ) I f B v ? B T and a y £ a T t h e n 

% <R> - f t< c > 

whenever a T = 0 o r a v = 0. No s u c h e q u a l i t y i s s e e n i n 

t h e d a t a f o r any r e a s o n a b l e t r a j e c t o r y f u n c t i o n s . 

We a r e f o r c e d t o c o n c l u d e t h a t a s i m p l e two-pole 

model (EXD o r n o t ) does not d e s c r i b e t h e d a t a . A p o l e 

model w h i c h i n t r o d u c e d d a u g h t e r t r a j e c t o r i e s (one u n i t o f 

s p i n lower t h a n t h e p a r e n t K*) would n o t d e s c r i b e t h e 

energy i n d e p e n d e n t p o l a r i s a t i o n f e a t u r e s w h i c h a r e e v i d e n t 

i n F i g u r e ( 2 . 1 . 2 ) . 

B e f o r e d i s c u s s i n g p o s s i b l e models t o remedy t h i s we 

g i v e a b r i e f d i s c u s s i o n of t h e d a t a e x i s t i n g a t t h e t i m e 

of t h e a n a l y s i s . 
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F i g . (2.1.1) 

D a t a r e f e r e n c e s a r e g i v e n i n S e c t i o n 2 . 2 ( i i ) 
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+ 1 
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N \ v ^ y f i i i 
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F i g . (2.1.2) 

Data r e f e r e n c e s are given i n Section 2.2 ( i i i ) 
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2.2. The HCEX Data 

In a d d i t i o n to the c r o s s - s e c t i o n data there are 

s u f f i c i e n t p o l a r i s a t i o n data to i l l u m i n a t e the s p i n 

decomposition of the amplitudes although measurements of 
/ 3 7 ) 

the R and A parameters ' , which d e s c r i b e the s c a t t e r i n g 
from a p o l a r i s e d t a r g e t , are necessary to complete t h i s 

a n a l y s i s (see Appendix 2A). S u f f i c i e n t l y accurate R and/or 
2 2 2 

A data (P + R + A = 1 ) would of course provide a 

d e f i n i t i v e t e s t f o r any high energy model, but i n t h e i r 

absence there are many s i g n i f i c a n t ^ and P f e a t u r e s to 

challenge e x i s t i n g models. We d i s c u s s such f e a t u r e s i n 

the following subsections. 
( i ) The <* eff parameter 

do 
Before a d e t a i l e d a n a l y s i s of ^ i s attempted, i t 

i s u s e f u l to a s s e s s the c o m p a t i b i l i t y of the data with a 

Regge-type energy dependence and the mutual con s i s t e n c y 

of the va r i o u s experiments themselves, i n terms of the 
(38 39) (39) °eff P a r a m e t e r ' . Following convention we w r i t e 

d a 1 2a-af f (t) 
|^ = -\ X (s) A ( t ) v e t f (2.2.1) 

P L 
, s - u where v = ~ m ~ 

For S>>1 and t<<l v behaves l i k e s/2M whereH i s the 

mean mass of the t a r g e t baryon and i t s r e c o i l . The 

expression (2.2.1) may be f i t t e d to the data (using l e a s t 

squares method) to obtain the e f f e c t i v e t r a j e c t o r y & e££(t) 

and e f f e c t i v e r e s i d u e / A ( t ) . The parameter # ( S ^ ) i s 
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optional and allows a t-independent r e n o r m a l i s a t i o n f a c t o r 

for a l l energies of a given experiment to be determined 

i n the f i t ^ 4 0 ^ . T h i s l a t t e r f a c i l i t y i s u s e f u l when the 

a n a l y s i s i n c l u d e s ^ data from an experiment of u n c e r t a i n 

n o r m a l i s a t i o n . For example, analyses i n c l u d i n g the 8 and 

16 GeV data of Birnbaum e t a l ( 4 3 ( e ) ' 4 8 ) n a v e shown that 

i n backward TT-p e l a s t i c * 4 1 ̂  , K~p — » T T ~ Z + ^ 4 2 ^ and TT~Y* ( 1 3 8 5 ) 

a common re n o r m a l i s a t i o n f a c t o r of 0 . 6 6 i s suggested. In 

subsequent work we assume the presence of t h i s f a c t o r . 

P l o t s of the a e££ parameter are shown i n f i g u r e s 

( 2 . 2 . 1 ) and ( 2 . 2 . 2 ) where the following f e a t u r e s are i n 

evidence. 

(a) TIN —* KE, KA show high i n t e r c e p t s ( a ^ F ( 0 ) : . 6 ) 

and steep slopes ( < * e f f ~ 1 . 1 ) although the KA data i s not 

abundant (see ( i i ) ) . 

(b) KN — > ITZ, IT A show lower i n t e r c e p t s (nearer the K* 

pole expectation of 0 . 4 ) but very l i t t l e shrinkage -

a' c ~ 0 . 4 . 
ef f 

That (a) and (b) are incompatible with an EXD K* 

t r a j e c t o r y of 

a ( t ) = .35 + .8t ( 2 . 2 . 2 ) 

i s p l a i n . I t i s a l s o worth noting t h a t w i t h i n the e r r o r s 

the nN —> KE data are the most at odds with an EXD pole 

model energy dependence. 

( i i ) D i f f e r e n t i a l c r o s s - s e c t i o n s t r u c t u r e 

A l l ^ data^ 4"^ 4 ^ show a forward peak with no 

obvious turnover at t = t D , i n d i c a t i n g dominance of the 
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4 

/ 
OA, 

o-o 

t 

O' o 

F i g . (2.2, 

E f f e c t i v e t r a j e c t o r y p l o t s . 
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«5f 

F i g . (2.2.2) 

E f f e c t i v e t r a j e c t o r y p l o t s . 
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c r o s s - s e c t i o n s by the n o n - f l i p amplitudes. We define the 
-2 

c r o s s - s e c t i o n slope b GeV by 

= ^ ^ 0 ) ( 2 . 2 . 3 ) 

d t 

at a given energy. A l l data for these HCEX r e a c t i o n s 
2 

show a shoulder or break i n slope at t ~ -0.4 GeV which 

i s most pronounced i n i r +p —* K + E + ^ ^ e ^ where i t i s seen 

to disappear r a p i d l y with momentum from 3 to 14 GeV 

(shrinkage). In general at intermediate momenta the 

slope b of the forward peak fo r a C type r e a c t i o n i s 

g r e a t e r than t h a t f o r the corresponding R type, as can be 

seen by r e f e r e n c e to Table (2.7.1). The c r o s s - s e c t i o n of 

the R type i s some two times l a r g e r than i t s C counter­

part a t lower momentum. T h i s i s c l e a r l y shown i n F i g u r e 
do 

(2.1.1) where a sample p l o t of ^ fo r Z f i n a l s t a t e s i s 

shown. The data i s i n t e r p o l a t e d a t f i x e d t to e x h i b i t the 

r e l a t i v e shrinkages and the momentum dependence of the 
c r o s s - s e c t i o n s i n e q u a l i t y . As i n the case of KN and KN 

(49) 
CEX ' a disappearance of the l i n e - r e v e r s a l symmetry 

v i o l a t i o n i s seen towards higher momenta - 5 GeV i n the 

CEX case, but more l i k e 10 GeV i n our case. 

We emphasise two f e a t u r e s of t h i s c r o s s - s e c t i o n 

d i f f e r e n c e : -

(a) a decrease with i n c r e a s i n g momenta 

(b) a decrease with i n c r e a s i n g t . 
( i i i ) P o l a r i s a t i o n s t r u c t u r e 

(43-47) 
The a v a i l a b l e p o l a r i s a t i o n data are shown 

i n F i g u r e (2.1.2). The Ti +p —> K + Z + data show no 
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measurable energy dependence between 3 and 14 GeV and we 

make the p l a u s i b l e assumption that the other r e a c t i o n 

p o l a r i s a t i o n s have a s i m i l a r l y constant behaviour. From 

SU(3) c o n s i d e r a t i o n s ^ 5 0 ^ the p o l a r i s a t i o n i s expected to 

change sign under A —» z interchange and the data 

(Figure 2.1.2) c l e a r l y support t h i s . P ( i rN — » KA) and 
2 

-P (TTN — » K £ ) are zero near t ~ -0.3 GeV and reach almost 
-1 f o r -0.8 s t s -0.6. A p o s i t i v e maximum of P (KN — > TTA) 

and -P(KN —» iiE) i s reached and maintained by 
2 

- t = 0.4 GeV . At such maxima we have the f u l l e s t p o s s i b l e 

sp i n decomposition s i n c e R = A = 0 n e c e s s a r i l y . 

2.3 High energy models 

(a) Regge Poles 

For the reasons s e t out i n paragraph 2.1, 

simple pole models (e.g. r e f . (51)) are not expected to 

d e s c r i b e the data. The complex pole model can e x p l a i n ^ 5 ^ 

the l i n e r e v e r s a l symmetry v i o l a t i o n a t a given energy but 

rot the energy dependence of the c r o s s - s e c t i o n s themselves 

and f i n d s d i f f i c u l t y i n reproducing the p o l a r i s a t i o n s . 
(53) 

The t h e o r e t i c a l motivation fo r such a model i s dubious 

and i t s i m p l i c a t i o n s unpleasant (the symmetry p r o p e r t i e s 

of the r e s i d u e s f o r example). 

(b) Strong cut model 

T h i s model , which uses a s t r u c t u r e l e s s 

Regge pole (with the phase expected of a Regge s i g n a t u r e 

f a c t o r ) as input to a convolution i n t e g r a l (see Appendix 2B), 

i s only p r e d i c t i v e when amplitude zero s y s t e m a t i c s are 

imposed as f o l l o w s . 
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S c h e m a t i c a l l y , a h e l i c i t y amplitude A n i s 

constructed as 

A ( s , t ) = R ( s , t ) + X C ( s , t ) ( 2 . 3 . 1 ) n n n n 

where n = net s-channel h e l i c i t y f l i p 

R n = Regge pole amplitude 

and C n = corresponding cut amplitude. 

We saw i n s e c t i o n 1.5 that the convolution C i n v o l v e s a 
n 

d i f f r a c t i v e amplitude (Pomeron exchange) as w e l l as the 

exchange amplitude R n. The d i f f r a c t i v e amplitude can connect 

to the i n i t i a l s t a t e c e r t a i n i n e l a s t i c f i n a l s t a t e s as 

w e l l as the e l a s t i c one. The m u l t i p l i c a t i v e f a c t o r X n 

i s i n s e r t e d i n equation ( 2 . 3 . 1 ) to h elp reproduce the 

a d d i t i o n a l absorption due to these d i f f r a c t i v e i n e l a s t i c 

intermediate s t a t e s and i s expected to be about 1-2 i n 

v a l u e W i t h these ca n o n i c a l values of X , a c a n c e l l a -
n 

2 t i o n i n A ( s , t ) occurs at t = - 0 . 2 GeV for n = 0 and at n 
2 

t ~ - 0 . 6 GeV for n = 1. These c a n c e l l a t i o n s are used 
for example to reproduce r e s p e c t i v e l y the observed i r ±p 

(54) - o 
cross-over e f f e c t and dip i n the IT p — • I T n c r o s s -
s e c t i o n ^ 0 ^ at the above t - v a l u e s . 

These syst e m a t i c s t h e r e f o r e p r e d i c t small or zero 

pol a r i s a t i o n s . s i n HCEX processes a t around t = - 0 . 2 and 
2 

- 0 . 6 GeV , s i n c e P i s a b i l i n e a r of A and A n. The data 
O X 

for P (TJN — ^ KY) c l e a r l y c o n t r a d i c t s the second zero and 

P ( K N — * TTY) both zeros (Figure ( 2 . 1 . 2 ) ) . 
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(c) EXP Poles with Weak Cuts Model 

We b r i e f l y summarise the r e s u l t s of previous 

attempts using Models of t h i s c l a s s to d e s c r i b e the 

HCEX data. 

The model of reference (55) used a Regge pole 

input whose r e s i d u e s s a t i s f i e d a s o l u t i o n t o a weaker 

se t of d u a l i t y c o n s t r a i n t s than i s u s u a l l y applied. A 

necessary i n g r e d i e n t of t h e i r good d e s c r i p t i o n of the c r o s s -

s e c t i o n s was an uncomfortably l a r g e v i o l a t i o n of exchange 

degeneracy i n one of t h e i r amplitudes. The accompanying 

p o l a r i s a t i o n d e s c r i p t i o n i s poor. A very r e s t r i c t i v e weak 

cut model which assumes U (6)8U(6)80 (3) symmetry for 
'57) 

re s i d u e s has been r e p o r t e d 1 . The r e s u l t i n g f a i l u r e to 

des c r i b e the s i g n of the c r o s s - s e c t i o n s d i f f e r e n c e i s not 

s u r p r i s i n g (see Section 2.5). The p o l a r i s a t i o n p r e d i c t i o n s 

are a l s o wrong i n s i g n . 

A q u a l i t a t i v e d i s c u s s i o n of the p o l a r i s a t i o n 

p r e d i c t i o n s of EXD pole plus weak cut models was given 

by Krzywicki and Tran Thanh. V a n ^ 1 ^ , and i n the next s e c t i o n 

some q u a n t i t a t i v e c a l c u l a t i o n s using t h i s framework are 

presented. 

2.4 A new HCEX a n a l y s i s : the model 

In the s p i r i t of equation (1.4.1) we parametrised 

the K* and K* EXD pole c o n t r i b u t i o n s to s-channel h e l i c i t y 

n o n - f l i p (n=0) and f l i p (n=l) amplitudes a s , 

R ( s , t ) = (t - t ) n / 2 v / ' 1 ^ ( a e 1 * ) " ^ (2.4.1) 
n o n 

in u n i t s of GeV. For R type r e a c t i o n s <j> = 0 and for 
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C type ones, $ = -n as p r e d i c t e d by d u a l i t y diagrams. 

The o v e r a l l amplitude n o r m a l i s a t i o n i s as given i n 

Appendix 2A. 

Following reference (30), the amplitude R n ( s , t ) 

was absorbed using the procedure of Appendix 2B. The 

absorption parameters which were the same for a l l r e a c t i o n s , 

were an e f f e c t i v e d i f f r a c t i o n c r o s s - s e c t i o n of 
-2 

a = 30 m i l l i b a r n s , a d i f f r a c t i o n peak slopeof A = 8 GeV 

and a Pomeron slope of a' = 0.5 as i n d i c a t e d i n the pp 
P 

s c a t t e r i n g data of r e f e r e n c e ( 58 ) . For p r a c t i c a l reasons 
a non-zero value of a' was found necessary to avoid 

P 

( i ) a deep dip i n ^ (KN — » TTY) a t t = -0.4 GeV 2 from 

amplitude c a n c e l l a t i o n of R q and C Q ( c . f . equation (2.3.1.)) 

and ( i i ) zero p o l a r i s a t i o n i n the same process s i n c e 

both amplitudes would then be r e a l . 

2.5 The f i t 

Since the p o l a r i s a t i o n comes from a phase d i f f e r e n c e 

between n o n - f l i p and f l i p amplitudes i t was found e a s i e r 

to obtain l a r g e r p o l a r i s a t i o n with no absorption i n the 

f l i p amplitude (A^=0). Such a conclusion i s supported by 

the simple pole-dominated f l i p amplitude d e s c r i p t i o n of 
(59) 

the mirror symmetry of the TTN e l a s t i c p o l a r i s a t i o n data ' 

I f we assume the n o n - f l i p amplitudes to be dominated by 

the l a r g e l y imaginary Pomeron c o n t r i b u t i o n the d i f f e r e n c e 

PC(TT +P) - Pa (T! p) i s seen to be the product of a smooth 

Pomeron amplitude and the r e a l p a r t of the p-pole f l i p 
amplitude which contains a double zero, i n agreement with 

(59) 
the data . The p o l e - l i k e shrinkage observed i n 
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flip-dominated ^ (n p — > ir°n) i s a l s o evidence fo r 

l i t t l e absorption i n f l i p amplitudes. 

The cut c o n t r i b u t i o n to the R-type process i s 

expected to be l a r g e r than to the C-type. This i s simply 

understood as f o l l o w s . I n equation (2.3.1), which a p p l i e s 

e q u a l l y w e l l to our model, C n has the schematical form, 

c n ( 8 ' t ) = ^ e " i i r a P t l e i < ( , a ( t 2 ) k n ( s , t , t 1 , t 2 ) d t 1 d t 2 (2.5.1) 

where k has a constant phase. Since a' i s not l a r g e the 
n P 

c o n t r i b u t i o n s to the double i n t e g r a l add coherently 

g i v i n g a l a r g e r e s u l t f o r <\>= 0, but c a n c e l somewhat for 

<|> = - i r g i v i n g a smaller r e s u l t . D e s t r u c t i v e i n t e r f e r e n c e 
of R and C then f o r c e s the p r e d i c t i o n of the model n n 

|f (R) < f (O ( 2 . 5 . 2 ) 

at non-asymptotic energies. A s y m p t o t i c a l l y of course the 

cut terms va n i s h and c r o s s - s e c t i o n e q u a l i t y i s regained. 

(2.5.2) i s i n complete disagreement with the data 

(Figure (2.1.1)) so t h a t i n t h i s model a simultaneous 

d e s c r i p t i o n of R and C c r o s s - s e c t i o n s i s not f e a s i b l e 

at intermediate energies. In view of the a

e f f a n a l y s i s 

of S e c t i o n 2.1 we choose to f i t the R type r e a c t i o n s and 

p r e d i c t the C ones. 

The (R) f i t i s good, the break to a f l a t t e r 
2 

slope at t ; -0.4 GeV being accounted for by the f l a t t e r 

t-dependence of the cut c o n t r i b u t i o n beginning to 

dominate. Figure (2.1.1) shows a sample of the ^ (R) f i t 

at f i x e d t along with the ^ (C) p r e d i c t i o n which i s 
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obviously only reasonable a s y m p t o t i c a l l y ( £. 10 GeV) . 

The l a r g e p o l a r i s a t i o n P(R) was r e a d i l y d e s c r i b e d 

by the model and the p r e d i c t i o n f o r P ( C ) a s t o n i s h i n g l y 

good (Figure (2.1.2)) and i s i n accord with SU(3) 

expectations (Section 2.2 ( i i i ) ) . The o r i g i n of the 

p o l a r i s a t i o n s i s e a s i l y seen:-

do * P^T = 2 Im (A A, ) dt o 1 

= -2X q Im ( C ^ * ) (2.5.3) 

In the R case = 0), R^ i s r e a l so that the slowly 

varying cut phase i s d i r e c t l y r e f l e c t e d i n the smooth 

r i s e of P-̂ - (R) • When <j> = -IT however C and R. both dt r o 1 
have varying phases. The phase of R^ s t a r t s behind C Q 

at t = t but varying more r a p i d l y (a 1 = .8) soon over-
2 takes C at t = -0.3 GeV and begins to dominate. The o 3 

equal phase s i t u a t i o n at t = -0.3 of course produces a 

zero i n P ( C ) (see F i g u r e ( 2 . 1 . 2 ) ) . 

Also shown i n Figure (2.1.2) are p r e d i c t i o n s from 

our f i t s to RN — • TTY f o r the R parameter of Appendix 2A -
n2 2 * 2 A i s not shown s i n c e A = 1 - P - R and i t s s i g n i s 

simply obtainable from the parameters l i s t e d i n the next 

s e c t i o n (see a l s o Table ( 4 . 5 . 1 ) ) . We claim, contrary to 

the suggestion of Reference (60), t h a t the R and A 

p r e d i c t i o n s of weak cut and strong cut models can be 

q u a l i t a t i v e l y s i m i l a r , as i n t h i s case ( c . f . Reference ( 6 0 ) ) . 

An experimental measurement of the R and A parameters 

would need to be extremely accurate to separate them. 
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2.6 Parameters of the f i t 

The f i t s to a l l a v a i l a b l e RN —> nA.E r - and P 
dt 

data above 4 GeV, d i s c u s s e d i n Sec t i o n 2.5 y i e l d e d the 

parameter values 

Y_^° = 42.1 y A = 47.3 e = 1.07 
o ' o o 

y.^0 = 17.0 Y ; L
A =-33.0 e1 = 0.77 (2.6.1) 

a ( t ) = .4+.8t A Q =1.2 

The t r a j e c t o r y i s very c l o s e to the s t r a i g h t l i n e through 
the and K T poles on a Chew-Frautschi p l o t . The 
enhancement f a c t o r of X = 1.2 i s not unusual f o r meson 

o 
baryon p r o c e s s e s . 

Assuming SU(3) for the constant r e s i d u e f a c t o r s 

Y^' A we may w r i t e 

yo 
V„ /3 [ (F/D)„ - 1] 
7 A " 3 ( F / D ) n + 1 U.b.t) 
n 

y i e l d i n g 

( F / D ) o = ~ 2 - 8 (2.6.3) 

(F/D)1 = 0.3 8 

i n f a i r agreement with other estimates . In terms of 

the f mixing parameter 

f = (2.6.4) 

our estimates are 

f = 1.6 (1.0) 

f 1 = 0.28 (.24) 
(2.6.5) 
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The f i g u r e s i n brackets f o r comparison are those 
(62) 

suggested by vector meson dominance . We may compare 

the r e s i d u e s obtained i n the f i t s with those of p 

exchange, using SU(3). We form the f l i p / n o n - f l i p r a t i o 

of the p couplings to a nucleon-nucleon v e r t e x : -
(^pNS)1 

"TTONNI = - 1 ' 9 (2.6.6) 
o 

(62) 
which i s lower than most other estimates . The 

magnitude of i s not w e l l determined i n our f i t , due 

to l a c k of p r e c i s e data and the n o n - f l i p dominance of the 

processes, so that the r e s u l t (2.6.6) i s not expected 

to be very r e l i a b l e i n comparison with those using 

f i n i t e energy sum r u l e information. 

In the above r e s i d u e c a l c u l a t i o n s the expediency 

of comparing couplings a t t = t was used. SU(3) symmetry 

i s expected to apply to couplings at the p a r t i c l e poles 
2 

(in t h i s case, t = 0.89 or t = 1.42 GeV ) but the constant 

f a c t o r s Y n and r e s i d u e exponents e n are only determined i n 

the s c a t t e r i n g region t < t , and i t would be unwise to 

ex t r a p o l a t e as f a r as the poles themselves. 

The o v e r a l l dominance of n o n - f l i p amplitudes i n 

K* exchange processes ( e s p e c i a l l y z production) i s to be 

contrasted with the SU(3) - analogous s i t u a t i o n i n TTN and 

KN charge-exchange (CEX) r e a c t i o n s where the p and 

exchanges are dominantly f l i p . I f we b e l i e v e the 

suggestions (Section 2.5) t h a t absorption e f f e c t s are 

more important i n n o n - f l i p than i n f l i p amplitudes, 

then i t i s c l e a r t h a t HCEX r e a c t i o n s o f f e r a b e t t e r chance 

than CEX for studying absorption s y s t e m a t i c s . Indeed we 
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have already noted one f e a t u r e of standard absorption 

p r e s c r i p t i o n s i n c o n s i s t e n t with the HCEX data - the 

r e l a t i v e overabsorption of the r e a l amplitude as compared 

to the complex one. We devote some a t t e n t i o n to t h i s 

i n the next s e c t i o n . 

2.7 Non-asymptotic c o n t r i b u t i o n s 

The observed v i o l a t i o n of l i n e - r e v e r s a l symmetry 

of HCEX c r o s s - s e c t i o n s i n a d i r e c t i o n and to a degree 

not explained by our asymptotic model can be u s e f u l l y 

analysed from two standpoints. F i r s t l y i n the t-channel 

exchange formalism, i t i s conceivable that a t intermediate 

energies lower l y i n g J-plane s i n g u l a r i t i e s may be 

important. A l t e r n a t i v e l y (or perhaps e q u i v a l e n t l y i n a 

d u a l i t y sense) we may f e e l t h a t a t such energies an 

s-channel d i s c u s s i o n of resonance e f f e c t s i s more r e l e v a n t . 

These are considered i n tu r n . 

( i ) Regge-Regge cuts 

These lower l y i n g J-plane s i n g u l a r i t i e s have been 
(63) 

suggested as a p o s s i b l e d u a l i t y v i o l a t i o n mechanism. 

Chapter 3 i s devoted to a d i s c u s s i o n of t h e i r c a l c u l a t i o n 

and a p p l i c a t i o n . 
/ T H \ O "1 v c i ^ f V» =a n r i i n 1 a n n y n a n V i ^ ' - i . - i - ^ w * * G * i i i N — * - * j-* j-* ̂  v ^ 4 \ ^ i l 

We remarked i n Section 1.6 th a t d u a l i t y diagrams 

p r e d i c t a r e a l amplitude f o r KN — > irY at high e n e r g i e s . 

I f we take s e r i o u s l y the d u a l i t y assumption that the 

imaginary p a r t of the amplitude can be sa t u r a t e d by 
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(12) resonances then we must conclude that those con­

t r i b u t i n g to imA (RN —* TTY) must couple with a l t e r n a t i n g 

signs thus c a n c e l l i n g on the average, while those to 

ImA(iTN — • KY) w i l l not. T h i s i s shown s c h e m a t i c a l l y i n 

Figure (2.7.1). 

ImAT A 

ImA 

Ns - f 
N 

ImA Rds~o 

I N 

ImA ds/o 

Fig.(2.7.1) 

The f i r s t of these f i n i t e energy sum-rules (FESR) 

i n v o l v i n g Y* resonances and hyperon bound s t a t e s has been 
2 

checked at t = m ^ (where the ¥* pole i s expected to 
v 

dominate) by Schmidt and Storrow 
(64) and found to be w e l l 

s a t i s f i e d . A s c a t t e r i n g region FESR f o r K n IT A and 

T r + n —» K +A has been reported by Jackson and F i e l d . 

Despite s e v e r a l p a r a m e t r i s a t i o n problems (see Reference ( 6 5 ) ) , 

the f o l l o wing t e n t a t i v e c onclusions were reached:-

(a) The EXD pole p r e d i c t i o n was good for the t-channel 

h e l i c i t y f l i p amplitudes only (and consequently the 

s-channel f l i p a l s o ) . 

(b) The ^7 energy and momentum t r a n s f e r 

dependence was w e l l d escribed only i n KN —»ffA. 
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ip) I t was c o n c l u d e d t h a t t h e n a t u r a l d u a l i t y o f 

l e a d i n g r e s o n a n c e s and l e a d i n g p o l e s i s bro k e n i n 

TTN — > K A by t h e p r e s e n c e of s t r o n g l y c o u p l e d r e s o n a n c e s 

which l i e l o w e r i n t h e Chew F r a u t s c h i P l o t . 

We show a d i r e c t l i n k between dominant s - c h a n n e l 

r e s o n a n c e s and ^ s l o p e a t i n t e r m e d i a t e e n e r g i e s . 

I g n o r i n g s p i n and u s i n g e q u a l mass k i n e m a t i c s we p a r t i a l -

wave decompose t h e a m p l i t u d e as 

T = i (2£+l)P ( c o s e ) f ( s ) (2.7.1) 

where f t = I T I 2 (2.7.2) 

I f we d e f i n e t h e s l o p e b a s i n e q u a t i o n ( 2 . 2 . 3 ) , t h e n 

s i n c e 

c os e = 1 + r-^r (2.7.3) 2q2 

we f i n d 

z ( 2 A + l ) f , & 

b , l d T l = i £ 4 ( 3 2
 = <a (z+lh 

2 T d t | t = Q " M 2 £ + l ) f A " 4 q 2 

(2.7.4) 

We t h u s e x p e c t p r o c e s s e s dominated a t low e n e r g i e s and 

small a n g l e s by t h e h i g h e r s p i n r e s o n a n c e s t o e x h i b i t t h e 

g r e a t e r f o r w a r d peak s l o p e s a t momenta where FESR arguments 

can a p p l y , s a y 2-4 GeV. 

Mean v a l u e s o f b i n t h e range 3-4 GeV were 

c a l c u l a t e d and a r e compared i n T a b l e (2.7.1) r e a c t i o n by 

r e a c t i o n w i t h t h e p o s i t i o n s i n t h e C h e w - F r a u t s c h i p l o t of 

th e r e l e v a n t dominant baryon r e s o n a n c e t r a j e c t o r i e s . The 

i n t e g e r s i n t h e t h i r d column q u a l i t a t i v e l y d e s c r i b e i n 
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a s c e n d i n g o r d e r t h e h i g h e s t t o l o w e s t t r a j e c t o r i e s . 

R e a c t i o n 
Dominant 
s - c h a n n e l 
Resonances 

J - p l a n e 
P o s i t i o n 

Mean b 
G e V - 2 

T T + P K + Z + A 1 10 

- o o 1r p — > K Z A , N * 2 10 

i r'p ~* K ° A ° N * 3 9 

- o„o K p — > IT I Y * 
o 

4 -

K~p — > TT~Z + 5 8 

K~n — > Tr~I° V 6 5 

K~n — > T T ~ A ° V 6 5 

K~p — > i r ° A ° V 6 5 

K O p _ T + A o V 6 5 

T a b l e (2.7.1) 

A h i g h degree o f c o r r e l a t i o n between t h e 

s - c h a n n e l r e s o n a n c e s and t h e c r o s s - s e c t i o n s l o p e s i s 

e v i d e n t , i n d i c a t i n g t h e r e l e v a n c e of c o n s i d e r i n g d i r e c t 

c h a n n e l e f f e c t s a t momenta as h i g h a s 3 o r 4 GeV. 

A l s o by i n s p e c t i o n of t h e P a r t i c l e D a t a Group 
(66) 

t a b l e s of masses, s p i n s and b r a n c h i n g r a t i o s , we 

n o t e t h a t e m p i r i c a l l y t h e Y* r e s o n a n c e s a r e more s t r o n g l y 

c o u p l e d t o KN t h a n t h e N*'s a r e t o KY even a l l o w i n g f o r 

t h r e s h o l d f a c t o r s , so one would e x p e c t t h a t ^ (R) > ~ (C) 

a t i n t e r m e d i a t e e n e r g i e s a s o b s e r v e d . 



- 52 -

F i n a l l y , i n t h i s c h a p t e r we summarise our 

f i n d i n g s . We b e l i e v e from t h e e v i d e n c e of t h e h i g h energy 

f i t s t o t h e d a t a p r e s e n t e d i n t h i s c h a p t e r and from sun d r y 

FESR arguments, t h a t HCEX r e a c t i o n s a r e r e a s o n a b l y w e l l 

d e s c r i b e d by EXD p o l e s w i t h weak a b s o r p t i o n o n l y a t h i g h 

momenta and s m a l l l t | . A t lower momenta t h e a b s o r p t i v e 

c o r r e c t i o n s t o t h e p r e d o m i n a n t l y r e a l R-type a m p l i t u d e 

appear too s t r o n g as compared t o t h e C- t y p e . I n v i e w o f 

t h i s t h e e x c e l l e n t p o l a r i s a t i o n d e s c r i p t i o n i s 

s u r p r i s i n g . 

The n e c e s s a r y e x t r a c o r r e c t i o n s can be a p p r e c i a t e d 

as t h e p e r s i s t e n t e f f e c t s o f d i r e c t c h a n n e l r e s o n a n c e s 

w h i c h a r e o u t s i d e a c l a s s i c a l d u a l scheme ( n o n - p e r i p h e r a l ) 

A l t e r n a t i v e l y i t may be ( s e e C h a p t e r 3) t h a t a m u l t i p l e 

t - c h a n n e l exchange p i c t u r e i s r e l e v a n t a t i n t e r m e d i a t e 

e n e r g i e s . 
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C H A P T E R T H R E E 

LI N E REVERSAL, EXOTIC EXCHANGES 

AND REGGE-REGGE CUTS 
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3. L i n e r e v e r s a l , e x o t i c exchanges and Regge-Regge c u t s 

I n t h i s c h a p t e r we i n v e s t i g a t e a p o s s i b l e e x p l a n a t i o n 

of t h e o b s e r v e d l i n e - r e v e r s a l e q u a l i t y v i o l a t i o n noted i n 

S e c t i o n 2.1 and o f c e r t a i n non-zero double c h a r g e ( e x o t i c ) 
(67) 

exchange r e a c t i o n c r o s s - s e c t i o n s . The e x p l a n a t i o n i s 

i n terms of m u l t i p l e Regge exchanges and t h e f o r m a l i s m used 

i s t h e same "box-diagram" p r e s c r i p t i o n of S e c t i o n 2.4. I t s 

i n t e r p r e t a t i o n i n terms of J - p l a n e s i n g u l a r i t i e s i s 

b r i e f l y d i s c u s s e d . 

3.1 M o t i v a t i o n f o r Regge-Regge c u t s 

The need f o r some J - p l a n e c u t s t o s h i e l d f i x e d 
(24) 

p o l e s a t wrong s i g n a t u r e n onsense p o i n t s has a l r e a d y 

been noted. The a s s u m p t i o n t h a t s i m p l y Pomeron-Regge c u t s 

a r e p h e n o m e n o l o g i c a l l y i m p o r t a n t i s o n l y o b v i o u s a t v e r y 

h i g h e n e r g i e s assuming we know c o r r e c t l y how t o c a l c u l a t e 

t h e b r a n c h p o i n t s . I n t h e a b s e n c e o f any w e l l - d e f i n e d 

method o f c a l c u l a t i n g t h e i r s t r e n g t h , t h e p o s s i b i l i t y o f 

Regge-Regge c u t s c a n n o t be d i s c o u n t e d i n any c o n s i s t e n t 

p i c t u r e of m u l t i p l e t - c h a n n e l e x c h a n g e s . 
A h i e r a r c h y o f R e g g e i s e d exchanges has been 

(68) 

c o n s i d e r e d by H a r r a r i and can be r e p r e s e n t e d 

s c h e m a t i c a l l y by 

X- X +M + )=( +)=Ê  +)=I=( + (3.1.2) 

where R a r e non-Pomeron Regge exchanges and P i s t h e 

Pomeron. As i s t h e c a s e t h r o u g h o u t t h i s c h a p t e r , t h e 



- 55-

symbol 0 d e n o t e s a b o r t - s p a c e c o n v o l u t i o n ( s e e 

Appendix 2B and S e c t i o n 3.3) so t h a t t h e second, t h i r d 

e t c . terms o f e q u a t i o n s (3.1.1) and (3.1.2) l o o s e l y 

r e p r e s e n t a b s o r b e d Regge p o l e , Regge-Regge c u t , absorbed 

Regge-Regge c u t , and so on. The q u e s t i o n of whether s u c h 

box diagrams c a n approximate t r u e J - p l a n e Regge c u t s i s 

c o n s i d e r e d i n S e c t i o n 3.2, 

When t h e R t e r m i n e q u a t i o n (3.1.1) i s t a k e n t o 

be EXD Regge p o l e s , i t was shown i n C h a p t e r 2 t h a t t h e 

f i r s t two terms of e q u a t i o n (3.1.1) t o g e t h e r p r e d i c t a 

L i n e - R e v e r s a l Symmetry V i o l a t i o n (LRSV) o f t h e wrong s i g n 

and of too s m a l l magnitude a t i n t e r m e d i a t e e n e r g i e s . I t 
(63) 

was s u g g e s t e d by M i c h a e l t h a t i n c l u s i o n of t h e n e x t 

term o f s e r i e s (3.1.1) might a c c o u n t f o r t h e o b s e r v e d 

energy dependence ( F i g u r e ( 2 . 1 . 1 ) ) o f t h e LRSV s i n c e t h e 

b r a n c h p o i n t o f a Regge-Regge c u t can be e s t i m a t e d t o be 

t y p i c a l l y about a
c uj.(°) = ~ - 5 compared w i t h a p 0 i e ( ° ) = 

A n a l o g o u s l y t o f o r w a r d s c a t t e r i n g , t h e p r e s e n c e 

o r a b s e n c e of a peak i n backward meson-baryon s c a t t e r i n g 

i s u s u a l l y c o r r e l a t e d w i t h t h e p r e s e n c e or absence o f a 

n o n - e x o t i c u - c h a n n e l baryon exchange. The o b s e r v a t i o n 

of a s i z e a b l e peak i n backward K p s c a t t e r i n g a t 5 G e V ^ ^ 

can t h e n o n l y be u n d e r s t o o d i n terms of e x o t i c u - c h a n n e l 

quantum numbers. One r e a l i s a t i o n o f t h i s e x o t i c exchange 

would be i n terms o f t h e s i m u l t a n e o u s exchange of 

n o n - e x o t i c meson and baryon Regge t r a j e c t o r i e s . 

We have n o t e d a LRSV i n 
K"p —*7T~E + 

and T T + P — * K + Z + (3.1.3) 
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These p r o c e s s e s a r e i n t i m a t e l y r e l a t e d t o t h e p r o c e s s e s 

I n terms of t - c h a n n e l a m p l i t u d e s , (3.1.3) i n v o l v e i s o s p i n 

I t = h and e x o t i c I = 3^ (assumed z e r o i n t h e arguments of 

C h a p t e r s 1 and 2 ) , whereas (3.1.4) i n v o l v e o n l y I f c = 3 ^ • 

Thus a t h i g h e n e r g i e s where t - c h a n n e l s i n g l e exchange 

a m p l i t u d e s a r e e x p e c t e d t o be a good a p p r o x i m a t i o n , t o 

t h e same e x t e n t we e x p e c t v a n i s h i n g c r o s s - s e c t i o n s f o r 
(67) 

p r o c e s s e s ( 3 . 1 . 4 ) . T h i s i s n o t what i s o b s e r v e d 

( s e e F i g u r e ( 3 . 1 . 1 ) ) . The p o s s i b i l i t y t h e n e x i s t s t h a t 

t h e LRSV i n r e a c t i o n s (3.1.3) and t h e n o n - v a n i s h i n g c r o s s -

s e c t i o n s f o r (3.1.4) have a common e x p l a n a t i o n - n o n - z e r o 

I t = 3/2 a m p l i t u d e s d e s c r i b e d by t h e s i m u l t a n e o u s exchange 

o f I f c = 1 and I f c = h Regge t r a j e c t o r i e s . 

B e f o r e p r o c e e d i n g t o more t h e o r e t i c a l c o n s i d e r a t i o n s 

and a q u a n t i t a t i v e c a l c u l a t i o n , we g i v e an e s t i m a t e o f 

t h e magnitudes of t h e above e f f e c t s . 

and TT~P — > K + I (3.1.4) 

The r e l e v a n t a m p l i t u d e s a r e 

A"(K p i T z + ) = \ 1 + 1 z 

3 Z 3 £ (3.1.5) 

AZ ( T T +P — > K + E + ) 3 ^3/ 2 
(3.1.6) 

A" (K p — » IT 1 I ) = I 
3/2 

(3.1.7) 



- 57 -

6. .10 1 0 
i V i K N 

to 
7T 

< » 

9> I 

i 01 
.2 0 KM 

KN 

F i g . (3.1.1) 
E x o t i c exchange d a t a w i t h p r e d i c t i o n s from l o w e s t 
i n t e r m e d i a t e s t a t e s , u n s y m m e t r i s e d , unabsorbed 
boas diagram. The d a t a i s from r e f e r e n c e ( 6 7 ) . 
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Note t h a t f o r l i n e - r e v e r s a l symmetry 

and I , , = I - . , = 0 (3.1.9) 
3/2 3^ 

At t = t , o n l y t h e n o n - f l i p a m p l i t u d e s a r e n o n - z e r o . We 

c o n s i d e r t h i s s i t u a t i o n : -

L e t I , M . e 1 < t , n / 2 (3.1.10) n / 2 n / 2 

T.hen 

| ( M ^ ) 2
 + | ( M 3 / 2 ) 2 + c o 8 ( ^ - » 3 / j 

^- ( K + E + ) 4 / M l , 2 ^ 1 / M 1 ,2 _ 4 M 1 M 1 , 1 1 , 
d t 9 h + 9 ( M 3 / 2

} 5 V % ^V*^ 
M_ 

3/2 
2 1 + i s ; — cos ( ^ - * y ) 

(3.1.11) 
% M 3 / , , 

2 % 

assuming \ ̂ — ) << 1 (3.1.12) 

Now suppose i s g i v e n by abosr b e d Regge exchange a s i n 

C h a p t e r 2 (P i s assumed t o be an i s o s i n g l e t ) and t h a t M,, 

is g i v e n by 

= / d t (TT + E ~ ) = /3ubGeV - 2 M, i = / d t ( i r T Z ) = /3ubGeV " (3.1.13) •Vo 

M 1 =/H ( K + E _ ) ~ /.SybGeV" 2 (3.1.14) 
3/2 

u s i n g d a t a from F i g u r e (3.1.1) a t 4 GeV. The l a r g e s t 

p o s s i b l e c r o s s - s e c t i o n r a t i o (3.1.11) o c c u r s when both 

c o s i n e s a r e n e a r u n i t y . 
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i . e . 
— ( T T ~ E + ) 
da ,„+_ + , - 500 X 1 - .03 ~~ " 6 8 { 3 ' 1 

d t ( K S } 

The LRSV due t o p o l e p l u s Pomeron c u t ( i n t h e wrong 

d i r e c t i o n ) c o m p l e t e l y outweighs any LRSV due t o t h e 

I t = 3/2 a m p l i t u d e s . We c o n c l u d e t h a t i f Regge-Regge 

c u t s do p r o v i d e a common e x p l a n a t i o n o f t h e f e a t u r e s of 

p r o c e s s e s (3.1.3) and ( 3 . 1 . 4 ) , t h e n I t = 3/2 c u t s 

[ ( I f c = % ) ® ( I t = 1 ) ] a r e r e s p o n s i b l e i n t h e e x o t i c exchange 

c a s e , but 1^ = h [ p r o b a b l y from ( I t = ^ ) 8 ( I t = 0 ) ] a r e 

r e s p o n s i b l e f o r t h e c r o s s - s e c t i o n i n e q u a l i t i e s i n ( 3 . 1 . 3 ) . 

3.2 T h e o r e t i c a l a s p e c t s of Regge-^Regge C u t s 

I t h a s been w e l l known f o r some time t h a t t h e 

a n g u l a r momentum p l a n e c u t s r e p r e s e n t e d by a m p l i t u d e s 

s u c h as (3.3.15) and diagrams s u c h as i n (3.1.2) and 

F i g u r e (3.4.1) a r e c a n c e l l e d by o t h e r graphs (whose 

p r e s e n c e i s r e q u i r e d by u n i t a r i t y ) , when i n t e r p r e t e d i n 

terms of Feynman d i a g r a m s T h e e s s e n t i a l f e a t u r e 

l a c k i n g i n diagrams l i k e t h o s e o f F i g u r e (3.4.1) i s t h e 
(71) 

p r e s e n c e of a t h i r d d ouble s p e c t r a l f u n c t i o n w h i c h 

would e n s u r e a non-zero a n g u l a r momentum p l a n e d i s c o n t i n u i t y 

i n a F r o i s s a r t - G r i b o v p r o j e c t i o n o f t h e p a r t i a l - w a v e 

a m p l i t u d e . The s i m p l e s t Feynman l a d d e r diagram w i t h t h i s 

p r o p e r t y , n e c e s s a r i l y a n o n - p l a n a r one, i s shown i n 

F i g u r e ( 3 . 2 . 1 ) . 
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3 

F i g . (3.2. 

The " l a d d e r s " R.̂  and R 2 a r e t h e Feynman diagram r e p r e s e n t a -
(12) 

t i o n s of Reggeons used i n t h e G r i b o v Reggeon C a l c u l u s '. 

I t i s f o r m a l l y p o s s i b l e t o c a l c u l a t e d i a g r a m s l i k e t h a t 

i n F i g u r e (3.2.1) t o g e t h e r w i t h i t s h i g h e r o r d e r a n a l o g u e s 

but a s w i t h o t h e r h a d r o n i c p e r t u r b a t i v e e x p a n s i o n s , t h e 

c o n v e r g e n c e problems a r e i n s u p e r a b l e a t p r e s e n t . 

I n t h e c o u r s e of t h e u n i t a r i s a t i o n program of t h e 

V e n e z i a n o a m p l i t u d e c o n s i d e r a b l e p r o g r e s s has 

been made i n d e v e l o p i n g p e r t u r b a t i v e e x p a n s i o n s of d u a l 

a m p l i t u d e s e a c h term o f w h i c h c o r r e s p o n d s i n some way 

t o an o r d e r o f m u l t i p l e Regge exchange. Two r e s u l t s 

from c o n s i d e r a t i o n o f t h e d u a l a s p e c t s o f double exchange 

c o n c e r n t h e p r e s e n t a n a l y s i s . 
(75) 

( i ) The F i n k e l s t e i n S e l e c t i o n R u l e 

Suppose a double exchange diagram can be r e p r e s e n t e d 

as two s u c c e s s i v e R e g g e o n - p a r t i c l e a m p l i t u d e s e a c h i n 

p r i n c i p l e c o n s t r u c t e d from a d u a l a m p l i t u d e (e.g. 

V e n e z i a n o ) a s shown i n F i g u r e ( 3 . 2 . 2 ) . 
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t 
( 

F i g . (3.2.2) 

The k i n e m a t i c s f o r a m p l i t u d e A ^ ( s ^ , t ^ , u ^ ) a r e as 

shown. The t h i r d double s p e c t r a l f u n c t i o n r e q u i r e m e n t 

can be s a t i s f i e d by demanding t h e e x i s t e n c e of a p l a n a r 

s u d u a l i t y d i a g r a m f o r e a c h o f t h e s - c h a n n e l p r o c e s s e s . 

and 

a R 2 — » c 

R 2 b — > r d 

(3.2.1) 

(3.2.2) 

l o r example, i f an s ^ u ^ V e n e z i a n o term can be w r i t t e n f o r 

t h e a m p l i t u d e A^ o f F i g u r e (3.2.2) t h e n t h e s 1 and u.ĵ  

c h a n n e l s w i l l both c o n t a i n r e s o n a n c e s so t h a t t h e double 

d i s c o n t i n u i t y ( t h i r d double s p e c t r a l f u n c t i o n ) w i l l be 

non-zero. 

T h i s s t r o n g n e c e s s a r y c o n d i t i o n d e r i v e d from a 

r e a s o n a b l y weak s e t of a s s u m p t i o n s has s e v e r a l i m p l i c a t i o n s 
(75) 

f o r t h e e x i s t e n c e p r o p e r t i e s of Regge-Regge c u t s 

However no c o n s t r a i n t s a r e imposed on, 

(a) Pomeron-Regge c u t s , s i n c e t h e Pomeron l i e s 

o u t s i d e s i n g l e exchange d u a l schemes, 
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or (b) t h e R®R c u t s i n p r o c e s s e s (3.1.3) and ( 3 . 1 . 4 ) , 

w h i c h we s h a l l c o n s i d e r . 

( i i ) S i n g l e loop diagrams and m u l t i p l e 

s c a t t e r i n g models 
(76) 

L o v e l a c e has compared t h e e x p l i c i t c u t 

a m p l i t u d e s i m p l i e d by t h e n a i v e m u l t i p l e s c a t t e r i n g 

model (Appendix 2B and S e c t i o n 3.4) and by t h e double 

s c a t t e r i n g d u a l e x p a n s i o n analogue of F i g u r e (3.2.1) 
t h a t i s a s i n g l e loop n o n - p l a n a r diagram w h i c h has been 

(77) 
shown t o c o n t a i n a Regge-Regge c u t . The co m p a r i s o n 

(72) 

i s made i n terms o f t h e G r i b o v Regge c u t c a l c u l u s i n 

which t h e t h i r d d o u b l e s p e c t r a l f u n c t i o n i s non-zero 

through t h e p r e s e n c e o f f i x e d p o l e s i n t h e s u b - a m p l i t u d e s 

whose r e s i d u e s a r e c r u c i a l i n d e t e r m i n i n g t h e s t r e n g t h o f 

th e double-exchange c u t . Thus T = G r i b o v 
J 

d 2 k [ N (k,A-k) ] 2 R ( - k 2 , s ) R ( - ( A - k ) 2 , s ) (3.2.3) 

where R a r e Reggeon p r o p a g a t o r s 

k i s a loop momentum 

A 2 = - t 

L o v e l a c e shows t h a t N i s a r e s i d u e o f a f i x e d p o l e ( i n 

t h e V e n e z i a n o subgraph i n t h i s i n s t a n c e , an ( s , u ) t e r m 

i n f a c t - s e e ( i ) ) . By c o m p a r i s o n t h e m u l t i p l e s c a t t e r i n g 

(MS) model would g i v e 

TMS =

 g4lfd2~ R ( ~ ! S 2 / S ) R ( - ( A - k ) 2 , s ) (3.2.4) 

where g i s t h e c o u p l i n g o f a box diagram v e r t e x . 
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D i r e c t c o m p a r i s o n y i e l d s 

N 2 = g 4
 2 - 2 ( « ( 8 ) + a ( u ) ) ( 3 2 > 5 ) 

when a z e r o ' t h o r d e r V e n e z i a n o graph i s used. The e x t r a 

f a c t o r amounts t o 

2 - 2 a ' [ E m i 2 - t ] (3.2.6) 

where ITK i s t h e mass on each V e n e z i a n o l e g . S i n c e t h e 

c o n v o l u t i o n (3.2.3) i s dominated by | t | << 1 t h i s does 

not r e p r e s e n t any g r e a t d e p a r t u r e from t h e a m p l i t u d e 

s t r u c t u r e p r e d i c t e d by t h e MS model. The a p p l i c a t i o n t o 

r e a c t i o n s w i t h s p i n (our c a s e ) i s n o t c l e a r s i n c e we 

cannot even d e s c r i b e r e a l i s t i c a l l y s i n g l e exchanges w i t h 

s p i n i n a d u a l model, but t h e form o f t h e r e s u l t s i s 

e n c o u r a g i n g . A more s e r i o u s problem i s t h e c o n v e r g e n c e 

p r o p e r t i e s o f sums of terms l i k e (3.2.4) each r e p r e s e n t i n g 

a p a r t i c u l a r p a i r of i n t e r m e d i a t e s t a t e s . The approxima­

t i o n o f t h e MS model can be summarised a s b e i n g t h e 
(78) 

a s s u m p t i o n of s a t u r a t i o n of t h e Schwarz sum r u l e 

N ( t ) = / Im A ( s ) ( s 1 , t ) d s 1 (3.2.7) 

^ s o 
by t h e f i r s t i n t e r m e d i a t e bound s t a t e p o s s i b l e i n t h e 

( s ) 1 

R e g g e o n - p a r t i c l e s c a t t e r i n g a m p l i t u d e A (s , t ) , t h e 

e f f e c t of h i g h e r s t a t e s b e i n g a c c o u n t e d f o r by a 

muito.pixcat3.ve c o n s t a n t X>1. L o v e l a c e has shown ^ t h a t 

i n some c a s e s , assuming s a t u r a t i o n by a l l p o s s i b l e 

i n t e r m e d i a t e s t a t e s , ( 3 . 2 . 7) may not c o n v e r g e and t h a t i n 

a l l c a s e s any f i n i t e t r u n c a t i o n (as i n t h e MS model) 

w i l l produce an i n c o r r e c t r e s u l t . 
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I n t h e a bsence o f any o t h e r p r e s c r i p t i o n , we w i l l 

assume t h a t t h e c o u p l i n g c o n s t a n t s g a r e d e c r e a s i n g and 

t h a t some r e n o r m a l i s a t i o n p r o c e d u r e e x i s t s s u c h t h a t t h e 

f i n i t e sum o f t h e terms l i k e (3.2.4) i s a p p r o x i m a t e l y 

g i v e n by t h e l o w e s t well-known s t r o n g l y c o u p l e d s t a t e s . 

3.3 The m u l t i p l e s c a t t e r i n g model 

The a b s o r p t i o n p r e s c r i p t i o n o f C h a p t e r 2 c a n be 

s e e n t o be o n l y t h e second term i n a m u l t i p l e s c a t t e r i n g 

e x p a n s i o n w h i c h a r i s e s i n an e i k o n a l i s a t i o n p r o c e d u r e . 
(79) 

I n t h i s l a t t e r t r e a t m e n t w h i c h h a s i t s o r i g i n s , i n 

n u c l e a r p h y s i c s , a s m a l l a n g l e s c a t t e r i n g p r o c e s s i s 

viewed a s a p l a n e wave (the p r o j e c t i l e ) p a s s i n g t h r o u g h 

t h e s c a t t e r i n g medium (the t a r g e t ) s u f f e r i n g a s e r i e s 

o f i n f i n i t e s s i m a l l y s m a l l d e f l e c t i o n s s u c h t h a t a t e a c h 

s t a g e t h e wave g a t h e r s a s m a l l phase change, t h e momentum 

b e i n g u n a l t e r e d ( i . e . t h e p a r t i a l waves have s m a l l non­

z e r o phase s h i f t s ) . 

The h e l i c i t y amplitudes" 1" f o r t h e p r o c e s s may be 

p a r t i a l - w a v e decomposed 
A ( s , t ) = 16TT l ( 2 J + l ) d ^ ( c o s f i ) f ^ ( s ) (3.3.1) 

n J=min (A ,u ) 

where * and v a r e b a r y o n h e l i c i t i e s and n = |. A - p | , t h e 

n e t h e l i c i t y f l i p . We f o l l o w t h e t r e a t m e n t of R e f e r e n c e (71) 

and make t h e impact p a r a m e t e r a p p r o x i m a t i o n t o e q u a t i o n (3.3.1) 

"'"The n o r m a l i s a t i o n of C h a p t e r 2 i s a g a i n used. 
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A n ( s , t ) = 3 2 n q 2 Jbdb f ( b , s ) J n ( b ^ t ) (3.3.2) 
o 

where J = qb-Jj (3.3.3) 

d e f i n e s b, t h e impact p a r a m e t e r and 

f n ( s ) = f n ( b ' s ) (3.3.4) 

The e i k o n a l phase Y (b#s) i s d e f i n e d by 
n 

j 2 i f i n ( s ) _ 
f n ( s ) = B 4 i q / ^ < 3- 3' 5> 

i X n ( b ' S ) , e -L f ( b , s ) = s (3.3.6) 
n 4 i q / / s 

S u b s t i t u t i n g e q u a t i o n (3.3.6) i n e q u a t i o n (3.3.2) l e a d s , on 

expanding t h e e x p o n e n t i a l , t o 
3 

f v~ X ( b , s ) 
i ( s , t ) = 8irq/s bdbtx y,(b,s) + i - " - ( b ' s ) 1 1 ... 
n j n 2 32 

] 

x J ( b / ^ t ) (3.3.7) n 

w h i c h s h o u l d be a r a p i d l y c o n v e r g e n t s e r i e s i f t h e s m a l l 

phase s h i f t a s s u m p t i o n i s good. At t h i s s t a g e we r e p l a c e 
2 3 

t h e x> X i X / terms by 

R 
X n ~ * X 

x n ^ , , R P ^ P R , R R* .R1 R, 
* i ( V V + V V + V V + V V I 

*n . 1 
3: j y ( X R X R l X p + ) (3.3.8) 

e t c . 
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I t w i l l be s e e n t h a t i g n o r i n g t h e R term i n t h e 

f i r s t two l i n e s of (3.3.8) r e p r o d u c e s t h e a b s o r p t i o n model 

r e s u l t o f C h a p t e r 2. Of c o u r s e t h e r i g h t s i d e of (3.3.8) 

i s summed ov e r a l l p o s s i b l e h e l i c i t y c o n f i g u r a t i o n s g i v i n g 

n e t h e l i c i t y f l i p n. The ml i n t h e denominators o f (3.3.8) 

c o r r e s p o n d s t o t h e number of ways of o r d e r i n g t h e m 

exchanges i n a box diagram. 

The i n v e r s e o f e q u a t i o n s (3.3.2) and (3.3.6) i s 

* n ( b ' s ) 
1 

8Trq/s 

ro 

J -co 
^ J ( b / = t ) A R ( s , t ) (3.3.9) I n n 

vhere A n ( s , t ) i s some s i n g l e exchange a m p l i t u d e . Suppose we 

can e x p r e s s t h i s a m p l i t u d e i n t h e s i m p l e p a r a m e t r i c form 

A R ( s , t ) 
n 

( - t ) 2 ( Z m a n ( s ) t " 1 ) 
m 

tm b n ( s ) t 
(3.3.10) 

t h e n x„(b,s) = 1 m. 
8Tiq/s m ( _ ) a m Im,n (3.3.11) 

where I m,n 
dx x m + n / 2 e - b n x J ^ ( b / - ) 

n 
(3.3.12) 

NDW I 
, n - b 2 / 4 b n 

b e " 
(2b ) n 

n+1 (3.3.13) 

aid I m ,n ( - ) m - ^ r I 
db m o ,n 

n 

(3.3.14) 

Consequently, u s i n g e q u a t i o n ( 3 . 3 . 7 ) , a double exchange 

(1 and 2) g i v e s a c o n t r i b u t i o n t o A n ( s , t ) of 
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A 1 ' 2 ( s , t ) n ' 
n. n. 

8irqv^s 
( 2 b n i ) 

n 0 + l H n l , n 2 
( 2 b n o ) 

( s , t ) (3.3.15) 

where 

H n 
n l ' n 2 

( s , t ) = 
C 00 

n, +n~ 
bdbb e 

4 lb 5 n 2 J ( b / - t ) n (3.3.16) 

i n t h e c a s e where no summation i s i n v o l v e d i n e q u a t i o n (3.3.11) 

When h i g h e r terms a r e p r e s e n t , d e r i v a t i v e s a r e t a k e n as i n 

e q u a t i o n ( 3 . 3 . 1 4 ) . The n^ i n e q u a t i o n s (3.3.15) and (3.3.16) 

a r e t h e n e t h e l i c i t y f l i p s a t t h e s i n g l e exchange v e r t i c e s . 

Thus we s e e t h a t a l t h o u g h A ^ ( s , t ) can r e c e i v e c o n t r i b u t i o n s 

o n l y from X 0
R ^ X ^ R 2 and p e r m u t a t i o n , A Q ( s , t ) i n c l u d e s terms 

both l i k e X ^ X Q 2 a n d l i k e X ^ X ^ 2 - We t h e r e f o r e u s e 

H 
n l ' n 2 

( s , t ) = i = t l 
n /2 e

t / (4 + bn7 } 

n / 2 n + l 
lb b ) 

n l n 2 
(h) 

(3.3.17) 

f o r a l l n^, s u c h t h a t n^ + = n, and 

H l f ^ s ^ ) 

1 + 
^b +b, ; 

'XI' 

n l n 2 

(3.3.18) 

vhen n = 0 and = - 1. 

I n our a p p l i c a t i o n s o n l y t h e f i r s t t h r e e l i n e s o f 

s e r i e s (3.3.8) a r e use d . The p o s s i b l e i n c l u s i o n o f t h e 

t h i r d l i n e f o l l o w s t h e work of r e f e r e n c e ( 8 0 ) r w h i c h was 

r e c e i v e d a f t e r most o f t h e a n a l y s i s t o be d e s c r i b e d was 

completed. When an e x t r a Pomeron exchange i s i n c l u d e d , 

t h e a l t e r a t i o n t o terms l i k e (3.3.17) and (3.3.18) i s 
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s i m p l e i f t h e Pomeron i s assumed t o c o u p l e o n l y t o non-

f l i p b a ryon v e r t i c e s (as i n C h a p t e r 2 ) . E q u a t i o n s 

(3.3.15) and (3.3.17) f o r example t h e n a c q u i r e t h e 

a d d i t i o n a l t e rm 

a a a_ 
1 2 P n, n ? p 

A " ( S ' t } = 2 V 1 \ ^ ' i t ] 

( 8 T r q / i " r ( 2 b n ) 1 ( 2 b n ) * ( 2 b p ) 1 

1 2 (3.3.19) 

where t / + ^ - + ± ) 
n / 2 n i n 2 p 

H n ( s , t ) = -^7-7 g (3.3.20) 
n l ' n 2 ' P , , . n / 2 , 1 + 1 + l . n + 1 

( % ) ( — + — + b - } 

n l n 2 P 

The yj- i n e q u a t i o n (3.3.7) i s c a n c e l l e d s i n c e f o r e a c h 

of t h e 21 c o n f i g u r a t i o n s i n double exchange t h e r e a r e 

t h r e e o r d e r i n g s of t h e e x t r a Pomeron exchange. When (3.3.19) 

i s added t o (3.3.15) i t i s found t h a t a v e r y c l o s e c a n ­

c e l l a t i o n o c c u r s between them, e s p e c i a l l y i n t h e n = o 

a m p l i t u d e . T h i s c a n c e l l a t i o n , w h i c h i s made i m p o r t a n t 

a t t n e a r t by i n c l u s i o n of an enhancement f a c t o r ( X ) , 

i s much more compl e t e t h a n t h a t between s i n g l e exchange 

and i t s c u t t e r m where t h e c u t i s o n l y some 20% of t h e p o l e 

i n magnitude i n t h e f o r w a r d d i r e c t i o n . T h i s f a c t w i l l be 

made use of i n t h e n e x t s e c t i o n . 

3.4 A p p l i c a t i o n t o e x o t i c exchange p r o c e s s e s 

P r e v i o u s model c a l c u l a t i o n s i n t h e f i e l d of e x o t i c 

h y p e r c h a r g e exchange p r o c e s s e s s u c h as (3.1.4) have been 
(63) (81) made. Those o f M i c h a e l and Dean took l i t t l e 
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ac c o u n t of t h e e f f e c t s of s p i n w h i c h w i l l be shown t o 

be q u a l i t a t i v e l y a s w e l l a s q u a n t i t a t i v e l y i m p o r t a n t . 
/ go \ 

A K - m a t r i x c a l c u l a t i o n by R i v e r s v ' o f t h e t = t 
o 

c r o s s - s e c t i o n f o r t h e s e p r o c e s s e s a g r e e s w e l l w i t h one 

of our e s t i m a t e s under a s i m i l a r s e t o f a s s u m p t i o n s 

( l o w e s t i n t e r m e d i a t e s t a t e s o n l y , no s-u s y m m e t r i s a t i o n , 

and no a d d i t i o n a l a b s o r p t i o n ) . C a l c u l a t i o n s t a k i n g i n t o 

a c c o u n t t h e e f f e c t s of s p i n were made c o n t e m p o r a r i l y but 
(83) 

i n d e p e n d e n t l y of t h e p r e s e n t work, by Quigg and by 

Henyey, Kane and S c a n i o ^ 0 \ The s i m i l a r i t i e s and 

d i f f e r e n c e s w i t h our a n a l y s i s w i l l be noted. 
do The d a t a (-TT- n e a r t = t ) f o r t h e r e a c t i o n s d t o 

K~p TT + Z ~ (3.4.1) (a) 

TT~P — > K + l " (3.4.1) (b) 

are shown i n F i g u r e ( 3 . 1 . 1 ) . Note t h a t l i t t l e d a t a 

( p a r t i c u l a r l y f o r ( 3 . 4 . 1 ) ( a ) ) a r e a v a i l a b l e above 3 GeV 

where a t — c h a n n e l d e s c r i p t i o n might be thought r e l e v a n t . 

The s t r o n g s-dependence ( s ^) o f ^ between 2 and 4 GeV 
(67) 

has a l r e a d y been n o t e d . The s c a r c i t y o f d a t a above 
3 GeV p r e v e n t s t h e p o s s i b i l i t y of a Regge-Regge c u t 

-3 

d e s c r i p t i o n (energy dependence ~ s ) b e i n g d i s c o u n t e d 

a t t h e o u t s e t . 

We make t h e a s s u m p t i o n o f l o w e s t i n t e r m e d i a t e s t a t e s 

o n l y , l e a d i n g t o t h e diagrams i n F i g u r e (3.4.1) w h i c h 

may be broken down as i n d i c a t e d i n t o t h e c o n v o l u t i o n of 

a c h a r g e exchange (CEX) and a h y p e r c h a r g e exchange (HCEX) 
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K 

X X 7T 

K ft 

X X n 

( a ) K " b 

K 
K 

K 

X 1°A 
> 

F i g . (3.4.1) 

Lowest i n t e r m e d i a t e s t a t e diagrams f o r e x o t i c exchange. 
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graph. Where a s i n g l e exchange graph does n o t c o r r e s p o n d 

t o a w e l l - m e a s u r e d p r o c e s s f o r which p h e n o m e n o l o g i c a l f i t s 

e x i s t , SU(3) and/or i s o s p i n i s used a s n e c e s s a r y t o r e l a t e 

i t t o one wh i c h d o e s , as f o l l o w s : -

2 ( K _ p — * TT°E°) = K~p — > TT~Z+ = K°n TT + E ~ (3.4.2) 

K"p TT°A = 2 ^ 1 - 2 f ) ( K " P ~ * * ~ Z + * ( 3 - 4 - 3 ) 

TT°z:0—> TT + I ~ = - / 2 f (ir~p Tf°n) (3.4.4) 

° A ° — > TTV = - v / | ( l - f ) (TT'I 

lPl° — > K + Z ~ = / 2 f ( K c
p — » K + n ) (3.4.6) 

K ° A ° — > K + Z ~ = / | ( l - f ) (K°p K + n ) (3.4.7) 

TTWAu—> TT ' E = ( 1 - f ) (ir p -> ir°n) (3.4.5) 

3 

ir°n — > K + = - - ^ ( n + P — f K + O (3.4.8) 

where f i s g i v e n by e q u a t i o n ( 2 . 6 . 4 ) . 

The p o l e p a r a m e t e r s f o r u s e i n e q u a t i o n (3.3.10) 

were t a k e n from t h e r e f e r e n c e s of T a b l e ( 3 . 4 . 2 ) . F o r t h e 

EXD p o l e s K^, K* and p t h e p a r a m e t e r s were e x p r e s s e d as 

a Q ( i H , + l o g s ) 
a n = V s 

( 3 . 4 . 9 ) ( a ) 

1 

n n 

and f o r t h e p p o l e we w r o t e 
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m a = i y e n ' n 
a Q ( l o g s - - ^ ) 

a m = 0 

m = 1 

2m 
m = 2 

m = 3 
2m„ 

( 3 . 4 . 9 ) ( b ) 

b n = a 1 ( l o g s - ij) + e n 

1 
n m 

The v a l u e s o f a , a , y . e and A used i n t h e c a s e s o' ' n' n w 

(a) and (b) a r e shown i n T a b l e (3.4.1) where t h e c o u p l i n g s 

r e f e r t o t h e p r o c e s s e s of Table(3. 4. 2) . 

Exchange K*V,T P,A2 P 

a 
o 

0.4 0.5 0.5 

1 
a 0. 8 1.0 1.0 

^o 59.5 7.5 -17.0 

Y l 24.0 62.0 -139.0 

E o x. u / u. u /-» i~ A 

e l 0.77 0.0 0.54 

0 — 

T a b l e (3.4.1) 
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Note t h a t : 

( i ) S i n c e t h e KN CEX f i t was n o t absorbed we made a 

20% i n c r e a s e i n t h e n o n - f l i p r e s i d u e s f o r t h e s a k e of 

c o n s i s t e n c y . 

( i i ) S i n c e t h e K p —> TT°A d a t a a r e i n f e r i o r t o t h o s e 

f o r K p — > 77 E + , p a r a m e t e r s f o r t h e l a t t e r were used i n 

e v e r y c a s e ( s e e e q u a t i o n ( 3 . 4 . 2 ) ) . 

Exchange P r o c e s s Type of F i t R e f e r e n c e 

K K~p — > 7T~Z + EXD poles/weak 
c u t s 

(42)and 
C h a p t e r 2. 

P 
o 

TT p > 7T n 
pole/weak c u t (84) 

P,A 2 K~p —> K°n V e n e z i a n o (85) 

T a b l e (3.4.2) 

The approximate c o m p a t i b i l i t y ( v i a S U ( 3 ) ) of t h e 

exchange p a r a m e t e r s i n .TTN and K N CEX graphs was c h e c k e d . 

C u r r e n t l y a c c e p t a b l e 6 2 ^ o c t e t m i x i n g p a r a m e t e r s of 

( F / D ) n = Q = -5 
> 

< F / D»n=l " 1 

were used t o g i v e t h e r e s u l t s p r e s e n t e d , a l t h o u g h o t h e r 

v a l u e s s u c h as t h o s e of C h a p t e r 2 were t r i e d . C r o s s -

s e c t i o n p r e d i c t i o n s were e s s e n t i a l l y i n d ependent of t h e s e 

changes. 

Under t h e a s s u m p t i o n s o u t l i n e d above and i n t h e 

c a s e o f no e x t r a a b s o r p t i o n , we p r e d i c t t h e c r o s s - s e c t i o n s 

b 
4 

2 
5 

(3.4.10) 
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diown i n F i g u r e s (3.1.1) and ( 3 . 4 . 2 ) . Note t h a t 

( F i g u r e ( 3 . 1 . 1 ) ) t h e p r e d i c t i o n f o r K p — • n + I i s 

c o m p a t i b l e w i t h i n t h e l a r g e e r r o r b a r s but t h a t f o r 

TT p — * K + E i s much too l a r g e b e i n g on t h e wrong s i d e of t h e 

K p — * TT+I p r e d i c t i o n . The energy dependence of t h e 

c a l c u l a t e d v a l u e s c o r r e s p o n d s t o 

a e f f ( t ) = -0.3 + O . l t (3.4.11) 

(71) 
as compared t o t h e s i m p l e a s y m ^ t o t i c argument , 

a ( t ) = ct, (0)+a_ ( 0 ) - l + -y^t = - 0 . 1 + 0 . 4 t (3.4.12) 
1 2 

where a = a * and a = a J. K 2. P 

The o u t s t a n d f e a t u r e of t h e a n g u l a r d i s t r i b u t i o n 

( F i g u r e ( 3 . 4 . 2 ) ) i s o f c o u r s e t h e o v e r a l l h e l i c i t y - f l i p 

dominated c h a r a c t e r of t h e p r e d i c t i o n s . The o r i g i n of t h e 

e f f e c t can be a p p r e c i a t e d i n F i g u r e ( 3 . 4 . 3 ) . B e c a u s e of 

our EXD p o l e a s s u m p t i o n we e x p e c t v e c t o r exchanges t o 

c o n t r i b u t e l i t t l e t o c u t a m p l i t u d e s s i n c e u n l i k e t h e t e n s o r 

components t h e y c o n t a i n nonsense f a c t o r s , a ( t ) , w h i c h 

i n d u c e c a n c e l l a t i o n s i n t h e c o n v o l u t i o n . The dominance of 

t h e n o n - f l i p K * / f l i p c o n t r i b u t i o n i s t h u s a n t i c i p a t e d . 

Our e s t i m a t e s c o n t r a s t w i t h t h e o v e r a l l n o n - f l i p dominance 

p r e d i c t e d i n R e f e r e n c e (83) where u n r e a s o n a b l e quark 

model s p i n c o u p l i n g s a r e used. We a r e a l s o a t v a r i a n c e 

i n t h i s r e s p e c t w i t h R e f e r e n c e (80) where t h e n o n - f l i p 

dominance i s c l a i m e d t o come from t h e r e l a t i v e i m p o r t a n c e 

o f t h e dou b l e f l i p c u t ( c . f . our e s t i m a t e i n F i g u r e ( 3 . 4 . 3 ) ) . 

We s h a l l r e t u r n t o t h i s p o i n t . 
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N 

> 

10 

TO 10 

10 

F i g . (3.4.2) 

Regge-Regge c u t p r e d i c t i o n from unsymmetrised, 
unabsorbed box diagram. 

a f f ( t ) = -0.26 + O . l t 
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if GeV 

/ 

o-o iva. O'fi o g i'O 

F i g . ( 3 . 4 

A m p l i t u d e c o n t r i b u t i o n s t o t h e c u t o f F i g . (3.4.2) 

t o t a l d o u b l e - f l i p 
K * ( n o n - f l i p ) S p , A 2 ( f l i p ) 

F t o t a l o v e r a l l - f l i p 
-N t o t a l o v e r a l l - n o n - f l i p 
-a t o t a l ( c r o s s - s e c t i o n ) 
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(86) 

Quigg has o b s e r v e d ' t h a t a m p l i t u d e s f o r 

p r o c e s s e s l i k e (3.4.1) c o n s t r u c t e d i n t h i s way a r e not 

s-u c r o s s i n g - s y m m e t r i c and s u g g e s t s a s i m p l e ad hoc way 

of e n s u r i n g t h i s symmetry. I t amounts, i n our model, 

to a l l o w i n g t h e incoming p a r t i c l e t o s c a t t e r o f f t h e 

o u t g o i n g baryon f i r s t so g i v i n g a box diagram as g i v e n 

i n F i g u r e (3.4.4) ( a ) . 

F i g . (3.4.4) 

To c a l c u l a t e t h i s d i agram i t i s f i r s t u n t w i s t e d g i v i n g 

t h e p r o d u c t of t h e s i g n a t u r e s t i m e s t h e graph of 

F i g u r e ( 3 . 4 . 4 ) ( b ) . I n t h i s example, t o c a l c u l a t e t h e 
* * 

c o n t r i b u t i o n s of t h e s i n g l e exchanges (Ky, 1^, p, A 2 ) 

we l i n e - r e v e r s e t h e g r a p h s o f F i g u r e ( 3 . 4 . 4 ) ( c ) p i c k i n g 

up ( 1 ) ^ f o r e a c h exchange. I t i s t h e n n o t i c e d t h a t t h e 

c r o s s e d box diagrams r e d u c e t o t h o s e u n c r o s s e d ones f o r 

(72,86) 
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the u - c h a n n e l p r o c e s s but w i t h t h e p h a s e s of t h e p o l e s 

c o r r e s p o n d i n g t o the s - c h a n n e l one. As a consequence, 

i n t h i s s-u s y m m e t r i c scheme p r o c e s s e s ( 3 . 4 . 1 ) ( a ) and (b) 

have t h e same diagrams ( c . f . F i g u r e ( 3 . 4 . 1 ) ) , t h e o n l y 

d i f f e r e n c e ( a p a r t from t h e o b v i o u s k i n e m a t i c ones) b e i n g 

t h a t of t h e p h a s e s o f t h e i n d i v i d u a l e x c h a n ges. 

T h i s m o d i f i c a t i o n t o our unabsorbed model y i e l d e d 

t h e f o l l o w i n g p r e d i c t i o n s f o r t h e n e a r - f o r w a r d d i f f e r e n t i a l 

c r o s s - s e c t i o n a t 4 GeV 

| ^ (K"p — > TT + Z") = 4.7(2.3) y b GeV" 2 (3.4.13) 

| | (TT"P — > K + E _ ) = 7 (16) ub Gey" 2 (3.4.14) 

showing a l i n e - r e v e r s a l s p l i t t i n g w h i c h i s l e s s marked 

(th e f i g u r e s i n b r a c k e t s a r e t h e c o r r e s p o n d i n g 

u n s y m m e t r i s e d o n e s ) . The magnitudes a r e c o m p a t i b l e w i t h t h e 

e s t i m a t e s o f r e f e r e n c e s (81, 82, 63) but much l a r g e r t h a n 
(83) 

t h o s e o f Quigg . Our p r e d i c t i o n of o v e r a l l f l i p 

dominance r e m a i n s . 

D u r i n g t h i s a n a l y s i s d e t a i l s of t h e work of Henyey, 

Kane and S c a n i o ^ 0 ^ were r e c e i v e d . I n t h i s l a s t work, 

a b s o r p t i o n by P®R®R terms i s i n c l u d e d . As h i n t e d i n 

S e c t i o n 3.3 t h i s g r e a t l y s u p p r e s s e s t h e R®R a m p l i t u d e , 

i n f a c t by a l m o s t an o r d e r o f magnitude i n t h e c r o s s - s e c t i o n . 

By u s i n g K*NA c o u p l i n g s w i t h more f l i p c h a r a c t e r t h a n 

i n d i c a t e d by t h e d a t a ( s e e S e c t i o n 2.2 ( i i ) ) and by 

assuming t h e pBB c o u p l i n g t o be d o m i n a n t l y f l i p f o r a l l 

o c t e t b a r y o n s , Henyey e t a l c l a i m t h e p r o c e s s e s (3.4.1) 
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to be o v e r a l l n o n - f l i p dominated by ( f l i p ) ® ( f l i p ) c u t s so 

t a k i n g advantage of t h e i r k i n e m a t i c s u p p r e s s i o n due t o t h e 

two / ~ t f a c t o r s i n t h e c o n v o l u t i o n . We c l a i m t h a t t h e A^ZZ 

c o u p l i n g i s s u f f i c i e n t l y n o n - f l i p t h a t , b e c a u s e o f t h e above-

mentioned k i n e m a t i c s u p p r e s s i o n , even t h e A 2 ( n o n - f l i p ) Q K* 

( f l i p ) c o n t r i b u t i o n i s l a r g e r t h a n t h e A 2 ( f l i p ) © K* ( f l i p ) 

one. I n t h e n o t a t i o n o f S e c t i o n 2.6 we have 

( Y A E l ) ( Y A N N ) 
Z O „ n ~ 2 o 0.3 (3.4.15) 

aid 

( A 2 Z Z ) 1 ( A 2 N N ) 1 

( Y A 2 Z Z ) o = 1.8 ( Y A 2 N N ) q (3.4.16) 

u s i n g t h e m i x i n g p a r a m e t e r s o f e q u a t i o n s ( 3 . 4 . 1 0 ) . 

F i n a l l y w i t h r e s p e c t t o t h e work of R e f e r e n c e ( 8 0 ) , 

we comment on t h e i m p o r t a n c e of d e c u p l e t i n t e r m e d i a t e s t a t e s . 
(87) 

I t i s r e a s o n a b l e t o assume f o l l o w i n g S t o d o l s k y and S a k u r a i 
t h a t t h e most s i g n i f i c a n t pNA c o u p l i n g s ( A a member of t h e 
P + 

J = 3 / 2 d e c u p l e t ) c o r r e s p o n d t o t h e X N = k —+\ ^ = ~h o r 3 / 2 

t r a n s i t i o n s ( i . e . n = 1 ) . U s i n g t h i s a s s u m p t i o n , t h e a u t h o r s 

c l a i m a c a n c e l l a t i o n between o c t e t and d e c u p l e t i n t e r m e d i a t e 

s t a t e s of t h e form, 

| | ( o c t e t ) 
g 2 .2 

1 - L_£M 
500 (3.4.17) 

2 2 
wheTe cr ~ 2 2 anrl t h e c r ^ s s - s p n i - i n n i s assumed t o be 

" pNA 

d o m i n a n t l y f l i p 8 f l i p . I n our v i e w t h e p , A 2 exchange and 

p exchange c u t c o n t r i b u t i o n s of F i g u r e s ( 3 . 4 . 1 ) ( a ) and (b) 

f o r t h e f l i p Q f l i p diagrams become 
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Cut = Cut-P £ 
i _ , 1 + 2 ^ 1 - f ^ + R 

3 l - 2 f n f, 6 f n ( l - 2 f 1 

1 1 1 l J 

aid c u t _ = C u t P,A 2 

r i . 4 R 
n [ 3 l " 2 f x 

(3.4.18) 

(3.4.19) 

when t h e A c o n t r i b u t i o n i s i n c l u d e d . Cut^, r e f e r s t o t h e 

£ i n t e r m e d i a t e s t a t e p a r t o f diagram ( 3 . 4 . 1 ) ( a ) and C u t 
P 

r e f e r s t o t h e diagram w i t h p e x c h a n g e and i n c l u d i n g both 

o c t e t and d e c u p l e t b a r y o n s t a t e s . 

2 
R = ^ (3.4.20) 

gpNN 

where g „ A c o r r e s p o n d s t o t h e X = k —* -h t r a n s i t i o n . A 

rough c o m p a r i s o n of t h e 4 GeV d i f f e r e n t i a l c r o s s - s e c t i o n s f o r 

„- p _ w o n (30) (3.4.21) 

o ++ ( 8 8 ) 

and TT+ p — » n A (3.4.22) 

assuming n = 1 c o u p l i n g dominance, s u g g e s t s a rough v a l u e f o r 

R of 

R = .38 (3.4.23) 

With t h i s v a l u e of R, t h e P » A2 ® K * c u t s u f f e r s an enhance­

ment o f about 100% i n t h e c r o s s - s e c t i o n . By i n s p e c t i o n , i t 

would appear i m p o s s i b l e t o o b t a i n l a r g e c a n c e l l a t i o n s s i m u l t a n ­

e o u s l y i n e q u a t i o n s (3.4.18) and (3.4.19) f o r any 

r e a s o n a b l e v a l u e s of R and f . Even w i t h t h e c o u p l i n g s o f 

R e f e r e n c e (80) a c a n c e l l a t i o n o f t h e form (3.4.17) i s 

u n r e a l i s t i c s i n c e t h e ( n o n - f l i p ) ® ( f l i p ) c u t s f o r example 

would t h e n be e x p e c t e d t o be dominant. I n t h i s a n a l y s i s we 

p r o c e e d no f u r t h e r w i t h a s p e c u l a t i v e t r e a t m e n t o f 



- 81 -

d e c u p l e t s t a t e s and r e t u r n t o our (perhaps u n r e a l i s t i c ) 

" l o w e s t s t a t e s o n l y " model. 

We saw how i n t h e l o w e s t s t a t e s a p p r o x i m a t i o n , 

t h e p r e d i c t i o n f o r ir p — • K + E ~ was much too l a r g e 

( F i g u r e ( 3 . 1 . 1 ) ) . F o r t h e s a k e o f c o m p l e t e n e s s we f o l l o w 

R e f e r e n c e (80) and ab s o r b t h e box diagrams w h i c h we have 

so f a r c o n s i d e r e d ( F i g u r e ( 3 . 4 . 1 ) ) . As w i t h a b s o r p t i o n 

o f s i m p l e p o l e s we enhance t h e a b s o r b i n g c r o s s - s e c t i o n 

o f 30 m i l l i b a r n s w i t h a f a c t o r 

X = 1.5 (3.4.24 

i n t h i s c a s e t h e same f o r a l l d i a g r a m s . E q u a t i o n s ( 3 . 3 . 1 0 ) , 

(3.3.19) and (3.3.20) a r e use d t o c a l c u l a t e t h e a d d i t i o n a l 

t e r m s . T h i s time s i n c e t h e RSR and R8R8P c a n c e l l a t i o n i s 

much more complete t h a n t h a t of R and R®P, t h e c h o i c e o f 

X i s v e r y s e n s i t i v e . With t h e v a l u e g i v e n i n e q u a t i o n 

(3.4.24) we r e p r o d u c e t h e o b s e r v e d c r o s s - s e c t i o n s w i t h i n 

t h e v e r y - c o n s i d e r a b l e e r r o r s ( s e e F i g u r e ( 3 . 4 . 5 ) ) . 

The o v e r a l l f l i p c h a r a c t e r of t h e p r e d i c t e d a n g u l a r 

d i s t r i b u t i o n s i s enhanced by t h e a b s o r p t i o n s i n c e t h e 

c a n c e l l a t i o n i s more pronounced f o r t h e (non-flip)®(non-flip) 

c u t s t h a n f o r t h e ( f l i p ) S ( n o n - f l i p ) ones. 

We c o n c l u d e t h i s s e c t i o n by e m p h a s i s i n g t h e 

d i f f i c u l t y i n r e p r o d u c i n g t h e s m a l l s i z e of t h e d a t a u s i n g 

I t = 3 / 2 c u t s w i t h o u t some k i n d o f a b s o r p t i o n . However t h e 

freedom a l l o w e d by t h e a b s o r p t i v e mechanism w h i c h we have 

employed r e d u c e s t h e u s e f u l n e s s of t h e d e s c r i p t i o n . The 

problem of magnitude becomes even more accute a t h i g h e r 
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AO 10 i i — h K N 

A 7T~ b-* K 2 

v3 
\ - i \ 

V 

0 01 
8 3 0 ^ <2o 

K N 

F i g . (3.4.5) 

P r e d i c t i o n s from ( s - u ) s y m m e t r i c , a bsorbed, l o w e s t 
i n t e r m e d i a t e s t a t e s d i a g r a m s . Data as i n F i g . ( 3 . 1 . 1 ) 
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momenta (s e e F i g u r e ( 3 . 4 . 5 ) ) s i n c e t h e <* eff (O) of even 

t h e absorbed c u t i s , 

" e f f ( 0 ) * -0.27 (3.4.25) 

w h i l e t h e d a t a r e p r e s e n t e d by t h e upper l i m i t s shown s u g g e s t 

( a l t h o u g h do n o t demand) a somewhat lower v a l u e . 

3.5 A p p l i c a t i o n t o L i n e R e v e r s a l Symmetry V i o l a t i o n 

We showed i n S e c t i o n 3.1 t h a t t h e a s s u m p t i o n t h a t 

most o f t h e L i n e - R e v e r s a l Symmetry V i o l a t i o n (LRSV) came 
(42) 

from a non-zero I t = 3/2 e x o t i c a m p l i t u d e i s u n t e n a b l e . 

A l s o we showed i n S e c t i o n 3.4 t h a t Regge-Regge c u t s i n a 

m u l t i p l e s c a t t e r i n g f o r m a l i s m do n o t n a t u r a l l y d e s c r i b e t h e 

a n o m a l o u s l y s m a l l o b s e r v e d I = 3/2 c r o s s - s e c t i o n . I n t h i s 

s e c t i o n we i n v e s t i g a t e w h e t h e r , on t h e o t h e r hand, 

( I t = 0) a ( I = ^) Regge-Regge c u t s can e x p l a i n t h e l a r g e 

d i f f e r e n c e i n magnitude between t h e 1^ and 1^ a m p l i t u d e s 

o f e q u a t i o n s (3.1.5) t o (3.1.8) w h i c h we have t o c o n c l u d e 

a r e m a i n l y r e s p o n s i b l e f o r t h e LRSV. 

The l o w e s t o r d e r d i agrams t o be c o n s i d e r e d i n a 

d e s c r i p t i o n o f 

K~p — » i r ~ E + (3.5.1) (a) 

and i r + p — > K + Z + (3.5.1) (b) 

a r e shown i n F i g u r e (3.5.1). I n t h e s-u s y m m e t r i c model 

w h i c h we c o n s i d e r e d , both s e t s o f diagrams i n F i g u r e (3.5.1) 

would be s h a r e d by p r o c e s s e s (3.5.1) i n t h e manner 

d e s c r i b e d i n S e c t i o n 3.4. As w e l l as t h e 1 = 1 exchanges 



- 84 -

K K 7T X X K 7T 

p.f. K K P. ̂ 2. J 5 

X 

(a) K " b 

7T 7T+ K K 
7T K 

K K 

X X 
00 7 r + t - ^ K + r 

F i g . (3.5.1) 

Lowest i n t e r m e d i a t e - s t a t e s box diagrams 
f o r n o n - e x o t i c HCEX r e a c t i o n s . 
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whose dor a i n a n t l y f l i p c h a r a c t e r we n o t e d i n t h e l a s t 

s e c t i o n , we now have t h e I = 0 e x changes, P, f and w 

w h i c h i n an EXD framework have d o m i n a n t l y n o n - f l i p 
i . ( 6 2 ) c o u p l i n g s 

The c o n t r i b u t i o n from t h e P®R c u t s has a l r e a d y 

been e s t i m a t e d i n C h a p t e r 2. As r e g a r d s t h e non-Pomeron 

c u t s we e x p e c t t h e d o m i n a n t l y n o n - f l i p w, f and K* 

exchanges t o e n s u r e t h e o v e r a l l dominance of ( n o n - f l i p ) 

S ( n o n - f l i p ) d i a g r a m s , remembering t h e n a t u r a l k i n e m a t i c 

pre-eminence o f s u c h d i a g r a m s . We can go f u r t h e r i n 

s e l e c t i n g from F i g u r e ( 3 . 5 . 1 ) t h e dominant d i a g r a m i n a 

rough c a l c u l a t i o n . We have a l r e a d y n o t e d t h a t ( t e n s o r ) ® 

( t e n s o r ) c u t s a r e by f a r t h e most i m p o r t a n t i n an EXD 

framework b e c a u s e o f t h e l a c k of n o n s e n s e z e r o e s i n t h e 

c o n v o l u t i o n , i . e . we e x p e c t f ® K£ t o be dominant. 
( 6 1 ) 

Assuming S U ( 3 ) , i d e a l m i x i n g and EXD 

gfNN 4 f o _ 1 

= ° z 1.6 ( 3 . 5 
g f l i 2 f o 

f o r n o n - f l i p c o u p l i n g s . The diagrams of F i g u r e ( 3 . 5 . 2 ) 

a r e t h e n s e l e c t e d f o r c a l c u l a t i o n as t h e most s i g n i f i c a n t 

c o n t r i b u t i o n s from Regge-Regge c u t s towards LRSV i n t h e 

I j _ = \ a m p l i t u d e s . 

<«0 

F i g . ( 3 . 5 , 
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I n o r d e r t o c a l c u l a t e t h e l a r g e s t p o s s i b l e e f f e c t s 

due t o t h e s e d i a g r a m s , we do not c o n s i d e r an s-u s y m m e t r i c 

model, i . e . F i g u r e ( 3 . 5 . 2 ) ( a ) i s t h e dominant non-Pomeron 

c o n t r i b u t i o n t o K p — > TT Z+ and F i g u r e (3.5.2) (b) con­

t r i b u t e s t o TT+P —> K+2 + . 

The c o n t r i b u t i o n o f F i g u r e (3.5.2) (a) was c a l c u l a t e d 

v i a SU(3) and EXD from t h e analogous diagram o f 

F i g u r e ( 3 . 4 . 1 ) , t a k i n g c a r e t o e s t i m a t e c o r r e c t l y , w i t h i n 

our EXD scheme, t h e r e l a t i o n s i g n of w,f and P c o u p l i n g s 

( s e e Appendix 3A). The n o n - f l i p a m p l i t u d e s a t 4 GeV from 

P0K* ( C h a p t e r 2) and from P8K* + (w+f)®K* a r e shown i n 

F i g u r e ( 3 . 5 . 3 ) . 

F i g . (3.5.3) 
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At b e s t t h e non-Pomeron c u t s a r e o n l y some 10% 

i n modulus of t h e l e a d i n g c u t and a r e o n l y comparable ( i n 

t h e p r e s e n t c a s e of a d o m i n a n t l y r e a l a m p l i t u d e ) i n t h e 

i m a g i n a r y p a r t ( s e e F i g u r e ( 3 . 5 . 3 ) ) . More s i g n i f i c a n t , 

however, i s t h e p r e d i c t i o n t h a t t h e s e s e c o n d a r y c u t s 

add i n b o t h t h e r e a l and i m a g i n a r y p a r t s . A s i m i l a r 

e f f e c t i s found i n i r + p — » K + £ + s i n c e t h e f and P c o u p l i n g s 

have t h e same s i g n i n i r + p e l a s t i c s c a t t e r i n g ( s e e Appendix 3A) . 

We t h e r e f o r e c l a i m t h a t i n c l u s i o n of Regge-Regge c u t s makes 

t h e p r e d i c t i o n o f t h e l e a d i n g c u t model worse, and t h a t 

t h e i r e f f e c t may be summarised by r e p l a c i n g 

X — » l . U (3.5.6) 

i n t h e e s t i m a t e s of C h a p t e r 2. T h i s r e s u l t i s i n a c c o r d 
(63) 

w i t h t h e c a l c u l a t i o n o f M i c h a e l 

F i n a l l y i n t h i s s e c t i o n we e s t i m a t e t h e e f f e c t of t h e 

i n c l u s i o n o f n o n - l e a d i n g c u t s i n t h e p o l a r i s a t i o n d e s c r i p t i o n 

put f o r w a r d i n C h a p t e r 2. 

We have d e m o n s t r a t e d t h a t t h e o v e r a l l f l i p Regge-

Regge c u t s i n p r o c e s s e s (3.5.1) a r e e x p e c t e d t o be s m a l l 

compared w i t h t h e n o n - f l i p ones. Ind e e d t h e f l i p c u t s w i l l 

be comparable i n magnitude w i t h t h o s e c a l c u l a t e d i n 

S e c t i o n 3.4 w h i c h were t y p i c a l l y one t e n t h o r l e s s i n 

magnitude of t h e f l i p p o l e a m p l i t u d e s . I f we t h e r e f o r e 

n e g l e c t them, t h e p o l a r i s a t i o n model of C h a p t e r 2 i s o n l y 

a l t e r e d i n t h a t we now i n c l u d e Regge-Regge terms i n t h e 

n o n - f l i p a m p l i t u d e s a s shown i n F i g u r e ( 3 . 5 . 3 ) . F o r 

s i m p l i c i t y we c o n s i d e r t h e o r i g i n o f t h e hyperon p o l a r i s a ­

t i o n i n K p — » IT Z + but t h e argument a p p l i e s a n a l o g o u s l y 
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t o n + p — * K+E+. We have 

p | | * 2 I m ( A Q A j ) (3.5.7) 

2 A 1 (ImA o + ImA Q ) (3.5.8) 

s i n c e A^ ( i n an o b v i o u s n o t a t i o n ) i s p u r e l y r e a l w i t h i n 

our a s s u m p t i o n s . From F i g u r e (3.5.3) and E q u a t i o n (3.5.8) 
Ma we deduce t h a t P d t w i l l have t h e same shape as i n 

s i m p l e a b s o r p t i o n , but l a r g e r s i n c e t h e two terms i n (3.5.8) 

add. I n a f i t t o t h e d a t a ~ w i l l remain c o n s t a n t so 
d t 

t h a t we p r e d i c t t h e p o l a r i s a t i o n t o be s i m i l a r t o t h a t i n 

C h a p t e r 2 but l a r g e r i f a n y t h i n g . 

The above arguments a l l a y t h e n a i v e s u s p i c i o n of 

C h a p t e r 2 t h a t i f Regge-Regge c u t s a r e r e q u i r e d t o 

r e p r o d u c e t h e LRSV a t i n t e r m e d i a t e e n e r g i e s , an immediate 

consequence might be t o r u i n t h e s i m p l e p o l a r i s a t i o n 

d e s c r i p t i o n w h i c h i n some s e n s e i s a r a t h e r d e l i c a t e 

(second o r d e r ) phase e f f e c t . S i m i l a r c o n c l u s i o n s were 

a r r i v e d a t i n d e p e n d e n t l y by O'Donovan i n R e f e r e n c e ( 8 9 ) . 

3.6 C o n c l u s i o n s on t h e R o l e of Regge-Regge C u t s 

The t h e o r e t i c a l j u s t i f i c a t i o n o f s a t u r a t i o n o f t h e 

Schwarz sum-rule f o r t h e R e g g e o n - p a r t i c l e s c a t t e r i n g 

a m p l i t u d e , by l o w e s t i n t e r m e d i a t e s t a t e s o n l y , i s v e r y 

weak a l t h o u g h g i v e n t h i s s a t u r a t i o n , t h e m u l t i p l e 

s c a t t e r i n g f o r m a l i s m i s thought ( S e c t i o n 3.2) t o g i v e 

a r e a s o n a b l e a p p r o x i m a t i o n ( S e c t i o n 3.3) t o a more c o r r e c t 

b ut i m p r a c t i c a b l e c a l c u l a t i o n of a Regge-Regge c u t . 
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G r e a t d i f f i c u l t y i s e x p e r i e n c e d i n e x p l a i n i n g t h e 

s m a l l s i z e of e x o t i c exchange c r o s s - s e c t i o n s ( S e c t i o n 3 . 4 ) , 

some k i n d of a d d i t i o n a l a b s o r p t i o n b e i n g found n e c e s s a r y . 

The LRSV o b s e r v e d i n r e a c t i o n s (3.5.1) i s found 

to o r i g i n a t e a l m o s t e n t i r e l y i n t h e I f c = h a m p l i t u d e s . 

The o b s e r v e d s i z e of t h e v i o l a t i o n c a n n o t be e x p l a i n e d 

( S e c t i o n 3.5) by Regge-Regge c u t s whose e f f e c t s on t h e 

c r o s s - s e c t i o n s and p o l a r i s a t i o n s a r e a l m o s t n e g l i g i b l e . 
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4. S t r a n g e n e s s - e x c h a n g e a m p l i t u d e s from decay 

c o r r e l a t i o n s t 

S i n c e t h e a n a l y s e s d e s c r i b e d i n C h a p t e r 2 and 

C h a p t e r 3 were performed i t h a s become c l e a r t h a t no 

exchange model w i t h any p r e d i c t i v e power can d e s c r i b e i n 

d e t a i l a l l t h e O h+ — • O % + s c a t t e r i n g d a t a . I n t h e c a s e 

o f s t r a n g e n e s s - e x c h a n g e (HCEX) r e a c t i o n s we showed i n 

C h a p t e r 2 how t h e weak a b s o r p t i o n model i m p l i e s t h a t t h e 

K p —* TT Z+ p o l e a m p l i t u d e w h i c h i s e x p e c t e d t o be 

p r e d o m i n a n t l y r e a l i s r e d u c e d by a b s o r p t i o n more t h a n t h a t 

of T r + p —• K + E + w h i c h has a l a r g e i m a g i n a r y p a r t a t s m a l l 

a n g l e s . T h i s p r e d i c t s a l i n e - r e v e r s a l symmetry v i o l a t i o n 

(LRSV) o p p o s i t e t o t h a t shown by t h e d a t a . T h e r e has been 

p r e s e n t e d , o t h e r e v i d e n c e t h a t i t s h o u l d be t h e 

p r e d o m i n a n t l y i m a g i n a r y n o n - f l i p a m p l i t u d e w h i c h s h o u l d 

be h e a v i l y a b s o r b e d r a t h e r t h a n t h e r e a l . 

I n 0 % + — > 0 k+ s c a t t e r i n g t h e r e a r e two s p i n 

a m p l i t u d e s ( S e c t i o n 1.4) and, s i n c e t h e r e i s an o v e r a l l 

phase w h i c h i s n o t i n g e n e r a l d i r e c t l y d e t e r m i n a b l e , we 

can d e s c r i b e a p r o c e s s h a v i n g one t - c h a n n e l i s o s p i n com­

ponent by t h r e e r e a l numbers. Such numbers c o u l d be 

t a k e n t o be P and R (see Appendix 2A) but i n o r d e r t o 

compare t h e u n d e r l y i n g s t r u c t u r e of h i g h energy exchange 

models i t i s more u s e f u l t o u s e as t h e t h r e e numbers, t h e 

moduli and r e l a t i v e phase of t h e a m p l i t u d e s . When R and A 

^ P a r t o f t h e work d e s c r i b e d i n t h i s c h a p t e r was done i n 

c o l l a b o r a t i o n w i t h M. Abramovich, A.D. M a r t i n and C. M i c h a e l , 

and was p u b l i s h e d i n R e f e r e n c e ( 1 0 5 ) . 
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measurements were made f o r •n±p e l a s t i c s c a t t e r i n g , 

t h e p r o c e s s e s ir±p e l a s t i c and ir p c h a r g e exchange 

s c a t t e r i n g w h i c h a s a s e t i n v o l v e 2 i s o s p i n t i m e s 2 s p i n 

a m p l i t u d e s (7 r e a l numbers) were a n a l y s e d i n t h i s way 
(92) 

by H a l z e n and M i c h a e l . As a r e s u l t , t h e s u s p e c t e d 

a b s o r p t i o n s y s t e m a t i c s o u t l i n e d i n t h e f i r s t p a r a g r a p h 

were c o n f i r m e d i n TTN s c a t t e r i n g . S i g n i f i c a n t l y p e r h a p s , 

t h e f i v e Regge p o l e f i t of R e f e r e n c e (93) was shown t o 

p r o v i d e an e x c e l l e n t i n t e r p o l a t i o n of t h e a m p l i t u d e s 

d e r i v e d i n t h e a n a l y s i s . Making t h e a s s u m p t i o n t h a t t h i s 

model p r o v i d e s a good e x t r a p o l a t i o n o f t h e a m p l i t u d e s t o 

l a r g e r momentum t r a n s f e r s , an i m p a c t p a r a m e t e r d e c o m p o s i t i o n 
(95) 

can t h e n be made , so e l u c i d a t i n g t h e p a r t i a l wave 

s t r u c t u r e ( s e e e.g. F i g u r e ( 1 . 5 . 1 ) ) w h i c h i s r e l e v a n t t o 

a d i s c u s s i o n of a b s o r p t i o n e f f e c t s . 

I n t h i s c h a p t e r we w i l l p ropose analogous 

t e c h n i q u e s f o r e x t r a c t i n g exchange a m p l i t u d e s from t h e 

d a t a f o r r e s o n a n c e p r o d u c t i o n p r o c e s s e s . 

4.1 Decay c o r r e l a t i o n p a r a m e t e r s 

The measurement of P i n TTN — » nN s c a t t e r i n g 

i l l u m i n a t e s t h e s p i n s t a t e of t h e f i n a l n u c l e o n w h i l e 

R and/or A measurements c o r r e l a t e t h i s w i t h t h e s p i n s t a t e 

o f t h e t a r g e t n u c l e o n i n a s c a t t e r . I n HCEX r e a c t i o n s a 

measurement o f P, t h e r e c o i l p o l a r i s a t i o n , i s s i m p l y g i v e n 

by o b s e r v a t i o n o f t h e p a r i t y n o n - c o n s e r v i n g hyperon d e c a y . 

However f o r t e c h n o l o g i c a l r e a s o n s , R and A measurements 

have n o t y e t been p o s s i b l e i n t h i s c a s e so t h a t t h e 
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complete " a m p l i t u d e a n a l y s i s " d e s c r i b e d above i s n o t a 

c u r r e n t p o s s i b i l i t y f o r s t r a n g e n e s s - e x c h a n g e a m p l i t u d e s . 

We now e x p l o r e a d i f f e r e n t but r e l a t e d l i n e of app r o a c h . 

R e a c t i o n s of t h e k i n d 

IT p —• K A 

K~p — > p°A (4.1.1) 

K p — » oiA 

K~p — » <)>A 

a r e e x p e c t e d t o be me d i a t e d by s t r a n g e meson exchange. 

Because o f t h e e x t r a u n i t o f s p i n i n t h e f i n a l s t a t e , 

u n n a t u r a l p a r i t y p o l e s s u c h asK may be exchanged i n 

a d d i t i o n t o t h e n a t u r a l p a r i t y and K* t r a j e c t o r i e s . 

I n a l l , some s i x independent p r o d u c t i o n a m p l i t u d e s a r e 

i n v o l v e d i n e a c h p r o c e s s . T h e s e may be t a k e n a s , f o r 

example, t h e h e l i c i t y a m p l i t u d e s of e q u a t i o n ( 1 . 3 . 7 ) . 

T S T S T S T S T S T S (4 1 2} i0++ 0+- 1++ 1 — 1+- 1-+ 

where + ( - ) r e f e r t o X = and we have used t h e 
i 4 . - (20) p a r i t y r e l a t i o n 

A +A, -A ,-A 
T = n ( - ) T s (4.1.3) 

c d a b c d a b 

t o i d e n t i f y t h e independent a m p l i t u d e s . I n e q u a t i o n (4.1.3) 

n i s t h e p r o d u c t of t h e i n t r i n s i c p a r i t i e s and 
S +S ,-S - s , / \ c d a b . . . . j-(-) w h i c h i n our c a s e of 
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0~h+ —• l~h+ (4.1.4) 

g i v e s n = -1. 

A l t h o u g h i n t h e a b s e n c e o f p o l a r i s e d t a r g e t 

e x p e r i m e n t s we can n e v e r measure t h e s c a t t e r i n g dependence 

on t h e t a r g e t n u c l e o n s p i n , we can come v e r y near, t o a 

complete a m p l i t u d e a n a l y s i s . Of t h e 11 r e a l numbers 

d e s c r i b i n g t h e p r o d u c t i o n a m p l i t u d e s i t t u r n s out 

( S e c t i o n 4.3) t h a t we can d e t e r m i n e unambiguously 10 

by u s i n g t h e v e c t o r meson and hyperon decay c o r r e l a t i o n s 

t o g i v e i n f o r m a t i o n about t h e s p i n s t a t e s produced i n 

t h e c o l l i s i o n . 

B e s i d e s l e a r n i n g about t h e r o l e of n a t u r a l 

p a r i t y exchanges i n t h e v e c t o r meson p r o d u c t i o n p r o c e s s e s 
— + - + 

(4.1.1) and i t s i m p l i c a t i o n s f o r 0 k —> 0 \ s c a t t e r i n g 

t h r o u g h f a c t o r i s a t i o n , we might a l s o hope t o i n v e s t i g a t e 

u n n a t u r a l p a r i t y K exchange w h i c h , a l t h o u g h i m p o r t a n t , 

has so f a r been d i f f i c u l t t o i s o l a t e . SU(3) o f c o u r s e 

r e l a t e s K exchange i n r e a c t i o n s (4.1.1) t o TT exchange 
i n TTN — » pN - a mechanism o f g r e a t t h e o r e t i c a l 

(96) 

i m p o r t a n c e due t o t h e p r o x i m i t y o f t h e TT p o l e t o t h e 

s c a t t e r i n g r e g i o n (-1 <: cos 6 «; 1 ) . Measurement o f t h e 

above-mentioned 10 r e a l numbers f o r t h i s p r o c e s s however 

i n v o l v e s t h e u s e o f a p o l a r i s e d t a r g e t , and t h e 

p o s s i b i l i t y o f a c q u i r i n g , w i t h o u t t h i s e f f o r t , t h e same 

degree o f i n f o r m a t i o n f o r t h e SU(3) r e l a t e d p r o c e s s e s 

(4.1.1) i s c e r t a i n l y an a t t r a c t i v e one. 

A c o n v e n i e n t l i n k between t h e p r o d u c t i o n 

a m p l i t u d e s f o r a f i n a l s t a t e r e s o n a n c e and t h e a n g u l a r 
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d i s t r i b u t i o n o f i t s decay p r o d u c t s i s p r o v i d e d by t h e s p i n 

d e n s i t y m a t r i x . An e x p r e s s i o n f o r t h e a n g u l a r d i s t r i b u t i o n 

i n terms of t h e d e n s i t y m a t r i x e l e m e n t s was g i v e n by 
(97) * G o t t f r i e d and J a c k s o n . F o r example f o r t h e K v e c t o r 

meson decay i n 

TI~P — > K*°A (4.1.5) 

th e a n g u l a r d i s t r i b u t i o n i s 

2 2 2 W v(8 1,<j) 1) = P i ; L s i n &1 + ( l - 2 P ; L 1 ) c o s Q1 - p 1 _ 1 s i n e 1 c o s 2 ( p 1 

/2 Re p 1 Q s i n 2 6 1 c o s ^ (4.1.6) 

i n t h e c a s e where t h e p o l a r a x i s and t h e r e s o n a n c e s p i n 

q u a n t i s a t i o n a r e a l o n g the d i r e c t i o n of f l i g h t of t h e 

r e s o n a n c e ( h e l i c i t y q u a n t i s a t i o n ) . The a n g u l a r d i s t r i b u t i o n 

Wv(6^,<()^) i s t h e p r o b a b i l i t y p e r u n i t s o l i d a n g l e o f o b s e r v i n g 

one o f t h e decay p r o d u c t s ( i n a two-body d e c a y ) i n t h e 

d i r e c t i o n ( 8 ^ , * ^ ) . An analogous d i s t r i b u t i o n W ^ t e ^ ^ ) f o r 

t h e p a r i t y n o n - c o n s e r v i n g decay o f t h e s p i n - ^ A can be 
(98) 

expanded i n terms of one p a r a m e t e r e.g. t h e p o l a r i s a t i o n 

p a r a m e t e r , P. 
if 

The 3 i n d e p e n d e n t m e a s u r a b l e s from t h e K decay 
^ p l l ' p l l ' R e p 1 0 ^ t o 9 e t n e r w i t h t h e one m e a s u r a b l e from t h e 

A decay (P) c o n s t i t u t e o n l y 5 p i e c e s o f i n f o r m a t i o n . I f 

t h e d e c a y s a r e s i m u l t a n e o u s l y o b s e r v e d , however, ( i . e . 

W ( e l , ^ 1 , 6 2 , ( ( ) 2 ) ) 10 independent p i e c e s of i n f o r m a t i o n a r e 

m e a s u r a b l e s i n c e i n g e n e r a l t h e K* and A d e c a y s a r e 

c o r r e l a t e d . An e x p r e s s i o n f o r W ^ - j ^ ^ e ^ ^ ) i n terms o f 
nun' double d e n s i t y m a t r i x e l e m e n t s , p ., was g i v e n i n * nn' 3 

r e f e r e n c e ( 9 9 ) , and i n terms o f s t a t i s t i c a l t e n s o r s i n 
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R e f e r e n c e ( 1 0 0 ) . F o r t h e c a s e of p r o c e s s e s (4.1.4) where 

t h e baryon decay does not c o n s e r v e p a r i t y (e.g. p r o c e s s 

( 4 . 1 . 5 ) ) t h e a n g u l a r d i s t r i b u t i o n i s 

w ( e l f + l f e 2 , * 2 ) = j z j VJI>VVTM*M2
 Y j ^ e i ' * i , Y J 2

i ( 0 2 ' * 2 > 
M i M 2 

(4.1.7) 

v h e r e 

J 1 23^^ = 2, J 2 $ 2 S 2 = 1 (4.1.8) 

and t h e F^ ( J \ ) a r e known ̂ 1 0 0 ^ c o n s t a n t s o f t h e d e c a y s . 

T h i s e x p r e s s i o n i s i n terms of s t a t i s t i c a l t e n s o r s b ut t h e 

r e l a t i o n between them and d e n s i t y m a t r i x e l e m e n t s i s 
n • (100) l i n e a r 

n^m* l+m 1-J 1+^+m 2-J2 , 
P m m I = C ( l f - m ; l f m j - | J l f M 1 ) C ( % f - m 2 ; % f m J | j fM 2) 

2 2 J . J -
M 1 M 2 

J J 
X TM u (4.1.9) M̂M2 

(99) 

P i l k u h n and Svenson have g i v e n t h e r e l a t i o n between 

t h e double d e n s i t y m a t r i c e s and h e l i c i t y p r o d u c t i o n 

a m p l i t u d e s . F o r p r o c e s s e s (4.1.4) i t i s 
1 1* m1m1 m^ m^ 

p -. = E H H -i (4.1 .10) 
m 2 m 2 ^ m 2 ^ m2^ 

where (as t h r o u g h o u t t h i s c h a p t e r ) we choose t o n o r m a l i s e * 

so t h a t i n t h e r e a c t i o n s b e i n g c o n s i d e r e d 

* i . e . t h e c r o s s - s e c t i o n , t h e 10th m e a s u r e a b l e , i s 

t a k e n as 1 f o r t h e tim e b e i n g . 
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§J = E | H A | 2 = 1 (4.1.11) 
d t X v v ^ 

I n e q u a t i o n s (4.1.10) and (4.1.11) t h e a r e e i t h e r 

s - o r t - c h a n n e l h e l i c i t y a m p l i t u d e s where X, \i and v a r e 

t h e v e c t o r meson, f i n a l baryon and i n i t i a l b aryon 

h e l i c i t i e s , r e s p e c t i v e l y . 

U s i n g t h e o r t h o g o n a l i t y p r o p e r t i e s of t h e i n 

J 
e q u a t i o n (4.1.7) i t i s p o s s i b l e t o p r o j e c t out from t h e 
e x p e r i m e n t a l a n g u l a r d i s t r i b u t i o n , c e r t a i n c o m b i n a t i o n s 

J 1 J 2 m l m l of t h e T o r P i (see Appendix 4A f o r e x a m p l e ) . 
1 2 m 2 2 

T h i s e x t r a c t i o n p r o c e d u r e i s termed " t h e moment method." 

Having e x t r a c t e d v a r i o u s c o m b i n a t i o n s o f t h e p e l e m e n t s 

i t i s t h e n p o s s i b l e t o use them t o g a i n i n s i g h t v i a 

e q u a t i o n (4.1.10) i n t o t h e p r o d u c t i o n p r o c e s s . C e r t a i n 

l i m i t a t i o n s on t h e amount of i n f o r m a t i o n g a i n e d i n t h i s 

way a r e w o r t h n o t i n g . Although s t a t e d i n terms of d e n s i t y 

m a t r i c e s , s i m i l a r remarks a p p l y t o t h e u s e of s t a t i s t i c a l 

t e n s o r s . 

( i ) G i v e n (as we s h a l l s e e ) o n l y 10 r e a l numbers by 

the method o f moments, i t i s i m p o s s i b l e t o i n v e r t 

e q u a t i o n (4.1.10) u n i q u e l y . 

( i i ) S i n c e o n l y 10 o f t h e 12 m e a s u r e a b l e p ' s 

(Appendix 4A) a r e independent t h e r e e x i s t among them 

r e l a t i o n s ( l i n e a r o r q u a d r a t i c ) . The moment method does 

not g u a r a n t e e t h a t t h e s e c o n s t r a i n t s be s a t i s f i e d . 

( i i i ) I n v i e w o f ( i i ) , one may a s k what i s t h e p h y s i c a l l y 

a l l o w a b l e range of a g i v e n e l e m e n t ? I s t h e measured v a l u e 

s i g n i f i c a n t i n terms of t h e e s t i m a t e d e r r o r and t h e 
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p h y s i c a l range? For example i t i s shown i n r e f e r e n c e s 

(101, 102) t h a t i n the case of a v e c t o r meson s i n g l e 

density matrix the allowed ranges of the 3 independent 

elements can be represented by a 3-dimensional cone. 

The naive supposition that the p h y s i c a l domain be the cube 

s u p e r s c r i b i n g t h i s cone would be misleading. I t i s not 

p r a c t i c a b l e to extend t h i s geometrical argument, however, 

to j o i n t decays described by 10 independent parameters. 

( i v ) I n view of ( i i i ) i t i s u s e f u l to attempt to 

i d e n t i f y which elements should be well-determined 

experimentally. I t turns out t h a t many of the observed 

elements are i l l - d e t e r m i n e d i n t h a t they have l a r g e 

(although c o r r e l a t e d ) e r r o r s . We may form combinations 

of these having small e r r o r s . For example we know th a t 

P U
 a Z x

 1
1 (4.1.12) 

n^n^ m 2 m 2 

2 
being the c o e f f i c i e n t of s i n 9^ i n the expansion (4.1.6), 

i s i n some sense a "low moment," and consequently w e l l -

determined by the data. 

(v) Although we have s t a t e d t h a t 10 of the 12 

measurable elements are independent, t h i s i s not obvious 

from c o n s i d e r a t i o n of equations (4.1.7) and (4.1.9) alone. 

No general algorithm for c a l c u l a t i n g the maximum number 

of independent measureables, f or a r b i t r a r y s p i n and p a r i t y , 

i s known. 

We w i l l , however, introduce an expansion of 

W(6, f<t> ~ 6~ <(>.,), i n v o l v i n g d i r e c t l y a s e t of s i x production 
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amplitudes, which i n some measure w i l l answer the 

questions and c r i t i c i s m s r a i s e d i n points ( i ) to (v) 

regarding the use of dens i t y matrices and s t a t i s t i c a l 

t e n sors as r e p r e s e n t a t i o n s of the decay data. 

Following Byers and Y a n g w e expand W i n 

terms of the 6 d i r e c t i o n c o s i n e s 

( x i , y i f z 1 ) i = 1,2 (4.1.13) 

where 
z. = cose. (4.1.14) 1 1 ' 

x. + i y . = s i n e . e 1 * 1 (4.1.15) l J i l ' 

That i s , we use a c a r t e s i a n b a s i s (x, y, z) f o r the 

expansion r a t h e r than a s p h e r i c a l one, Y^(0,<j)). The choice 

of r e c t a n g u l a r axes w i l l be des c r i b e d i n the next s e c t i o n . 

By noting that the K* decay i s p a r i t y conserving and the 

A decay not so, or simply by expanding the i n terms 
j 

of the (x^, y_^, z/) i t i s seen t h a t W i s qua d r a t i c i n 

(x^, y^, z^) and l i n e a r i n {x^, ^2' z2^ ' I t t u r n s o u t 

(Section 4.3) t h a t the c o e f f i c i e n t s of these terms are 

b i l i n e a r combinations of t r a n s v e r s i t y a m p l i t u d e s ' 1 0 4 ^ . 

T r a n s v e r s i t y amplitudes d i f f e r from h e l i c i t y amplitudes i n 

th a t the p a r t i c l e s p i n s are quantised along the normal to 

the r e a c t i o n plane. 

In a l a t e r s e c t i o n we w i l l d i s c u s s the advantages 

of t h i s expansion and demonstrate why an expansion 

d i r e c t l y i n terms of h e l i c i t y amplitudes i s not p r a c t i c a b l e . 
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4.2 T r a n s v e r s i t y and h e l i c i t y axes 

L e t us r e t u r n , for demonstration purposes, to 

the well-known expansion (4.1.7). To completely s p e c i f y 

i t , we must f i r s t of a l l choose 2 s e t s of axes to which 

we may r e f e r (ê ,<|>̂ ) and along which we may quantise the 

angular momenta. Our d i s c u s s i o n w i l l be i n terms of 

T T " p — * K* A 
\ WpiT" 
W K + T T - (4.2.1) 

where ( e ^ , ^ ) s p e c i f y the d i r e c t i o n of the K + from the K* 

decay and (d ^ r e f e r to the A-decay proton d i r e c t i o n . 

By convention, i n h e l i c i t y - t y p e frames we quantize 

(choose Z^) along the p a r t i c l e momenta (K* and A)» define 

as the production normal (Basle convention!") and introduce 

X i to complete right-handed s e t s of axes (X^,Y ,Z^). 

For t r a n s v e r s i t y - t y p e axes the are taken along the 

production normal, the X^ along the p a r t i c l e momenta and 

Y^ completing the right-handed s e t s . R e l a b e l l i n g axes 

(X T, Y T, Z T) = ( Z H , X H, Y H ) (4.2.2) 

r e l a t e s the two cho i c e s . 

The complete d e f i n i t i o n of axes i n v o l v e s s p e c i f y i n g 

the Lorentz frames i n which the p a r t i c l e momenta are 

measured. U s e f u l and conventional choices are 
T 

( i ) s-channel frames: X.̂  are along the p a r t i c l e 

momenta i n the s-channel centre of mass. 
+ t h e normal i n meson baryon s c a t t e r i n g i s taken to l i e 
along k^ x k^ where k^ (k^) i s the ingoing (outgoing) 

meson momentum. 
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( i i ) (97) T 
t-channel or Got t f r i e d - J a c k s o n frames: X i 

i s taken along the incoming meson (baryon) i n the r e s t 

frame of the decaying meson (baryon). The choices ( i ) 

and ( i i ) f o r the K* axes are shown i n Fig u r e (4.2.1). 

cm. 

( i ) s-channel ( i i ) t-channel 
F i g . (4.2.1) 

They are r e l a t e d by a r o t a t i o n ( i n the sense of c r o s s i n g 
s t 

a n g l e ) , ( s , t ) about the production normal n. 
Under any r o t a t i o n s X i ( s ' t ) a n <* X o ^ ' t ) about n, 

4. 4- • *- • 1 X. 4. 4T (100) 
s t a t i s t i c a l t e nsors transform as 

r
J l J 2 - i M l X l-iM 2X 2 J^2 

\ M 2 
(4.2.3) 

The p a r i t y r e l a t i o n s ' " ' ' 0 0 ^ and the h e r m i t i c i t y r e l a t i o n s 

J 1 J 2 
M,M, (-) 

M 1 +M 2 , J 1 J 2 
-M.,-M9 

(4.2.4) 

leave the fo l l o w i n g s e t of measureable tensors 

,00 ,10 ,02 
00 ' 00 ' 00 

which are r e a l , and 

and ? 1 2 00 (4.2.5) 

,12 
11 

,02 
•02 

P 1 2 

02 and ,12 
-1 1 (4.2.6) 
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which are i n general complex - a t o t a l of 12 measureable 

r e a l q u a n t i t i t e s . From equation (4.2.3) we see immediately 

that t ensors (4.2.5) and the moduli of tensors (4.2.6) are 

i n v a r i a n t under r o t a t i o n s about the production normal. 

We denote such q u a n t i t i e s "frame i n v a r i a n t s . " T h e i r 

uses w i l l be d i s c u s s e d i n S e c t i o n 4.4. 

We now define 3 s e t s of production amplitudes. 

( i ) H e l i c i t y amplitudes 

We denote the h e l i c i t y amplitudes of Jacob and 

W i c k ^ 1 ^ ^ fo r t h i s process by 

H++ > H+-' H_+' H°+ a n d H+_ (4.2 

where the i n d i c e s are those of equation (4.1.11). 

( i i ) T r a n s v e r s i t y amplitudes 

We denote the t r a n s v e r s i t y amplitudes of 
. . (104), Kotanski by 

T+ + , T?_, T* +, T*_, T~J; and T~* (4.2 

mK* 
where i n T , mT,*, m. and mD are r e s p e c t i v e l y the 
* A 

K , A and p t r a n s v e r s i t i e s (spin p r o j e c t i o n s along the 

production normal). 
( i i i ) Byers and Yang amplitudes 

We define amplitudes a , b and c , s i m i l a r to 
± ± ± 

those of r e f e r e n c e (104), by the t r a n s i t i o n s shown i n 

Table (4.2.1). 

t Unlike r e f e r e n c e s (18, 105) we do not include a f a c t o r 
s2~*2 

(-) i n our t w o - p a r t i c l e s t a t e s . 
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mA m P 

a+ 
T 

Z l h h 

b
+ 

T 
x i -h h 

-h h 

a_ -h -h 

b_ T 
X l h -h 

c_ T 
Y l h -h 

Table (4.2. l ) 

In the t a b l e A * i s the a x i s (X, Y or Z) along which 
K 

the K* has zero s p i n component. 

R e l a t i o n between ( i i ) and ( i i i ) 

We use p a r t i c l e s p i n s t a t e s 

|V1, m ^ , |Y k, m y> u m |N h, m ^ (4.2.9) 

i n which u i s the ( t r a n s v e r s i t y ) a x i s along which p a r t i c l e s 

V (vector meson), Y (hyperon) and N (nucleon) have spin 

components n^, my and n^. We may w r i t e f o r example, 

a + = < V l , 0 | z < Y ^ ^ | z TjNJg, h > z = T ° + (4.2.10) 

S i m i l a r l y , 

a_ = T°_ (.4.2.11) 

We a l s o have 

+ - \ v i , 0 | x s i | H ? ( ^ z 14.2.12) 

and 
c + = < V l , 0 | y < Y h , h \ z T|N^,^>z (4.2.13) 
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Now 
_17T j _1TT j 

| l , 0 > x = e 2 Y | l , 0 > z =E m|l #m> z<l fm| ze 2 Y|l/°>, 

m,o I 
(4.2.14) 

11, 1>. (4.2.15) 

and 

l , 0 > y = 
- — J 

e 2 Z | l , 0 > . (4.2.16) 

I- ITT 
2 

ITT 
2 e |1,-1> - e l , l > 

l 
/2 

1,-1> + z (4.2.17) 

Therefore from equations (4.2.12), (4.2.13), (4.2.15) and 

(4.2.17) we f i n d 

<V1,1| <Y%,-%| T | K h , \ > , 

and 

b - i c + + 
n 

(4.2.18) 

T -1 -+ < V l f - l | <Y%,-*5| T|N%fls> 
z z z 

b
+
 + _ l c

+ 

/2 
f 4 . 0 1 Q ̂  

±1 An i d e n t i c a l argument gives T +_ and i n summary we f i n d 
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a + + + 

/2 -+ (4.2.20) 
+-

+-

R e l a t i o n between ( i ) and ( i i ) 

We consider, for example, s-channel h e l i c i t y 

amplitudes and r e l a t e these by a x i s r o t a t i o n to the 

t r a n s v e r s i t y amplitudes, ( i i ) . The unique sequence of 

r e c t a n g u l a r r o t a t i o n s about Z, Y and Z axes i s shown i n 

Figure (4.2.2) and i s accomplished by the operation of D 

mat r i c e s , 

D J

1 (R) = 
mm mm 

i-l - s . 0) = mm IT 

m m 
(4.2.21) 

a c t i n g to the r i g h t . 

Y H Y . Z T 

7. X " , Y T 

it 

F i g . (4.2.2) 
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We th e r e f o r e have 

A X 1 k* h X" T ; D (R) D (R) D z (R) H (4.2.22) 
, 1 1 1 , 1 , 1 1 1 1 X V v XX v v p v 

* P V (4.2.23) 

1 ^ 
The d 1 (6) and d ^ (6) matrices are given i n Appendix 4B. 

mm mm 
Eva l u a t i n g equations (4.2.23), using the p a r i t y r e l a t i o n s 

(equation (4.1.3)) 
H X = - ( - ) * - H + v H ~ X , (4.2.24) yv -y-v 

we f i n d 

"++ 
1 (H+ + + H*_ + ± H ^ - i H * + ) 2/7 

^ (Hi. + H J + - i H ^ + i H } j 

- l 
/ I 

( H i + + H * J + i ( H ^ _ - H*+) (4.2.25) 

- l 
/2 ( H i +

 + h-. ) - i ( H * _ - H*+) (4.2.26) 
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- l 
4 

i 
''2/2 

( H ° + - H ° J + i ( H ° . + H ° + 

(4.2.27) 

- i (H^-HLj+itH^.+H^) (4.2.28) 

+-
- i 
4 ( H + + - H L ) - i (H+^+H^) 2/2 CH? +-H°_)-i(H°_ +H° +) 

+1 
4 ( H L - H + + ) + i ( H ^ + + H 1 _ ) 

- 1 (4.2.29) 

and 

+- 2 _ ( H i + - H i _ ) - i ( H i _ + H i + ) ] + ^ [ ] (4.2.30) 

We i n t r o d u c e t h e n o t a t i o n 

U° = H° U 1 

++ ++ ++ 
i l l 
^ ( h; +- h--> N ++ = T= ( H l + H 1 ) /2 + + ~ 

U° = H° U 1 

+- +- +- N" +- (4.2.31) 

0 
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s i n c e we know^ 2 0^ th a t to leading order, the combinations 

denoted N and U represent r e s p e c t i v e l y n a t u r a l and unnatural 

p a r i t y exchange i n the t-channel. In terms of these, we 

have shown 

T°_ = " i 

_ - i 
/2 

- 1 
/2 

_ - i 
/2 u++ + i u+-_ - 1 

/ I 

- i 
/2 

u 1 - i u 1 " ++ +- + 
/2 

— i 
/2 U

1 -HiU1 

++ +- + 
/2 

(4.2.32) 

R e l a t i o n between ( i ) and ( i i i ) 

From equations (4 . 2 . 20),(4 . 2 . 31) and (4.2.32) we 

deduce"*" 

/2N^+ = ~ ( a +a /2 + 

<- /2n^_ = - ^ ( a -a_ 
/2 + 

«L = /2U 1 = —^=(c +c 
n + -

..1 
H -4-

..1 
l_l — = - p ( c - c _ 

/2 + W+- + = - p ( c - c _ 
/2 + 

H°, 
T—r 

= ^ (b,+b 
4 T — 

= = - 2 ( b
+ " b -

(4.2.33) 

Our h e l i c i t y amplitudes d i f f e r from those of r e f e r e n c e (105) 
i n not i n c l u d i n g the Jacob and Wick phase convention, and 
i n being /2 smaller i n n o r m a l i s a t i o n . 
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R e l a t i o n s (4.2.33) apply e q u a l l y w e l l to both s- and t -

channel amplitudes except t h a t the notation N and U only 

has the i n t e r p r e t a t i o n described above, fo r s-channel 

h e l i c i t y . 

4.3 D e r i v a t i o n of a Byers and Yang-like d i s t r i b u t i o n 

The e x p l i c i t expansion of equation (4.1.7) i n terms 

of double d e n s i t y matrix elements has been w r i t t e n down"1" 

in r e f e r e n c e (106) and i s shown i n Appendix 4A. Here we 

expand i n terms of (x^, y^, z^) as given by equations 

(4.1.14) and (4.1.15), and achieve a form 

W = F Q + a A ( x ^ + y 2 F 2 + ^ (4.3.1) 

where 2 2 2 
F i = F i l X l + F i 2 * l + F i 3 Z l 

+ F i 4 X l y l + F i 5 X l Z l + F i 6 y l Z l ( 4 ' 3 ' 2 ) 

and 
3 F Q 1 = 1-2P 1 F Q 4 = -2/2F 2 

3 F 0 2 = 1 + F i - 3 F 3 F 3 4 = 2/2F 9 

3F = 1+F +3F F = 2/2F 03 1 r l J r 3 15 ty**5 

3F = 2F -2F F = 2/2F 31 7 4 25 * v * r 8 

3F = 3F -F -2F F = 2F J 32 J £ l l r7 4 *16 6 

• 3 _33 " 1 1 7 " 4 "26 10 ' 

The other F.. being zero. 

+Note t h a t i n r e f e r e n c e (106), the f a c t o r k i n the 
expressions f o r Fg, F^, F ^ Q and F should not be present. 

(4.3.3) 
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In equations (4.3.3) the F^ are the c o r r e l a t i o n 

parameters of Appendix 4A. Using the r e l a t i o n s between 

the F I and d e n s i t y matrix elements (given i n Appendix 4A) 

along with equation (4.3.3) we r e l a t e the c o e f f i c i e n t s 

to h e l i c i t y amplitudes. 

01 

02 

03 

= P 

F 04 

34 

31 

32 

33 

F 15 

25 

= 2 00 

p n _ p i - i 

H ++ + 2 H +1 

1 

p l l p l - l " 

•2/2Rep 1 0 = -2/2Re[H°;(H^+-H^_)+H°!(Hj;_+Hl+ 

2/2lm(p^-pi°) = 2/2ImrH°*(H^ +-Hi_)-H°*(H^_+H^ +) 

-2Imp°° = -4lm 

= Im(p +_ -p_ + - P + _ + P _ + ) = -2lm (H + +-H )(H +_+H_ +) 

= I mt-p+^+p^^-p^+p^ = 21m (H^++H^_) ( H ^ - H ^ + ) * J 

= 2/2Im(p^°-pi°)=2/2Im|H°*(H^ ++H^_)+H°*(H*_-l£ +)] 

= 2 /2 im (p 1 % 1°) =2 /2 Im [ ^ + " H J _ ) +H°_ ( H ^ + H ^ 1 

1-1 1-F 1 6 = 2Im(p^ +
i- P^_ J)= 4 I m ( H j + H ^ - H + - H l + ) 

,1 „1* .1 „1* 

F 2 6 = 2 i m ( P i : i
+ P ' ; 1 ) = 1 1 * 1 1 * -4lm(H7,H7 + H H ) ++ i — —— —+ 

4.3.4) 

4.3.5) 

4.3.6) 

4.3.7) 

4.3.8) 

3.9) 

3.10) 

4.3.11) 

4.3.12) 

4.3.13) 

4.3.14) 

4.3.15) 

With the a i d of equations (4.2.33) we may f i n a l l y express 

the F... of expansion (4.3.2) i n terms of the Byers 

and Yang amplitudes of Section 4.2 ( i i i ) . Thus 
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01 

02 

03 

31 

32 

33 

% l 2 + 

< = + l 2 + 

04 

34 

15 

25 

16 

26 

2Re ( b e * + b c* + + — — 

-2Re(b +c* - b_c* 

2Re(a +b* + a*b. 

-2Im(a +b* + a*b_ 

2 R e ( a + c * + a*c_ 

•2Im(a +c* + a_c_ 

(4.3.16) 

An a l t e r n a t i v e d e r i v a t i o n of the angular 

d i s t r i b u t i o n (4.3.1), (4.3.2) and (4.3.16) was given by 

Byers and Yang ^ ° 3 ^ who advocated s o l v i n g the 6 equations 

on the l e f t s i d e of (4.3.16) f o r the 6 amplitude moduli, 

using the l a s t 4 of the r i g h t s i d e to determine the 

r e l a t i v e phases w i t h i n the s e t s ( a + , b + , c + ) , 

(a_, b_, c_) and then r e s o l v i n g the d i s c r e t e ambiguities 

i n t h i s s o l u t i o n with the measured values of F^. and F„.. 
04 34 

Assuming the have been e x t r a c t e d from the decay data 

by the usual method of moments, t h i s s o l u t i o n procedure 

i s i n e f f i c i e n t f o r the f o l l o w i n g reasons: 

(a) There i s no guarantee t h a t the moduli, so determined, 

and the c r o s s product measurements ( l a s t four i n 

equation (4.3.16)) are compatible. T h i s problem i s 

p a r t i a l l y analogous to ( i i ) of S e c t i o n 4.1. 

(b) Even i f , i n view of ( a ) , a s o l u t i o n i s p o s s i b l e , 

the use of the l a s t two measurements as mere checks 

c o n s t i t u t e s a waste of information. 
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(c) The s e q u e n t i a l method of s o l u t i o n does not allow 

the l a s t 6 moments of equation (4.3.16) to be t r e a t e d with 

equal weights. E l i m i n a t i o n of these problems w i l l be 

d i s c u s s e d i n the next s e c t i o n . 

Already, with the i n t r o d u c t i o n of these amplitudes, 

we note t h a t some of the c r i t i c i s m s ( i ) to (v) of 

Section 4.1 have been answered. 

( i ) The amplitudes, a, d e s c r i b e t-channel n a t u r a l 

p a r i t y exchange while b(c) d e s c r i b e unnatural p a r i t y 

production of h e l i c i t y 0(1) vector mesons (see 

equation (4.2.33)). 

( i i ) The 6 moduli and 4 r e l a t i v e phases are independent, 

s u b j e c t to c o m p a t i b i l i t y of the measurements. A method 

of ensuring t h i s i s described i n the next s e c t i o n . 

( i i i ) The ranges of the 10 parameters are given simply 

by 

| a + | 2 + |b +| 2 + | c + | 2 + | a _ | 2 + |b_| 2 + | c _ | 2 = | | (4.3.17) 

and 

-ir * phase (a + ) < IT e t c . (4.3.18) 

( i v ) Equations (4.3.1) and (4.3.2) i n d i c a t e t h a t the 

F q ^ , then the are the "lowest" moments so t h a t we 

expect the moduli to be b e t t e r determined than the phases 

which depend i n an i n t r i c a t e way on the higher moments. 

(v) I t i s immediately obvious from the right, s i d e s of 

equation (4.3.16) t h a t only 10 of the 12 measureable 

( F j _ j i - n t h i s case) can be independent s i n c e none of the 

moments r e l a t e s the r e l a t i v e phases of '+' amplitudes to 

'-' ones. 
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From the l a s t remark i n (v) i t i s now c l e a r t h a t 

to s o l v e equation (4.2.33) f o r h e l i c i t y amplitudes one 

r e q u i r e s t h i s e x t r a r e l a t i v e phase between amplitudes f o r 

t a r g e t nucleons of opposite t r a n s v e r s i t y . Such information 

i s obtainable only from p o l a r i s e d t a r g e t experiments. 

4. 4 Maximum l i k e l i h o o d method 

Some disadvantages ( ( a ) , (b), (c) of Se c t i o n 4.3) 

of the moment method are avoided by using the moduli and 

4 r e l a t i v e phases of the Byers and Yang amplitudes i n a 

maximum l i k e l i h o o d search. That i s , we form the log-

l i k e l i h o o d function 

w(P) = -Log[L(P)] (4 

where L(P) 
N m 1 

n , n i i i i i i . 9 = W(P; X l y x Z l x 2 y 2 z 2 ) (4 

3h equation (4.4.2) W i s given by equation (4.3 •1) , P i s 

the s e t of 10 parameters 

A ± = 

B ± = 

cj> , - phase (b.) - phase 
| b + | a b 

< a ± ) 
(4 

C ± = 

— + rf>~ = phase (c ) - phase I I *ac r ±' c 
( a ± ) 

where 

— TT (j) < TT (4 

(4.4.3) 

(4.4.4) 

( x j / Yj» z^) are the two s e t s of d i r e c t i o n c o s i n e s for each 

event ( i ) of the N events. i s the geometrical weight 

assigned to event i (see Appendix 4C). 
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N 
w (P) = - Z log 

i = l 
n /T» J- J. J. 1 -L -L . 
W(P; x 1 y 1 z 1 , x 2 y 2 z 2 ) 

(4.4.5) 

i s then minimised to give the s e t of parameters P Q with 

"maximum l i k e l i h o o d " . C a l c u l a t i o n of the parameter 

v a r i a n c e s and covariances i s described i n Appendix 4C. 

Since the method i n v o l v e s minimisation, uniqueness 

i s d i f f i c u l t to ensure (unlike the moment method). T h i s 

i s a l l e v i a t e d by using a s e t of frame i n v a r i a n t measureables 

(see S e c t i o n 4.2) as consi s t e n c y checks on independent t -

and s-channel s o l u t i o n s . We introduce a s e t of 9 such 

q u a n t i t i e s which are not, of course, a l l independent but 

which possess p h y s i c a l s i g n i f i c a n c e . They are 

N a + | 2 + | a _ | 2 = F 03 (4.4.6) 

U 

V N 

P a U U 

A 2 2 

A.±n± 

A 2 2 

Vu 

I M 2 + I b _ i 2 + | c + | 2 + | c _ | 2 = F Q 1 + F Q 2 

I 2 | j 2 
a+| - !.a-| = F

3 3 

I b _ | 2 " | b + | 2
+ | c . | 2 - | c + | 2 = F 3 1 + F 3 2 

4 I m 2 ( b ± c * ) = 4f* t\ - ( f * ) 2 

4 (|b +| 2+|b_| 2) (|c +| 2+|c_| 2)-4Re 2(b +c*+b_c*) 

4F F - F 4 01 02 04 

(4.4.7) 

(4.4.8) 

(4.4.9) 

(4.4.10) 

(4.4.11) 

_2 2 = 4 a +(b +±ic +) + a*(b_+ic_) 

( F , _ T F _ , ) 2 + (F_ + F . _ ) 2 

• lb Zb " 25 l b - (4.4.12) 

where 
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n ± = Ijd+Pyjay (4.4.13) 

P ± = °N +°U ± ( A+ n+" A- n- ) (4.4.14) 

f i = h ( F 0 i ¥ - P 3 i ) (4.4.15) 

They are i d e n t i f i e d as being i n v a r i a n t with r e s p e c t to 

r o t a t i o n s about the production normal, by noting the r o t a t i o n 

p r o p e r t i e s of t r a n s v e r s i t y amplitudes ^ 

(T* ) i = e i A x l + i { y - v ) x 2 T * (4.4.16) yv yv 

The q u a n t i t i e s i n equations (4.4.6) to (4.4.12) are s u i t a b l e 

combinations of the I t ^ I and moduli of b i l i n e a r combina-
1 yv 1 

t i o n s of the T ^ having the same Xx-̂  + (v~v)X2 - They are 

expressed i n terms of Byers and Yang amplitudes using 

equation (4.2.20). 

(^(cjy) r e p r e s e n t s t h a t p a r t of the c r o s s - s e c t i o n 

due to n a t u r a l (unnatural) p a r i t y exchange. The p o l a r i s a t i o n 

P^(Py) has a s i m i l a r i n t e r p r e t a t i o n . The decomposition of 
c^, Py i n t o 

o ,, , 2 . ,, i 2 
+ l + |b.| = F 0 1 = P 0 0 (4.4.17) 

1 i , 2 , ,2 c+l + l c J = F Q 2 = p n - p 1 _ 1 (4.4.18) 

P u ° a U ° = -|b +| 2 + |b_| 2 = F 3 1 (4.4.19) 

- 1 1 ,2 . , ,2 „ 
°U = " l c + l + l c _ l = r

3 2 (H.I.ZKJ, 

i s obviously not frame independent ( the 0 and 1 r e f e r to 

e i t h e r s- or t-channel vector meson h e l i c i t y ) . The 

q u a n t i t i e s A + which d i r e c t l y measure the phases ~^^ c 

whose sign they share, have the form of vector meson 
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p o l a r i s a t i o n parameters f o r unnatural p a r i t y exchange and 

l i e i n the range 

0 v< A + 1. ( 4 . 4 . 2 1 ) 

I + , which are s i m i l a r l y normalised, measure the i n t e r ­

ference between n a t u r a l and unnatural p a r i t y amplitudes. 

The above-mentioned 8 i n v a r i a n t s are independent. The 

ninth i n v a r i a n t A , normalised as i n ( 4 . 2 . 2 1 ) , measures 
o 

( l i k e A + ) the s p i n and phase coherence of the meson 

h e l i c i t y 0 and 1 unnatural p a r i t y amplitudes, but i s much 

b e t t e r determined experimentally s i n c e i t depends only on 

the meson decay, 
h 

A a = 2 o u P o o ^ l ! ^ ! - ! * " 2 ( R e P 1 0 ) 2 

I t i s a measure of to what extent the r e l a t i o n 

( 4 . 4 . 2 2 ) 

( 1 0 8 ) 

poo ( p l l " p l - l ) * 2 ( R e P i o ) 2 ( 4 . 4 . 2 3 ) 

(sometimes known as the Kaidalov r e l a t i o n ) i s s a t u r a t e d . 

Shown i n Table ( 4 . 4 . 1 ) are the amplitude moduli 

and r e l a t i v e phases together with a s e l e c t i o n of measure-

ables r e s u l t i n g from independent maximum l i k e l i h o o d 

determinations c a r r i e d out i n the s- and t-channels f o r 

the process 

TT~P — > K*A ( 4 . 4 . 2 4 ) 

at 3.9 GeV. The data used were those of Abramovich et a l ^ 1 0 2 ^ 
' 1 0 2 ) 

using a K x e f f e c t i v e mass c u t v of 
0 . 8 6 8 < M(K +TT~) < 0 . 9 2 0 GeV ( 4 . 4 . 2 5 ) 
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0 < - t 1 < 0 . 2 

l a . l 2 

t channel 
0 . 0 9 1 0 . 1 5 

( 0 . 1 1 1 0 . 1 7 ) 

0 . 1 1 * 0 - 12 

{ 0 - 0 3 * 0 . 1 6 ) 

0 - 1 7 * 0 . 1 4 

( 0 -21 *0 . M ) 

0 - 2 6 * 0 - 1 5 

( 0 . 2 9 * 0 - 1 6 ) 

0 . 3 2 * 0 . 1 3 

( 0 . 3 6 * 0 . 1 9 

0 - 0 5 ± 0 . 1 2 

( • O . O l i O . 1 4 ) 

B cliiinnel 
0 . 0 5 * 0 - 1 4 

( 0 . 1110 .17 ) 

0 .15*0 .16 

( 0 . 1 4 1 0 . 1 7 ) 

0 . 0 5 * 0 . 0 9 

( 0 . 1 1 1 0 . 1 5 ) 

0 . 3 3 1 0 . 1 7 

( . 0 . 2 0 1 0 . 1 6 ) 

0.3110- 15 

( 0 . 2 9 1 0 . 1 8 ) 

0 .1110 .10 

( 0.0510-15) 

0 . 2 

I channel 

- f < 0 -4 

a chnmiel 
o . 1710.19 

( 0 . 1 0 1 0 . 1 7 ) 

0 .0310-09 

( - 0 . 0 3 1 0 . 1 3 ) 

0 .1710 .15 

( 0 .23±0 .14) 

0 . 3 2 1 0 . 1 8 . 

( 0.38-.V0.10) 

0 . 2 6 1 0 . 1 2 

( 0 . 3 2 1 0 . 1 6 ) 

0.0310.15 

( 0 . 0 1 1 0 . 1 2 ) 

0 . 1 7 1 0 . 1 8 

( 0 . 1 0 + 0 - 1 7 ) 

0 . 2 0 1 0 - 1 5 ' 

( 0 . 2 4 1 0 . 1 5 ) 

0.0010-31 

( -0 -0410.12) 

0 - 3 2 1 0 . 1 7 

( 0 . 3 7 * 0 - 1 8 ) 

0 . 0 7 1 0 . 1 4 

( O . O B i C . 1 4 ) 

0 . 2 3 * 0 . 0 9 

( 0-2510-15) 

0 -4 

t channel 

- t ' < o.n 

0 . 0 9 * 0 - ? ? 

( 0 . 0 4 * 0 . 1 7 ) 

0 . 1 6 1 0 . 2 0 

( 0 .16 *0 .15 ) 

0 .05*0 .13 

( 0 . 0 6 * 0 . 1 6 ) 

0 . 4 7 * 0 . 2 3 

( 0 . 5 3 * 0 - 1 9 ) 

0 . 1 7 1 0 . 1 9 

( 0 . 2 2 * 0 . 1 6 ) 

0 . 0 7 * 0 . 1 1 

( - 0 . 0 1 1 0 . 1 5 ) 

h channel 
0 . 0 7 1 0 . 2 ? 

( 0 . 0 4 * 0 . 1 7 ) 

0 . 0 3 * 0 . 1 4 

( 0 .03 *0 .16 ) 

0 .1710.21 

( 0 .19*0.15) 

0 -4810 .22 

( 0 .53*0.19) 

0 - 0 7 1 0 . 1 2 

( 0 . 0 2 1 0 . 1 6 ) 

0.17*0.21 

( 0.1910.16) . 

"be 
c 

ab 
o-(=i-o-K) 

4* 
4-

•u 

-0 .7 11.1 

-0 .8 ±2.1 

1-5 *2 .0 

1-5 ±1-0 

1.3 ±1-2 

-2 .7 10.8 

-3.0 16.8 

0- 3 16-7 

2.6 ±2-5 

1- 7 ±0-7 

-0 .7 *1 -3 

-1.0 11-0 

- 0 . 2 ±5-3 

-1-4 * 2 - 0 

1-6 ±5-6 

1.4 ±1.4 

0 . 7 ±1.6 

- 2 . 2 ±1-3 

2-5 1 7 S . 6 

- 2 - 9 ± 7 9 . 6 

0 - 3 1 2-1 

2 - 3 * 1-6 

- 1 . 8 ± 1.1 

- 0 - 4 * 1-8 

-1 .2 ±2.0 

-2.9: ±5-2 

±5-5 

1-9 ±1 .2 

1- 9 ±2.f> 

2- 5 ±2.8 

- 2 - 4 ± 4 . 2 

1.0 ± 7 . 1 

1-5 ±5-9 

1.2 1 1 . 5 

- 0 . 5 ± 2 - 7 

- 0 . 7 ± 2 . 2 

0.65 0 . 6 2 0.50 

-0.50 - 0 - 7 2 - 0 . 3 0 

0 . 1 2 0 . 3 3 0 . 2 3 

0 . 6 3 0 - 1 7 0.15 

- 0 . 6 6 - 0 . 8 7 -0.61 

0 . 8 7 0-81 0 . 9 2 

0 .44 0 . 4 6 0 . 3 0 

0 . 2 2 0 . 1 6 0 . 2 0 

0 . 4 7 0 - 3 3 0 .81 

- 0 . 5 7 0 - 3 3 - 0 . 6 6 

0.51 

-0.31 

0 . 2 2 

- 0 . 0 2 

- 0 . 6 5 

0 . 9 4 

0 . 2 7 

0 . 2 3 

- 0 . 4 7 

1 .00 

0 . 4 4 

- 0 . 6 6 

0 . 0 7 

0 . 7 2 

- 0 . 6 6 

0 . 8 7 

0 - 3 3 

0 .11 

0 . 0 3 

0 - 1 0 

0.45 

-0 .74 

0.10 

0.48 

-0.84 

0.05 

0.11 

0.34 

0.50 

0.01 

Table (4.4.1) 

Moduli and r e l a t i v e phases of s- and t-channel 
amplitudes determined by maximum l i k e l i h o o d method. 
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The resonance i s t r e a t e d as pure p-wave s i n c e the narrow 

width renders n e g l i g i b l e any s-wave c o n t r i b u t i o n . In 

Table (4.4.1) the three event bins are 

0 < - t ' < 0.2 , 59 events 

0.2<-t? < 0.4 , 58 events (4.4.26) 

0.4 <-t' < 0.8 , 47 events 

where 
t ' = t - t - (4.4.27) 

o 
The f i g u r e s i n brackets are the equ i v a l e n t q u a n t i t i e s 

obtained from a conventional moment a n a l y s i s . 

4.5 I n t e r p r e t a t i o n of r e s u l t s 

The presented sample a n a l y s i s of t p — > K*A 

involved a t o t a l of 164 events with roughly 50 i n each of 

3 t - b i n s . These s t a t i s t i c s are not s u f f i c i e n t to r e l i a b l y 

determine 10 r e a l numbers per b i n , but the consistency of 

the method o u t l i n e d i n Sec t i o n 4.4 i s n e v e r t h e l e s s evident. 

From Table (4.4.1) we note t h a t 

( i ) the moduli are much b e t t e r determined than the 

phases. 

( i i ) the phases of amplitudes with negative t r a n s v e r s i t y 

are b e t t e r determined than those with p o s i t i v e . 

( i i i ) the i n v a r i a n t q u a n t i t i e s ( p a r t i c u l a r l y those 

depending only on moduli) provide a co n s i s t e n c y check 

on s- and t-channel s o l u t i o n s . 
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I t i s tempting to compare the n a t u r a l p a r i t y 

exchange i n IT p —> K* A with t h a t i n u p — » K°A. For 

example, the p o l a r i s a t i o n i n the l a t t e r (see Chapter 2) 
2 

i s s l i g h t l y p o s i t i v e f o r - t < 0 . 3 GeV and l a r g e and 

negative at l a r g e r - t , whereas we see from Table (4.4.1) 

a c o n s i s t e n t l y negative trend f o r P N throughout these 

t ranges. With s a t u r a t i o n of a + by absorbed K* exchange 

we would expect i d e n t i c a l p o l a r i s a t i o n behaviours so t h a t 

the discrepancy i n d i c a t e s a d i f f e r e n t mechanism alt o g e t h e r 

and/or the presence of l a r g e absorption c o r r e c t i o n s to 

the unnatural p a r i t y pole exchange i n it p —» K*A — 

absorption i s known to mix t-channel p a r i t i e s . 

A Q has a s i g n i f i c a n t l y non-zero value implying the 

presence of more than one unnatural p a r i t y pole exchange 

s i n c e a s i n g l e pole would give a phase coherence to a l l 

4 amplitudes as indeed would an EXD p a i r (K,K ) with t h e i r 

i d e n t i c a l s p i n s t r u c t u r e and c o r r e l a t e d phases. T h i s has 

independently been noted by F i e l d 

An i d e n t i c a l a n a l y s i s of K p —*• $h which i s , by 

d u a l i t y diagram and quark model arguments, expected to 

have the same amplitude s t r u c t u r e , would provide a very 

i n t e r e s t i n g comparison with t h i s work. The s i m i l a r i t y 

of the two processes, at the more s u p e r f i c i a l l e v e l of 

de n s i t y matrix elements, has already been noted ^'''0^ , so 

g i v i n g f u r t h e r credence to the d u a l i t y diagram/quark 

model scheme= 

More de t a i l e d a n a l y s i s of the i m p l i c a t i o n s of our 

r e s u l t s , i n terms of h e l i c i t y amplitudes r e q u i r e s a 
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knowledge of, or guess a t , the r e l a t i v e phase between 

amplitudes of opposite nucleon t r a n s v e r s i t y . We suggest 

3 ways of obtaining t h i s . 

( i ) A p o l a r i s e d t a r g e t experiment . T h i s r e p r e s e n t s 

a l o t of e f f o r t f o r one e x t r a piece of information (the 

11th o b s e r v a b l e ) . 

( i i ) Using t h e o r e t i c a l p r e j u d i c e gained from some 

exchange model to p r e d i c t the vanishing of one of the 

N or U h e l i c i t y amplitudes. For example i f K alone couples 

to s-channel U ° + one might a n t i c i p a t e t h i s coupling to be 

s m a l l , i n an SU(3) l i m i t ( c . f . TTNN . 

Then |U° | = 0 i m p l i e s 

B 2 + B 2 

C O S * * +
 = ~ +2B +B_" ( 4 - 5 ' 1 ) 

where <{)_+ i s the r e l a t i v e phase between b + and b_. 

( i i i ) Using an exchange model which s u c c e s s f u l l y p r e d i c t s 

some measureable combination(s) of the a, b, c amplitudes 

to p r e d i c t the r e l a t i v e phase. For example, suppose the 

observed values of P„ i n r p —> K*A had more c l o s e l y 

resembled the ir p —• K°A p o l a r i s a t i o n p r e d i c t e d i n 

Chapter 2, then we might have assumed t h a t model to give 

a good account of the n a t u r a l p a r i t y a ± amplitudes, i n 

p a r t i c u l a r t h e i r r e l a t i v e phase. For pedagogical reasons 

we s h a l l make t h i s assumption. 

We i d e n t i f y 

a + :A^|T|pt> S f + i g (4.5.2) 

<Ai|T|p4r> s f - i g (4.5.3) 
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i n an obvious n o t a t i o n , where f ( g ) i s the pseudoscalar 

meson baryon s p i n n o n - f l i p ( f l i p ) s c a t t e r i n g a m p l i t u d e ^ 1 ^ a ^ 

Th e i r connection with the equivalent h e l i c i t y amplitudes 

i s 

f A 1 cos6\ / s i n ^ 

I sind ii Q 
g/ p - s i n ^ y s i n ^ - c o s | 

COST 
(4.5.4) 

so that 
X 18 

a ± = e "2" ( f + + ± i f + _ ) (4.5.5) 

where 0 i s , as u s u a l , the s-channel cm. s c a t t e r i n g 

angle. The p o l a r i s a t i o n s are then connected by 

PN°N = ' a + | 2 " | a - ! 2 = 2 l m < f
+ +

 f*-> = P (4.5.6) 

S i m i l a r l y we n o t i c e t h a t i f .(Appendix 2A) 

2Re (f f * ) 
R = ^ — - — ~ (4.5.7) 

l f
+ + | 2 + l f

+ - ! 2 

l f + + | 2 - l £
+ J 2 

A = — r r - ^ 1 ~ (4.5.8) 
l f

+ J + l f
+ - l 

then 
^ i e * 
2e a a 

A + iR ~ (4.5.9) 
! a + | J + | a _ | 2 

,1 
To make a complete determination of a l l amplitudes 

(i n c l u d i n g the o v e r a l l phase) we assume a phase for N^_ 

which, having baryon h e l i c i t y f l i p , we expect to have a 

pure pole behaviour (Section 2.5);-
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N -

N . +-

a
+ " a-

a + " a. 
- l i r a (4. 5.10) 

where 

We then may w r i t e 

a = a K * 

N 1 a* = i ["-la I 2 + (A+iR) ( | a + | 2
+ | a _ | 2 ) ' 

+- - 2 L 1 2 e i e -1 (4.5.11) 

Then, up to 2 if, we get 

1 * 
phase (N +_a_) = — IT a — a_ = phase A+iR x _ [ _ a J 

-2 "2 a e i e -1 (4.5.12) 

from which we may c a l c u l a t e a_ the phase of a_. From 

equation (4.5.9) we then f i n d 

a, = phase (A + iR) + a_ - 8 (4.5.13) 

and consequently 

6 ± = a ± + C b (4.5.14) 

Y + = « + + (4.5.15) 

where g + and y+ are r e s p e c t i v e l y the phases of b ± and 

c ± • 
The r e s u l t s of such a c a l c u l a t i o n using the 

ft A 

R and A p r e d i c t i o n s of Chapter 2 are shown i n 

Table (4.5.1) along with the input R and A. The entry 

marked gives roughly the correspondingly binned 

c r o s s - s e c t i o n of r e f e r e n c e (102) to which the output 
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t'range 
Gev2 0 . 2 .2 .4 .4 .8 

Amp. Mod. Phs. Mod. Phs. Mod. Phs. 

.36 3.0 . 33 3.0 .21 -1.4 

<- .25 -1.0 . 37 -.5 .48 .25 

.15 -1.5 .25 .73 .27 1.6 

.24 1.3 .25 2.3 . 32 1.6 

.16 1.5 .33 1.0 .21 2.3 

C .45 2.1 .18 -1.5 . 11 -1.3 

da 
dt .16mb GeV~ 2 .09mb GeV~2 .04mb GeV~2 

R -.7 -.95 -.4 

A .7 . 3 -.45 

Table (4.5.1) 

amplitudes must be normalised to give absolute v a l u e s . 

The r e s u l t s are e x h i b i t e d g r a p h i c a l l y i n Figure (4.5.1) 

and are merely i n d i c a t i v e of a p o s s i b l e treatment given 
* 1 

b e t t e r s t a t i s t i c s . The input EXD K phase f o r N +_ i s shown 
along with the d u a l i t y diagram expectation for an EXD (K,K_) 

B 
p a i r . I t i s perhaps f o r t u i t o u s t h a t the phase of i s 
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" X V 
-

J DM £3 
J DM £3 1 O 
l o i — - ox 

o-i <p.l • 

O-O 0 2 . fi-V 

N ++ 
H— 

O S (?C 0-^ 

+ -

-V 

- -

03 

OX — 

01 

<S-C © 2 . 0(j. 

u 
4— 

lit 

I -

a - 1 

_ K 

- z ' 

3 

4 

K 

0"2 

3 

-3 

v— -

-

-

• -

F i g . (4.5.1) 

Modulus and phase of n a t u r a l and unnatural p a r i t y 
exchange s-channel h e l i c i t y amplitudes under the 
assumption of S e c t i o n 4.5 ( i i i ) . 
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like t h a t expected when pure EXD (K,K ) poles unaffected 
B 

by absorption are coupled to a baryon h e l i c i t y - f l i p 

v ertex. The N and U amplitudes have a s m a l l - t 1 behaviour 

of (see equation (1.3.7)) 
/=& 

<- 1 

i 

1 

<- /=t> 

so t h a t the very l a r g e value of U°_ compared to U ° + 

a t small - t confirms the expectation of a K exchange which 

couples predominantly to baryon s-channel h e l i c i t y f l i p 

( c . f . TT ) . T h i s e f f e c t i s not n e a r l y so marked i n and 

Ujj;+ p o s s i b l y due to the importance of the EXD ( K
A» K

Z) 

which are expected to couple predominantly to baryon 

h e l i c i t y n o n - f l i p ( K a i s the SU(3) analogue of the 

t r a j e c t o r y ) . 

The c o n s i d e r a t i o n s following equation (4.5.1) 

are completely s p e c u l a t i v e and merely i n d i c a t e a p o s s i b l e 

l i n e of approach whereby a c o n s i s t e n t s e t of assumptions 

may be a r r i v e d a t , given b e t t e r j o i n t decay s t a t i s t i c s . 

The method of a n a l y s i s advanced i n t h i s Chapter 

w i l l be of most b e n e f i t when applied to p a i r s of r e a c t i o n s 

such as 
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Tr~p > K* A 
(4.5.17) 

and K p > § A 

using counter data of high s t a t i s t i c s r a t h e r than, as 

here, bubble chamber data. Data over a spread of i n c i d e n t 

momenta would a s s i s t i n i d e n t i f y i n g unambiguously whether 

the unnatural p a r i t y c o n t r i b u t i o n s present are due to 

some type of absorption e f f e c t a c t i n g on n a t u r a l p a r i t y 

poles (a high a
e f f ( t ) for the amplitude) or due to 

unnatural p a r i t y pole exchange i t s e l f (much lower l y i n g 

e f f e c t i v e t r a j e c t o r i e s ) . 
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C H A P T E R F I V E 

C O N C L U S I O N S 
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5 : CONCLUSIONS 

In t h i s f i n a l chapter we summarise what has been 

achieved by the work reported i n t h i s t h e s i s and point 

out some le s s o n s f o r future a n a l y s e s . 

We have presented a model independent d i s c u s s i o n 

of the c r o s s - s e c t i o n and p o l a r i s a t i o n data which e x i s t s 

f o r meson-baryon strangeness-exchange r e a c t i o n s . We 

attempted to d e s c r i b e these data with "a simple high-

energy model which used the p r e c i s e p r e d i c t i o n s of 

exchange-degeneracy for o c t e t Regge pole exchange. 

These poles were absorbed with the weak cuts a s s o c i a t e d 

with a Pomeron moving pole so y i e l d i n g , f o r the f i r s t 

time, a n a t u r a l and u n i f i e d d e s c r i p t i o n of a l l p o l a r i s a ­

t i o n s observed i n HCEX r e a c t i o n s . The c r o s s - s e c t i o n 

l i n e r e v e r s a l symmetry v i o l a t i o n at intermediate energies 

was not s u c c e s s f u l l y explained s i n c e the p r e d i c t e d r e a l 

amplitude was too h e a v i l y reduced i n our absorption 

p r e s c r i p t i o n . 

We demonstrated how anomalies i n the intermediate 

energy c r o s s - s e c t i o n data could be r e l a t e d s e m i - q u a n t i t a t i v e l y 

(without performing FESR) to anomalies i n the low energy 

resonance parameters of the d i r e c t channel process. I t 

was suggested that the p r e s s i n g problem of the c r o s s -

s e c t i o n i n e q u a l i t y be attacked from two approaches -

i n terms of e i t h e r s-channel e f f e c t s as above or f u r t h e r 

crossed channel s i n g u l a r i t i e s which might be important 

at non-asymptotic energie s . 

T h i s l a s t p o s s i b i l i t y was thoroughly i n v e s t i g a t e d 

w i t h i n the r a t h e r dubious assumptions of the m u l t i p l e 
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s c a t t e r i n g model of Reggeised exchanges. Using 

knowledge of the sp i n p r o p e r t i e s of the o c t e t meson-

baryon couplings gained i n the foregoing a n a l y s i s , 

an attempt was made to give, f o r the f i r s t time, an 

honest treatment of the sp i n e f f e c t s i n double exchange 

diagrams. C r i t i c a l comparisons with l a t e r and with 

contemporary but independent analyses were given. We 

presented e x p l i c i t c a l c u l a t i o n s of e x o t i c HCEX r e a c t i o n 

c r o s s - s e c t i o n s (K p — > TT +I and TT p —> K +Z ) . I t was 

shown how the d i r e c t i o n of the c r o s s - s e c t i o n i n e q u a l i t y 

i n these r e a c t i o n s was not c o r r e c t l y p r e d i c t e d (as i n 

the non-exotic case) and th a t some degree of absorption 

of the Regge-Regge "cut" diagram was necessary to e x p l a i n 

the observed smallness of the o v e r a l l magnitude of these 

r e a c t i o n r a t e s . A unique p r e d i c t i o n , of what we b e l i e v e 

was a c o n s i s t e n t treatment of s p i n couplings, was a 

forward dip present a t a l l energies i n both r e a c t i o n 

c r o s s - s e c t i o n s . T h i s feature and the pr e d i c t e d c r o s s -

s e c t i o n energy dependence of s ^ are open to experimental 

t e s t i n the for e s e e a b l e f u t u r e . In view of the a r t i f i c i a l 

and imperfect c r o s s - s e c t i o n d e s c r i p t i o n s , however, we 

were forced to conclude t h a t the e x o t i c amplitudes are 

not n a t u r a l l y or u s e f u l l y described by the m u l t i p l e 

s c a t t e r i n g formalism of Regge-Regge c u t s . 

We put forward the hypothesis t h a t although e x o t i c 

cuts had to be very s m a l l , s p i n e f f e c t s were such t h a t 

the r e l a t e d non-exotic Regge-Regge cuts could, i n c o n t r a s t , 

be much l a r g e r . E x p l i c i t c a l c u l a t i o n i n a t y p i c a l case 
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:.showed t h i s to be the case but none-the-less too small 

to s i g n i f i c a n t l y a f f e c t the i n c o r r e c t c r o s s - s e c t i o n 

d e s c r i p t i o n given by the leading Pomeron c u t s . I n 
(63) 

f a c t we confirmed the statement of Michael t h a t 

these cuts made the s i t u a t i o n worse. I t was shown t h a t 

the simple p o l a r i s a t i o n d e s c r i p t i o n by leading cuts was 

unaffected by the i n c l u s i o n of non-leading terms. 

Before l e a v i n g the t o p i c of l i n e r e v e r s a l symmetry 

v i o l a t i o n we now make a few f u r t h e r comments. Instead 

of a t t r i b u t i n g the c r o s s - s e c t i o n suppression of C-type 

irN — > KY r e l a t i v e to R-type KN — » TTY, to t h e i r exchange 

degeneracy phase p r o p e r t i e s , we could point to another 

s i g n i f i c a n t d i f f e r e n c e i n t h e i r d u a l i t y diagrams . 

Only i n the f i r s t case i s a XT quark f i n a l s t a t e 

involved:- q 

We a l s o n o t i c e the r e l a t i v e l y high mass of the f i n a l 

s t a t e i n t h i s type of r e a c t i o n . I n common with TTN — > KY 

i t i s found t h a t n p —> nn at low energies has 

large c o n t r i b u t i o n s from non-peripheral resonances 

(see Section 2.7) in comparison with w p — > • Tr°n for 

example. We note the high mass and XX content of n 

r e l a t i v e to n°. The d e v i a t i o n of « p —>• nn from an 

exchange degenerate pole high energy behaviour has been 
(38) 

w e l l noted . Other examples of r e a c t i o n s which have 
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XX high mass f i n a l s t a t e s and which show anomalous 

behaviour at high and/or low energies are not d i f f i c u l t 

to f i n d . The suppression of <t> photoproduction r e l a t i v e 

to the standard quark model expectation v i a vector 

dominance from p and u> photoproduction has been noted 

i n the l i t e r a t u r e . The data for ir p —> K*A and 

K p —> <j>A (both with XX f i n a l s t a t e s ) show a s i m i l a r 

suppression r e l a t i v e to K p —> pAand K p —-> a>A. Note 

t h a t KN and KN charge exchange c r o s s - s e c t i o n s with t h e i r 

l i n e r e v e r s a l e q u a l i t y a t intermediate energies and the 

p o l e - l i k e behaviour prove no exception to these r u l e s 

s i n c e both have equal mass kinematics and involve no XX 

production. A modified form of these c r o s s - s e c t i o n 

s y s t e m a t i c s has r e c e n t l y been commented upon by L o ^ " ^ - . 

We submit t h a t the c r o s s - s e c t i o n suppression 

observed i n c e r t a i n strangeness-exchange r e a c t i o n s i s not 

unique and t h a t a u n i f y i n g examination of a l l s i m i l a r 

e f f e c t s at high and low energies w i l l be more f r u i t f u l 

than a model-dependent a n a l y s i s of each of the separate 

r e a c t i o n s . The common element i n the "abnormal" 

processes (e.g. ir~p —> K°A°, i r +p —> K +Y* (1385) and 

ir p —> nn) seems to be the production of XX p a i r s and 

consequent high mass f i n a l s t a t e s . Some a n a l y s i s i n 

terms of quark dynamics thus seems appropriate. 

In the fourth chapter of t h i s t h e s i s we proposed 

an a l t e r n a t i v e method of obtaining information on 

strangeness-exchange amplitudes. Rather than parametrise 

data with a high-energy model which was known to be wrong, 
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we chose to attempt to c a l c u l a t e d i r e c t l y from data, 

the s c a t t e r i n g amplitudes themselves. By studying the 

c o r r e l a t i o n s observed i n j o i n t decay angular d i s t r i b u t i o n s 

i t was shown how, but f o r one piece of information, a l l 

production amplitudes f o r processes l i k e ir p — K * A 

could be disentangled i n a completely unambiguous and 

model-independent manner. Having de s c r i b e d the 

disadvantages of using conventional d e n s i t y matrices and 

s t a t i s t i c a l tensors to represent the decay information, 

we introduced a s e t of t r a n s v e r s i t y - l i k e amplitudes i n 

terms of which we presented a complete a n a l y s i s of 

IT p —>• K*A at 4 GeV. The simple r e l a t i o n between these 

new amplitudes and conventional h e l i c i t y amplitudes was 

d e r i v e d . The i m p l i c a t i o n s of the numerical r e s u l t s f o r 

IT p —> K*A were d i s c u s s e d and, i n p a r t i c u l a r , i t was 

concluded t h a t K exchange alone was i n s u f f i c i e n t to 

account f o r the measured unnatural p a r i t y exchange 

amplitudes. Since high s t a t i s t i c s counter experiments 

on vector meson production processes are now a very r e a l 

prospect, i t i s to be hoped t h a t the methods proposed 

i n the l a t t e r p a r t of t h i s t h e s i s w i l l , i n the near f u t u r e , 

be used to gain much needed i n s i g h t i n t o both n a t u r a l 

and unnatural p a r i t y strangeness-exchange amplitudes. 
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APPENDIX 1 

A. Kinematics 

We consider the 2-body s c a t t e r i n g process shown 

i n F i g . (1A.1) 

a,m b ,m. 

b' pb 

c m 

(1A.1) 

F i g . (1A.1) 

ITK are the p a r t i c l e masses and ^ ( p ^ ) are p a r t i c l e 4(3) -

momenta i n an a r b i t r a r y r e f e r e n c e frame. We use a metric 

such t h a t 
2 2 2 2 

* Z = (-E, P r = P ~ E (1A.2) 

where E i s the t o t a l energy. 

Conventionally we define 

s = - (k + k, ) 2 

a b 

t = - ( k a - k c ) (1A.3) 

u = - ( k a - k d ) 

By s (t or u) - channel process we mean the process for 

which s (t or u) rep r e s e n t s the t o t a l cm. energy squared, 

v i z . 
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s-channel: a + b —> c + d 

t-channel: a + c — » b + d (1A.4) 

u-channel: a + d —* c + b 

We use the following notation f o r k i n e m a t i c a l q u a n t i t i e s , 

standard throughout t h i s t h e s i s 

q,q' — s-channel cm. 3-momentum magnitudes of 

p a r t i c l e s a and c. 

p^ — beam p a r t i c l e laboratory momentum. 

6 — s-channel cm. s c a t t e r i n g angle. 

8 — t-channel cm. s c a t t e r i n g angle. 

\\>T — laboratory frame baryon r e c o i l angle f o r 
Li 

near-forward s c a t t e r i n g , 

t — the value of t corresponding to 0 = 0 . 

Some u s e f u l r e l a t i o n s i n v o l v i n g these are c o l l e c t e d 

together:-

s + t + u = m 2 + m 2 + m 2 + m 2 (1A.5) a b e d 

2 2 / 2 2 s = m + m, + 2m. /p r + m (1A.6) a d o Li a 

q = m bp L//s (1A.7) 

q 2 = [s-(m a + m b ) 2 ] |"s-(ma - m b ) 2 ] / 4 s (1A.8) 

q' 2 = [s-(m c + m d)^] [s-(m c - m d ) Z ] / 4 s (1A.9) 
s ( t - u) + (m 2 - m 2) (m 2 - m 2 ) a b c d ., „ cos o = (1A.1D) 

4sqq' 
t - t 

= 1 + r 2 (1A.11) 
2qq 
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cose i s found by r e p l a c i n g (s,t,m, ,m ) by (t,s,m #m,) 

i n equations (1A.8) to (1A.10) 

m sine 
tan iJ/L = • (1A.12) 

^•/q'2 + m^2 - /q2 + m^2 Cos8 

where ^ L i s i n the f i r s t quadrant f o r near-forward 

s c a t t e r i n g . I n f a c t 

<PL —» 2 t a s s — * 0 0 / t — > 0_. (1A.13) 

t = r a 2 + m 2 - 2 / ( q 2 + m 2 ) ( q ' 2 + m 2 ) + 2qq' (1A.14) 
O 3 C 9. C 

B. H e l i c i t y amplitude f a c t o r i s a t i o n 

We w r i t e the c o n t r i b u t i o n of a s i n g l e t-channel 

Regge pole (n) to s- and t-channel h e l i c i t y amplitudes for 

the process ab —» cd as H^j^ and • Then ^ 1 9^ 

s(n ) _ y ~ E'd'a'c' t ( n ) 
Hcdab " / _ Xbdac Vd'a'e"' 1 } 

a ' c 1 

b'd' 

where X7, a c = d ( X k ) d, , , ( x , ) d , ( x ) d-, ( x ) bdac E'b " d'd A d ' a'a A a c ' c X A c 
(IB.2) 

(19) 
and s^, X ^ i s the s p i n and c r o s s i n g angle of 

p a r t i c l e i whose h e l i c i t y i s a l s o represented by i . Note 

th a t X i s e x a c t l y f a c t o r i s a b l e i n t o four p a r t s (one f o r 

each p a r t i c l e ) a t a l l e n e r g i e s . 

We consider the four processes 
a + b —* c + d 
e + f —> g -1- h 
e + b - * g + d ( 1 B ' 3 > 
a + f —» c + h 
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Then 

s(n) H s ( n ) = / I xb^d^e^ ^ ^ V c 1 

gdeb chaf ._, , _, bdeg fhac 
e g a c 
b^d 1 f 1 h 1 

X H t ( n ) r£< n> (IB.4) 
E l d l e l g l f l h l a l c l 

Following the Fox and Leader w e assume the asymptotic 

f a c t o r i s a t i o n of t-channel Regge pole amplitudes, 

„t(n) H ^ 1 1 ) - Tjt (n) H T ( N ) n n \̂ 
XI H i n - i - 1 ~ I I . . . . . . ., r i n l i l \ -L-D • J J 
7-1 ,1 I — I —1,1 1—1 T-1,1 1—1 T-l, 1 1—1 
b-LdJ-eJ-g-L f h a c b d a c f h e g 

so t h a t equation ( I B . 4) becomes on s u b s t i t u t i n g , 

s(n) „s(n) _ \ ) f h e g uMn) 
gdeb chaf ~ L L A f h e g 7 l h l 1~1 1-1 1-1 r n e g e g a c 

P d 1 P h 1 

r-l ,1 1-1 . , . 
X X* * 8 C H | . . (IB. 6) 

b d a C B 1 d 1 a V 

g 
vhere we have regrouped the d — func t i o n s to form the new 

c r o s s i n g matrix elements. Equation (IB.6) i s now seen to 

contain the product of two s-channel amplitudes, thus 

H S i N K H S< n> = H S j n > H S< n> (IB. 7) crdeb chaf cdab ghef 

L e . for a given exchange, s-channel h e l i c i t y amplitudes 

f a c t o r i s e as shown i n Figure (1B.1) 
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a c 

n 

F i g . (1B.1) 

i n t o upper and lower vertex p a r t s . I t i s t h i s r e s u l t which 

i s used i n r e f e r e n c e (20), but note that the only 

asymptotic e q u a l i t y used i s t h a t i n equation (IB.5) - the 

f a c t o r i s a b i l i t y of the c r o s s i n g matrix i s exact. 
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APPENDIX 2 

A. Experimental q u a n t i t i e s 

Our normalisation i s such t h a t 

do = 0.3893 
dt C A 2 64nq s \ , l 2 + l A i l 2 m i l l i b a r n s / G e V 2 (2A.1) 

i n the notation of Chapter 2 (A n has u n i t s of GeV = 1 ) . 

-rr- , the d i f f e r e n t i a l c r o s s - s e c t i o n , i s the r e a c t i o n dt 
(1) s c a t t e r i n g p r o b a b i l i t y per u n i t momentum-transfer squared 

With the B a s l e convention f o r the d i r e c t i o n of the normal 

to the production plane, the r e c o i l baryon p o l a r i s a t i o n i s 

2 Im(A A*) 
P = 5 — — * (2A.2) 

| A j 2 + |A,|2 

I f we define 

2 Re (A A*) 
R = =5 2-^ T? (2A.3) 

| A j 2 + | A J 2 

l A o ! 2 - l A l l 2 

A = — ° — ± — (2A.4) 
|AQ|2 + |A X| 2 

(36 37) 
then the Wolfenstein s p i n - c o r r e l a t i o n parameters ' are 

R = R s i n x T - A cosx T (2A.5) 
Li L I 

A = R cosx T + A s i n x T 
Li L I 

where v_ . the laboratorv frame baryon r e c o i l angle, i s 

given i n equation (1A.12). 
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B. Absorption p r e s c r i p t i o n 

We follow the procedure of refe r e n c e (30) whereby 
ex 

the p a r t i a l wave exchange amplitude f (s) i s modified by 

i n i t i a l and f i n a l s t a t e absorption. Ignoring spin for the 

moment, the absorptive m o d i f i c a t i o n i s 
f £ ( B ) = f f ( s ) e 2 i V e - l > (2B.1) 

where 6 ^ ( e l ) i s the e l a s t i c phase s h i f t which i s given, i n 

our n o r m a l i s a t i o n , by 

2i6 ( e l ) i q f ^ t s ) 
e = 1 (2B.2) 

4TT /S 

I f equations (2B.1) and (2B.2) are used to modify a p a r t i a l -
ex 

wave decomposition of the amplitude A ( s , t ) we get 

A ( s , t ) = A 6 X ( s , t ) - - j i ^ 2 (2£+l)P£(cos0) f ^ X ( s ) f f " ( s ) 

(2B. 3) 
Then, i f the p a r t i a l wave p r o j e c t i o n formula 

f £ ( s ) = | | d ( c o s 0 ) P £ ( c o s 0 ) A ( s , t ) (2B.4) 

i s s u b s t i t u t e d i n equation (2B.3) and the orthogonality 
p r o p e r t i e s of the P^(cos0) made use of, we get 

A ( s , t ) = A e x ( s ,t) ^ — / d (cos 0. ) d<f>Aex (s , cos 0 i ) A e^ (s , cos 9 _ ) 
16TT /s J 1 1 Z 

(2B.5) 

where d> i s some fu n c t i o n of cos0, and cos0„ which need 
not concern us. The e s s e n t i a l f e a t u r e of the r e s u l t (2B.5) 

i s t h a t absorption by p a r t i a l wave m o d i f i c a t i o n by the 

r e l e v a n t e l a s t i c s-matrix element gives a c o r r e c t i o n term 

which i s a convolution i n t e g r a l of the exchange amplitude 
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ard some e l a s t i c s c a t t e r i n g amplitude which we may take to 

be sat u r a t e d by Pomeron exchange i . e . 

A e l / 4-\ • A 2 (A-ina^)t/-> 
A ( s , t ) = - i 4 q o T e P' ' * (2 

A i s the forward e l a s t i c peak slope width, a"*" the Pomeron 
P 

t r a j e c t o r y slope and o T the r e l e v a n t asymptotic t o t a l 

c r o s s - s e c t i o n . I n some sense (Section 3.2) the convolution 

i n t e g r a l then r e p r e s e n t s double Regge exchange, e.g. 

for Tf+p — > K + Z + t h i s would be as shown i n Fig u r e (2B.1) 

+ K K Tf TK K TT 

K K 

+ 

? i g . (2B.1) 

The parameters A and o T should then be interpreted as some 

mean of those f o r Tf+p and K + E + s c a t t e r i n g . S i m i l a r l y the 

o T parameter i n the c o r r e c t i o n term f o r K p — » TT E + 

s c a t t e r i n g w i l l be a mean of those f o r K p and IT Z + SO t h a t , 

t r e a t i n g P as an SU(3) s i n g l e t , o T i s expected to have 

the same value f o r both l i n e r eversed r e a c t i o n s . 

In the remainder of t h i s Appendix we merely c o l l e c t 

together the formulae used i n Chapter 2 to c a l c u l a t e 

absorption c o r r e c t i o n s to meson baryon s c a t t e r i n g . When 

sp i n i s accounted f o r c o r r e c t l y , equation (2B.5) becomes 
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( e q u a t i o n A l l b ) o f r e f e r e n c e ( 3 0 ) ) . 

/ • \ n A 14. / r° A ' t ' 
ex °T fc/2 | d t ' ~~2 ) ex 

( s , t ) = A ^ x ( s , t ) - e / ^ f " e J n ( i A ' / ( t - t o ) t ' ) A ^ X ( s , t ' 
* — 00 

(2B. 7) 

where 

A" = A - i T r a ' p (2B.8) 

I f A e x i s t a k e n as n 

t h e n 

/ \'v2 t / 4 A a ( t ) 
n ( s , t ) = ( V t j Y n e e n ( s e 1 * ) (2B.9) 

A n ( s , t ) = R n ( s , t ) + C n ( s , t ) (2B.10) 

where . . 

v^Kv*) ^fKsei*) (^) e e^ (2B-1X) 

and 

|r = e n + o t ' ( l o g s + i<f>) (2B.12) 

F o r t h e r e a s o n s o u t l i n e d i n S e c t i o n 2.3(b) we i n c l u d e 

an enhancement f a c t o r \^ t o m u l t i p l y C ( s , t ) i n 

e q u a t i o n ( 2 B . 1 0 ) . 
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APPENDIX 3 

A. Coupling s i g n s i n KN and TTN s c a t t e r i n g 

Consider a simple pole d e s c r i p t i o n of KN and 

trN e l a s t i c s c a t t e r i n g , 

(a) KN 

I f P, f , u , p and A 2 poles couple to K p 

s c a t t e r i n g such t h a t 

A(K~p) = P + f + w + p + A 2, (3A.1) 

then 

A(K +p) = P + f - u j - p + A 2 (3A.2) 

A(K~n) = P + f + w - p - A 2 (3A.3) 

A (K+n) = P + f - n i + p - . A 2 (3A.4) 

We assume (ai,f) and ( p , A 2 ) to be EXD p a i r s of poles with 

i n t e r c e p t s a Q = \ so t h a t at t = 0, 

P = i y p , = d + i ) , A 2 = y A 2 ( l - i ) e t c . (3A.5) 

where are r e a l couplings. EXD then i m p l i e s 

Y = ~Y / YP = - yAJ (3A.6) 

Then 

and 

A(K +p) + A(K +n) = 2iY - 4Y (3A.7) 
P 0) 

A(K p) + A(K n) = 2 i Y p + 4iY^ (3A.8) 

Using the o p t i c a l theorem we obtain 

a T(K"p) + o(K"n) - ^ T (K +p) - o T ( K + n ) = 4Y^ (3A.9) 

= +13.6 ± 4.4 mb 
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at 4 GeV by i n s p e c t i o n of the t o t a l c r o s s - s e c t i o n d a t a ^ 1 1 4 ^ . 

That i s the <*> + f c o n t r i b u t i o n s to A(K~p) i n 

equation (3A.1) 

a) + f = 2iy^ (3A.10) 

has the same phase at t = 0 as the Pomeron c o n t r i b u t i o n 

and t h e r e f o r e adds c o n s t r u c t i v e l y . 

(b) T I N 

We wish to c a l c u l a t e the r e l a t i v e coupling s i g n s 

of P and f i n TTN e l a s t i c s c a t t e r i n g . As i n the KN case, 

the sum of the amplitudes f o r a l l charged s t a t e s only 

i n v o l v e s the c o n t r i b u t i o n P + f. That i s i f 

A( TT"p.) = P + f + p (3A.11) 

then 

A( TT +
p) = P + f - p (3A.12) 

so t h a t 

Im A ( i T ~ p ) + Im A ( T T +
p ) = 2Im(P+f) (3A.13) 

Unlike the KN case i t i s not p o s s i b l e to d i r e c t l y i s o l a t e 
the f c o n t r i b u t i o n using EXD arguments. I t i s enough 

however to note^"*" 4^ t h a t , experimentally, the quantity 

( ^ ( i r p) + o (TT+P) f a l l s to i t s constant Pomeron dominated i T 
value, i n order to see t h a t the P and f c o n t r i b u t i o n s 

add i n TTN s c a t t e r i n g . 
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APPENDIX 4 

A. Double d e n s i t y matrix expansion 

By expanding equation (4.1.7) and s u b s t i t u t i n g 

the i n v e r s e of equation (4.1 . 9 ) the fo l l o w i n g expression 

i s obtained ̂ 1 0 ^ for h e l i c i t y - t y p e axes, 

3 W ( e 1 , t 1 , e 2 , * 2 ) = 1 - 4/| Y°(l) F 1 + 2 4 ^ Re Y 1 (1) F 2 

-12v£l Re Y 2 ( 1 ) F
3
 + 4 a , / T I m Y 1 ( 2 ) F 4 " Y l ( 2 ) I m Y 2 ( 1 ) F 5 

+ 8 n a / | Y° (2) I m Y j d ) F g - 8 ™ * ^ ImY 1 (2) Y° (1) F ? 

+ 16Tra^|~Re Y^(2) ImY^dJFg + 1 6 i r a ^ | ImY^(2) ReY 1 (1)F^ 

- 16ircn^j" Re Y*(2) I m Y ^ d J F ^ - 1 6 n a / | ImY^(2) R e Y j d J F ^ 

(4A.1) 

where 

F l = p l l - Poo F 6 = I m ( p ^ ~ P-h-h] 

F 2 = R e p 1 Q F 7 = I m ( p ^ + p"*" 1 - 2p™h) 

__. . 10 10 » 
F 3 = p l - l F 8 = Im^h-h * p-^} 

F 4 = I m p J 5 - ^ F 1 0 = lmipl-\ ± p-^} 

11 

F 5 = lm( PJ° - p ^ ) (4A.2) 
In equation (4A.1) Y^?(i) denotes Ŷ J(6.,<|>.) and a i s 

>J J i i 
(98) 

the lambda decav asvmmetrv Darameter. a A which i s 

about 0 . 6 5 i n value. Note t h a t i n refer e n c e (106) the 

a d d i t i o n a l f a c t o r of k i n the expressions given f o r 
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Fg, F g , F 1 Q and F ^ s h o u l d n o t be p r e s e n t . 

B. A n g u l a r momentum f u n c t i o n s 

The dJ, (8) f u n c t i o n s f o r J = ^ and 1 a r e mm 

a*. = 
m'm 

a 1 , : 
m'm 

> v m 
m' ^ \ h -h 

h 
e 

c o s ^ 
. e 

" s i n 2 

-h s i n | 8 
C O S 2 

\ m 

m' ^ \ 1 0 -1 

1 k ( l + c o s 8 ) - j i f s i n e h ( l - c o s e ) 

0 cose - T ^ s i n e 
/2 

-1 h ( 1 - c o s e ) -^:sin6 
/2 

h ( l + c o s e ) 

(4B.1) 

(4B.2) 

The f i r s t few n o r m a l i s e d s p h e r i c a l harmonic f u n c t i o n s 

a r e 

Y°(e,«>) 1 
/4ir (4B.3) 

Y°(e,<j>) = / — c o s e , y r 1 ( e f + ) = + Ar- s i n e e * 1 * 
1 / 4TT 1 / Off 

(4B.4) 

Y°(e,<|.) = j / ^ | ( 3 c o s 2 e - l ) , Y ^ l e , * ) = + / | | c o s e s i n e e * 1 * 

Y2 2(e,<(.) = /15 . 2 Q +2i<(> s i n 8e± 32TT 
(4B.5) 
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Maximum l i k e l i h o o d e r r o r e stimation 

We use a l o g - l i k e l i h o o d function 

W(P) = - log [ L ( P ) ] (4C.1) 

where 
N U g i 

L ( P ) = TT W(P;X ) (4C.2) 
i = l 1 

and W(P;X^) i s the angular d i s t r i b u t i o n of Chapter 4. 

In equation (4C.2) P re p r e s e n t s a s e t of parameters 

Pj (j = 1,10) (e.g. 6 amplitude moduli and 4 phases) and 

X. the s e t of 6 d i r e c t i o n c o s i n e s for event i . ""g1 i s a 

number l e s s than 15% g r e a t e r than 1 c a l l e d the geometrical 

weight and assigned to each e v e n t ( i ) by the e x p e r i m e n t a l i s t 

to account for unseen n e u t r a l decays i n the bubble 

chamber. I t s motivation i s , h e u r i s t i c a l l y , as f o l l o w s . 

Wi = W^'X^ i s the p r o b a b i l i t y of observing 1 

event at X^ and to get the j o i n t p r o b a b i l i t y f o r N events 

we form a product. Suppose for every event a c t u a l l y 

observed at X^ there were, s t a t i s t i c a l l y speaking, Wg r e a l 

events. Then the " j o i n t " p r o b a b i l i t y f o r t h i s would be 

Vt 9. For a l l N observed events the j o i n t p r o b a b i l i t y 

(4C.2) i s then obtained. 

The covariance matrix a s s o c i a t e d with the s e t 

of parameters P with maximum l i k e l i h o o d i s 

C = cov(P) = H - 1 H 1 H - 1 (4C.3) 

where the matrices H and H'1' are given by 
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N io£ /3W_. \ /3W_. 

i = l 

N 
„i l \ oi /aw. \ /aw. \ 

1-1 1 

The estimated e r r o r s AP to be assigned the parameters 

P~ are got d i r e c t l y from the v a r i a n c e s , 

A p k
 = /TT ( 4 C- 6 ) 

For any other measureable quantity 

m = m(P) (4C.7) 

the estimated e r r o r i s 

Am = ± A ^ i J L C. t (4C.8) 

r 
t i l ' 
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