


2.  TWO-PARTICLE DISTRIBUTIONS

The number of  p a r t i c l e s  produced  in t h e  f o r ward  and backward 

h e m i sp h e r e s  1s summarized in Table  IV, which shows t h a t  t h e  r e l a t i v e  

numbers  of  p a r t i c l e s  p roduced in t h e  two h e mi sp h e r e s  1s c o n s t a n t  f rom 67 

GeV up t o  800 GeV. I t  i s  e v i d e n t  t h a t  t h e  number o f  p a r t i c l e s  p r oduced  in 

each  h emi sp he r e  s c a l e s ,  i . e . ,  i s  a p p r o x i m a t e l y  c o n s t a n t  w i t h  e ne r g y  when 

d i v i d e d  by n$ . Thi s  I n d i c a t e s  t h a t  n^ and n^ depend on e n e r g y  i n  t he  

same way as  ns , i . e .  p r o p o r t i o n a l  t o  l n ( S )  as  was shown in Ch ap t e r  V.

P r e v i o u s l y  t he  LRC p a r a me t e r  was d e f i n e d  as  t h e  s l o p e  b o f  t he  

e q u a t i o n  c o n n e c t i n g  rig(np) t o  n p ( n B) ,  e . g .  n0 = bnp + a.  Th i s  p a r a m e t e r  b

has  been s t u d i e d  in  p r o t o n - p r o t o n  c o l l i s i o n s  a t  t h e  ISR and SPS^4^  in
[ 7 T 1 I 77 1p r o t o n - e m u l s i o n  d a t a 1 1 and i n  t h e  Dual P a r t o n  Model ’ . The o bs e r v e d

long r ange  c o r r e l a t i o n  i s  much h i g h e r  in p r o t o n - n u c l e u s  c o l l i s i o n s  t h a n  in

p r o t o n - p r o t o n  c o l l i s i o n s .  Thi s  i s  d e mo n s t r a t e d  in F i g u r e  39 where v a l u e s

of  b f o r  p r o t o n - p r o t o n  and p r o t o n - e m u l s i o n  c o l l i s i o n s  a r e  shown as a

f u n c t i o n  o f  t h e  c.m.  e n e r g y ,  / s .  Even a t  t h e  SPS e ne r g y  o f

/ s  = 540 GeV, b = 0 . 4  which i s  o n l y  one h a l f  o f  t h e  v a l u e  o b s e r v ed  in

p r o t o n - e m u l s i o n  d a t a  a t  much lower e n e r g i e s .

In t h e  c o n t e x t  o f  t h e  Dual P a r t o n  Model t h i s  long r a ng e  c o r r e l a t i o n

i n c r e a s e s  w i t h  ener gy  s i n c e  i t  depends  on t h e  d i s p e r s i o n  D which i s

i n c r e a s i n g  w i t h  ene r gy  ( s e e  Ch ap t e r  V).  In a d d i t i o n ,  t h e  model

p r e d i c t i o n s  a r e  t a r g e t  mass d e p en d en t .  For  example ,  t h i s  model p r e d i c t s

f o r  ^®Ca t h a t  b i n c r e a s e s  f rom 0 . 2 0  a t  400 GeV t o  b = 0 . 3 9  a t  1000 GeV.

S i m i l a r  b e h a v i o r  ho l ds  f o r  o t h e r  t a r g e t  n u c l e i ,  as  shown i n  Tab le  V. The

a u t h o r s  of t h i s  model c a l c u l a t e  t h e  long r ange  c o r r e l a t i o n  f o r  smal l  bu t

w i d e l y  s e p a r a t e d  n windows of  ± 1 u n i t  t o  e l i m i n a t e  t h e  e f f e c t s  o f  s h o r t

r a n g e  c o r r e l a t i o n s .  Th i s  i s  why t h e i r  v a l u e s  o f  b a r e  s m a l l e r  t h a n  t h e
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v a l u e s  j u s t  quo t ed  f o r  our  d a t a .  I f  n windows a r a  s e l e c t e d  as  i n  t h e  DPM 

model  one o b t a i n s  b = 0.41 ± . 0 3 .  Th i s  v a l u e  i s  c o n s i s t e n t  w i t h  t h e  

mode l ,  as  s een  i n  Table  V.
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T a b l e  IV. Number o f  p a r t i c l e s  p roduced in f o r wa r d / b a c k w ar d  h e m i s p h e r e .

Energy nfi " p / nB nB^nS

67 GeV 5.31 ± 0 . 1 4  4 . 50  t  0 .09  0 . 8 5  ± 0 . 03  0 . 5 7  t  .02 0 . 4 8  t  .01

200 GeV 7 .19  t  0 . 21  6 .29  ± 0 . 1 0  0 . 87  ± 0 . 0 3  0 . 5 7  + .02 0 . 4 5  t  .01

800 GeV 10.79  ± 0 . 3 5  8 . 85  t  0 .29  0 . 82  ± 0 . 04  0 . 5 4  ± .03  0 . 4 4  ± .02

T ab l e  V. Long Range C o r r e l a t i o n  p a r a m e t e r  b,

Source 
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Figure 39. Long range c o rr e la t io n  parameter (b) vs center  of mass 
energy / s  : (o) proton-proton data; (a) proton-emulslon  
data.
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The Dual P a r t o n  Model f u r t h e r  assumes t h a t  t h e  p a r a m e t e r  b i s  r e l a t e d  

t o  t h e  number o f  p a r t i c l e s  i n  an e m i t t e d  c l u s t e r  by:

°FBb = (20)

^FFw i t h

2 ___  _ 2 —
°FB = nFnB “ nF nB and °FF = ncnF

where  = t h e  a v er ag e  number o f  p a r t i c l e s  p e r  c l u s t e r .  From ou r  d a t a  a

v a l u e  of  nc = 3 .09 t  1 . 6  i s  o b t a i n e d .  Thi s  i s  c o n s i s t e n t  w i t h  t h e  gap

d i s t r i b u t i o n  a n a l y s i s  shown above.

Some q u a l i t a t i v e  f e a t u r e s  o f  a r e  d i s c u s s e d  by Davidenko and

Ni ko l aev  i n  R ef e r e nc e  [38] i n  t h e  framework of  t h e  A d d i t i v e  Quark Model .  

They p r e d i c t  t h a t  t h e r e  i s  a c r i t i c a l  v a l u e  of  r a p i d i t y  y c below which R? 

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

I n t e r a c t i o n s .  Our v a l u e s  of R2 a r e  a lways  p o s i t i v e  and g r e a t e r  t h a n  t h e  

c o r r e s p o n d i n g  v a l u e s  f o r  p r o t o n - p r o t o n  d a t a ,  as  s een  i n  F ig u r e  40.  In 

c a l c u l a t i n g  vs ng one f i n d s  t h a t  R2  d e c r e a s e s  w i t h  l a r g e r  ng.  Thi s  i s  

1n ag reement  w i t h  both  t h e  Dual P a r t o n  Model and A d d i t i v e  Quark Model .  A 

p l o t  o f  R ^ ( r j = 3 . 72 , 02=3 . 72)  v e r s u s  ng,  shown i n  F i g u r e  41 ,  g i v e s  good 

ag r eemen t  w i t h  bo t h  t h e  A d d i t i v e  Quark Model and t h e  Coheren t  Tube Model ,  

where  n = 3 .72  1s t h e  p s e u d o r a p i d i t y  o f  t h e  p r o t o n - p r o t o n  c .m.  s ys t e m.

To sum up t he  r e s u l t s  so  f a r ,  i t  seems t h a t  ample e v i d e n c e  e x i s t s  f o r

s t a t i n g  t h a t  p a r t i c l e  p r o d u c t i o n  o c c u r s  in c l u s t e r s .  The m u l t i p l i c i t y  

d i s t r i b u t i o n ,  gap d i s t r i b u t i o n s ,  and f o r wa rd /b a ck war d  c o r r e l a t i o n s  a l l  

p r e d i c t  c o n s i s t e n t  v a l u e s  f o r  t h e  number o f  p a r t i c l e s  p roduced  i n  each
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Figure  40. Two-par t1cle c o r r e l a t i o n  f unc t ion  f o r
pro ton- p ro ton  d a t a  (o) and pro ton-ef lu l s lon  da t a  p ) .
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Figure 41 . T w o-p ar t ic le  c o r r e l a t i o n  fu n c t io n  R? ( n , * 3 . 7 2 , n ?- 3 . 7 2 )  
vs n_ compared to  the A d d i t iv e  Quark Model (d o t te d  l i n e )  
and the  Coherent Tube Model ( s o l i d  l i n e ) .  The c en te r  o f  m s s  
pseudorapid ity  1s » 3 . 7 2 .



c l u s t e r .  The s i n g l e  p a r t i c l e  p r o p e r t i e s  a r e  b e s t  d e s c r i b e d  by t h e  quark 

mode l s .  The Coherent  Tube Model and t h e  A d d i t i v e  Quark Model both p r o v i d e  

a good f i t  t o  t he  D/ns r a t i o  and  ̂= 3 . 7 2 , ^ = 3 . 7 2 )  as  f u n c t i o n s  of

ng.  Thi s  i s  somewhat s u r p r i s i n g  s i n c e  t h e s e  models  employ very  d i f f e r e n t  

a s s ump t i on s .

To f a c i l i t a t e  t he  a n a l y s i s  from t he  p o i n t  o f  view of  c l u s t e r  

p r o d u c t i o n ,  two Monte Car lo  s i m u l a t i o n s  of  our  e xpe r imen t  were made. 

Appendix 1 c o n t a i n s  a g e ne r a l  d e s c r i p t i o n  of what  a Monte Car lo  s i m u l a t i o n  

i s ,  as wel l  as t h e  s p e c i f i c s  of  t he  s i m u l a t i o n s  done h e r e .  One of t h e s e  

s i m u l a t i o n s ,  r e f e r e d  t o  as MCI, assumed a l l  p a r t i c l e s  a r e  e m i t t e d  

i n d e p en d en t l y  of  each  o t h e r .  The o t h e r  s i m u l a t i o n ,  MC2, assumed t h a t  t he  

p a r t i c l e s  a r e  e m i t t e d  in c l u s t e r s  wi th  t he  aver age  number of  p a r t i c l e s  p e r  

c l u s t e r ,  nc , an a d j u s t a b l e  p a r am e t e r .  With t h e s e  s i m u l a t i o n s  one can 

examine t h e  t w o - p a r t i c l e  c o r r e l a t i o n  f u n c t i o n ,  Rp, and t he  gap 

d i s t r i b u t i o n s .

To v e r i f y  t h a t  t he  Monte Car lo  program i s  working c o r r e c t l y  t he  

s i n g l e  p a r t i c l e  m u l t i p l i c i t y  d i s t r i b u t i o n s  and d i s p e r s i o n  f o r  our  Monte 

C ar l o  g e n e r a t e d  e v e n t s  a r e  compared t o  t he  800 GeV d a t a .  The r e s u l t s  of 

t h e  s i m u l a t i o n  n $ = 19.85 ± 0 .29 and D = 12.15 t  .20 a r e  in agreement  

wi t h  t h e  a c t u a l  d a t a  {see Table  I I ) .  I t  was found t h a t  t h e  e xp e r imen ta l  

d i s t r i b u t i o n s  could  be r eproduced  wi th  a pp r ox i ma t e l y  1500 s i m u la t ed  

e v e n t s .  In v a r i o u s  r u n s ,  up t o  3000 e v e n t s  were used bu t  t h e  r e s u l t s  

changed l e s s  t ha n  116 from what we o b t a i n ed  a f t e r  1500 e v e n t s .  The Monte 

Ca r l o  r e s u l t s  f o r  R2 a r e  shown in  F igure  42 f o r  t h r e e  c a s e s :  (1) u s i ng  a 

P o i s s o n  m u l t i p l i c i t y  d i s t r i b u t i o n  and assuming independen t  e m i s s i o n ;  (2) 

u s i n g  t h e  e xpe r imen t a l  m u l t i p l i c i t y  d i s t r i b u t i o n  wi t h  i ndependen t



e m i s s i o n ;  (3)  u s i n g  t h e  e x pe r i m e n t a l  m u l t i p l i c i t y  d i s t r i b u t i o n  and 

assuming  c l u s t e r  e m i s s i o n .  The r e s u l t s  I n d i c a t e  no c o r r e l a t i o n s  f o r  c a s e  

( 1 ) ,  i . e . ,  R2 = 0 . 0 .  In c a s e  ( 2 ) ,  a c o n s t a n t  p o s i t i v e  c o r r e l a t i o n  I s  

f o u n d ,  w h i l e  In c a s e  (3)  a v a r y i n g  p o s i t i v e  c o r r e l t l o n  I s  I n d i c a t e d .  The 

r e s u l t s  o f  two c l u s t e r  c a l c u l a t i o n s  a r e  compared t o  t h e  a c t u a l  d a t a  1n 

F i g u r e  43.  Agreement  w i t h  t h e  d a t a  f o r  a c l u s t e r  s i z e  o f  3 .5  p a r t i c l e s  i s

r e a s o n a b l y  good 1n t h e  fo rward  r e g i o n  ( n j -  n^) > 0 ,  bu t  t h e  c a l c u l a t i o n

f a l l s  be low t h e  d a t a  1n t h e  backward h emi s phe r e  (n^ - n^) < 0 .  The 

o t h e r  c u r v e  i n d i c a t e s  t h e  t r e n d  f o r  l a r g e r  s i z e  c l u s t e r s  - t h e  peak v a l u e  

I n c r e a s e s  and t h e  shape  of  t h e  f u n c t i o n  n a r r o ws .  A 3 - 5 p a r t i c l e  c l u s t e r

p r o v i d e s  a r e a s o n a b l e  f i t  t o  t h e  d a t a .  The f a c t  t h a t  t h e  s i m u l a t i o n  i s

low i n  t h e  most  backward r e g i o n  may i n d i c a t e  t h a t  t h e  c o r r e l a t i o n s  

o b s e r v e d  i n  t h e  backward hemisphere  a r e  between c l u s t e r s .

F i g u r e s  44 and 45 compare t h e  d a t a ,  r e s p e c t i v e l y ,  w i t h  Monte C a r l o  

c a l c u l a t i o n s  o f  t h e  k = 0 and 10 gap d i s t r i b u t i o n  f o r  a c l u s t e r  s i z e  

of  n£ = 3 . 5 .  In b o t h  c a s e s  t h e  agreement  Is  s a t i s f a c t o r y .  F i g u r e  46 

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

a v e r a g e  number o f  p a r t i c l e s  p e r  c l u s t e r  f nc ) .  Shown a r e  t h e  k = 0 

s i m u l a t e d  d i s t r i b u t i o n s  f o r  Ty = 3 . 5  and 8 . 5 .  The o b s e r v e d  t e n d e n c y  i s  

towar d  s l i g h t l y  l a r g e r  s l o p e s ,  a s  e x p e c t e d ,  bu t  e i t h e r  v a l ue  o f  nc i s  

c o n s i s t e n t  w i t h  t h e  d a t a .  As d i s c o v e r e d  by o t h e r  a u t h o r s ,  a s i m p l e  

c l u s t e r  s i m u l a t i o n  I s  no t  s e n s i t i v e  enough t o  nc t o  a l l o w  one t o  d e t e r m i n e  

u n e q u i v o c a l l y  t h e  c l u s t e r  s i z e .
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V I I I .  SUWARY AND CONCLUSIONS

The emerg ing  p i c t u r e  of  h igh  ene r gy  p r o t o n - n u c l e u s  i n t e r a c t i o n s  

i n d i c a t e s  t h a t  t h e  d a t a  a r e  c o n s i s t e n t  w i t h  models  u s i n g  a s u p e r p o s i t i o n  of  

p r o t o n - p r o t o n  i n t e r a c t i o n s  and w i t h  a quark  c o l l e c t i v e  p r o d u c t i o n  model .  

D e s c r i p t i o n s  o f  t h e s e  models were  p r e s e n t e d  in Ch ap t e r  I I .  I t  was shown 

how t h e  n o rm a l i z e d  m u l t i p l i c i t y  f o r  each model depends  on a tomic  mass A and 

how t h e y  d i f f e r  in t h e i r  p r e d i c t i o n s  of  t he  p s e u d o r a p i d i t y  d i s t r i b u t i o n s .  

The l ack  o f  c a s c a d i n g  i mp l i ed  by t he  d a t a  was i d e n t i f i e d  as  a major  

weakness  o f  t h e  s i mp l e  Cascade Model ,  w h i l e ,  t he  problem of  ma tch ing  t he  

quantum numbers o f  t h e  c o l l e c t i v e l y  p a r t i c i p a t i n g  n uc l eo ns  w i t h  a s i n g l e  

n u c l e o n  was p o i n t e d  o u t  as  a d i f f i c u l t y  in i r t e r p r e t a t i n g  d a t a  w i t h  t h e  

C o l l e c t i v e  Model .

A d e s c r i p t i o n  o f  t h e  s i n g l e  p a r t i c l e  d a t a  in p r o t o n - n u c l e u s  

i n t e r a c t i o n s  was p r e s e n t e d  in  Chap t e r  V. The m u l t i p l i c i t y  d i s t r i b u t i o n s  of  

h e a v i l y  i o n i z i n g  p a r t i c l e s  were seen t o  be equa l  t o  t h o s e  o b t a i n e d  a t  lower 

e n e r g i e s .  A smal l  d e v i a t i o n  from l i n e a r i t y  was o b s e r v e d  in n^ vs  In s ,  t he

o n s e t  of  which had been e x p e c t e d  from cosmic r a y  d a t a J ^  I t  was s e e n

t h a t  vs v i n c r e a s e s  s l i g h t l y  f a s t e r  t han  l i n e a r l y ,  in  c o n t r a s t  t o

s t r i c t  s u p e r p o s i t i o n  models  such as  t he  Dual P a r t o n  Model.

The mean and d i s p e r s i o n  o f  t h e  m u l t i p l i c i t y  d i s t r i b u t i o n  have been 

r e l a t e d  t o  t h e  i n t e g r a t e d  two p a r t i c l e  c o r r e l a t i o n  f u n c t i o n ,  f ^ ,  and i t s  

p o s i t i v e  v a l u e  i n d i c a t e s  c o r r e l a t e d  p a r t i c l e  p r o d u c t i o n .  For t h e  

m u l t i p l i c i t y  d i s t r u b t i o n ,  ns , i t  was shown t h a t  a deq u a t e  f i t s  can be 

o b t a i n e d  u s i n g  e i t h e r  t h e  KNO s c a l i n g  v a r i a b l e  o r  a Neg a t i v e  Binomial  

D i s t r i b u t i o n .  Th i s  i n d i c a t e s  p o s i t i v e  c o r r e l a t i o n s  among t h e  produced
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p a r t i c l e s ,  which i s  c o n s i s t e n t  w i t h  a c l u s t e r  p r o d u c t i o n  mechanism and 

c a s c a d i n g .  The c o r r e l a t i o n  f u n c t i o n  R^, was d e t e r m i n e d  t o  be p o s i t i v e  

e x c e p t  i n  t h e  most  fo r ward  p s e u d o r a p i d i t y  r e g i o n  where k i n e m a t i c a l  e f f e c t s  

p r e d o m i n a t e ,  and f u r t h e r ,  R<> i s  c o n s i s t e n t  wi t h  lower  e ne r g y  d a t a .

P o s i t i v e  long range  c o r r e l a t i o n s  were shown t o  e x i s t  among t h e  

p a r t i c l e s  produced i n  t h e  forward  and backward d i r e c t i o n .  These 

c o r r e l a t i o n s  e x t e n d  ou t  t o  3 u n i t s  of  p s e u d o r a p i d i t y .  The long range  

c o r r e l a t i o n  s l o p e  of  0 . 8 6  and t he  a p p r o x i ma t e l y  c o n s t a n t  v a l ue  of  

i n  t h e  backward hemisphere  a r e  e v i d en c e  of  long r ange  

c o r r e l a t i o n s  i n  t h e  d a t a .  These v a l u e s  a r e  much h i g h e r  t h a n  in p r o t o n -  

p r o t o n  c o l l i s i o n s  a t  t h e  same c.m.  energy  ( / s  = 39 GeV). T h e r e f o r e ,  they  

must  be r e l a t e d  to  t h e  m u l t i p l e  s c a t t e r i n g  of  t h e  p r o j e c t i l e  in t h e  

t a r g e t .  Tha t  R^ has t h e  same v a l ue  a t  200 and 400 GeV, where u is  t h e  

same,  a l s o  g i v e s  c r e d e n c e  to  t h i s  c o n c l u s i o n .

Based upon t he  long range  c o r r e l a t i o n s ,  and u s i n g  t he  Dual P a r t o n  

Model p r e d i c t i o n s ,  we f i n d  an a v er ag e  c l u s t e r  m u l t i p l i c i t y  of  3.1 

p a r t i c l e s .  Th i s  i s  c o n s i s t e n t  w i t h  t h e  r e s u l t s  o b t a i n e d  by a n a l y z i n g  t h e  

p s e u d o r a p i d i t y  gap d i s t r i b u t i o n s  f o r  our  d a t a .  These d i s t r i b u t i o n s  f o r  k  ̂

0 ,  1,  2 ,  3,  4,  5 ,  and 10 a r e  a l l  s a t i s f a c t o r i l y  d e s c r i b e d  i f  we assume a 

c l u s t e r  d e n s i t y  of  p = 1.2 and an ave r age  c l u s t e r  s i z e  of ~ 2 . 8  c h a r g ed  

p a r t i c l e s .  The d a t a  do not  r u l e  out  a v a l ue  of  p = 1, however ,  c o n s i s t e n c y  

w i t h  t h e  r e s u l t s  of  t h e  Nega t ive  Binomial  D i s t r i b u t i o n  a n a l y s i s  

imply p = 1 . 2 .  Based u p o n  t he  k = 0 d i s t r i b u t i o n  t h e  c l u s t e r  r ange  i s  *■

1.5  u n i t s  of ii.

With a p p r o x i m a t e l y  3 p a r t i c l e s  per  c l u s t e r  i t  may be c o nc lu d e d  t h a t  

t h e  number o f  c l u s t e r s  p e r  e ve n t  must  be about  s i x  f o r  ou r  800 GeV d a t a .  

Whi le  we can n o t  d e t e r m i n e  t he  exact  p e r c e n t a g e  i t  i s  c l e a r l y  not  n e c e s s a r y



t h a t  a l l  p a r t i c l e s  be produced in c l u s t e r s .  I f one assumes  t h a t  t h e  

minimum number o f  c l u s t e r  e q u a l s  ( v  + 1) ( i . e . ,  t h e  number o f  c l u s t e r s  i

a t  l e a s t  equa l  t o  t h e  number o f  i n t e r a c t i n g  n u c l e o n s ) ,  t h e n  t h e  c o n c l u s i o n

i s  t h a t  on a v e r ag e  4 c l u s t e r s  a r e  produced per  e v e n t .

An 3% enhancement  i n  p a i r  p r o d u c t i o n  over  a un i f o r m p a i r  background 

was found.  Thi s  i s  l e s s  t ha n  what i s  seen in n u c l e u s - n u c l e u s  c o l l i s i o n s  

where e x c e s s e s  o f  up t o  \0% have been r e p o r t e d .

Because  t h i s  d a t a  i s  very new and i n v o l v e s  a c ompos i t e  m a t e r i a l ,

e m u l s i o n s ,  we have been a b l e  t o  compare t he  r e s u l t s  wi th  on ly  a few 

t h e o r e t i c a l  p r e d i c t i o n s .  I t  i s  hoped t h a t  t h e o r i s t  w i l l  soon p r o v i d e  both  

a d d i t i o n a l  and more p r e c i s e  c o m pu t a t i o n s .  S p e c i f i c a l l y ,  i t  would be u s e f u  

t o  have p r e d i c t i o n s  a t  800 GeV of  t he  two p a r t i c l e  c o r r e l a t i o n  f u n c t i o n  

from t h e  Dual P a r t o n  Model ,  and of  t he  f o r wa rd / ba ck war d  c o r r e l a t i o n s  from 

t h e  A d d i t i v e  Quark Model .  Thi s  exper imen t  has a l l o wed  us to s t u d y  hadron-  

n u c l e u s  c o l l i s i o n s  in a s y s t e m a t i c  way and wi t h  high s t a t i s t i c s .  Such 

i n f o r m a t i o n  can be used  f o r  r e f i n e m e n t  o f  e x i s t i n g  t h e o r i e s ,  t o  c o n f i r m  

r e s u l t s  s een  in cosmic r ay  d a t a ,  and as  a b a s i s  f o r  s t u d y i n g  n u c l e u s -  

n u c l e u s  i n t e r a c t  i o n s .
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APPENDIX 1

Here I p r o v i d e  a comple t e  d e s c r i p t i o n  o f  p s e u d o r a p i d i t y .  Imagine  

two c o o r d i n a t e  sys t ems  (unpr imed and pr imed)  moving in t h e  2 ( 2 ' )

d i r e c t i o n  w i t h  a r e l a t i v e  v e l o c i t y  e w i t h  r e s p e c t  t o  one a n o t h e r .  The

c o o r d i n a t e s  of  a p o i n t  i n  t h e  pr imed s ys t em a re  g i v e n  by

t
*0 = t ( *0 - ex, )

t
x,  = y ( x , - ex0)

when ( x 0 , x , , x 2 , x 3) a r e  t h e  c o o r d i n a t e s  o f  t h e  same p o i n t  i n  t h e  unpr imed 

s y s t e m.  In t h e s e  e q u a t i o n s ,  x 0 = c t  and y = (1 - 6 ) .  I f  we d e f i n e  

t h e  r a p i d i t y  y by b  = t anh{y)  t h e n  y = c o s h ( y )  and t h e  t r a n s f o r m a t i o n  

e q u a t i o n s  become

1
x0 = x 0c o s h ( y )  - x , s i n h ( y )

1
X ,  = - x 0s i nh ( y )  + x 0c os h ( y )

One can  s e e  t h a t  t h e s e  e q u a t i o n s  e x p r e s s  t h e  pr imed c o o r d i n a t e s  as  a 

r o t a t i o n  t h r o u g h  t h e  a n g l e  y o f  t h e  unpr imed c o o r d i n a t e s .  I t  t h e n  

f o l l o w s  t h a t  t h e  sum o f  two s u c c e s s i v e  Lor en tz  t r a n s f o r m a t i o n s  w i l l  be 

t h e  sum of  two r o t a t i o n s ,  i . e . ,  r a p i d i t y  w i l l  be a d d i t i v e  in p a s s i n g  

f rom one r e f e r e n c e  f rame t o  a n o t h e r .  Thus,  t he  r a p i d i t y  i s  a c o n v e n i e n t  

p a r a m e t e r  f o r  use  in e x p r e s s i n g  Lor en t z  t r a n s f o r m a t i o n s  between

I Oh



H > ( )

c o o r d i n a t e  s y s t e m s .  Because  o f  t h e  p r o p e r t i e s  o f  h y p e r b o l i c  f u n c t i o n s ,  

one can  e x p r e s s  e ne r gy  and momentum in t e r ms  o f

r a p i d i t y ,  p = m^s inh ( y )  and E = mt c o s h ( y ) ,  where t h e  t r a n s v e r s e  mass
2 2 7 _  I

1s d e f i n e d  as  m̂  = m + p̂ . . Thi s  i m p l i e s  y = t a nh y  (p / E ) .  Using an 

i d e n t i t y  be tween  i n v e r s e  h y p e r b o l i c  t a n g e n t  and n a t u r a l  l o g a r i t h m ,  i t  i s  

a l s o  p o s s i b l e  t o  w r i t e

In t h e  l i m i t  when m << p t  , and n o t i n g  t h a t  t a n e  = ( Pt /P  )* one can 

d e r i v e  t h e  f o l l o w i n g  a p p r o x i m a t i o n  f o r  t h e  r a p i d i t y

i _ / ( l  + s eco )  \y = Inf-1—z-----------------}J v t an e  1

i / s i n o  » 
y = n ^( l  + cos'e")'^

o r ,  f i n a l l y ,

y ft - l n [ t a n ( e / 2 ) ].

In t h e  l a s t  s t e p ,  an i d e n t i t y  f o r  t he  t a n g e n t  o f  a h a l f  a n g l e  has  been 

u s e d .  T h i s  e x p r e s s i o n  i s  r e f e r r e d  t o  as  t h e  p s e u d o r a p i d i t y ,  and i s  

d e n o t e d  by n.  The p s e u d o r a p i d i t y  r a n ge s  from + =•, f o r  p a r t i c l e s  which 

a r e  e m i t t e d  a l on g  t h e  d i r e c t i o n  of  t he  i n c i d e n t  p r o j e c t i l e ,  i . e .  w i t h  

a 0° e m i s s i o n  a n g l e ,  t o  - <*< f o r  p a r t i c l e s  e m i t t e d  a t  180° t o  t h e  

d i r e c t i o n  of  t h e  i n c i d e n t  p r o j e c t i l e .  N o t i c e  t h a t  p a r t i c l e s  e m i t t e d  in  

t h e  c e n t e r  o f  mass sys t em a t  90° wi th  r e s p e c t  t o  t h e  d i r e c t i o n  of  t he  

i n c i d e n t  p a r t i c l e  w i l l  have a p s e u d o r a p i d i t y  of  0 .  From t h e  d e f i n i t i o n  

o f  r a p i d i t y ,  y = t a n h ” ( e ) ,  i t  1s obv i ous  t h a t  h i g h  momentum p a r t i c l e s  

w i l l  have l a r g e  r a p i d i t y  (o r  p s e u d o r a p i d i t y ) ,  w h i l e  s l ower  p a r t i c l e s
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w i l l  have r a p i d i t i e s  n e a r  zero  ( i n  t he  c e n t e r  of  mass s y s t e m ) .

F i g u r e  47 p r o v i d e s  a s ch ema t i c  i l l u s t r a t i o n  o f  t h e  c e n t e r  o f  mass 

p s e u d o r a p i d i t y  d i s t r i b u t i o n ,  and of  t h e  t e r mi n o l o g y  used t o  i d e n t i f y  t h e  

v a r i o u s  r e g i o n s  of  p s e u d o r a p i d i t y .  P a r t i c l e s  having  l a r g e  p o s i t i v e  

v a l u e s  o f  p s e u d o r a p i d i t y ,  v a l u es  ne a r  t h a t  o f  t h e  p r o j e c t i l e ,  a r e  s a i d  

t o  be in t h e  p r o j e c t i l e  f r a g m e n t a t i o n  r e g i o n .  The backward ly  produced  

p a r t i c l e s ,  which a r e  most  l i k e l y  t o  be i n f l u e n c e d  by t he  t a r g e t  n u c l e u s ,  

have l a r g e  n e g a t i v e  p s e u d o r a p i d i t i e s  and a r e  s a i d  t o  be l ong  t o  t h e  

t a r g e t  f r a g m e n t a t i o n  r e g i o n .  The c e n t r a l  r e g i o n  i s  s imply  r e f e r r e d  t o  

as  t h e  p i o n i z a t i o n  r e g i o n  becaus e  t h i s  i s  where most  o f  t h e  o b s e r v e d  

p i o n s  a r e  p r od uc ed .
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F i g u r e  47.  Schemat ic  i l l u s t r a t i o n  of  t h e  c e n t e r  o f  mass p s e u d o r a p i d i t y  
d i s t r i b u t i o n  showing t h e  p r o j e c t i l e  f r a g m e n t a t i o n  r e g i o n  a t  
l a r g e  p o s i t i v e  n, t h e  t a r g e t  f r a g m e n t a t i o n  r e g i o n  a t  l a r g e  
n e g a t i v e  n, and t h e  c e n t r a l  p i o n i z a t i o n  r e g i o n .



APPENDIX 2

RAPIDITY GAP DISTRIBUTIONS 

- pn r
(1)  D e r i v a t i o n  of  P ( r )  « e c : where ,

P ( r )  = p r o b a b i l i t y  of  f i n d i n g  gap r  between two p a r t i c l e s ;  p = 

c l u s t e r  d e n s i t y ;  nc = number of  p a r t i c l e s  pe r  c l u s t e r .

I f  we assume independent  c l u s t e r  p r o d u c t i o n ,  t he n  in an e ven t  where 

t h e  a v a i l a b l e  r a p i d i t y  space  i s  Y, t he  p r o b a b i l i t y  f o r  a c l u s t e r  t o  f a l l  

1n some range  r c i s  j u s t  r c /Y. In an N - c l u s t e r  e v e n t ,  t h e  p r o b a b i l i t y
|J

t h a t  no c l u s t e r s  f a l l  i n s i d e  r,. i s  (1 - r^ /Y)  . Assuming t h e

V  Nm u l t i p l i c i t y  d i s t r i b u t i o n  of  c l u s t e r s  i s  e ( P o i s s o n ) ,  t h e  t o t a l  

p r o b a b i l i t y  is

Hz e " R {£ (1 - y C) N = e " R eR(1 '  YC) or  P ( r c ) * e . But *  i s

- p r
j u s t  t h e  d e n s i t y  o f  c l u s t e r s ,  p,  so P( r c ) = e . However,  t h i s  gap

d i s t r i b u t i o n  between c l u s t e r s  i s  not  what  we can measure

e x p e r i m e n t a l l y .  What we can measure i s  t h e  gap d i s t r i b u t i o n  between

p a r t i c l e s ,  P ( r ) .  I f  r ,  t h e  gap between p a r t i c l e s  i s  l a r g e ,  t he n  wide ly

spaced  p a r t i c l e s  be long t o  d i f f e r e n t  c l u s t e r s  and r £ « r .  Then

P ( r )  » e -0  r . I f  r  i s  s m a l l ,  then t h e  p r o b a b i l i t y  t h a t  nc p a r t i c l e s

f a l l  i n s i d e  a gap r c i s  j u s t  nc r .  Then,  fo l l owi n g  t h rough  wi t h  the  same

few s t e p s  as above ,  we a r r i v e  a t  the  gap d i s t r i b u t i o n  between p a r t i c l e s ,
-pn r

e m i t t e d  in c l u s t e r s  of  s i z e  nc , as P ( r )  = e . The e x ac t  d e r i v a t i o n

1 \ 2



of  t h i s  f o l l o w s  from t h e  comple t e  e q u a t i o n s  g i v e n  in s e c t i o n  (2)  be low.

(2)  Show t h a t  i f  we have a "gap" wi t h  k p a r t i c l e s  i n  i t ,  t h e  peak o f

t h e  p r o b a b i l i t y  d i s t r i b u t i o n  i s  g i v e n  by ( a p p r o x i m a t e l y ) :
k

r max '  pnc + (2k - l ) / 2 k

Assume p a r t i c l e s  in a c l u s t e r  a r e  produced w i t h  some d i s t r i b u t i o n  

D(y-y)  c e n t e r e d  a t  y . Then t h e  p r o b a b i l i t y  f o r  a p a r t i c l e  t o  occupy

ry 2t h e  space  r  = y ? - yi  w i l l  be q = C J D(y , y )  dy ,  w i t h
y l

D (y , y )  = D(y - y)  assumed t o  be a G a u s s i a n .  The p r o b a b i l i t y  t h a t  in
nr

an nc p a r t i c l e  c l u s t e r  no p a r t i c l e s  f a l l  in r  w i l l  be :  ( 1 - q ) . Now we

can I n t e g r a t e  over  t h e  c l u s t e r  c e n t e r  p o s i t i o n ,  y and m u l t i p l y  t h r o u g h  

by gn . t h e  p r o b a b i l i t y  o f  a c l u s t e r  hav ing  nc p a r t i c l e s .  We g e t  t he  

p r o b a b i l i t y  t h a t  p a r t i c l e s  e m i t t e d  from a s i n g l e  c l u s t e r  do n o t  f a l l  

I n t o  t h e  r e g i o n  r :

+Y/2 n -

ft '  I 1" "  - 1 *  ■nc nc -Y/2

When many c l u s t e r s  a r e  p roduced  we must  sum ove r  t h e  c l u s t e r  

m u l t i p l i c i t y  d i s t r i b u t i o n ,  assumed t o  be P o i s s o n i a n :

N N N 1 +Y/2 "c  - N

J' " -? % \  dy 1 •

But N/Y i s  j u s t  t h e  c l u s t e r  d e n s i t y ,  p ,  so  t h a t  t h i s  sum y i e l d s :



The p r o b a b i l i t y  f o r  f i n d i n g  a p a r t i c l e  a t  w i l l  be g i v e n  by:

- U - q )  C= nc [ 1-qI  C D f y p  y ) .

And t h e  gap d i s t r i b u t i o n  P0 ( r )  f o r  a gap between two p a r t i c l e s ,  one a t  

y^ t h e  o t h e r  a t  yp i s :

M r )  - - h  h  G ( r )  • 2 G ( r ) -0 3y l ay2 dr

We can  r e  e x p r e s s  t h i s  as  a g e n e r a t i n g  f u n c t i o n  by r e p l a c i n g  ( - 1 )  in 

f r o n t  o f  q by a and d i f f e r e n t i a t i n g  k t i me s  wi t h  a t o  f i n d  t h e  gap 

d i s t r i b u t i o n  when k p a r t i c l e s  l i e  in t h e  gap .  You can s ee  t h i s  i s  so by 

l o o k i n g  a t  t h e  s i m p l i f i e d  case  as  in s e c t i o n  (1)  where you may put  f o r

( i  - j ) n -  ( i  + p^)"-

d (1 + i T ) "  .  (1 + |
dc y v y y e - - 1

which i s  t h e  same p r o b a b i l i t y  as  f o r  f i n d i n g  ( k = 1) 1 p a r t i c l e  i n  t he  

gap r , ( ^ ) ,  and ( n - 1) o u t s i d e  t h e  gap r ,  (1 - y ) n * , a p a r t  f rom a 

c o n s t a n t .
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2
( t h e  1 / a  a c c o u n t s  f o r  t he  boundary p a r t i c l e s  t h a t  a r e  no t  c o un t e d  i n  

t h e  number k ) .
+Y J2 n

Let  us examine G(r )  = exp{ p /  ( 11 + a q ] - 1 )dy }. When r  i s
-Y/2

s m a l l ,  we n o t e  t h a t  q i s  smal l  which a l l o w s  us t o  expand as
n c

f o l l o w s :  (1 + aq)  = 1 + anc q . We can now do t h e  i n t e g r a l  o v e r  

dy f i r s t  ( b e f o r e  t h e  I n t e g r a l  i n  q ) ,  and t a k i n g  t h e  o u t e r  l i m i t s  t o  

e x t e n d  t o  ± Th i s  i s  j u s t  a Ga us s i a n  i n t e g r a l  which y i e l d s  t h e  v a l u e  

1. Thus

G (r )  = exp (pnc ao Ir dy ) = e xp ( p n c a r ) |  , = _j

I t  i s  now s t r a i g h t f o r w a r d  to  c a l c u l a t e  Pk ( r )  from t h e  f o r mul a  above.

pn_ . -pn r
Pk ( 0  = <pnc r )  e

We t h e n  f i n d  t h e  maximum o f  t h i s  d i s t r i b u t i i o n  by t a k i n g  t h e  d e r i v a t i v e  

w i t h  r e s p e c t  t o  r  and s e t t i n g  t h a t  equa l  t o  z e r o .

1 - P nr r  t. -pn r
| k ( p n c r )  Dnc e - (pnc r )  pnc e ) = 0.

Th i s  y i e l d s :  r  = k /pn  . Because  o f  t h e  boundary p a r t i c l e s ,  a smal l  
TTloi X c

c o r r e c t i o n  i s  made t o  t h i s  f o r m u l a ,  g i v i n g  t he  r e s u l t  we have used in  

t h e  t e x t :



I l f )

r max<k) = Pnc + ( 2 k - l ) / 2 k *

The e f f e c t  of  t h i s  c o r r e c t i o n  i s  to  reduce the m u l t i p l i c i t y  o f  the  

c l u s t e r .



APPENDIX 3

MONTE CARLO SIMULATION 

Monte C a r l o  t e c h n i q u e s  a r e  be ing  used more and more i n  p h y s i c s  in 

s t u d y i n g  p rob l ems  where a n a l y t i c  t r e a t m e n t  i s  d i f f i c u l t ,  o r  p e rh a ps  

i m p o s s i b l e ;  in c o n j u n c t i o n  w i t h  o t h e r  a n a l y t i c  t e c h n i q u e s ;  and in  t he  

c a l i b r a t i o n  of  complex ,  m u l t i d e t e c t o r  s ys t ems .  The Monte C a r l o  method 

o p e r a t e s  i n  t h e  f o l l o w i n g  manner .  Co ns i de r  t he  outcome o f  a p rob lem t o  

be a number f o r  which one assumes some t y p e  of d i s t r i b u t i o n .  A Monte 

C a r l o  c a l c u l a t i o n  d e t e r m i n e s  t h e  s o l u t i o n  t o  t he  prob!em by u s i n g  random 

numbers  t o  g e n e r a t e  a sample d i s t r i b u t i o n .  From t h i s  s amp l e ,  

s t a t i s t i c a l  e s t i m a t e s  of  t he  s o l u t i o n  may be o b t a i n e d .  One may r e p e a t  

t h i s  p r o c e s s ,  g e n e r a t i n g  many d i f f e r e n t  sample p o p u l a t i o n s ,  and so 

o b t a i n  e s t i m a t e s  o f  t h e  v a r i a n c e  of  t h e  s o l u t i o n  as  w e l l .  In t h i s  

e x p e r i m e n t  a Monte Ca r l o  method i s  used t o  g e n e r a t e  random p r o t o n -  

n u c l e u s  c o l l i s i o n s .  The c o r r e l a t i o n s  measured i n  t h e s e  random e v e n t s  

a r e  compared t o  t he  c o r r e l a t i o n s  seen  in t h e  a c t u a l  d a t a .  Two Monte 

C a r l o  s i m u l a t i o n s  a r e  d e s c r i b e d  in t h e  f o l l o w i n g  p a r a g r a p h s .  The f i r s t  

on e ,  r e f e r r e d  t o  as  MCI, assumes an i nde pen d e n t  e m i s s i o n  of  s e c on d a ry  

p a r t i c l e s ;  t h e  s econd ,  c a l l e d  MC2, assumes s ec on d a ry  p a r t i c l e  e m i s s i o n  

1n c l u s t e r s .

MCI: Thi s  s i m u l a t i o n  i s  s t r a i g h t  fo rward  in i t s  a p p r o a c h ,  and has  two

s e p a r a t e  p a r t s .  As i n p u t  t o  t h e  f i r s t  p a r t ,  t he  e x p e r i m e n t a l l y  measured 

p r o b a b i l i t i e s  f o r  n$ , ng,  n^,  and n a r e  u s ed .  For  t h e  second  p a r t  t h e  

e x p e r i m e n t a l  n s d i s t r i b u t i o n  i s  not  u s ed ,  bu t  i s  r e p l a c e d  by a 

P o i s s o n l a n  m u l t i p l i c i t y  d i s t r i b u t i o n .  These d i s t r i b u t i o n s ,  which a r e  

t h e  h y p o t h e t i c a l  p a r e n t  p o p u l a t i o n s ,  a r e  used t o  we i gh t  t h e  random
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number c h o i c e s  i n  each e v e n t  g e n e r a t e d .  S ince  ns , ng and n^ a r e  no t  a l l  

i n d e p e n d e n t ,  d i f f e r e n t  d i s t r i b u t i o n s  f o r  n$ & ng a r e  used  f o r  each 

c h o i c e  o f  n^ .  The s i m u l a t i o n  p r o ce ed s  as  f o l l o w s .  F i r s t ,  n^ 1s 

s e l e c t e d  a t  random.  Based upon n^ we chose  v a l u e s  randomly from t h e  

a p p r o p r i a t e  d i s t r i b u t i o n s  f o r  n^ ,  ng ,  and ns . Then,  i n d e p e n d e n t l y ,  ns 

v a l u e s  o f  n a r e  s e l e c t e d ,  we igh ted  by e i t h e r  t h e  e x p e r i m e n t a l  

m u l t i p l i c i t y  d i s t r i b u t i o n  or  a P o i s s on  d i s t r i b u t i o n  wi t h  t h e  same 

a v e r a g e  v a l u e .  In t h i s  way, one can match a l l  t h e  s i n g l e  p a r t i c l e  

c h a r a c t e r i s t i c s  of  t h e  a c t u a l  d a t a :

T a b l e  2 . 1 :  C h a r a c t e r i s t i c s  of  i n d i v i d u a l  p a r t i c l e  e m i s s i o n  Monte C a r l o

s i m u l a t i o n  ( ba sed  upon 1800 e v e n t s )  g e n e r a t e d  from t h e  e x p e r i m e n t a l  ns 

d i s t r i b u t i o n .

n = 19.85 ± 0 . 2 8  D = 12.15 t  0 . 2 0s
n = 2 .4 7  ± 0 . 0 8  D = 3 . 48  t  0 . 0 6

9
n. = 4 .27  t  0 . 11  D = 4 .81  + 0 . 0 8b

MC2: Th i s  s i m u l a t i o n  p r o ce ed s  i n  t h e  same way as  MCI in c h o o s i n g  nh ,

ng ,  n^ and n5 from t h e  e x p e r i m e n t a l  d i s t r i b u t i o n s .  However one a l s o  

i n p u t s  ( b e s i d e s  t h e  random number s eeds )  two a d d i t i o n a l  p a r a m e t e r s :  (1)

t h e  a v e r a g e  number o f  p a r t i c l e s  pe r  c l u s t e r  de no ted  by nc and (2)  t h e  

w i d t h  o f  t h e  c l u s t e r  n d i s t r i b u t i o n s ,  a.  For  t h e  i n p u t  v a l u e  of  n c a 

P o i s s o n  d i s t r i b u t i o n  i s  g e n e r a t e d .  This  s e r v e s  as  t h e  p r o b a b i l i t y  of  

g e n e r a t i n g  a c l u s t e r  o f  nc p a r t i c l e s .  From t h i s  d i s t r i b u t i o n  nc i s

chosen  f o l l o w e d  by t h e  c l u s t e r  p s e u d o r a p d i t i y  c e n t e r  Hq [ f rom t h e  

e x p e r i m e n t a l  n d i s t r i b u t i o n ! .  We choose  nc v a l u e s  of  n f rom g a u s s i a n
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d i s t r i b u t i o n  c e n t e r e d  a t  h q  wi th  width  6 . This  forms a c l u s t e r .  Thi s

p r o c e s s  i s  r e p e a t e d ,  c hoos i ng  nc , n0 , and ( i  = 1,    nc ) u n t i l  a l l

ns p a r t i c l e s  have been a s s i g n e d ,  which comp le t e s  t h e  e v e n t .  Thi s  method 

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

Table  2 . 2  C h a r a c t e r i s t i c s  o f  a c l u s t e r  e mi s s i on  Monte C a r l o  S i m u l a t i o n ,  

( g e n e r a t e d  f rom 1800 e v e n t s ,  w i t h  n£= 3 . 5 . )

n = 20 .13  + 0 . 3 7  D = 11.84 ± 0 . 2 6

ng = 2 .53  ± 0 .11  D - 3 . 4 8 + 0 . 0 8

nb = 3 .98 ± 0 . 10  0 - 3.12 ± 0 .07

S i m i l a r  agreement  was o b t a i n e d  wi t h  o t h e r  c l u s t e r  s i 2 es  wi t h  up t o

8 p a r t i c l e s  p e r  c l u s t e r .  The main t e x t  shows t h e  r e s u l t s  o f  u s i n g  bo t h  

bo th  o f  t h e  Monte Ca r lo  g e n e r a t e d  d a t a  s e t s  to  c a l c u l a t e  t w o - p a r t i c l e  

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

NOTE: In a l l  t h e s e  s i m u l a t i o n s ,  random numbers a r e  found by use  o f  t h e

VAX 11/750 RAN u t i l i t y .  Thi s  f u n c t i o n ,  RAN, p ro d u c es  a s e t  of  p seu d o ­

random numbers based  upon an i n p u t  seed v a l ue  which must be a l a r g e ,  

n e g a t i v e  i n t e g e r .  Random numbers a r e  g e n e r a t e d  w i t h  equal  p r o b a b i l i t i e s  

on t h e  i n t e r v a l  10 , 1 1.



APPENDIX A

COMPUTER PROGRAMS

Here I p r o v i d e  a b r i e f  d e s c r i p t i o n  of  t h e  computer  programs which 

were used  i n  t h e  d a t a  a n a l y s i s  f o r  t h i s  e x pe r i m e n t .  The a n a l y s i s  

package  c o n s i s t s  of  7 p rograms ,  i n c l u d i n g  t h e  two Monte C a r l o  

s i m u l a t i o n s .  Each program i s  i ndependen t  of  t h e  o t h e r s  in t h e  s en s e  

t h a t  each  r e q u i r e s  f o r  i npu t  on ly  t he  d a t a  i t s e l f .  The programs  r e a d  

each  e v e n t  i n  s equence  and i n p u t ,  f o r  each t r a c k ,  i t s  s i g n a t u r e  and 

t r a j e c t o r y  a n g l e s ,  t h e t a  and p h i .  In a l l  t he  p r og r ams ,  t h e  o p t i o n  e x i s t  

t o  r e a d  in o n l y  e v e n t s  which meet  c e r t a i n  c r i t e r i a ,  e . g . ,  o n l y  e v e n t s  

w i t h  a s p e c i f i c  va lue  of  n^,  e t c .  Thi s  a l l ows  one t o  make d i f f e r e n t  

" c u t s "  on t h e  d a t a  s e t .  Wi th in  each program one a l s o  ha s ,  where 

a p p r o p r i a t e ,  t h e  o p t i o n  t o  work in e i t h e r  t h e  l a b o r a t o r y ,  t h e  c e n t e r  o f  

mass ,  o r  t h e  p r o j e c t i l e  r e f e r e n c e  f r ame.  Thi s  i s  one of  t h e  n i c e  

f e a t u r e s  o f  u s i ng  p s e u d o r a p i d i t y  f o r  a v a r i a b l e  t h e  a b i l i t y  t o  move from 

one r e f e r e n c e  f rame t o  a n o t h e r  by t h e  s imple  a d d i t i o n  or  s u b t r a c t i o n  o f  

some o f f s e t  v a l u e .  The two Monte Car lo  s i m u l a t i o n s  use  as  i n p u t  t h e  

s i n g l e  p a r t i c l e  d i s t r i b u t i o n s  which a r e  t a ke n  from t h e  o u t p u t  of  one o f  

t h e  o t h e r  p rogr ams .

One program (ANALYZEM) pe r f o r ms  t h e  c a l c u l a t i o n s  of  t h e  s i n g l e  

p a r t i c l e  d i s t r i b u t i o n s :  ns , ng,  n^ ,  nh , n p , n g , n , as  we l l  as  t h e  

a v e r a g e s  o f  np and ng f o r  " f u l l  h e m i s p h e re s " .  For t h e  n d i s t r i b u t i o n  

t h e  u s e r  can va ry  t h e  b in  s i z e .  The program looks  a t  each  n v a l u e ,  

" b i n s  i t " ,  and sums ove r  a l l  p a r t i c l e s .  For  t he  p a r t i c l e  d i s t r i b u t i o n s ,  

t h e  program c o un t s  t h e  number of  e v e n t s  wi th  n s t r a c k s ,  ng t r a c k s ,
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e t c .  To c a l c u l a t e  np and n0 (and t h e i r  a v e r a g e s )  we f i r s t  i n p u t  
*

t h e  n v a lue  t h a t  d i v i d e s  t h e  two he mi s ph er e s .  For np (n0 ) t h e  program 

s imp l y  c o un t s  t h e  number o f  p a r t i c l e s  in t h e  fo rward  (backward)  r e g i o n  

f o r  each e v e n t .  For np vs ng ( o r  ng vs np) t he  program f i r s t  c o u n t s  

f o r  each e v e n t  the  number of p a r t i c l e s  i n  t h e  fo rward  (backward)  

r e g i o n .  I t  t hen  goes  back and c a l c u l a t e s  t h e  ave r age  number of  

p a r t i c l e s  in t h e  backward ( f orwar d)  r e g i o n  f o r  a l l  e v e n t s  w i t h  t he  same 

number of  p a r t i c l e s  in t he  fo rward  (backward)  r e g i o n .  From t h i s  we can 

c a l c u l a t e  t h e  long range  c o r r e l a t i o n  s l o p e  f o r  t he  f u l l  h e mi s p h e r e s .

A second program (WINODW) c a l c u l a t e s  np vs ng ( o r  ng vs np ) as

d e s c r i b e d  above,  e x c e p t  in t h i s  c a s e  t h e  l i m i t s  of  fo rward  and backward 

r e g i o n s  must be s p e c i f i e d ,  i . e .  you can t a k e  "windows" in  n o f  any 

w i d t h  you wi sh .  From t h i s  we d e t e r m i n e  t h e  long r ange  c o r r e l a t i o n  s l o p e  

v e r s u s  s e p a r a t i o n  of  p s e u d o r a p i d i t y  windows in t h e  two h e m i s ph e r e s .

A program e x i s t s  t o  c a l c u l a t e  t he  t w o - p a r t i c l e  c o r r e l a t i o n  f u n c t i o n  

(CORREY):

Np N . ( n , , n p )
R2 ( n i . np ) = N i ( n ")  N j ( n 2 ) '  1 * ° '

F i r s t ,  N j ( n j )  i s  c a l c u l a t e d  as t h e  number o f  shower p a r t i c l e s  a t  in 

each  e v e n t ,  sumned o ve r  a l l  e v e n t s .  In t he  next  s t e p ,  N ^ n j . n . , )  i s  

c a l c u l a t e d  as  t h e  number o f  p a i r s  of  p a r t i c l e s ,  one a t  and t h e  o t h e r  

a t  n2 * in  t h e  same e v e n t ,  summed ove r  a l l  e v e n t s .  The t o t a l  number of

e v e n t s  in  t h e  d a t a  s e t  i s  Np. C a l c u l a t i o n  o f  R2 t h e n  p r o ce ed s  i n  an

o b v i o u s  f a s h i o n .

In a n o t h e r  program (RAPGAP) t h e  p s e u d o r a p i d i t y  gap d i s t r i b u t i o n s  

a r e  c a l c u l a t e d .  F i r s t ,  t he  v a l ue  of  k ,  t h e  number o f  p a r t i c l e s  in t he
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ga p ,  I s  I n p u t .  The program c a l c u l a t e s  t h e  d i s t r i b u t i o n  of  t h e  

s e p a r a t i o n  i n  n between t h e  1*^ and the  ( l + k+ l ) * ^  p a r t i c l e .  Note t h a t  

a l l  t h e  i n p u t  d a t a  1s s o r t e d  by I n c r e as i n g  v a l u e s  o f  a ng l e  t h e t a  t o  

b e g i n  wi t h  (which c o r r e sponds  t o  d e c r e a s i n g  va lu e s  o f  n ) .  The o u t p u t  

d i s t r i b u t i o n  i s  norma l i zed  by t h e  t o t a l  number o f  gaps  In a l l  e v e n t s ,

Ngap = V n - k '  U -

The f i f t h  a n a l y s i s  program (DELPHIC) i s  used t o  c a l c u l a t e  t h e

d i s t r i b u t i o n  o f  t h e  number of  p a i r s  o f  p a r t i c l e s  In t e rms  o f  t h e i r

s e p a r a t i o n  i n  a ng l e  ♦- At t he  beg inn ing  of  t h e  program,  t h e  u s e r  must

s e t  t h e  d e f i n i t i o n  o f  p a i r ,  i . e .  t h e  a l l ow ab l e  s e p a r a t i o n  o f  two

p a r t i c l e s  in n.  The o u t p u t  1s a d i s t r i b u t i o n  of  number of  p a i r s  vs  a*.

Thi s  d i s t r i b u t i o n  i s  not  no rma l i zed .

MONTE CARLO PROGRAMS:

These Monte Car lo  s i m u l a t i o n  programs a r e  d e s c r i b e d  1n Appendix

3. They t a k e  as  t h e  Input  s i n g l e  p a r t i c l e  d i s t r i b u t i o n s  c a l c u l a t e d  from 

t h e  d a t a  and o u t p u t  N random e v e n t s .  The number o f  e v e n t s  t o  s i m u l a t e ,  

N, i s  i n p u t  a t  t h e  b eg i nn in g .  T y p i c a l l y ,  I chose  N between 1500 and 

3000.  Along w i t h  t h e  Inpu t  d i s t r i b u t i o n s  one must  i n p u t  a random number 

seed  f o r  each  v a r i a b l e  t h a t  must be p icked a t  random. The RAN f u n c t i o n  

used on t he  VAX on l y  r e q u i r e s  t h e s e  seeds  t o  be l a r g e ,  n e g a t i v e  

i n t e g e r s .  The " d a t a "  from t h e s e  s i m u l a t i o n s  i s  t h e n  put  t h r ough  

programs 1 th ro ug h  5 ,  d e s c r i b e d  above,  and t he  r e s u l t s  can be compared 

t o  t h e  r e s u l t s  d e r i v e d  from the  t r u e  d a t a .

Al l  of  t h e  programs used he re  may be of  use  1n o t h e r  s t u d i e s  of  

h a d r o n - h a d r o n ,  h a d r o n - n u c l e u s ,  o r  even n u c l e u s - n u c l e u s  I n t e r a c t i o n s .
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