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The p r e v i o u s l y  proposed hydrodynamical d e s c r i p t i o n  o f  t h e  l a r g e  

ing-mass systems i n  hadron-hadron c o l l i s i o n s  i s  here  appl i .ed t o  an- 

s i n g  recen t  large-mass data ob ta ined  a t  ISR. The r e s u l t s  a r e  s t i l l  

i s t e n t  w i t h  t h e  data,  i n d i c a t i n g  t h e  use fu lness  o f  t h e  l a r g e - c l u s t e r  

concept . 

A p l i c a - s e , p a r a a  a n á l i s e  de dados recentes o b t i d o s  no ISR, a  

descr i ção  h id rod inâmica  proposta an te r io rmente  dos sistemas de grandes 

massas marcantes produzidos em c o l i s õ e s  hadrôn icas .  Os r e s u l t a d o s  são 

a inda  c o n s i s t e n t e s  com os dados, ind icando a  u t i l i d a d e  do c o n c e i t o  de 

"c1 u s t e r s "  grandes. 

1. INTRODUCTION 

Al though t h e  r n u l t i p l e  p r o d u c t i o n  o f  s o f t  p a r t i c l e s  c o n s t i t u t e s  

the  b u l k  o f  a11 h igh-energy hadron ic  c o l l i s i o n s ,  o u r  u n d e r s t a n d i n g o f t h i s  

phenomenon i s  s t i l l  f a r  f rom s a t i s f a c t o r y .  Among t h e  severa1 f e a t u r e s  o f  

these events, one o f  t h e  most w e l l  e s t a b l i s h e d  i s  t h e  appearance o f  the  

30 c a l l e d  l e a d i n g - p a r t i c l e  e f f e c t ,  by which we understand a  t e n d e n c y  

shown by t h e  inc-ident p a r t i c l e s  t o  s u r v i v e  d u r i n g  t h e  c o l l i s i o n ,  emer- 

g i n g  a f t e r w a r d  conserv ing  n o t  o n l y  t h e i r  quantum numbers, b u t  a l s o  a  

l a r g e  f r a c t i o n  o f  t h e i r  energy and momentum. 

"Which i s  i t s  o r i g i n ? "  i s  a  q u e s t i o n  which has y e t  no c o n c l u s i -  

ve answer. D i f f r a c t i v e  d i s s o c i a t i o n l  i s  a p o s s i b l e  mechanism. I n  t h i s  



case, t h e  o t h e r  p a r t i c l e s  which appear i n  a  c o l l i s i o n  would form a  small  

c l u s t e r  go ing  t o  t h e  o p o s i t e  d i r e c t i o n .  Another p o s s i b i l i t y ,  o f  which 

t h e  former i s  p robab ly  a  p a r t i c u l a r  case, i s  t o  invoke t h e  m u l t i p a r t i c l e  

u n i t a r i t y  c o n s t r a i n t 2 .  I n  the  p resen t  paper, we leave t h i s  f u n d a m e n t a l  

q u e s t i o n  a s i d e  f o r  a  moment and go on jus; accep t ing  t h e  phenomenon as 

e s t a b l i s h e d .  

The nex t  ques t ion  would be t o  know how many l e a d i n g  p a r t i c l e s  

t h e r e  a r e  on average, whether one o r  two. I n  o t h e r  words, once a  p r o t o n  

( f o r  d e f i n i  teness l e t  us assume pp c o l  l i s i o n )  o f  x  % 1 heaving been de- 

tec ted ,  we would l i k e  t o  know which i s  thc! p r o b a b i l i t y  o f  f i n d i n g  a  se- 

cond p r o t o n  w i t h  x  % - I ?  I n  anna lys ing  data,  o f t e n  da ta  lead ing  p a r t i -  

c l e s  a r e  admi t ted ,  which would appear almost symmet r i ca l l y  w i t h  respec t  

t o  the c.m. system. We t h i n k  t h i s  i s  j u s t  a  work ing assumption and by 

no means an e s t a b l i s h e d  f a c t .  I t  i s  c l e a r  t h a t  t o  j u s t i f y  t h e  term l e a -  

d i n g  p a r t i c l e ,  p r o t o n  must appear r e a l l y  l e a d i n g  whole t h e  system o f  se- 

condary p a r t i c l e s ,  p o s s i b l y  i s o l a t e d  f rom these, t h a t  i s  w i t h  i t s  c.m. 

r a p i d i t y  l a r g e r  than the  corresponding ont: o f  every  o t h e r  p a r t i c l e  be- 

l o n g i n g  t o  t h e  same event ,  showing perhaps a  l a r g e  gap. Taking such a  

r e s t r i c t i o n  i n t o  account,  we f i n d  t h a t  t h e  e x i s t e n t  d a t a 3' '  i n d i c a t e  the  

predominante o f  o n e - l e a d i n g - p a r t i c l e  events r a t h e r  than two- leading par -  

t i c l e  ones. For instance,  i n  Ref.3, t h e  i n c l u s i v e  charged p a r t i c l e  d i s -  

t r i b u t i o n  has been measured i n  c o r r e l a t i o n  w i t h  a  l e a d i n g  p ro ton ,  f o r  

severa1 missing-mass i n t e r v a l  S .  The r e s u l t s  show a  smooth d i s t r i b u t i o n  i n  

pseudo- rapid i  t y  v ,  even f o r  t h e  l a r g e s t  rni ss ing,mass considered (M2=260 

G ~ V '  f o r  s = 934 G ~ v ' ) ,  wi  t h  a  s t r o n g  c o n c e n t r a t i o n  i n  t h e  backward he- 
1 

misphere o r ,  more p r e c i s e l y ,  a lmost  symmetr ical around = - - Rn s 
2 Z '  

Al though t h e r e  e x i s t s  some i n d i c a t i o n  o f  two l e a d i n g - p a r t i c l e  events i n  

t h e  same da ta  (which appear as a  smal l backward peak) , the  above fea tu -  

res  s t r o n g l y  suggest t h a t  t h e  b u l k  o f  t h e  de tec ted  events a r e  such t h a t  

t h e  backward p ro ton ,  i f  any, i s  among the o t h e r  p a r t i c l e s  and n o t  lead-  

i n g  them. I n  Ref.  4,  a  more s p e c i f i c  measurement has been c a r r i e d  o u t ,  

i n  which two l e a d i n g  p ro tons  a r e  e f f e c t i v e l y  de tec ted .  I n  terms o f  c o r -  

r e l a t i o n  f a c t o r  R E a 
da / [% .%], t h e  r e s u l t  i r  R = 1 .5  f 0.2 

dPidPi dpi dpn 
i n  t h e  r a n g e  / z l / ,  / x 2 /  > 0 . 8 ,  I t l  + t21 < 1 . 3  GeV2 a n d  

M - J s  ( 1 - ( x l ( ) ( l - ( x 2 ( )  > 2 GeV. I t  means t h a t  i f  one p r o t o n  i s  de tec ted  

as the  fo rward  l e a d i n g  p a r t i c l e ,  t h e  p r o b a b i l i t y  o f  f i n d i n f  a  backward 



p r o t o n  i n  t h e  s p e c i f i e d  range i s  once and h a l f  l a r g e r  than t h e  c o r r e s -  

ponding one f o r  umbiased events.  I n  terms o f  c ross  s e c t i o n ,  however, i t  

corresponds t o  a smal l  f r a c t i o n  ( 2  1 mb) o f  a l l  t h e  events, accord ing  t o  

the  same work. Thus, one a r r i v e s  a t  t h e  c o n c l u s i o n  t h a t  any two- leading-  

-p ro ton  events c o n s t i t u t e  a n e g l i g i b l e  f r a c t i o n  o f  the  t o t a l  number o f  

events.  We p r e f e r ,  thus, n o t  t o  separate t h e  second p r o t o n  f rom t h e  r e -  

main ing p a r t i c l e s ,  and t r e a t  whole t h e  system b u t  the  fo rward  l e a d  i n g  

p r o t o n  as fo rm ing  a l a r g e  c l u s t e r .  By t h e  way, t h i s  p i c t u r e  i s  a l s o  f a -  

vored by cosmic- ray o b s e r v a t i o n  o f  energy spectrum and average l a t e r a l  

spread o f  gamma-ray fami l i e s 5 .  

Once accepted t h i s  p o i n t  o f  view, one would l i k e  t o  know what 

t h i s  l a r g e  c l u s t e r  looks  l i k e ,  o r  i n  o t h e r  words how t o  d e s c r i b e  i t .  I n  

I an e a r l  i e r  work5 (which wi 1 1  be c a l  l e d  I throughout  t h i s  paper) ,  we have 

proposed t o  t r e a t  such a system w i t h i n  t h e  framework o f  Landau's hydro-  

1 dynamical model 7 ,  which would somehow take  t h e  complex i n t e r a c t  i o n  among 

the  secondaries i n t o  account .  The main d i f f e r e n c e  o f  our  treatrnent f rom 

the  usual v e r s i o n  o f  hydrodynamical approach i s  t h e  e x p l i c i t  separa t ion  

o f  one lead ing  p a r t i c l e ,  the  emergence o f  which p robab ly  depends on t h e  

quantum n a t u r e  o f  t h e  process and we cons ider  i t  o u t s i d e  t h e  a p p l i c a b i -  

l i t y  o f  a  s t a t i s t i c a l  d e s c r i p t i o n  o n l y .  By assuming the  conven t iona l  e-  

q u a t i o n  o f  s t a t e  p = & / 3 ,  we have compared i n  I  the  r e s u l  t i n g  p r e d i c t i o n  

o f  the  average m u l t i p l i c i t y ,  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  and t h e  i n -  

c l u s i v e  pseudo- rap id i t y  d i s t r i b u t i o n  f o r  severa1 va lues o f  mass M, w i t h  

the  e x i s t i n g  data and shown t h a t  a l l  o f  them cou ld  c o n s i s t e n t l y  be i n -  

t e r p r e t e d  i n  t h i s  way. 

The main purpose o f  t h e  p resen t  paper i s  t o  v e r i f y  whether t h i s  

model i s  s t i l l  compat ib le  w i t h  t h e  more recen t  momentum-dis t r ibut ion da- 

t a 8  ob ta ined  a t  ISR. We have, however, improved t h e  p rev ious  t rea tment  

i n  two respects .  F i r s t ,  i ns tead  o f  M i l e k h i n ' s  fo rmu la 9 f o r  t h e  i n v a r i a n t  

-mornentum d i s t r i b u t i o n  o f  secondaries, we adopted t h e  one p r o p o s e d  by 

Cooper and ~ r ~ e ' ' ,  which c o r r e c t l y  accounts f o r  t h e  energy-momentum con- 

s e r v a t i o n .  I n  the  second p lace,  we p a r t i a l l y  took  t h e  t ransverse  expan- 

s i o n  i n t o  account,  which has been comple te ly  neg lec ted  i n  I .  As w i l l  be- 

come c l e a r  l a t e r ,  t h i s  second c o r r e c t i o n  comes t o  be necessary when one 

a p p l i e s  Cooper and F r y e ' s  formula.  



The p l a n  o f  p r e s e n t a t i o n  i s  t h e  f o l l o w i n g .  I n  t h e  nex t  sec t ion ,  

we w i l l  d e f i n e  t h e  model and e x p l a i n  how t h e  parameters a r e  chosen ( ex-  

cep t  f o r  t h e  one accoun t ing  f o r  the  t ransverse  expansion mentioned i n t h e  

l a s t  paragraph, which w i l l  be f i x e d  i n  Sec.3. I n  Sec. 3, we w i l l  e x p l a i n  

how t o  o b t a i n  t h e  l o n g i t u d i n a l  momentum d i s t r i b u t i o n s  and s tudy  b o t h  t h e  

e f f e c t  o f  u s i n g  the  energy-momentum-conserving d i s t r i b u t i o n  as w e l l  as 

the  one due t o  the t ransverse  expansion. Sec. 4 w i l l  be devoted t o  com- 

par i sons  w i t h  the  e x i s t i n g  da ta .  F i n a l l y ,  the  conc lus ions  a r e  drawn i n  

Sec. 5,  toge ther  w i t h  some f u r t h e r  remarks. 

2. THE MODEL AND THE CHOICE OF PARAMETERS 

1 )  I t  i s  assumed t h a t  d u r i n g  the  c o l l i s [ o n  between two hadrons, 

a f i r e b a l l  i s  formed around one o f  t h e  i n c i d e n t  p a r t i c l e s ,  emerging the  

o t h e r  as a lead ing  p a r t i c l e .  The idea i s  v e r y  o l d "  and i t  was i n  f a s h i o n  

i n  the  e a r l y  sevent ies12,  bu t  i t  has n o t  been e x p l o i t e d  adequate ly ,  es-  

p e c i a l l y  w i t h  regard t o  the  dynamics o f  toe  f i r e b a l l .  There has been a 

proposal o f  employing s t a t i s t i c a l  m e t h ~ d s ' ~ " ~  f o r  t r e a t i n g  t h e  m iss ing-  

-mas5 C 

f i r e b a l  

the  f i n  

con t  rac  

u s t e r s ,  b u t  the v a l i d i t y  i n  d i r e c t l y  a p p l y i n g  i t  f o r  l a r g e-  mass 

s as we in tend  t o  i s  d o u b t f u l .  

2 )  Due t o  the  s h o r t  range n a t u r a  o f  t h e  s t r o n g  i n t e r a c t i o n  and 

teness o f  the i n c i d e n t  hadrons, wi-iich moreover appear L o r e n  t z  

ed a t  h i g h  energy, the  f i r e b a l l  would p robab ly  be f l a t t e n e d  a t  

the  moment o f  i t s  c r e a t i o n ,  occupying a volume which i s  much sma l le r than  

t e r a c t  

The na 

f i reba 

the  n a t u r a l  dimension o f  hadrons. Then, i t  should s u f f e r  an expansion te- 

f o r e  the  f i n a l  p a r t i c l e s  might  appear. We a p p l y  Landau's hydrodynamical 

I n- 

l es. 

model f o r  d e s c r i b i n g  t h i s  process, which would take  a l l  the  complex 

i o n  o f  t h i s  system i n t o  account,  genera t ing  t h e  f i n a l  p a r t i c  

t u r a l  frame o f  re fe rence  would be the  center-of-mass system o f  

1 1 ,  where we assume i t  i s  a t  r e s t  i i i t i a l l y .  

3) I n  t h e  l a c k  o f  a b e t t e r  knowledge o f  the  c o n s t i t u e n t s  o f  

the  

f i reba l  l (perhaps a quark-gluon gas) and t h e i  r dynamics, the  thermodyna- 

mica l  p r o p e r t i e s  o f  the gas a r e  assumed t o  obey the  equa t ion  o f  s t a t e  



w i t h  c ,  = 1/J3 as i n  the  o r i g i n a l  v e r s i o n .  A l though we do n o t  havea more 

fundamental j u s t i f i c a t i o n  f o r  such a  choice,  i t  i s  wor th  w h i l e  observ ing  

t h a t  t h i s  cho ice  u n i v o c a l l y  f i x  t h e  mass dependence o f  t h e  average mul- 

t i p l  i c i t y 6  

I -c; 

and t h e  e x i s t i n g  da ta  a r e  c o n s i s t e n t  w i t h  t h e  above chosen sound v e l o c i -  

t y  c ,  = 1//3, i n  a l l  t h e  i n t e r v a l  10 i; M 2  < 2 x 103 G ~ V '  (see F i g .  1) . 
We p r e f e r  t o  accept  t h i s  f a c t  as an ev idence i n  favour  o f  o u r  cho ice  o f  

c, and n o t ,  f o r  instante, take  i t as an a d j u s t a b l e  parameter.  The p ro-  

p o r t i o n a l  i t y  cons tan t  i n  ( 2 )  has been determined, by f i x i n g ,  as i n  I ,  the  

r a d  i u s  o f  t h e  i n i t i a l  d i s c  t o  be R = 1  .64mi1. 

4) As t h e  f l u i d  expands, t h e  temperature i n  each p o i n t  decrea- 

ses down t o  a  c e r t a i n  c r i t i c a 1  v a l u e  T d ,  when t h e  secondary p a r t i c l e s  

emerge as f r e e .  A l though t h e  es t imated  va lue 7 i s  Td mT, the  f i n a l  r e -  

s u l t s  f o r  t h e  severa1 p h y s i c a l  q u a n t i t i e s  a r e  known t o  be l i t t l e  sens i -  

t i v e  t o  i t s  exac t  va lue .  I n  I ,  we have f i x e d  Td = mT and cou ld  v e r i f y  

t h a t  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  i s  c o r r e c t l y  reproduced as f u n c t i o n  

o f  t h e  mass M. Though a  s l i g h t l y  l a r g e r  v a l u e  o f  Td seems t o  be more 

s a t i s f a c t o r y ,  we p r e f e r  t o  f i x  i t  a t  t h i s  va lue ,  c o n s i d e r i n g  t h e  s h o r t -  

ness o f  da ta .  

5) The expansion o f  t h e  f i r e b a l l  as mentioned 

by t h e  r e l a t i v i s t i c  Eu le r  equa t ion  

where Tvy i s  t h e  energy-momentum tensor .  Usua l l y ,  the 

s i o n a l  s o l u t i o n 1 5  o f  t h i s  equa t ion  i s  a p p l i e d ,  which a  

shown i n  I, r a t h e r  s a t i s f a c t o r y  agreements. The i n c l u s  

ve rse  expansion i s  q u i t e  compl icated and we s t i l l  have 

s o l u t i o n .  However, as f a r  as t h e  b u l k  o f  t h e  secondary 

a r e  

c01 1  

t i o n  

the  

oncerned, an impor tant  e f f e c t  i s  expected, which 

i n  2 i s  governed 

exac t  one- dimen- 

r e a d y g i v e ,  as 

on o f  t h e  t r a n s -  

no s a t i s f a c t o r y  

s o f t  p a r t i c l e s  

s  an a d d i t i o n a l  

ng, imp ly ing  a  sma l le r  l o n g i t u d i n a l  expansion b e f o r e  t h e  d i s s o c i a -  

temperature T i s  reached. The same e f f e c t  f o l l o w s  i f  one accepts d 
dea o f  e a r l y  evapora t ion  which has been in t roduced  by Feinberg e t  





aZ. l 6  i n  connect i o n  t o  t h e  energy dependence o f  the  i n c l u s i v e  h igh- t rans-  

verse-momentum d i s t r i b u t i o n .  I n  the  p resen t  work, we s i m u l a t e  t h i s  e f f e c t  

by mod i fy ing  the  f l u i d  r a p i d i t y  d i s t r i b u t i o n  as 

dN &V - = A -  , a ' =  bci ( b > I )  , (4)  
da  da' 

where A i s  a  n o r m a l i z a t i o n  cons tan t  which i s  f i x e d  by t h e  average m u l t i -  

p l i c i t y ,  b i s  a  phenomenological parameter which shor ten  K h a l a t n i  k o v ' s  

exac t  one-dimensional r a p i d i t y  d i s t r i b u t i o n  &/da1 (which c o r r e s p o n d s  

6) Besides t h e  f l u i d  r a p i d i t y  d i s t  

t h e r  i n g r e d i e n t  which determines t h e  i n c l u s  

the  thermal mot ion,  g i ven  by Bose ( o r  Fermi 

l o c a l  r e s t  frame reads 

r i  b u t  i o n  d i  scussed above, ano- 

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

) d i s t r i b u t i o n ,  which i n  t h e  

g G(E,,T) = - 1 ( 5 )  
( 2 ~ )  exp (EJT) i 1 

Here 

t i c a  

k e l  h  

, E, i s  t h e  p a r t i c l e  energy i n  t h e  l o c a l  frame and g i s  t h e  s t a t i s -  

1  f a c t o r .  Cooper and Frye have shown 'O t h a t  t h e  usual  1  y  accepted M i  - 
i n ' s  f o r m u l a

g  

i n  which t h e  d i s t r i b u t i o n  (5)  i s  s imp ly  boosted t o  c.m. system and i n t e -  

g r a t e d  over  the  c o l l e c t i v e  mot ions i s  n o t  c o n s i s t e n t  w i t h  t h e  energy-mo- 

mentum conserva t ion .  The c o r r e c t  formula,  ob ta ined  s t a r t i n g  from B o l t z -  

mann t r a n s p o r t  equa t ion  would be 

which s h a l l  be used i n  t h e  p resen t  work. A l though sma l l ,  t h i s  amounts t o  

a n o n- n e g l i g i b l e  e f f e c t  as w i l l  be shown i n  Sec. 3. 



I t  i s  c l e a r  t h a t  t h e  m o d i f i c a t i o r ~ s  exp la ined  i n  5 and 6 o n l y  

a f f e c t  t h e  momentum d i s t r i b u t i o n ,  l e a v i n g  t h e  o t h e r  r e s u l t s  g i v e n  i n  I 

unchariged. Thus, i s  t h e  f o l l o w i n g  sec t ions  we s h a l l  j u s t  d i scuss  t h e  mo- 

rnentum d i s t r i b u t i o n  o f  t h e  charged secondar ies.  

1  da l 7  
3. CALCULATION OF A 2 and E 5 

Fo l low ing  t h e  scheme o u t l i n e d  i n  Sec. 2, we s t a r t  f r o m t h e e x a c t  

K h a l a t n i k o v ' s  one-dimensional s o l u t i o n ,  which i s  m o d i f i e d  accord ing  t o  

eq. ( 4 )  and p u t  i n t o  eq. (6) .  Next, by u s i n g  t h e  r e c i p e  proposed i n  Ref. 

9, we s u b s t i t u t e  E,U' + pu, a r r i v i n g  a t  

E' ,  ( a / b )  
g ( ~ o , ~ )  -- p%uli(a) . 

E,(a) 

I f  b=1, t h i s  w i l l  reduce t o  eq. (7 ) .  

The cornpu ta t iono f  A g a n d i g i s  achieved by s t a r t i n g  f rom 

eq. (8) ,  pass ing t o  t h e  center-of-mass syc.tem o f  t h e  c o l l i s i o n  and c a r -  

r y i n g  o u t  t h e  i n t e g r a t i o n  over  . a p p r o p r i a t s  t ransverse  v a r i a b l e s .  I n  do ing 

so, we have inc luded,  as i n  I, t h e  p a r t  o f  t h e  s o l u t i o n  which c o r r e s -  

ponds t o  t h e  p rogress ive  waves. 

The e f f e c t  o f  u s i n g  eq. (7) i ns tead  o f  eq. ( 6 )  i s  i l l u s t r a t e d  on 
1 da 

F i g .  2, where ã z  has been computed s t a r t i n g  f rom these two equat ions,  

f o r  a  p a r t i c u l a r  cho ice  o f  s and M ~ .  The tise o f  Rn s c a l e  i n  the  v e r t i c a l  

a x i s  a p p a r e n t l y  reduces t h e  d isc repancy  between t h e  two curves,  b u t  one 

can c l e a r l y  see t h a t  the  proposed c o r r e c t i o n  i m p l i e s  a 'broader  d i s t r i b u -  

t i o n .  

As exp la ined  i n  Sec. 2, we have ! j imulated t h e a d d i t i o n a l  c o o l i n g  

o f  the  f l u i d  by i n t r o d u c i n g  a  parameter b 2 1, t h e  i n f l u e n c e  o f  which i s  
1 da shown by F i g .  3, where 5 %  p r e d i c t e d  by sq. (8) has been c o m p u t e d  a t  

8 s = 3844 G ~ V '  and M' = 2050 G ~ v ' ,  and compared w i t h  t h e  recen t  d a t a  . As 

expected, a  small  change i n  b f rom t h e  exac t  one-dimensional expansion 

s o l u t i o n  ( b l )  improves c o n s i d e r a b l y  theagreement  w i t h  t h e d a t a .  Wi th  

the  parameter b f i x e d  i n  t h i s  way, we a r e  go ing  t o  compute b o t h  - 0 and 



da f o r  severa1 values o f  bf2 and t o  compare wi t h  other  data i n  next sec- 
a 5 
t i o n .  

Ia 

1 *r 
u d X  

I( 

I I I I I 
-0.08 -0.04 O 0.04 0.08 

X 

Fig.2  - Comparison of - t4 i lekhin 's9 d i s t r i b u t i o n  wi th the corrected version 

of Cooper and ~ r ~ e " .  

f ig.3 - The dependence o f  i on the parameter b def ined i n  eq. ( 4 ) .  
& 



4. COMPARISON WITH THE DATA" 

F i r s t  o f  a l l ,  we have v e r i f i e d  whether t h e  changes in t roduced  i n  

t h e  p reced ing  s e c t i o n s  n o t i c e a b l y  mod i f ied  t h e  p rev ious  f i t  g iven  i n  I .  

The answer i s  t h a t  no s e n s i b l e  change r e s u l t e d ,  so t h a t  a l l  t h e  p rev ious  

conc lus ions  remain v a l i d .  I n  s h o r t ,  t h e  change f rom eq. (6) t o  eq. ( 7 )  

and t a k i n g  b > 1 ( i n s t e a d  o f  b = 1) a c t  i n  opposi t e  d i  r e c t i o n ,  compensa- 

t i n g  one ano ther .  

Next, the  data a t  & = 62 GeV and d i f f e r e n t  M~ i n t e r v a l s  have 

been compared wi t h  our  p r e d i c t i o n  ( ~ i ~ .  4 ) .  N o t i c e  t h a t ,  whereas a  de- 

t a i l e d  agreement has n o t  been reached .in o u r  s i m p l i f i e d  model where j u s t  

p ions  have been considered i n  t h e  f i n a l  s t a t e s ,  even though t h e  o v e r a l l  

agreement i s  n o t  bad . I n  p a r t i c u l a r ,  t h e  da ta  do show t h e  same M~ deL 

pendency p r e d i c t e d  by t h e  model. Observe t h a t  t h e  da ta  a r e  incomplete i n  

the sense t h a t  o n l y  the  forward d i s t r i b u t i o n s  e x i s t ,  whereas t h e  forward 

Fig. 4 - Cornparison of calculated at three different M' V ~ I U O S  

with datae. 



1 i ' = , , + T f i " 2  M 

F i g .  5 - predicted by the  mdel compared with data3. Similar com- 

parisons at lower M~ values have already been done in 16 .  

-backward asymmetry as w e l l  as a near ?d2-independente o f  the  b a c k w a r d  

d i s t r i b u t i o n s  a r e  some o f  the  p r o p e r t i e s  o f  t h e  p resen t  model. .  

Besides those one a l r e a d y  analysed i n  I ,  Ref.  3 c o n t a i n s d a t a  a t  

h i g h e r  M' va lues (260 G ~ v ' ) ,  a l though  n o t  c o v e r i n g  t h e  complete i n t e r -  

v a l .  However, these a r e  complementary t o  those g iven  by Ref. 8 and d i s -  

cussed above, because the  former cover  a11 the  backward hemisphere. They 

a r e  shown on F i g .  5 i n  n i c e  agreement w i t h  o u r  cu rve .  

A t  f i r s t  s i g h t ,  these r e s u l t s ,  w i t h  a main c h a r a c t e r i  s t i c  o f  

be ing ~ ~ m m e t r i c a l ' ~  i n  r a p i d i t y  w i t h  respec t  t o  - Rn f ,seems l a r -  

g e l y  t o  be a consequence o f  the  energy-momentum conserva t ion .  However, 

a c a r e f u l  a n a l y s i s  shows t h a t  t h i s  i s  n o t  so obv ious.  For ins tance ,  i f  

one assumes an u n c o r r e l a t e d - j e t - 1  i k e  mode12, wi t h  t h e  e n e r g y  -momentum 

conserva t ion  e x a c t l y  taken i n t o  account ,  one w i l l  f i n d  s e r i o u s  d i f f i c u l -  

t y  i n  g e t t i n g  the  c o r r e c t  c o r r e l a t i o n ,  as shown by F i g .  5 ,  between one 

lead ing  p a r t i c l e  and another  secondary. I n  our  o p i n i o n ,  good agreements 

we have found g i v e  a s t r o n g  suppor t  t o  t h e  r e a l i t y  o f  large-mass c l u s t e r s  

such as t h e  ones we descr ibe .  



I n  t h e  present  paper, we have f i r s t  compared M i l e k h i n ' s  formu- 

Ia9 f o r  p a r t i c l e  momentum d i s t r i b u t i o n  w i t h  a  more c o r r e c t  one due t o  

Cooper and ~ r ~ e '  Next, we have examined the e f f e c t  o f  the  t ransverse  

expansion ( o r  e v a ~ o r a t i o n )  on t h e  l o n g i  t u t l i n a l  momenturn d  i s  t r  i b u  t i o n  . 
Both o f  them g i v e  r e l a t i v e l y  small  change:; i n  t h e  f i n a l  d i s t r i  b u t i o n s ,  

b u t  i f  a  q u a n t i t a t i v e  comparison i s  t o  be achieved they must be taken 

i n t o  account.  As g i v e n  by eq. ( 4 ) ,  t h e  efl 'ect o f  t h e  t ransverse  expan- 

s i o n  has been inc luded  i n  t h e  p resen t  work th;ough a  phenomenological pa- 

rameter b > 1 .  I t  i s  c l e a r  t h a t  a  more p r e c i s e  p r e d i c t i o n  o f  t h e  model 

has t o  be looked f o r  by s o l v i n g  e x a c t l y  the  h y d r o d y n a r n i c a l  e q u a t i o n ,  

which i s  now be ing  done f o l l o w i n g  M i l e k h i n ' s  method
g
. 

sing-mass, 

momen tum d  

A 

those wi t h  

I n  Sec. 4, we have extended the  p rev ious  a n a l y s i s  r e p o r t e d i n  I, 

where we have examined t h e  idea o f  large-rnass c l u s t e r  fo rmat ion ,  accom- 

panying a  l e a d i n g  p a r t i c l e  i n  hadron ic  c o l l i s i o n s  w i t h  m u l t i p l e  produc- 

t i o n .  The c o n c l u s i o n  i s  t h a t  t h i s  p i c t u r e  i s  c o n s i s t e n t  w i t h  a l l  t h e  

e x i s t i n g  data,  r e l a t e d  t o  t h e  missing-mass assoc ia ted  t o  a  l e a d i n g  p a r -  

t i c l e ,  such as t h e  average charged m u l t i p l i c i t y  as f u n c t i o n  o f  the  mis-  

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  and i t s  mass dependence,and t h e  

i s t r i b u t i o n  o f  t h e  secondaries i n s i d e  a  m i s s i n g  mass. 

, l t hough  o t h e r  events such as t w o- l e a d i n g- p a r t i c l e  ones and 

large-p, j e t s  a r e  a l s o  p o s s i b l e ,  t h e s e  a r e  h o w e v e r  r a r e  

events.  Why j u s t  one c l u s t e r ?  T h i s  i s  i n  p a r t  due t o  our  p a r t i c u l a r c h o i -  

ce o f  events where one l e a d i n g  p a r t i c l e  ( i n  t h e  i n t e r v a l  0.5 5 x 5 0.9 ) 

i s  always p resen t .  I t  i s  p e r f e c t l y  n a t u r a l  t h a t  two- c lus te r  events ex is t ,  

which have been developped around each o f  t h e  two i n c i d e n t  p a r t i c l e s .  On 

the  o t h e r  hand, we do n o t  see the  need o f  i n c l u d i n g  a  l a r g e r  number o f  

c l u s t e r s ,  i n  which case we would a l s o  have a d d i t i o n a l  a r b i t r a r i n e s s ,  

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

i n  o u r  model. 

One weakness o f  t h e  usual  hydrodynamical model i s  t h e  non- in-  

c l u s i o n  o f  quantum f l u c t u a t i o n  e f f e c t  d u r i n g  t h e  f 

l i s i o n  when h i g h l y  compressed h igh- temperature f l u  

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

i r s t  s tage o f  t h e  c o l -  

i d  I s fo rmed,  and which 

i n  t h a t  v e r s i o n .  We 



t h i nk  we are  consider ing such a f l u c t u a t i o n  i n  our model. I t  i s t r u e t h a t  

there s t i l l  remains the quest ion o f  exp la in ing  how such a f l u c t u a t i o n  

operates and which i s  the resu l t an t  mass spectrum implied. These are  

questionswhich are i n t ima te l y  re la ted  t o  the one we have ra ised i n  In-  

t roduct ion,  w i t h  regard t o  the o r i g i n  o f  leading p a r t i c l e s .  However, as 

has been argued i n  I, i f  one imposes f u r t h e r  cons t ra in t s  o f  reproducing 

c o r r e c t l y  the o v e r a l l  average m u l t i p l i c i t y  and KNO sca l ing  (wi thout  i n -  

c lud ing the exact func t iona l  form) f o r  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 ,  

one a r r i v e s  t o  the rnissing-mars d i s t r i b u t i o n  o f  the for. $ %  ~ n ,  w i t h  

a > - 1  (more l i k e l y  t o  be a = O), which i s  cons is ten t  w i t h  the data,per- 

haps excluding the extreme small values o f  M, which however g i ve  r e l a -  

t i v e l y  small con t r i bu t i on .  

The present work has been accompl ished wh i l e  one o f  us (F. W .  

pottag) was a post-graduate f e l  low o f  Fundação de Amparo Pesquisa do 

Estado de São Paulo. 
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