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N u l t i a l i c i t y  i n  proton-nucleus i n t e r ac t ions  a t  200 GeV/c 

Experimen'h,l r e s u l t s  on  ~ u l t i p r w ? t i c l e  production in 

proton-nucleus co l l i s i ons  based on an expo sure of emulsion s tack 

t o  200 G ~ V / C  proton beam a t  NAL a r e  presented. It i s  found t h a t  

t h e  average charged p a r t i c l e  m u l t i p l i c i t y  <ns> = 13.0 _+ 0.4, 
2 2 1/2 D Z (<n,>-<ns> ) = 8.5 - + 0.4 and <Nh> = 7.3 - + 0.2. Encrgy 

dependence of Re, = <n,>/<n >, where <rich> i s  the charged ch 
p a r t i c l e  mu l t i p l i c i t y  i n  pp co l l i s i ons ,  i s  invest igated i n  t h e  

range 7.1 t o  8000 GeV/c. Rem a t t a i n s  a constant value of 

1.n + 0.04 beyond 200 G ~ V / C  and furthermore t h i s  value o f  Re* - 
implies an A dependence RA = Aoel '. Predic t ions  of Re, on 

various models axe discussed m d  compared with t h e  emulsion 

data. 1t' i s  found t h a t  even f o r  p-nucleus c o l l i s i o n s  D 

increases l i n e a r l y  with <n > with about t h e  sane slope as f o r  
S 

pp co l l i s ions .  



L a s t  few years have eeen a considerable spurt of  i n t e r e s t  

i n  the  study of hadron-nucleus in teract ions .  There a r e  a 

va r i e ty  of  reasons f o r  t h i s  revival .  F i r s t  w-d foremost i s  the  

phenomena success o'f Glauber theory n] v~hich hos made it 

possible t o  cor rec t ly  inc9rporate t h e  nuclear e f f ~ z t s .  The 

second reason i s  the  r ~ d i s a t i o n  t h a t  i t  may be possible t o  

t e s t  t h e  d i f f e r en t  models of mul t ipar t i c l t .  production in hadron- 
r 

nucleon c o l l i s i o n s  by confronting t h e i r  predi-ctions f o r  

mu l t i pa r t i c l e  i n  hadron-nuclzus co l l i e ions  with t h a  

experimental data  p-61. The t h i r d  reason i s  the  unique 

p o s s i b i l i t y  t h a t  hadron-nucleus co l l i s i ons  cffer fr~r stutiying 

the  space-tine development of the  p-xrticle productior. proc-ss M . 
Because o f  i t s  unique s p a t i a l  and i on i sa t  ion resolut ion,  

an excel lent  producer-detector f o r  studying hadron-nucleus 

c o l l i s i o n s  i s  the nuclear enuls ion (<A> = 73), which i s  mairlly 

composed of tig, Br, C ,  N, 0, m d  H. Approximately 71% 

(39% i n  Ag and 32% in Br) o f  t h e  co l l i s i ons  occur i n  tho heavy 

nuclei ,  Ag and Br, 25% i n  the  l i g h t  nuclei ,  C, B and 0,  and 

only 4% i n  hydrogen. 

In this note we present our r e s u l t s  on mu l t i p l i c i t y  i n  

proton-emulsion co l l i s i ons  a t  200 ~ e ~ / c  m d  analyse the  

avai lable  data i n  the  raxge o f  7.1 ~ e ~ / c  to 3000 GeV/c t o  draw 

conclusions on mu l t i p l i c i t y  d i s t r i b u t i o n  a d  rnodcls o f  m u l t i -  

p a r t i c l e  production. 



A s tack  of  I l f o r d  G 5  emulsion p e l l i c l e s  w a s  exposed to  the  

200 G ~ V / C  proton beam at t h e  NAL i n  Septe~ibsr  1972. The emulsion 

plates were scarmed ca re fh l ly  by t he  rcethod of a r ea  scanning a id  

events were c l a s s i f i e d  according t o  t h e  associated N the black h ' 
and grey prongs having $ < 0.7, and n t h e  shov,rer p a r t i c l e  s ' 
mul t ip l i c i t y  (minium ionis ing)  corresponding t o  p - > 0.7. In 

t h i s  way a t o t a l  of 1530 events with Nh - > 2 wcro recorded. 

The scanning e f f ic iency  f o r  events with Nh > 2 i s  found 

t o  be 0.98. The r a t i o  o f  the  nunbar of events with 2 < % < 5 t o  - - 
that of Nh 2 2 i s  0.35 - + 0.02, cornpartd t o  0.58 + - 0.03 obtained 

by Cuer e t  al. [7] who obtained t h e i r  events by t h e  'along the  

t r a c k r  scanning method. This ind ica tes  that our sanple o f  events 

with Nh > - 2 has ncglegible loss, i f  any, o f  events with low )Ih. 

The detect ion e f f ic iency  f o r  sliower pa r t i c l e s ,  Iron a t r ack  by 

t rack comparison of two independent assign12ents ca r r i ed  out f o r  

a sample of events, was found t o  be G = 0.90 - + 0.01. In what 

follows, unless otherwise mentioned, necessary correct ion has 

been app l i ed  f o r  the detect ion eff ic iency 6 . 
It i s  in te res t ing  t o  note  t h a t  the  highest  mu l t i p l i c i t y  

observed i n  an event i s  n = 54 (uncorrected f o r  € ) and t h i s  s 
event has Nh = 18. The highest  observed ns for Nh = 2 events 

is 23. These numbers nay be compared to rich = 22,  the  highest 

mu l t i p l i c i t y  observed i n  pp i n t e r ac t ions  a t  205 G e ~ / c  [91, The 

highest observed Nh i s  39 (having ns = 2 2 ) .  



Fig. l shows the  dependellce of <ns> on Nh at 200 G ~ V / C .  

The da ta  f o r  Nh - > 2 i s  our own while the  twa points  at  Nh = 0 

and 1 have, been obtained from Babecki e t  al. 8 . As can 5e 

seen, <ns> seems t o  increase l i n e a r l y  with Nh up ta  a t l e a s t  

Nh = 22. The l i n e  drawn i s  the  bost fit o f  %hi O~ru  

< n > = a N h + b  s .. (1 )  

t o  our da ta  with Nh > - 2. The bes t  f i t  values a re  3 = 0.67 - + 0.04, 

b - 8 . 5  - + 0.2 with X *  = 18.0 f o r  18 points  ( 1 6  303'). The 

values of <n,> = 8.5 + - 0.2 and 9.1 - + 0.2 f o r  lVb1 = O and 1 

respectively,  obtained fron our f i t ,  nay be compaed with -the 

corresponding values of  €3.51 _+ 0.38 m 3  9.03 f 0.551 5btained 

, by Babecki e t  -do. These values may ds:) be compwed w i t h  

<"ch> = 7.64 _+ 0.17 obscrved i n  pp in te rac t ions  at '205 C - c ~ / c  

1 .  This ind icz tes  t ha t  nuclear e f f ec t s  arc not neglegible 

even for  N := 0 m d  1 events. Fig. 1 a l s ~  shows the  dependence h 
of <ng> on N ai 7.1 G ~ V / C  and 23.4 G?V/C 001 f o r  comparison. h 

Before w e  proceed fu r the r  it should be nentioned that i n  

order t o  obtain quant i t i es  f o r  IJh > - 0, i.e. f o r  an aver'age 
* 

p-emulsion co l l i s i on ,  we  have used the  da t a  o f  Babecki et 

E8] f o r  Nh = 0 m d  1 and our own P - r  Nh - > 2. r'or t h i s  purpose 

we have used 27.4 4 1.2  and 72.6 - + 2.2 a s  p e r c e n t ~ e s  of events 

with Nh < - 1 a d  N > 2 respec t ive ly ;  these  a r e  weighted averages h - 
of the  Values obtained by Cuer e t  a l e  and Babeclci e t  al, 

* We a r e  g ra t e fu l  t o  J, Gierula fcr providing u s  with n 
s 

d i s t r i bu t ion  f o r  Nh = 0 and 1 events obtained by Babecki e t  d.. 

C81 



Following the  procedure out l ined above, we obtain t he  

avecage charged shower p a t i c l e  r m l t i p l i c i t y  

<n,> = 13.0 + - 0.4, . . (2tz) 

t k  dispersion 

and the average $ 

for Nh > - 0, i. e. f o r  an average p-emulsion coll..ision, at 

200 GeV/c. A l l  possible sources of e r r o r s  have been taken i x ~ o  

account i n  ar r iv ing at t h e  above errors.  These values i.liZ'jT. bc.: 

compared with <ns> = 12.9 + 0.41 <Nh> = 7.4 - + 0.2 an4 

<ng> =,13.1 f 0.3 [B] obtained i n  tha other  260 G ~ V / C  

p-emulsion experiments. The weighted means of  t he  three 

inves t igat ions  a t  ZOO . G ~ V / C  are <ns> = 13.0 + - 0.2 and 

An important quanti ty o f  i n t e r e s t  i s  $he r a t i o  of average 

mu l t i p l i c i t y  i n  craulsion to that i n  pp co l l i s i ons ,  

Ren = <n,>/<n >, which may be used as a t e s t  t o  d io t i rgu i sh  ch 
between d i f f e r en t  models. Using <rich> = 7.6.1 - + 0.17 at 205 

GeV/c m, we obtain 

Re17i 
= 1.71 2 G. 06 f o r  our  data and 

Rem = 1.71 - + 0.04 * *  ( 4 )  

f o r  the  weighted mean <n,> a t  200 G G ~ / C .  

Fig. 2 shows a plot of ReEl as a function of pxab from 7.1 

G ~ V / C  t o  8000 G ~ V / C .  The data used i s  listed i n  Table 1. The 



values o f  <n > f o r  gLab < 27.9 G e ~ / c  have been obtained from ch - 
t he  bes t  f i t  described i n  Ref. h5] and f o r  69 G ~ V / C  and 205 G e ~ / c  

from Refs. [ I~J  and [9] respectively. The v d u e s  of <rich> f o r  

P ~ a b  = 1000 t o  8000 G ~ V / C  have been calcula ted from 

<nc$ = - 3.02 + 1.81 (ln s) ,  which i s  the  bes t  fit to  t h e  
* 

accelera tor  and I S R  data i n  t h e  range pLab = 69.0 GaV/c t o  

1500 G ~ V / C .  Thus, one f inds  t h a t  t h e  value of R shows a 
em 

s l o w  increase in the  region of 10 t o  68 GeV/c and a t t a i n s  an 

es sen t i a l l y  constant value o f  1.71 - + 0.04 i n  the  region of 200 

t o  8000 Ge~/c,  

In order  to  abs t r ac t  tho A dependence of  <n,> at a given 

energy, we may express it as 

where <rich> i s  t h e  average charged p a r t i c l e  mu l t i p l i c i t y  in  pp 

co l l i s ions  at t he  same energy. Using the  data i n  Fig.2 and 

averaging over the  emulsion conposition, we have evaluated the  

exponent a at vmious  energies. Ws f i n d  t h a t  a increases  from 

N 0 at  10 ~ e v / c  t o  0.12 a t  68 Ge~ /c ,  and beyand 20C GeV/c it 

attains e s s e n t i a l l y  a constant value o f  

Thus, not o n l y  i s  Re, nearly constant at pLab > 100 

Ge~ /c ,  i t s  2bsolute v d u e  of 1.71 - + 0.04 i n p l i e s  an A dependence ---------------------------------------------------------- 
* The da t a  used i s  f o r  aomenta t i n  G ~ V / C ~  

205[?9 3QjD81, 405u7], 259 191, 510 19 
1498 19,20 . The I S R  data  o f  R e f s . ~ 9 , 2 d  have been nppro- 
p r i a t e l y  corrected for the  f a c t  t h a t  they used a constant 
value o f  (pp)  = we have scales <rich> b - 3 2 . 0 / ~ ~ ~ ~ l ( i s )  

320y8i9 as given by bloviorrlson bljr where qn,l?s$ = 23.9 s 9 



of t he  type A 0013, which i s  very s l o w  indeed. 

Before we compare the  p r e d i c t i m s  of the  d i f fe ren t  3odels  

f o r  Re*, we s h a l l  discuss the  experiment31 r e s u l t s  on m u l t i p l i c i t y  

d i s t r i bu t ions  i n  pp and p-nucleus co l l i s ions .  There has r ecen t ly  

been a great deal  of i n t e r e s t  i n  t he  dependezicc of  

2 2 1/2 D = (<rich> - <rich> ) on hch> i n  p-p co l l i s ions .  The first 

observation o f  an important r e g u l a r i t y  bctween <rich> a d  D in 

proton-nucleon c o l l i s i o n s  was made over ten y e a s  agc!  5y 

Malhotra PFJ who noted tha t  <nch>/D ;y 2 r i g h t  fron 9 G ~ V / C  t o  

1  o4 G ~ V / C .  This r egu la r i t y  w a s  e x p l o r d  i n  norc d e t e i l  by 

Czyzewski and Rybicki 1231, Ma,lho<a and &&uli [24] and u 
f i n a l l y  Wroblewski [25] who gave a more exact l i n e a r  r e l a t i on -  

ship in  the  r a g e  4 t o  70 GeV/c, Using the  data  conpiled i n  

Ref. El53 and t h e  norc recent  ~b dztta B,1648] we have c a r r i a 2  

out a fit i n  t h e  r&e 12.9 t o  405 G ~ V / C  and f ind  t h a t  

a = 0.581 + 0.004, b  = -0.558 + 0,007 - - .. (6b) 

w i t h s 2  = 12.6 f o r  13  data points.  

In order  t o  t e s t  the  v a l i d i t y  of  a l ineax  r e l a t i o n  of 

type (6a) f o r  p-nucleus c o l l i s i o n s  we have p lo t ted  i n  Fib7.3, 

D vs. <ns> f o r  Nh 0 (curve A ) , .  Nh 2 9 (curve B) and pp 

co l l i s ions  (curve C - based on ~ ~ . 6 ) .  The data used are 

compiled i n  Table I .  The r e s u l t s  o f  a fit o f  the  ty2e (6a)  a r e  

sunnarised i n  Table 2. The following observ3,tion can be nade: 



( i )  the  l i n e a r  r e l a t i o n  (6a) i s  well s a t i s f i e d  by lJh > 0 as 

well as lIh 2 9 data, ( i s )  the  slope lar fo r  B > 0  i s  h - -  

0.63 .- + 0.02, which i s  only s l i g h t l y  g r e a t e r  than t h a t  f o r  pp 

co l l i s i ons  but t h e  in te rcep t  ' b t  i s  appreciably grea te r ,  

r esu l t ing  i n  s i g n i f i c a n t l y  g r e a t e r  D/<ns> foz p - e ~ u l s i o n  

co l l i s i ons  compared t o  pp c o l l i s i o n s  ay1d ( i i i )  tho slope f o r  

Nh > - 9 i s  s i g n i f i c a n t l y  l e s s  t b m  t h z t  f c r  ?Jh - > 0 evontc. 

Similar observations have a lso  been madc by Babccki ~t o l e  m e  
While in te rpre t ing  observation ( i i )  it shculd be noted 

t h a t  emulsion being a  composite mater ia l ,  we are  dealLing wi th  

a sum of four  (Ag, B r ,  CNO, H )  d i f f e r e n t  n  distr ibutiortz .  
8 

Even i f  the  r e l a t i o n  between D and < n , ( ~ ) >  f o r  a p-nucli2uus 

c o l l i s i o n  w a s  t he  s m e  as t h a t  f o r  a pp c o l l i s i o n ,  the  nresclicc 

of four components i n  p-emulsion c o l l i s i o n s  would lead  t o  m 

increase i n  the r a t i o  ~ / < n  >. To cs-t inatc t h i s  e f f e c t  we 
S 

calcula te  <ns(li)> and Dg fo r  each conponent ue ing  E ~ s . ( ~ )  ,and 

( 6 )  and adding thcn appropriately wc .nbtain <n ,> = 12,9 a d  
a 

D = 7.2 f o r  p-enulsion c o l l i s i o n s  at 200 GCV/C, This y ie lds  

t he  c a l c u l a t ~ d  value ~ / < n  > = 0.56 f o r  emulsion, which i s  s 
grea te r  than 0.51 f o r  pp da ta  but nuch lower than the  observed 

value of 0.65 f o r  p-enulsicn c o l l i s i o ~ i s  a t  200 G e ~ / c  ( s ee  

Table I ). Thus., we f i nd  t h a t  t h e  conpr~si te  nature of eraulsion 

cannot e n t i r e l y  explain the  observed high v a l u e  o f  D/<n > 
S 

fo r  enulsion. 



In order t a  understand ( i i i )  we f i r s t  note th3 t  the 

se lect ion Nh > - 9 i n p l i e s  t ha t  tho da t a  i s  r c s t r i c t e d  t o  

co l l i s i ons  i n  Ag and Br only and furthermore t o  r e l a t i v e l y  

cen t ra l  ones, i. e. those i n  which the  nmber  of co l l i s i ons ,  

suffered by the  incident  p a r t i c l e ,  i s  rclzi t iveiy large. Clearly, 

such a t runcat ion would lead  to a high value cf <ns> but not 

so  high D, thus qua l i t a t i ve ly  explaining the  observation ( i i i )  . 
Before we consider the  predic t ions  of the  d i f f e r en t  

models confront the  sane with the  experinental  data presented 

above, it i s  necessary t o  cd lcu la te  < L/,,>, the  average nunber 

o f  proton-nucleon i n e l a s t i c  c o l l i s i ~ n s  i n  cnulsion nuclei. 

If Py i s  the  p robabi l i ty  of U c o l l i s i o n s  i n  a nucleus 

with atomic weight A, then 

5 - , 2 7 4  Cin ~ ( b )  db h win < UA> = 5 P~ ii 1 = 'Frm .. ( 7 )  'in ' l n  
-w. 

and pi,(b) = 2n 11- e ln 
T(b) 3 b db * *  (8) 

where ein and 6'',(A) are the  p-nucleon mil p-nucleus i n e l a s t i c  

cross sect ions,  respectively,  and ~ ( b )  i s  the  nunber o f  2ucleons 

per  u n i t  m e a  i n  the  path of the  incident  proton a t  impact 

p a m e t e r  b. For the  densi ty d i s t r i b u t i o n  of  t he  nucleus, we 

have used Wood-Saxon f o r m  (with C=1.07 fn), which i s  known 

t o  be a good representa t ion M . The 11 dependence o f  < 2.) 
1L 

s o  obtained c m  be expressed as < U'> = 0.716 L 0.326 for 

Kin = 32.0 rib, i. u. a t  200 G ~ V / C .  Note t h n t  < %> has an enerzy 

dependence since Gin depends on s;  we have used €Tin(s) 3s given 



by Morrison [21]. I n  t h i s  way, we obta in  < %,> 2.72, at 

200 G e ~ / c  (€Yb = 32.0 mb), averaged over the  emulsion 

composition. Note t h a t  t h i s  value i s  s ign i f i can t ly  lower than 

3.2 obtained [6] using a uniform densFty d i s t r i bu t ion  f o r  t he  

nucleus, 

We now consider the  predic t ions  of t he  d i f f e r en t  models 

of  mu l t i pa r t i c l e  production i n  proton-nucleus co l l i s ions .  In  

the  simple cascade model (see e,g, Refs. 3, 5a) one assumes 

t h a t  t he  incident  hadron c o l l i d e s  successively with a nuniber of 

nucleons ins ide  the  nucleus producing secondary pas t i c l e s  a t  

each co l l i s ion ,  Each of the  secondaries may i n  t u r n  s ~ f f e -  

fu r ther  co l l i s i ons  leading to  a build-up o f  rn in t ranuc lcar  

cascade. It i s  r a t h e r  well hown that such a model g ros s ly  

overestimates m u l t i p l i c i t i e s  ,and <N > in  proton-nucleus c o l l i -  h 
sions, pa r t i cu l a r ly  at high energies.  Curve A i n  Fig. 2 shows 

the  r e s u l t s  of a ca lcu la t ion  by Fishbane c t  al. based on 

the mult iperipheral  model and Glzuber theory f o r  the  p r o p ~ g ~ t i o n  

of the  secondary pa r t i c l e s .  

Attempts have been made t o  r e f i n e  the cascade c j l c u l a t i o n  

by taking account o f  the  f a c t  t h a t  the secondary p a r t i c l e s  at 

hi@ energies a r e  highly collimated. Different  rec ipes  have 

been used, Curve B i n  Fig.2 presents  the  r e s u l t s  of Artykov 

e t  al. [26] who have assumed t h a t  because of high coll imation 

' a  l a rge  number of secondary p L a t i c l e s  i n t e r a c t  with one and 

the  same intravluclear nucleonT. A s  can be seen t h e i r  predic t ions  



%ree r a t h e r  wel l  with t h e  d a t a  upto about 1000 G e ~ / c ,  beyond 

which t h e r e  a r e  i n d i c a t i o n s  of  disagreement. However, even 

t h i s  r e f ined  cascade c a l c u l a t i o n  l e a d s  t o  far  too high va lues  o f  

<Nh> f o r  pLab > 50 G e ~ / c ,  e.g., at 200 G ~ V / C  t h e  predic ted  value 

i s  13..0 - + 0.6 whereas our  experiments value i s  7.3 + 0.2. 
I 

I n  t h e  d i f f r a c t i v e  e x c i t a t i o n  model t h e  p a r t i c l e  

production t akes  p lace  t h r o w h  t h e  d i f f r a c t i v e  e x c i t a t i o n  of t h e  

nucleons ( f i r e b a l l s ,  novas o r  i sobars ) .  Since each nova decay 

l eads  t o  <nch>/2 p a r t i c l e s ,  one can e a s i l y  show t h a t  

where t h e  second term i s  a c o r r e c t i o n  t o  t ake  account of  t h e  

f a c t  t h a t  i n  a nucleus nea r ly  h a l f  of t h e  nucleons a r e  neu-trons. 

Using t h e  va lue  < V,,> = 2.72 obtained ~ b o v c  f o r  emulsion, one 

f i n d s  t h a t  Re, = 1.68 at 200 Ge~/c .  Curve C i n  Fig.2 r e p r e s e n t s  

t h e  p red ic t ion  of t h c  Eq.(9). A s  can be seen t h e r e  i s  a vc ry  

good agreement between t h e  p r e d i c t i o n s  2nd t h e  data.  This  model 

a l s o  p r e d i c t s  t h a t  i n e l a s t i c i t y  f o r  p-nucleus c e l l i s i o n s  should 

be n e w l y  sane as f o r  p-p c o l l i s i o n s  -&ioh i s  in zgreemcnJc with 

observat ions r277. However, it should bc pointed n u t  thrrt thc 

simple d i f f r a c t i v e  e x c i t a t i o n  model fail5) [24] t o  exp la in  t h e  

charged 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  and t h e  observcd 

energy dependence o f  <nch>/D i n  pp c o l l i ~ i ~ ~ i s .  

We next  consider  t h e  hydrodynamicnl inodel d ~ t e  t o  Lcand~u 

[28]. This model p r e d i c t s  energy dependence of m u l t i p l i c i t y  in 



pp c o l l i s i o n s  a s  <rich> = a s 'I4 which i s  i n  good agreement with 

the  data  b5]. An extension of  t h i s  model t o  a hadron-nucleus 

co l l i s i on  implies t h a t  a t  high enough energies t he  hadron w i l l  

e s sen t i a l l y  c o l l i d e  with < UA> nucleons at r e s t ,  where < uA> 
i s  the  mean number of  nucleons contained i n  the  ' tubeT t raversed 

by the  incident  hadron. After cazrying out a r a t h e r  complex 

computation, Belenki j and Landau p8] give  following pred ic t ion  

RA = '9 . *  (10) 

However, s ince  i n  t h i s  model m u l t i p l i c i t y  grows as s 'I4 and f o r  

a hadron-nucleus c o l l i s i o n  sA = s < LA>, ignoring t ransverse  

motion one expects 

which may be compared with the  experimental r e s u l t  RA=A 0.1 35 - +Om 005 7 

given by Eq. ( 5 ) .  It i s  not  c l e a r  why (10) and (11) d i f f e r  so 

w c h  even at high energies. It seems t o  u s  t h a t  the re  i s  a 

need f o r  a b e t t e r  computation of  A dependence of RA on Landau's 

model, Final ly ,  we note t h a t  Landaut s model p red ic t s  e s s e n t i a l l y  

the  same l i n e a r  r e l a t i o n  between D and ns f o r  p-nucleus c o l l i s i o n s  

as f o r  pp co l l i s ions .  

Recently Got t f r i ed  has proposed an energy flux cascade 

model [6] f o r  hadron-nucleus co l l i s ions .  I n  conmon with Landau1 s 

mod-el, t h i s  model as sume s that the  energy f lux  of hadronic matter 

i s  the  e s sen t i a l  var iable  t h a t  governs t h e  ea r ly  evolution of the  

system, and it i s  a cascade of t h i s  f lux,  and not of  conventional 

hadrons, t h a t  occurs i n  a nucleon-nucleus co l l i s ion ,  The 



es sen t i a l  difference-between t h e  t w ~  models l i e s  i n  the  tenporall 

s t ruc ture  o f  the  developing s t a t e ,  e.g.,  whereas i n  LaDdau's 

model t he  expansion phase i s  r e l a t i v e l y  s l o w ,  i n  Gottfxiedr s 

model the  expansion occurs with a r a p i d i t y  close t o  t h a t  ~f 

the  incident  par t i c le .  An important predic t ion s f  G o t t f r i e d l s  

model L6] i s  t h a t  

= l  ( <  v > + 2 )  + o (ln-' s )  
Rg 3 B *. (12)  

If we ignore the  ~ ( l n - I  s )  t e r n  which i s  quite  srnd.1 even at 

200 G ~ V / C ,  then it implies t h a t  Re,; = 1.57 a t  200 GeV/c. Curve 

D i n  Fig.2 represents  the prcdidt ion o f  E ~ .  (1 2 ) ,  We cansider  

the  agreement t o  be r a the r  good; t h e  s l i g h t  deviat ion at 200 

Ge~ /c  may imply tha t  t ransverse  motion, which i s  neglectad i n  

ar r iv ing at Eq. (12) ,  cannot be a l toge ther  ignored at energies as  

l o w  as 200 GcV/c. This model &so sezms t o  explain, a t l e a s t  

qua l i t a t ive ly ,  fea tures  such a s  low <N > at pLab > 200 G c ~ / c ,  h  
near independence of i n e l a s t i c i t y  of A %znd t h e  obscrved nuclear 

I n  ( t a n  8 )  d i s t r i bu t ion  i n  emulsion a t  200 Ge-br/c r5,7] . 
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a cn o LO 
U3 d Cc c\l . e m .  
r n n a  



6 6  
2 

Sable 2. Resu l t s  o f  f i t s  t o  Eq. (I*) together with 3 5ver  

number o f  degrees o f  freedom. 



1. Dependence of <n s > on Nh at 200 G e ~ / c ,  23.4 G e ~ / c  DO] and 

7.1 G e ~ / c  D 07. Line shown i s  the  best  f i t  r e p r e s e n t i ~ g  

Eq. (1)  t o  our da ta  with Nh 2 2. 

2. Dependence of Ron on pLab. The 200 GCV/C point  represen ts  

the  value obtained by using <ns> = 13.0 - + 0,2 which i s  the 

weighted mean o f  the  value obtained i n  t h i s ,  Cuer e t  al. [7] 

and Babecki e t  al., invest igat ions.  See t e x t  f o r  

explanations of the  curves A, B, C m d  D, 

3. P lo t  o f  t h e  dispersion D vs. <nS> f o ~  Nh > - 0, Nh > - 9 and 

pp data. The lines A, B and C a r e  t he  best  f i t s  represented 
,fa., 

by Eq. (w). t o  the data. 
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