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I. I n t r o d u c t i o n  

A d e t a i l e d  i n v e s t i g a t i o n  of t h e  charge s t r u c t u r e  o f  many-par t ic le  

events has been proposed as a  source of use fu l  i n f o r m a t i o n  concerning 

t h e  under l y ing  mechanism of p a r t i c l e  p roduct ion  (1-6) . I n  p a r t i c u l a r ,  

t h e  behavior  o f  t h e  charge t r a n s f e r ,  u, (de f ined f o r  pp c o l l i s i o n s  as 

one h a l f  t h e  d i f f e r e n c e  between t h e  charge i n  t h e  fo rward  and backward 

hemispheres o f  t h e  center-of-mass system) has been examined t o  t e s t  

f ragmentat ion models") and mu1 t i p e r i p h e r a l  models (293)  o f  p a r t i c l e  

product ion.  A d iscuss ion  o f  i n c l u s i v e  and semi - inc lus ive  p r o p e r t i e s  

o f  u  w i l l  be g iven i n  t h e  t h i r d  s e c t i o n  o f  t h i s  paper. I n  t h e  remainder 

o f  t h e  i n t r o d u c t i o n ,  and i n  Sect ion 2, we w i l l  adopt t h e  formal ism o f  

Krzywick i  and Weingarten t o  l o o k  f o r  evidence o f  a  suggested " l o c a l  

compensation o f  charge i n  r a p i d i t y  space" (LCC) (4-6,8) 

The charge s t r u c t u r e  o f  an event  w i t h  N charged p a r t i c l e s  i n  t h e  

f i n a l  s t a t e  can be cha rac te r i zed  b y  a  zone graph: 

where qi i s  t h e  charge o f  t h e  p a r t i c l e  i, e(y-yi) i s  t h e  usual s tep  f u n c t i o n  

g i ven  by 0 f o r  negat ive  arguments and 1  elsewhere, and Z may be regarded 

as a genera l i zed charge t r a n s f e r  across t h e  r a p i d i t y  value y. (Zone 

graphs a r e  i l l u s t r a t e d  i n  F ig.  1.) Regions o f  y over  which Z(y )  remains 

p o s i t i v e  (negat ive)  a re  c a l l e d  zones o f  p o s i t i v e  (negat ive)  p o l a r i t y ;  

gaps o f  no charge t r a n s f e r  (Z=0) separate each successive p a i r  o f  zones. 

A d i s t i n c t i o n  w i l l  be made between "end" zones con ta in ing  e i t h e r  beam 

o r  t a r g e t  p a r t i c l e s  ("compensating" charges) and " c e n t r a l "  zones 

c o n t a i n i n g  o n l y  f i n a l - s t a t e  p a r t i c l e s .  



The LCC hypothesis,  i n  one fo rmu la t i on ,  requ i res  t h a t  f o r  s u f f i -  

c i e n t l y  l a r g e  values o f  t h e  energy i n  t h e  center-of-mass system (&): 

(1) The i n t e r n a l  s t r u c t u r e  o f  zones, p a r t i a l l y  s p e c i f i e d  f o r  example by 

t h e  mean zone l eng th  <AZ> and t h e  mean number o f  charges p e r  zone 

<n >, becomes independent o f  s. (2) Cor re la t i ons  between p a i r s  o f  zones z 
decrease q u i c k l y  w i t h  i nc reas ing  separa t ion  i n  r a p i d i t y  space. (3) The 

mean number o f  zones, <Nf, grows w i t h  energy as i n s  (4). Al though 

these cond i t i ons  are  s i m i l a r  t o  t h e  s h o r t  range o rde r  (SRO) hypothesis,  

a d i s t i n c t i o n  e x i s t s  i n  t h a t  a c o l l e c t i o n  o f  events i n c l u d i n g  d i f f r a c t i v e  

p roduc t i on  channels would n o t  f u l f i l l  SRO b u t  might, nonetheless, e x h i b i t  

l o c a l  compensation o f  charge. 

I n  Sec t i on  11, t o  assess t h e  degree o f  v a l i d i t y  o f  t h e  LCC hypo- 

thes is ,  we w i l l  compare the  charge s t r u c t u r e  o f  t h e  measured events 

w i t h  t h e  charge s t r u c t u r e  o f  a s e t  o f  f i c t i t i o u s  events obtafned by 

randomly reass ign ing  charges t o  t h e  observed p a r t i c l e  t racks .  The 

c h a r a c t e r i s t i c s  o f  t h i s  "randomized charge model " (RCM), which conserves 

t o t a l  charge b u t  randomizes t h e  charge d i s t r i b u t i o n  o f  t h e  experimental  

data, w i l l  be used whenever s imple t h e o r e t i c a l  expressions f o r  random 

behavior  are unava i lab le .  

The data  t o  be presented are  f rom approximate ly  3000 measurements 

o f  i n e l a s t i c  pp c o l l i s i o n s  a t  102 GeV/c and from 2200 measurements o f  

c o l l i s i o n s  a t  400 GeV/c. The events were observed i n  exposures o f  t h e  

FNAL 30-inch bubble chamber t o  e x t r a c t e d  pro ton  beams o f  machine energy. 

The exper imenta l  procedures a t  102 GeV/c are descr ibed i n  p r e v i o u s l y  

pub1 i shed  work"). S i m i l a r  a n a l y s i s  procedures were employed f o r  the  

data a t  400 GeV/c. The major  source o f  systemat ic  e r r o r  i s  t h e  l a c k  

o f  p a r t i c l e - i d e n t i f i c a t i o n  i n f o r m a t i o n  f o r  p a r t i c l e s  having l a b o r a t o r y  



momenta i n  excess of 1.2 GeV/c. (This region o f  uncertainty corresponds 
* * * t o  x = pQ/pmax 2 -0.5 f o r  protons, where pQ and p iax are the center o f  

mass values for the  long i tud ina l  momentum o f  the f ina l -s ta te  p a r t i c l e  

and the  inc iden t  momentum, respect ively.)  For a given measured momentum, 

the  value of a p a r t i c l e ' s  r a p i d i t y  i s  a f fected by the choice o f  mass 

hypothesis; i n  pa r t i cu la r ,  a p ion mass assignment f o r  high-momentum 

protons causes, t y p i c a l l y ,  an upward s h i f t  o f  -0.7 i n  rap id i t y .  The 

cross sect ion f o r  p ion production a t  la rge  l xT l  i s  small compared t o  

t h a t  f o r  proton production, and t h i s  f a c t  permits us t o  assign, w i t h  

g rea t  assurance, the proton mass t o  a l l  pos i t i ve l y  charged tracks which 

y i e l d  reconstructed values o f  xT greater than 0.6. This procedure 

diminishes somewhat the uncer ta in ty  i n  y due t o  proton/pion mass ambiguity 

fo r  y -. > 1.5. For ly l  : 1.5 pion production g rea t l y  dominates proton 

(9) production and the bias i s  consequently small . 

1 1  Local Compensation o f  Charge and Zone Structure 

Zone graphs f o r  t yp i ca l  events a t  102 GeV/c and 400 GeV/c are shown 

i n  Fig.  1. Each o f  the events shown contains two end zones and two 

cen t ra l  zones. The p r o b a b i l i t y  f o r  observing an event containing a 

t o t a l  o f  Nz zones i s  shown i n  Fig. 2. The p robab i l i t y  d i s t r i b u t i o n  a t  

400 GeV/c i s  c l e a r l y  sh i f t ed  toward higher values of N,. I n  Table I 

we l i s t  the means and dispersions o f  these d is t r ibu t ions ;  we also provide 

these quant i t ies  calculated using our model (RCM). The data a t  both 

energies contain more zones per event than i s  found using the RCM. 

The data also ind ica te  a f as te r  growth o f  the mean number o f  zones w i th  

increasing inc ident  momentum than i s  provided by the RCM; the r a t i o  

o f  t h e  mean number o f  zones f o r  the two energies ~NZ>400/<NZ>102 i s  



1.24 + .O1 i n  t h e  data and 1.15 i n  t h e  model. Th i s  r a t e  o f  growth o f  

<Nz> i s  somewhat sma l l e r  than the  increase observed i n  t h e  mean charged 

p a r t i c l e  m u l t i p l i c i t y  (<nc> = 6.32 + 0.08 and 8.96 + 0.10 a t  102 GeVIc 

and 400 GeV/c respec t i ve l y ( '  'I). D i v i d i n g  t h e  mean charged p a r t i c l e  

m u l t i p l i c i t y ,  increased by two u n i t s  o f  charge (corresponding t o  the  

beam and t a r g e t  "compensating" charges), by <Nz>, one obta ins  t h e  mean 
<nc> + 2 

number o f  charges per  zone <nz> = <,,-, ; t h i s  q u a n t i t y  increases 
z 

w i t h  s, i n d i c a t i n g  t h a t  the  average i n t e r n a l  s t r u c t u r e  o f  zones changes 

somewhat between ou r  two energies. I t  should be noted,however, t h a t  the  

increase i n  <nz> i s  smal le r  than expected on t h e  bas i s  o f  t h e  RCM 

(see Table I ) .  

We i n v e s t i g a t e  f u r t h e r  the  i n t e r n a l  s t r u c t u r e  o f  zones by examining 

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  o f  zone lengths (1,) d isp layed i n  F ig.  3; 

t h e  r e l e v a n t  zone parameters are  g iven i n  Tables I and 11. As was t h e  

case f o r  a,>, t h e  mean l e n g t h  o f  zones i n  r a p i d i t y ,  <Az>, a l s o  increases 

w i t h  i nc reas ing  s a t  a r a t e  f a r  s m a l l e r  than expected on t h e  bas i s  o f  

t h e  RCM model (see Table I ) .  Thus i t  appears these zone parameters 

r e f l e c t  t h e  presence o f  l o c a l  compensation o f  charge. The data i n  F ig.  3 

have been separated i n t o  end zones and c e n t r a l  zones. The f a c t  t h a t  the  

l e n g t h  d i s t r i b u t i o n s  o f  these two types o f  zones a r e  d i s s i m i l a r  may be 

a t t r i b u t e d  almost t o t a l l y  t o  the  i n c l u s i o n  o f  t h e  beam and t a r g e t  

r a p i d i t i e s  i n  the  d e f i n i t i o n  o f  Z(y) g iven i n  Eq. (1).  It i s  somewhat 

su rp r i s i ng ,  however, t h a t  t h e  average number o f  charges (<nZ>) f o r  the  

end zones does n o t  d i f f e r  s u b s t a n t i a l l y  from t h a t  found f o r  t h e  c e n t r a l  

zones. Th is  observat ion suggests a s i m i l a r  p roduct ion  mechanism f o r  the  

two types o f  zones. 



Examining the  behavior  of  t h e  c e n t r a l  zones, we f i n d  t h a t  there  i s  

e s s e n t i a l l y  no energy dependence observed f o r  t h e  average centra l -zone 

l e n g t h  <AZ>. The increase i n  <AZ> between 102 and 400 GeV/c i s  on l y  

(1 t 1 )%, w h i l e  a growth of 7% would be expected on the  bas is  o f  our  

RCM model. Thus, i t  would appear t o  be j u s t i f i e d  t o  take <Az> = 0.75 

as t h e  value over  which charge i s  l o c a l l y  compensated i n  t h e  c e n t r a l  

region. Although the  value o f  <AZ> i s  remarkably s tab le ,  we note  t h a t  

<nZ> changes by (10 t 2)%. 

For  completeness, we d i s p l a y  i n  Table I11 t h e  semi - inc lus ive  zone 

parameters a t  102 and 400 GeV/c. We note t h a t  t h e  s t a b i l i t y  observed 

f o r  t h e  i n c l u s i v e  c e n t r a l  values o f  <Az> i s  n o t  mainta ined i n  t h e  

semi - inc lus ive  channels. 

Using the  general ized charge t r a n s f e r  Z(y) l e t  us now de f ine  a 

zone c o r r e l a t i o n  func t i on :  (5)  

which('1', when evaluated f o r  pp c o l l i s i o n s  a t  yl=y2=0, y i e l d s  the  

var iance o f  t h e  charge t r a n s f e r  across y=O: 

Thus f o r  Ay=y y =0, 0 measures t h e  f l u c t u a t i o n s  i n  t h e  charge t r a n s f e r r e d  2- 1 

across y=yl=y2. For in termedia te  values o f  Ay ( ( I ~ y l  <A,>) D r e f l e c t s  

p r i m a r i l y  t he  i n t e r n a l  s t r u c t u r e  o f  i n d i v i d u a l  zones; and f o r  l a r g e  

1 & l ,  ( l ~ y l  >> <AZ>), D(yl ,y2) may be thought o f  as a guage o f  long range 

c o r r e l a t i o n s  between p a i r s  o f  zones. 



I n  F ig .  4 we p l o t  O(y1,y2), evaluated a t  yl=O, and -1.2, as a func- 

t i o n s  o f  Ay; curves represent ing  t h e  r e s u l t s  o f  t h e  RCM model a r e  g iven 

f o r  t h e  same y values. The data have smal le r  values o f  D than prov ided 

by t h e  RCM curves; the  d iscrepancy i s  more pronounced a t  t h e  h i g h e r  

energy. (This  imp l i es  t h a t  t h e  h i g h - m u l t i p l i c i t y  events do n o t  e x h i b i t  

t h e  l a r g e  f l u c t u a t i o n s  i n  charge t r a n s f e r  generated by t h e  RCM.) The 

values o f  D(o,o) a re  0.90 + .04 and 1.12 + .05 a t  102 and 400 GeV/c 

respec t i ve l y .  The smal l  magnitude and the  energy dependence o f  ~ ( o , o ) ' r  

which w i l l  be discussed l a t e r  i n  terms o f  a c l u s t e r  model, a r e  c i t e d  

here as f u r t h e r  evidence f o r  t h e  presence o f  an LCC mechanism. We a l s o  

no te  t h e  rap id ,  n e a r l y  exponent ia l  f a l l  o f  D(yl,y2) as a f u n c t i o n  o f  

Ay. Th is  exponent ia l  behavior  again i n d i c a t e s  a s t rong  tendency f o r  

charge t r a n s f e r  t o  occur o n l y  over  smal l  d is tances i n  r a p i d i t y  space, 

and can be charac ter ized by a c o r r e l a t i o n  l e n g t h  (L) (D(Ay) I e -AY/L. 

w i t h  L = 1.1-1.2). Th is  c h a r a c t e r i s t i c  l e n g t h  i s  somewhat g rea te r  than 

t h e  value o f  t h e  average zone l e n g t h  <A,> = 0.75. The exponent ia l  de- 

crease o f  D f o r  l a r g e  Ay a l s o  i m p l i e s  a l a c k  o f  s i g n i f i c a n t  long-range 

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

It i s  probably use fu l  t o  p o i n t  o u t  t h a t  t h e  w e l l  known " l ead ing  

p a r t i c l e  e f f e c t " ,  which i n  LCC language i s  compensation o f  t h e  charge 

o f  i n c i d e n t  p a r t i c l e s  near  the  edges o f  r a p i d i t y  space, cannot e x p l a i n  

t h e  main fea tu res  o f  t h e  d iscrepancy between t h e  data and t h e  RCM. 

For  example, f i x i n g  t h e  r a p i d i t i e s  o f  t h e  extreme p o s i t i v e  p a r t i c l e s  

and, randomizing t h e  charges o n l y  o f  the  remaining p a r t i c l e s  reduces 

t h e  RCM values o f  D(o,o) by = 0.5. ( I 2 )  The new values, 1.08 and 1.74 

a t  102 and 400 GeV respec t i ve l y ,  a re  s t i l l  s i g n i f i c a n t l y  above t h e  data 

and r i s e  w i t h  energy more r a p i d l y .  



I n  t h e  above ana lys i s  we have found t h a t  the  zone paramet r iza t ion  

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

f i n a l  s t a t e s  which support  t h e  LCC hypothesis.  When compared t o  the  RCM 

p red i c t i ons ,  t h e  ve ry  weak energy dependence o f  the  mean zone l e n g t h  

<A,> and t h e  r a p i d  decrease o f  t h e  zone c o r r e l a t i o n  f u n c t i o n  D(yl ,y2) 

w i t h  i nc reas ing  r a p i d i t y  d i f f e r e n c e  Ay, a r e  t rends i n  t h e  d i r e c t i o n  

r e q u i r e d  by  LCC. However, we a l s o  f i n d  t h a t  t h e  mean number o f  charges 

p e r  zone <nz> and t h e  magnitude o f  t h e  zone c o r r e l a t i o n  f u n c t i o n  

2  D(o,o) z cu > r i s e  w i t h  i n c r e a s i n g  s. These energy v a r i a t i o n s  can be 

a t t r i b u t e d ,  a t  l e a s t  i n  p a r t ,  t o  t h e  growth of the  s i n g l e  p a r t i c l e  

d e n s i t i e s  i n  t h e  FNAL energy range. Because t h e  l a t t e r  f e a t u r e  o f  t h e  

da ta  i s  ignored i n  t h e  asymptot ic  forms o f  bo th  s imple m u l t i p e r i p h e r a l  

c l u s t e r  models as w e l l  as t h e  LCC hypotheses, we a n t i c i p a t e  t h a t  simple 

c l u s t e r  models w i l l  a l s o  f a i l  t o  p rov ide  a  complete account o f  t h e  ob- 

served energy v a r i a t i o n s  o f  charge d i s t r i b u t i o n s .  

111 Charge Transfers Across y=O 

The independent n e u t r a l - c l u s t e r  emission model i s  one o f  a  l a r g e  

c lass  o f  models which s a t i s f y  t h e  LCC hypothesis.  I n  t h i s  s e c t i o n  we 

compare t h e  data f o r  charge t r a n s f e r  across y=O w i t h  a  c l u s t e r  model o f  

t h i s  s o r t  i n v e s t i g a t e d  by Qu igg and ~ h o m a s ( ~ ) .  The model assumes m u l t i -  

pe r i phe ra l  p roduc t i on  o f  n e u t r a l  c l u s t e r s  which subsequently decay i n t o  

a  f i x e d  number o f  pions; t h e  decay p ions  a r e  d ispersed over a  f i n i t e  

reg ion  o f  r a p i d i t y  space. The authors prove t h e  f o l l o w i n g  r e s u l t s  f o r  

t h e  f u n c t i o n a l  dependences o f  charge- t rans fer  parameters i n  t h e i r  model: 



The notation is as  follows: Y is the to ta l  range of r ap id i t i e s ;  < N >  i s  

the  mean number of c lus te rs ;  2- and r- are  respectively the  number of 

negative pa r t i c l e s  emitted in to  the l e f t ,  and r igh t  (backward and for-  

ward) center-of-mass hemispheres; K is a constant which depends only on 

the nature of the c lu s t e r  decay. The value of < N >  i s  assumed t o  grow 

logarithmically with s ( i . e . ,  a constant c lu s t e r  density,  < N > / Y ,  i s  
2 assumed), consequently the value of < u  > i s  expected t o  approach a 

2 constant a t  high energies. (Note t ha t  cu > contains an averaging over 

a l l  events,  while the subscripted u-variables a r e  averages over fixed 

2 mul t ip l ic i ty . )  The magnitude of <u > has already been shown to  d i f f e r  

s ign i f ican t ly  from tha t  expected f o r  a random charge d i s t r ibu t ion ;  and 

2 here we note t ha t  the  energy dependence of < u  >, given i n  Fig. 5,  does 

not ye t  suggest an approach t o  a constant value(13). Since, as we have 

already mentioned, there is no evidence a t  the energies we are  considering 

f o r  an s-independent rapidi ty  plateau, which i s  assumed in the  model of 

2 Quigg and Thomas, a slow increase in  cu > is not surprising.  (The s ingle  

pa r t i c l e  invar iant  cross-sections a t  y=O, integrated over transverse 

momenta, a r e  48.3 + 2.5 mb and 64.6 + 3.2 mb a t  102 and 400 GeV/c 

respective1 y. ) 

Charge-transfer properties as a function of charged-prong multi- 

p l i c i t y  a r e  given i n  Table IV and i n  Figs. 6 and 7 .  In obtaining these 

data we have made use of the symmetry about y=O expected f o r  pp col l is ions .  



For exam'ple, i n  t h e  eight-pronged topo logy  the  value o f  <u > has been 2.1 
averaged w i t h  -<ul ,$-. This f o l d i n g  procedure tends t o  reduce t h e  system- 

a t i c  b iases i n  t h e  data due t o  p ro ton /p ion  m i s i d e n t i f i c a t i o n  near  y=O. 

We have n o t  co r rec ted  t h e  symmetric e n t r i e s  i n  Table I V  (e.g., cu  >) 191 
f o r  t h i s  known b ias ,  and consequently t h e  dev ia t i ons  from <urn > = 0 

,m 
p rov ide  a  measure o f  t h e  systemat ic  u n c e r t a i n t i e s  i n  ou r  measurements. 

(The e r r o r s  g i ven  i n  Table I V  a r e  s t a t i s t i c a l  .) 

I n  F igs.  6(a)  and (b) we present  t h e  dependence o f  <ua-,,- > on 

2  (a- - r-) and t h e  dependence o f  <ua- - > - a  2  
,r a-,r -> on (2- + r - ) .  The 

s t r a i g h t  l i n e s  g iven i n  F ig.  6  a r e  expecta t ions  based on t h e  independent 

emission (IEM) o f  s i n g l e  p ions r a t h e r  than p ion  c l u s t e r s .  ( 1 2 )  The 

1  s-independent expressions i n  t h e  IEM are: <uQ- -> = - (a- 2  - r - ) ,  and 
,r 

<ua- 2,-<u 2  1  
!Z-,r- 

> = (" + r - ) ;  these simple forms are  very  c lose  t o  
,r- 

t h e  RCM values w i t h  t h e  " lead ing  p a r t i c l e  e f f e c t "  removed. 

The data  i n  F ig.  6(a)  l i e  below t h e  IEM p r e d i c t i o n ,  i n d i c a t i n g  t h e  

presence o f  s u b s t a n t i a l  c l u s t e r i n g .  The l i n e a r  dependence p r e d i c t e d  by 

t h e  c l u s t e r  model (Eq. 4b) i s  c o n s i s t e n t  w i t h  t h e  data, however, t h e  

s i g n i f i c a n t  s c a t t e r  i n  < u ~ - , ~ -  > a t  f i x e d  (9,- - r - )  and f i x e d  s  cannot be 

understood on t h e  bas i s  o f  t h e  s imp le  model o f  Ref. (2 ) .  

I n  F ig .  6 (b)  we again no te  d iscrepancies between p r e d i c t i o n s  o f  IEM 

and t h e  data. I n  p a r t i c u l a r ,  f o r  n- = L- + r- < 3 t h e  data a r e  above 

t h e  curve, i n d i c a t i n g  t h e  presence o f  d i f f r a c t i v e  " s p i l l - o v e r "  con t r i bu -  

t i o n s  near  y=0( ' ) .  For  n- > 3 t h e  data are  s t a t i s t i c a l l y  poor, neverthe- 

l e s s  they c l e a r l y  l i e  below t h e  IEM l i n e ,  suggest ing the  presence o f  

c l u s t e r i n g  e f fec ts  (Eq. 4c). 

We i n v e s t i g a t e  the  energy dependence o f  < u ~ - , ~ -  > i n  F ig .  7 where 

t h e  low energy MSU data  ( I 4 )  and t h e  data a t  102 and 400 GeV/c f o r  r - =  0  



are plotted. The s-dependence i s  consistent with a 1/Rn s form (Eq. 4b) 

and extrapolates reasonably to <uQ-,,- > = 0 for a l l  available data. 

Al though  parameters relating t o  cluster properties can be extracted 

from the data presented in this  paper (e.g., an average of 2-2.5 charged 

particles per cluster) ,  the precise values obtained for  these parameters 

are sensitive t o  model dependent corrections resulting from the non- 

asymptotic energies of FNAL. 

I V  Summary 

We have presented new results on the charge structure of final 

s tates observed i n  pp collisions a t  102 and 400 GeV/c. We find signif i-  

cant deviations from the assumption of a random charge distribution in 

inelastic final s tates;  this  supports a production mechanism exhibiting 

local compensation of charge (LCC)  a t  h i g h  energies. Simple cluster 

models, a1 though correct in s p i r i t ,  do not provide detailed agreement 

with the d a t a .  I t  appears that  th is  lack of agreement can in part be 

attributed t o  the non-asymptotic nature of the Fermilab energy regime. 
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TABLE I 

Zone St ruc ture  Parameters 

102 GeV/c 400 GeV/c 

ALL ZONES DATA RCM DATA RCM 

<NZ> 3.23 + .02 2.96 4.00 + .03 3.40 

2 2 k [ < N ~ >  - < N ~ >  1 1.13 i: .01 1.06 1.51 + .O1 1.39 

<n,> 2.55 + .02 2.81 2.75 + .03 3.24 

<Az> 0.97 + .01 1.15 1.00 t .01 1.29 

TABLE I1 

Zone St ruc ture  f o r  Centra l  and End Zones 

102 GeV/c 400 GeV/c 

END ZONES DATA RCM DATA RCM 

<nz> 2.62 + .02 2.94 2.71 + .03 3.43 

<Az> 1.10 + .02 1.38 1.24 + .02 1.73 

CENTRAL ZONES DATA RCM DATA RCM 

<n > 
Z 

2.51 + .02 2.57 2.77 + .03 2.93 

<Az> 0.75 + .O1 0.78 0.76 + .O1 0.84 

2 2 % C<hZ> - <AZ> 1 0.73 + .01 0.78 0.80 + .01 0.91 
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TABLE I V  

Charge Transfer  Averages 

102 GeV/c 400 GeV/c 
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F igu re  Captions 

1. Zone graphs f o r  two t y p i c a l  events; (a) An 8 prong a t  102 GeV/c, 

(b) A 10 prong a t  400 GeV/c. The graph i s  drawn w i t h  p o s i t i v e  

charges as upward-point ing arrows ( f )  and negat ive  charges as 

downward-pointing arrows (+). The end zones, which con ta in  t h e  

beam, (yb), and ta rge t ,  (y t ) ,  r a p i d i t i e s  e n t e r i n g  as negat ive  

( c )  charges, a re  shaded. 

2. P r o b a b i l i t y  d i s t r i b u t i o n s  f o r  t h e  number o f  zones per  event. 

3. D i s t r i b u t i o n s  i n  zone lengths .  

4. The c o r r e l a t i o n  f u n c t j o n  D (y, .y2) evaluated a t  yl=O, and y =-1.2, 1 

as a f u n c t i o n  o f  Ay. The curves are  the  r e s u l t s  o f  randomizing 

the  charge d i s t r i b u t i o n s  i n  each event (RCM model descr ibed i n  t h e  

t e x t ) .  

2 5. Energy dependence o f  <u >. 

6. (a) The mean o f  the  charge t r a n s f e r  f o r  f i x e d  9.- and r- as a 

f u n c t i o n  o f  t h e  d i f f e r e n c e  (L- - r - ) .  (b) The var iance o f  t h e  

charge t r a n s f e r  f o r  f i x e d  9.- and r- as a f u n c t i o n  o f  t h e  sum 

(9.- + r - ) .  Expectat ions f o r  models w i t h  independent emission o f  s i n g l e  

p ions (Refs.l.2) a r e  g iven as dashed l i n e s .  

7. Energy dependence o f  t h e  mean charge t r a n s f e r  f o r  f i x e d  9.- where 

r - = ~ .  The (m s)-' dependence expected i n  t h e  c l u s t e r  model a re  shown 

as s t r a i g h t  l i n e s  passing through t h e  o r i g i n .  
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