
A COMPARISON OF MULTIPLICITY DISTRIBUTIONS AND TWO-PARTICLE 

RAPIDITY CORRELATIONS IN ANTIPROTON-PROTON AND PROTON-PROTON 
INTERACTIONS AT THE CERN-ISR 

CERN-Napoli-Pisa-Stony Brook Col laborat ion*) 

* *) 
Presented by V. Cavasinni 

INFN and Scuola Normale Superiore , Pisa ,  I taly 

ABSTRACT 

1 7 1  

We have investigated the properties of topological cross-sections and particle 
corre lations in antiproton-proton and proton-proton collisions at the CERN ISR. 
The dis tribution of  the pp-pp difference in topological cross-sect ions has a shape 
and energy dependence markedly different from the pp or pp distributions . Ins tead 
it is found to be similar to the multip l icity distribut ions found in very inelastic 
processes , such as e+e- annihilat ion into hadrons . A direct comparison of  two-body 
rapidity correlat ions in pp and pp interact ions shows that , in the pp cas e ,  there 
i s ,  superimposed on the usual short-range correlation , a correlat ion of very short 
range . A s imple quark-antiquark annihi lation model is proposed to explain this 
effec t .  
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M. Valdata-Nappi .  
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1 .  INTRODUCTION 

The measurement of total  cross-sect ions in pp and pp col l i s ions at the ISRl - J ) 

demons trated that d i f ferences between ant iproton-proton and proton-proton interac­

tions -- whi l e  diminishing -- are s t i l l  appreciable  at  high energy . In part icular ,  

at  /,; = 31  GeV , oPP - opp 
= 2 . 3  ± 0 . 3  mb  4 ) , and a lmos t  the  entire difference can 

be ascribed to the ine l as t i c  part of  the total  cross-sect ions . The extra number 

of  inelastic  events , which contribute only in the pp channel ,  could have topological 

characteristics  d i f ferent f rom the soft  "per ipheral "  events  common to both pp and 

pp interact ions . These effects  have already been s tudied at /,; = 1 3 . 8  GeV 5 ) ; 

the resul t s  of this invest igation show that the differences of inelastic  topological 

cross-sections O (pp) - on (pp) have moments  which differ from those of on (pp) 

[or On (pp ) ] and are in agreement with the trend observed in the pp annihi lat ion 

channel ,  directly measured only at very l ow energy . 

In this paper we wish to draw attention to the difference in topological 

cross-sections (a lso called the annihi lat ion mul t ip l ic i ty distribut ion) and to a 

comparison of two-partic le  rapidity correlat ions in the two processes . The latter 

quantity measures the level of  c lustering of the final-state particles  and , as we 

sha l l  see , sheds l ight on the origin of the pers i s t ing pp/pp differences . 

2 .  THE EXPERIMENT 

The apparatus which is the same as that used for the measurement of the total 

cros s-section,  has been described in detail  e l s ewhere 1 • 2 ) . Brief ly ,  i t  cons i s t s  

of  a se t  of drift  chambers detect ing particles  in a pseudorap idity interval l n l < 2 
with good n resolut ion (as  good as 0 . 05 in the central n region) , and a sys tem of 

s c int i l lat ion-counter hodoscopes with a l arger n coverage C i n i  � 5 )  but owing 

to the finite  s ize  of the counters -- poorer n resolut ion . The trigger of the 

experiment is provided by coincidences of pairs of hodoscope p lanes pos i t ioned 

on the l e f t  and r ight s ides of the intersection 1 • 2 )  and , in the configurat ion 

employed for this analys i s ,  it was sens i t ive to about 90% of a l l  ine last ic  events . 

The off-l ine analys i s  imposes the exis tence of a primary vertex reconstructed by 

the chamber sys tem with at least  two tracks emit ted within I n  I < /' ) .  The event 

mul t ip l ici ty was computed as the sum of reconstructed t racks and hit s  in the non­

over lapping counters outs ide the region covered by the chamber system .  

The data have not been corrected for secondary interact ions , 0-rays , b inning 

effec t s , e t c .  As a resul t ,  our raw pp average mul t ip l icity is proport ional to the 

value already pub l i shed 5 ) with a proport iona l i ty factor K, which is independent of 

energy . 

*) This  requirement e l iminates any contributions from d iffract ive events ,  but s t i l l  
includes about 70% of a l l  inelast ic  interact ions . 
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Figure shows the topological cross-sect ions at  ;; = 3 1  GeV for p p  and pp 

interact ions : the two d i s tr ibutions appear quite s imilar , the relative d ifference 

of the mean values being ( ( n) - ( n ) ) / ( n) 0 . 02 ± 0 . 01 . The ratio PP PP PP 
( n ) /  D = 2 . 01 ± 0 . 1  for the two react ions in good agreement with the data of  

Thome e t  a l . 6 ) . Figure 2 shows the  difference in topological cross-sections a t  

a) rs =  3 1  GeV , b) rs =  53  GeV , and c) rs =  6 3  GeV . From F i g .  2 one sees that the 

mean values of the annihilation mul t iplicity  d i s tr ibutions are larger than those in 

pp d i s tr ibut ions by a factor of 1 . 3  ± 0 . 1  at  ;; = 31 and 53 GeV , and 1 . 5  at 

rs = 6 3  GeV . 
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F i g .  l Topological cross-sect ions in 
pp and pp interact ions at ;; = 31 GeV 
plotted as a funct ion of the charged 
mul tiplicity normalized to the average 
pp mul t ipl ic i ty . 
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F i g .  2 The pp-pp difference in topological 
cross-sect ions at  a) ;; = 3 1  GeV , 
b ) rs = 53 GeV , and c ) rs = 63 GeV 
versus the normalized charged mul t iplicity  
n h/ ( n ) . c pp 

Figure 3 shows the pp and pp mul t iplicity  d i s tr ibut ions and the annihilation 

mul tiplicity d i s tr ibut ion at  rs =  31 GeV plotted in KNO scal ing vari ables 7 ) . Again 

one sees l i t tle  difference between pp and pp : both d i s tributions agree reasonably 

well with the Slat tery parametrization8 ) ( solid l ine in the figure) . The annihila­

t ion distrihut ion i s ,  ins tead , narrower than that for pp or  pp , its shape being in 

better agreement with the broken curve , which is a f i t  to lower-energy annihilation 

data9 ) and also  reproduces rather wel l  the hadronic mul t iplicity dis tribution meas­

ured in e+e- annihilat ions at  PETRA 1 0 ) . 
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F i q .  3 KNO mul t ip l i c i ty d i s tribution 
at

., 
I� = 31 GeV for pp , pp , and pp-p p .  

The s o l i d  l ine i s  a f i t  to  the p p  data 
in the range 50-303 GeV/c  of  incident 
momentum8 l . The broken curve i s  a f i t  
of  low-energy p p  annihi lat ion data9 ) . 
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F i g .  4 Comparison of energy dependence 
of  mean annihi lat ion mul t iplicities  
ob served in  this experiment with  the 
values measured in low-energy PP annihi la­
t ions 5 ) , e+e- hadronic annihi lation 1 0 ) , 
µ-pair events ' ' ) , pp interactions with 
lead ing part icles  subtracted 1 2 ) . 

The common features of e+e- and pp-pp annihilat ion proces ses l ead one to com­

pare the energy dependence of the mul t ip l i c i t ies in the two processes . To accom­

pl i sh this , our raw annihilat ion mul t ip l ici t ies  were corrected by the factor K ,  

previously  d iscussed , which corrects global ly for secondary interac tions , binning 

effec t s ,  e t c .  Figure 4 shows our annihilation values compared with mul t ip l i c i t ies  

measured in o ther very inelastic  interact ions ; we  see  that our  points are in  good 

agreement with the QCD curve f i t t ing the energy dependence of the e+e- data at 

high energy , which are , in turn , in agreement with hadron mul t ip l ic i tes measured 

in other very inelast ic  proces ses , such as  lower-energy pp annihilation 5 ) , µ-pair 

events 1 1 ) , and pp interactions where the lead ing-part icles  have been removed 1 2 ) . 

The p seudorapidity correlat ion funct ion obtained after integrat ing over 

azimuth is def ined by the fo l lowing expre s s ion : 

where p2 (n 1 , n 2 )  is the two-particle  dens ity at ( n 1 , n 2 ) and p (n ) is the s ingle­

particle  den s i ty at  n .  I f  part icles  are emit ted independently  R2 (n 1 , n 2 )  is zero . 
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F i g .  5 R2 (n1 , n 2 )  vs n 2  for f ixed n1 i n  pp 
and pp interactions at c . m .  energies of 
a) 31 GeV , b) 53 GeV , and c) 6 3  GeV . 

Figure 5 shows R2 (n 1 , n 2 )  as a funct ion of n 2  for pp and pp collis ions at the 

three energies : a) 31 GeV, b )  53 GeV , and c) 6 3  GeV . The correlation function has 

been integrated over the range -0 . 36 � n1 � 0 . 12 ,  and the b in width in n2 is 

6n 2 = 0 . 12 units . The mos t  striking aspect of  Fig . 5 is the extra component of 

correlation at the maxima of pp d istr ibut ion . This  excess of  correlation is  l imited 

to a range in n 2  of about ±0 . 3  units . Reducing by  a factor of 2 the n1 interval 

over which R2 was integrated , we found no appreciable change in the width of the 

pp excess in n2 -- it is much narrower than the short-range correlat ions common 

to both reactions and , consequent ly , is indicative of a separate dynamical mechanism.  

To investigate the dependence of the correlat ion in two d imens ions rather than 

one , we calculated R2 (n 1 , n 2 )  for a number of values of f ixed n1 . The results  are 

shown in F ig .  6 for s ix n 1  intervals  at � = 3 1  Gev
* ) . Both pp and pp correlation 

funct ions have maxima at n1 = n 2 , as expected f rom ear l ier correlation studie s 1 3 ) . 

The pp excess , however , d iminished as n 1  moves away from zero . In order to quantify 

the dependence of  the extra pp correlation,  we integrated the d i fference 

6R2 = R2 (pp) - R2 (pp) over n 2  at each n1 setting and p lotted thi s  d i fference as 

a funct ion of  n1. The results  are shown in F i g .  7. One sees clearly that the 

enhancement of  the pp correlat ion funct ion occurs only for - 1  < n 1  � n 2  < 1 .  

" )  In the fol l owing we shall  discuss only data at  /� 
other energies a l so  show s imilar features .  

3 1  GeV . We checked that the 
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We  then inves t igated the  correlation s emi-inclusively , i . e .  in d i fferent mul t i­

p l ic i ty ranges .  Figure 8 shows this s tudy for three mul t ip l ic i ty ranges :  a) l ower 

than the average annihi la t ion mul t ip l ic i ty ,  b) around the average , and c) greater 

than the average . The pp enhancement i s  c l ear ly v i s ible only in the middle range , 

where , in fac t ,  the d ifferences in the pp and pp topological cross-sections are 

l arge r .  

In the framework of  quantum chromodynamics (QCD ) , one might expect  that quark­

antiquark annihilat ion into quark or g luon pairs would play a more important role 

in pp co l l is ions than i t  does in pp, and , in that cas e ,  yield extra events in which 

two j et s  o f  particles  are emit ted . Owing to the balanced quark and antiquark 

s t ructure functions in the proton and in the ant iproton ,  this product ion would be  

central in rap id i ty . The collimation of  the  partic les  be longing to  these j et s  

could be the  origin of  the  excess  of  correlation observed in pp collis ions . One 

expects  the s cat tered quark and antiquark ( in excess  in the pp case)  to c arry some 

GeV of transverse momentum; therefore they should  fragment into few part icles  with 

opening angles  of � 20° , as do the j e t s  observed a t  SPEAR and DORIS . At n = 0 ,  20° 

of angular d i spers ion corresponds to a p seudorapidity width of about 0 . 3 ,  as observed 

in our correlat ion data .  

As a check of  this  hypothes i s  we  have made a naive Monte Carlo calculation , 

in which two j e t s  are super imposed on events from our pp data with a variable fre­

quency . The j e t s  were generated with their  axes at  n = 0, back-to-back in az imuth,  

and with a mean mul t ip l ic i ty o f  ( n ) j e t  = 2 .  The d ispers ion of  j et partic les  in 

rapidity  was  �n = 0 . 3 .  The frequency x o f  generat ion was  adjusted to  reproduce 

the amount of  the excess  of  correla t ion observed in the pp data . The result o f  

this calculat ion i s  shown in Fig . 9 :  the excess  o f  p p  correlat ion i s  nicely repro­

duced with a j et superimposed once every 70 event s  ( compared F i g .  9 with Fig . S a) . 

We note also  that the inelas t ic cross-sections measured for pp and p p ,  wi thin 

the cuts imposed by the correlat ion analys i s , are 16 . 2  and 1 8  mb , respect ivel y ,  

i . e .  the d i f ference o f  cross-sect ion i s  � 10% o f  the total pp cross-section . 

Ins tead , the optimal frequency o f  generat ion in the 'lonte  Carlo was only x 1 . 4% , 
which suggests  that only a fract ion of the d i fference in cross-section can be 

attributed to hard qq annihilat ions . 
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Fi g .  9 R2 (n 1 , n 2 ) in pp interac t ions at /� = 3 1  GeV 
compared with the result s  of a Monte Carlo calculation 
incorporat ing the contribution of two j et s  ( see text ) . 
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4 .  CONCLUS IONS 

We can summarize this s tudy of ine l a s t ic interact ions in pp and pp c o l l i s ions 

a t  the ISR energies as f o l lows : 

i) The pp-pp d i fference in topological cross-sect ions shows remarkab l e  d ivergence 

from the unsub tracted pp or pp mul t ip l ic i ty  d i s t r ibut ions , resemb ling far more 

to  the hadronic  mul t ip l ic i ty  d i s t ributions in e+e- annihi lat ions (or o ther 

very ine las t i c  react ions ) . 

i i )  In pp  ine la s t i c  col l i s ions , the  par t ic les  produced are  more correlated than 

in pp interac t ions . This excess  of  correlat ions has a range in 11 o f � 0 . 3  

1 )  

2 )  

3 )  

4 )  

and i t  i s  confined t o  the  central 11 region , [ 11 [ < 1 .  A s impl e  phenomenological 

model , in which a fract ion ( 10-15%)  o f  the d ifference between pp and pp ine las t i c  

cro s s-sect ions s t ems f rom hard qq annihi lat ion into  two j et s  emi tted  central ly  

in  11 ,  could explain the  exce s s  o f  pp  correlat ions . 
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