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ABSTRACT 

We present a study of two-particle rapidity correlations in in- 

clusive and semi-inclusive reactions in pp collisions at 102 and 400 

GeV/c. In particular, we examine the charge, multiplicity and s de- 

pendence of these correlations. Our inclusive data provide evidence 

for the presence of energy independent short-range correlations in 

rapidity. Significant contributions to these correlations arise from 

data having high multiplicities. Correlations among particles of like 

charge are weaker than among particles of opposite charge. 

Research supported by the United States Energy Research and Development 
Administration. 
'present address: Caltech, Pasadena, Calif. 91125 

Submitted t o  Physical  Review f o r  pub l i ca t i on .  

FERMILAB-PUB-76-120-E



I. Introduction 

The presence of short-range rapidity correlations among produced 

pions appears to be a prominent feature of multiparticle production at 

high energies (I). Although the energy dependence of these correlations 

is rather weak, a careful comparison of data from two widely spaced 

energy points may be of value in determining the type of models which 

are most relevant for describing multiparticle production at high energies. 

In this paper we present a study of inclusive and semi-inclusive rapidity 

correlations in pp collisions at 102 and 400 GeV/c. The data are derived 

from exposures of the Fermilab 30" bubble chamber to extracted beams of 

machine energy. The scanning, measuring, and analysis procedures at the 

two energies were identical, thus providing data samples having a minimum 

amount of relative systematic bias. (2) 

A standard difficulty in the analysis of bubble chamber data at 

high energies is the unavailability of mass identification for particles 

with momenta in excess of 1.2 GeV/c in the laboratory frame; below this 

momentupl, estimates of ionization based on bubble density of tracks can 

be used to separate protons from pions. Because we wish to concentrate 

our attention on pion-pion correlations, we restrict our analysis to 

* 
those tracks for which the scaling variable x = 2p /A has values x<0.5. e 
(As usual, s is the square of the energy in the center of mass of the 

collision, and pi is the longitudinal momentum of a particle in the 
center of mass, assuming a pion-mass interpretation.) This cut on x, 

while removing a major percentage of the fast forward-going protons, 

removes only a small fraction of the forward-produced pions. The 

additional elimination of those protons that can be identified through 

ionization yields an inclusive pion-rapidity spectrum which displays 



approximate SYmetry i n  the  pp cen te r  of mass, a s  i s  required f o r  unpolarized 

PP c o l l i s i o n s .  (Gur d e f i n i t i o n  of the  r a p i d i t y  va r i ab le  y is  the  usual 

one, namely Y = 1/2 En (E+p ) / (E-pL) ,  where p and E a r e  r e spec t ive ly  a. e 
the  longi tudinal  momentum and energy of the  pion.)  

+ 
In the  t e x t  we r e f e r  t o  p o s i t i v e  t r a c k s  a s  n and t o  negative t r a c k s  

- 
a s  n p a r t i c l e s .  However, we es t imate  t h a t  on the  average the re  

- - 
e x i s t  approximately 1% e , 7 %  K and 2% 6 contamination i n  the  negative 

+ + .  
t rack  sample, and approximately 1% e and 10% K i n  the  sample of p o s i t i v e  

t racks .  Proton contamination i s  approximately 10-15% i n  the  c e n t r a l  

region of r a p i d i t y ,  but t h i s  increases  somewhat a t  l a r g e  p o s i t i v e  va lues  

of y* ( s t a r r e d  v a r i a b l e s  r e f e r  t o  the  cen te r  of mass system).  

11. Inclus ive  Corre la t ions  

We w i l l  d i scuss  two-par t ic le  r a p i d i t y  c o r r e l a t i o n s  i n  terms of the  

normalized c o r r e l a t i o n  f l lnct ion,  R ,  i n t eg ra ted  over t r a n s w r s e  momenta: 

where a .  i s  the  t o t a l  i n e l a s t i c  c ross  sec t ion .  I n  p a r t i c u l a r ,  we 
l n e l  

w i l l  p r e sen t  r e s u l t s  f o r  the  following two-pion inc lus ive  reac t ions :  

pp + ncnc + Anything 

- + 
pp + n n + Anything 

+ +  
pp + n n + Anythinq 

- - 
pp + T ?r + Anything 

Reaction (1) r e f e r s  t o  the  production of pions of e i t h e r  charge. The 

CC -+ 
cor re l a t ion  funct ionsfor  Reactions ( 1 ) - ( 4 )  w i l l  be denoted by R r R , 



-- 
R++, and R , respect ive ly .  

The f u l l  two dimensional s t r u c t u r e  of r a p i d i t y  c o r r e l a t i o n s  can be 

b e s t  appreciated by examining a p l o t  of contours of constant  R-value. 

CC 
We d i sp lay  i n  Fig. 1 t h e  contours of constant  R a t  102 and 400 GeV/c, 

obtained by f i t t i n g  two dimensional polynomials t o  t h e  R values f o r  

* 
Reaction (1). The elongation of t h e  contours about the  Y* = y diagonal 

1 2 
CC . 

i n  t h e  c e n t r a l  r a p i d i t y  region implies t h a t  R i s  primari ly a function 

of r a p i d i t y  separat ion y; - . R~~ appears t o  e x h i b i t  a much weaker 

dependence on y* * 
2 + y1. 

The s t r u c t u r e  of these  contour p l o t s  suggests t h a t  the  combinations 

* * 
(Y: - yl) and (y; + yl) might be t h e  most economical v a r i a b l e s  f o r  

examining the  energy and charge-state dependence of  7171 cor re la t ions .  In 

Fig. 2 we present  the  R values f o r  Reactions (1)-(4)  using events  having 

r a p i d i t y  p a i r s  within one u n i t  of the  diagonals  i n  Fig. 1. In  order  t o  

reduce t h e  e f f e c t s  of proton contamination and poor momentum reso lu t ion  

* 
a t  l a rge  p o s i t i v e  y*, the  d a t a  f o r  y2 + y* > 0 i n  Figs. 2e-h were ob- 

1 
+ + Y; < 0; s imi la r ly  n da ta  f o r  tained by symmetrizing the  d a t a  f o r  y* 

* > 0 (Fig. 2b) were obtained by symmetrizing y* < 0 data .  Figures 2a 
y2 2 

and 2c contain cont r ibut ions  from p o s i t i v e  p a r t i c l e s  with y* > 0; con- 

sequently, these  da ta  may be biased because of s u b s t a n t i a l  proton con- 

tamination a t  l a rge  y*. 

The s t rength  of the  short-range c o r r e l a t i o n  i n  Reactions ( 1 ) - ( 4 )  

* 
can be assessed by comparing t h e  dependence of R on (y; - yl) and on 

(y* + y * ) .  This i s  because it has been shown p r e v i o ~ s l y ' ~ )  tha t ,a l though 
2 1 

the  requirement of momentum-energy conservation alone can produce 

p o s i t i v e  va lues  of R i n  t h e  c e n t r a l  region of r a p i d i t i e s ,  the  dependence 

* 
of R on (y2 - y;) and on (y; + y*) i s  s i m i l a r  f o r  the c e n t r a l  region i f  no 

1 



dynamic correlations exist in the data. The fitted contours of Fig.1 and the 

cc 
projections in Fig. 2 indicate that R falls rapidly with increasing 

* CC 
values of / y* - yl 1 * 

2 while the peak value of R near (y* - y ) = 0 2 1 
* * 

changes only slightly for a large range of (y + yl) values (see, in 
2 

CC . particular the plateau in R In Fig. 2e). An examination of Fig. 2 

reveals that the behavior of R in Reaction (1) is influenced largely 

by the properties of R in Reaction (2). The evidence for a short range 

component in Reactions (3) and (4) is less significant, in that the 

data in Figs. 2 (c), (d) appear to be only somewhat more peaked at y;-y;=0 

* 
than the corresponding data for R near y; + y = 0 in Figs. 2(q), (h). 

1 

A comparison of the 102 GeV/c and the 400 GeV/c data reveals a very 

weak enerqy dependence for the correlation function. In previous investi- 

(3) gations of kinematical contributions to these correlations , we 
CC 

found that the expected increases in R weretypically, about 0.02-0.10 

* 
units at small y 

2 - Y1r 
* 

and about 0.10-0.20 units at large rapidity 

separations. Because these changes are consistent with our observed varia- 

CC 
tions in R ,we conclude that the dynamics of inclusive short-range correlations 

have a very weak energy dependence between 102 and 400 Ge~/c.  his 

conclusion is supported further in Fig. 3, where the data of Fig. 2e 

(y; + y; < 0) are shown replotted in terms of laboratory rapidities. 

The absence of an energy dependence for^ at small rapidity separations 

is a property akin to the scaling of single-particle production spectra 

observed at these energies. (4) 

111. Semi-inclusive Correlations 

It has been suggested(5) that examining rapidity correlations in 

events of fixed multiplicity (semi-inclusive reactions) would provide 

additional insights into the origin of short range correlations. Data 



on semi-inclusive correlations at high energies have been presented in 

the past: (6)we will here summarize the results of our investigations. 

In analogy with expression for R, we define the semi-inclusive 

function: 

where n represents the topological channel or the charged-particle multi- 

plicity, and the o are the semi-inclusive (n-prong) cross sections. 
n 

The correlation functions for Reactions (1)-(4) are given in Figs. (4)-(11) 

Again, in analogy with the fully inclusive correlation functions, we 

-+ ++ 
have defined RCC, R , R and R-- and the following: 

n n n n '  

where n+ and n- are respectively the number of positive and negative 

particles for any specific topology (n=n+ + n-). These factors offset the 

corresponding R such that R'=O implies a lack of correlation. (We note, n n 

however, that although the requirement of energy-momentum conservation 

for events of fixed multiplicity introduces departures from R'=o, such 
n 

departures are small and, unlike those for the fully inclusive functions,, 

are essentially independent of beam momentum.) The data in Figs. (4)-(11) 

have been treated in the same manner as the data used in the inclusive 



ana lys i s .  

There is  c l e a r  evidence f o r  a  short-range cor re la t ion  (near 

* 
Y, - y; % 0) f o r  da ta  from Reactions (1) and ( 2 ) .  A t  102 GeV/c a  peak - 
i n  R i s  evident  f o r  m u l t i p l i c i t i e s  through n=10, while i n  the  400 GeV/c n  

an enhancement i s  observed up t o  n=14 (Figs.  4-7). These m u l t i p l i c i t i e s  

a r e  well above those i n  which d i f f r a c t i v e  events  could cont r ibute  s i g n i f i -  

can t ly  t o  the  observed c o r r e l a t i o n s .  However, we note t h a t  f o r  severa l  

lower m u l t i p l i c i t i e s ,  p a r t i c u l a r l y  f o r  n=6 a t  102 GeV/c and n=8 a t  

400 GeV/c, the  magnitude of t h e  co r re la t ion  function f o r  small r a p i d i t y  

* 
separa t ions  i s  smaller  a t  ly* + y* / = 0 than a t  l y  + y; 1 2 2 .  The 

2  1 2 

absence of a  p la teau  i n  the  c o r r e l a t i o n  function f o r  these  p a r t i c u l a r  

cases might be due t o  the  presence of simultaneous cont r ibut ions  from 

d i f f r a c t i v e  and non-di f f rac t ive  events  t o  these m u l t i p l i c i t i e s .  

For each m u l t i p l i c i t y  the  s h o r t  range s t r u c t u r e  i s  more pronounced 

i n  the 400 GeV/c da ta  than i n  the  d a t a  a t  102 GeV/c. The values of 

R ' ~ ~  and R ' - +  a t  lyi - y ; l  = 0 i n  every case a r e  l a r g e r  a t  the  higher 
n  n  

energy. In c l u s t e r  models(5) t h i s  i s  in te rp re ted  a s  t h e  r e s u l t  of an 

increase i n  the r a p i d i t y  separa t ion  between individual  c l u s t e r s  a t  

400 GeV/c. In c o n t r a s t  t o  the  magnitude of R:, t h e  extent  of the  short-  

range s t ruc tu re  i n  r a p i d i t y  space does not seem t o  be s t rongly  dependent 

on e i t h e r  the m u l t i p l i c i t y  o r  t h e  inc ident  momentum. 

Data from Reac t iom(3)  and ( 4 )  are shown i n  Figs.  (8 ) - (11) .  ~ l t h o u q h  

* 
our r e s u l t s  appear t o  support the  presence of s t r u c t u r e  near y; - yl = 0 ,  

our s t a t i s t i c s  a r e  l imi ted ,  and we can only  s t a t e  t h a t  co r re la t ions  i n  

t h e  ++ and -- semi-inclusive channels a r e  < 30% of those found i n  +- data .  



IV. Conclusions 

We have demonstrated the existence of short range rapidity correla- 

tions for inclusive and semi-inclusive two-pion-reactions in pp collisions 

at 102 and 400 GeV/c. These short range effects are dominated by 

+ - 
correlations between T and II mesons. Only weak evidence for similar 

correlations exist for pions of like charge. The energy dependence of 

inclusive correlations is weak and can be attributed largely to non- 

dynamic effects. Semi-inclusive correlation data indicate that short 

range behavior is present in multiplicities well above the mean multi- 

plicity, both at 102 GeV/c and at 400 GeV/c. At fixed multiplicity, 

short range effects in the correlation function are more prominent in 

the higher energy data; howeveti the range of-correlation in rapidity 

does not seem to be multiplicity or momentun dependent. 

We thank D. aaney and for help with the analysis and D. Cohen 

for his contributions in the early phases of this experiment. 
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Figure Captions 

1. F i t t e d  contours of constant  value of the  c o r r e l a t i o n  function R 

f o r  Reaction (1) a t  102 GeV/c and 400 GeV/c. 

2 .  Values of the  co r re la t ion  function R i n  Reactions ( 1 ) - ( 4 ) ;  p a r t i c l e  

* * 
r a p i d i t i e s  a r e  r e s t r i c t e d  t o l y  + yl 1 2  

< 1 i n  a - d , and t o  

* * I Y 2  - yll < 1 i n  ( e ) - ( h ) .  Sol id  p o i n t s  a r e  f o r  102 GeV/c, 

c i r c l e s  f o r  400 GeV/c da ta .  

3. The cor re la t ion  function R f o r  Reaction (1) expressed i n  terms of 

laboratory r a p i d i t i e s ;  r a p i d i t i e s  a r e  r e s t r i c t e d  t o  ly2 - yll < 1. 

Solid p o i n t s  a r e  f o r  102 GeV/c, c i r c l e s  a r e  f o r  400 GeV/c data .  

4. Values of t h e  c o r r e l a t i o n  R '  f o r  Reaction (1) a t  102 GeV/c. 
n 

5. Values of t h e  co r re la t ion  R '  f o r  Reaction (1) a t  400 GeV/c. 
n 

6. Values of t h e  co r re la t ion  R '  f o r  Reaction ( 2 )  a t  102 GeV/c. 
n 

7. Values of the  c o r r e l a t i o n  R '  f o r  Reaction (2) a t  400 GeV/c. 
n 

8. Values of the  c o r r e l a t i o n  R' f o r  Reaction (3) a t  102 GeV7c. 
n 

9. Values of the  c o r r e l a t i o n  R '  f o r  Reaction (3) a t  400 GeV/c. 
n 

10. Values of the  c o r r e l a t i o n  R '  f o r  Reaction (4)  a t  102 GeV/c. 
n 

11. Values of t h e  c o r r e l a t i o n  R' f o r  Reaction ( 4 )  a t  400 GeV/c. 
n 


























