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Abstract: This paper reports an investigation on the two-particle long - range rapidity correlation among the pions produced in 16O–

AgBr interactions at 60 AGeV and 32S–AgBr interactions at 200 AGeV. The experimental results have been compared with those of 

Monte Carlo simulated events to extract dynamical correlation. The data show two-particle long-range correlation among the pions in 

rapidity space at both the energies. 
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1. Introduction 
 

Nuclear matter under extremes of energy and density has 

been extensively studied with the use of relativistic heavy 

ion collisions. The insight into the extreme matter with 

experimentally controlled initial energies serve as an 

examination of existing models and theories. The models 

and approaches that are used to describe the processes 

occurring in the reaction region are examined by comparing 

theoretical predictions with experimental data on single, 

two-and many-particle momentum spectra, which contain 

information of the source in the early stage. The study of 

correlation among the produced particles provides 

significant features of the nuclear interactions and is a 

potential source of information. Two-particle correlations 

give information about the space time structure and 

dynamics of the emitting source [1–3]. Several studies using 

well-known two-and three-particle correlation functions 

have been reported in different types of interactions at 

various energies [4–15].  

 

In most of the previous investigations short-range 

correlation of pions has been studied. It is also important as 

well as interesting to study long-range correlation among 

pions. But study in this respect is practically nil. For this 

reason, we are trying to investigate long-range correlation of 

pions in pseudorapidity space. 

 

This work presents new data on two-particle long-range 

correlations among pions in 
16

O–AgBr interactions at 60 

AGeV and 
32

S–AgBr interactions at 200 AGeV.  

 

2. Experimental Method 
 

The data sets used in this present analysis were obtained 

from Illford G5 emulsion tracks exposed to 
32

S beam of 

energy 200 AGeV and 
16

O beam of energy 60 AGeV were 

obtained from CERN SPS. A Leitz Metaloplan microscope 

with a 10x objective and 10x ocular lens provided with a 

semi-automatic scanning stage was used to scan the plates. 

Each plate was scanned by two independent observers to 

increase the scanning efficiency. The final measurements 

were done using an oil-immersion 100x objective. The 

measuring system fitted with it has 1 µm resolution along 

the x and y axes and 0.5 µm resolutions along the z axis.  

 

Our detector can resolve particles differing by 0.1 unit in 

pseudorapidity scale and about 5
0
 in azimuthal angle space. 

It is worthwhile to mention that the emulsion technique 

possesses a very high spatial resolution which makes it a 

very effective detector for studying correlation phenomena.  

 

After scanning, the events were chosen according to the 

following criteria:  

1) The incident beam track should not exceed 3
0 

from the 

main beam direction in the pellicle. It is done to ensure 

that we have taken the real projectile beam.  

2) Events showing interactions within 20 µm from the top 

or bottom surface of the pellicle were rejected. It is done 

to reduce the loss of tracks as well as to reduce the error 

in angle measurement.  

3) The selection of the primary interactions is made by 

following the incident beam track in the backward 

direction until it reaches the leading edge.  

 

According to the emulsion terminology [16] the particles 

emitted after interactions are classified as:  

a) Black particles: Black particles consist of both single and 

multiple charged fragments. They are target fragments of 

various elements like carbon, lithium, beryllium etc with 

ionization greater or equal to 10 I0, I0 being the minimum 

ionization of a singly charged particle. Ranges of them are 

less than 3 mm and the velocity less than 0.3 c and the 

energy less than 30 MeV, where c is the velocity of light in 

vacuum.  

 

b) Grey particles: They are mainly fast target recoil protons 

with energy up to 400 MeV. They have ionization 1.4 
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I0 010II   . Their ranges are greater than 3 mm and 

having velocities (v), 0.7 c   v  0.3 c.  

 

c) Shower particles: The relativistic shower tracks with 

ionization I less than or equal to 1.4 I 0  are mainly produced 

by pions and are not generally confined within the emulsion 

pellicle. These shower particles have energy in GeV range.  

 

d) The projectile fragments are a different class of tracks 

with constant ionization, long range and small emission 

angle. To ensure that the targets in the emulsion are silver or 

bromine nuclei, we have chosen only the events with at least 

eight heavy ionizing tracks of black and grey particles. For 

our present analysis, we have taken into consideration 

shower tracks (which are mostly pions) for rapidity 

correlation. 

 

According to the above selection procedure, we have chosen 

250 events of 
16

O–AgBr interactions at 60 AGeV and 140 

events of 
32

S–AgBr interactions at 200 AGeV . The shower 

tracks are identified from each event and their emission 

angles (  ) with respect to beam direction were measured 

for each track by taking the coordinates of the interaction 

point ( 000 ,, ZYX ), coordinates (
111 ,, ZYX ) at the end of 

the linear portion of each secondary track and the 

coordinates (X i ,Y i ,Z i ) of a point on the incident beam. 

After measuring the emission angles ( ) of the shower 

tracks, we can obtain the pseudorapidity variable ( ) using 

the relation )2/tan(ln   . 

 

For our present analysis we have used the variable . 

  

3. Method of Analysis 
 

3.1 Two-particle correlation  

 

For the phase space variable z, the two-particle normalized 

correlation function is defined [14] as  
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 represent one and two particle densities respectively.  

 

In terms of number of particles, R can be represented as 
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where NT is the total number of inelastic events, N 1 (z1) is 

the number of pions at the phase space interval z1 to z1+dz1 

and N 1 (z 2 ) is the number of pions at the phase space 

interval z2 to z2+dz2. N 2
(z1, z2) is the number of pairs of 

particles having one particle between the interval z1 to 

z1+dz1 other particle between z2 to z2+dz2 in an event . 

 

For the purpose of study of rapidity correlation among pions, 

  is chosen as phase space variable. In terms of   ,  

 

1
)()(

),(
),(

2111

212
21 






NN

N
NR T

 ………(1)  

 

 The idea of using the correlation function of the above form 

comes from the work of Kirkwood [17] in statistical physics. 

R = 0 implies the absence of correlation, i.e. the case of 

completely independent particle emission. 

 

3.2. Monte Carlo Simulation 
 

Correlation between the particles produced in high energy 

heavy ion collisions can be studied by observing pseudo 

rapidity correlation ( ) among them. Apart from the 

presence of any true dynamics, correlation may arise due to 

the following reasons: 

 

a) The broad multiplicity distribution of produced particles. 

b) The dependence of single particle spectrum 
dz

d



1
 on 

the multiplicity. 

c) Trivial statistical fluctuations. 

 

We have compared the experimental data with the data 

obtained by Monte Carlo Simulation assuming independent 

emission model (IEM), to search for the non-trivial 

dynamical correlation among the produced particles in 
16

O–

AgBr interactions at 60 AGeV and 
32

S–AgBr interactions at 

200 AGeV. The simulation is made using the following 

assumptions:  

 

a) The produced particles (pions) are emitted independently. 

b) The multiplicity distribution of the Monte Carlo events is 

the same as the empirical multiplicity spectrum of the real 

ensemble. 

c) The single particle spectrum 
dz

d



1
 of the simulated 

events reproduces the empirical multiplicity distribution 

dz

d



1
 of the real ensemble. 

 

It may be concluded that if one finds any excess in 

experimental values over the Monte Carlo simulated values, 

then there may be some kinematical reason within the 

reaction process which may leads towards long range 

dynamical correlation among produced particles. We will 

denote the experimental normalized correlation function by 

R and that of the Monte Carlo calculated events by RM. The 

difference between experimental and Monte Carlo values 

can be interpreted as the dynamical surplus which arises due 

to some dynamics in the reaction process. The dynamical 

surplus can be written as 

RD = R-RM …………(2)  
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4. Results and Discussion 
 

The normalized two-particle correlation function R is 

calculated for different values of pseudorapidity ( ) for 

both the data sets with the help of Eqn. (1) . We have 

calculated the correlation function R for the off-diagonal 

elements of the correlation matrix )( 21    which 

characterizes the magnitude of the long-range correlation at 

different phase space intervals. We have also calculated the 

correlation function RM for the simulated events for the same 

values of phase space intervals.  

 

We have calculated the dynamical surplus values RD from 

Eqn. (2). It is observed that long-range dynamical 

correlations are very prominent in some pseudo rapidity 

regions. The details of which are shown in Table I.  

 

Table 1: The types of interactions with their specified 

energies, raipidity 1  , 2  , the differences between 1  and 

2  and few maximum values of the dynamical surplus RD 

for each interactions. 
Interactions 

1  2
 1 ~ 2  R D  

AgBrO 16

 
(60 AGeV) 

0 

5 

7 

-1 

7 

6 

40.13 

15.60 

AgBrS 32

 
(200 AGeV) 

-1 

8 

7 

0 

8 

8 

56.44 

55.28 

  

The table shows indication of significant dynamical long 

range rapidity correlation both in 
16

O–AgBr interactions at 

60 AGeV and 
32

S–AgBr interactions at 200 AGeV.  

 

The data are new and important for better understanding of 

the dynamics of pionisation process at high and ultra high 

energies. 
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