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Abstract. Forward-backward azimuthal correlation among the pions has been
investigated in 32 S  AgBr interactions at 4.5 AGeV/c, 28Si  AgBr interactions at
4.5 AGeV/c, 16O  AgBr interactions at 4.5 AGeV/c and 22 Ne  AgBr interactions at
4.1 AGeV/c. For all the interactions mentioned above, prominent pion-pion
correlations are found to occur in the azimuthal angle space. Our analysis further
reveals that the forward-backward multiplicity correlation strength increases for all
the interactions as the angular gap or angular interval (  ) between the forward and
backward azimuthal zones increases. A set of data generated by a Monte Carlo code
based on the Ultra Relativistic Quantum Molecular Dynamics (UrQMD) model has
been employed to compare the experimental results. The UrQMD model has failed to
replicate the experimental findings.
Key words: forward-backward multiplicity correlation, azimuthal angle space.

1. INTRODUCTION

The study of nucleus-nucleus interactions at high energies has been a
subject of major interest to the theoretical and experimental physicists. The
nucleus-nucleus interaction can provide valuable information on the spatiotemporal
development of multiparticle production process, which is one of the prime
interests in view of recent developments of quantum chromodynamics (QCD).
Matter described by QCD, the theory of strong interactions, may undergo phase
transitions when its temperature and chemical potential is varied. QCD at finite
temperature is studied in the laboratory by colliding heavy ions at varying beam
energies [1].
The study of large density fluctuations in high-energy interactions received
much attention due to its potential to provide a handful of information about the
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dynamics of multiparticle production process [2–3]. The inclusive single particle
cross section calculation provided the first clear indications of the presence of
saturation effects. However, more recently, the study of angular correlations
between two particles has become the area of most interest [4–14]. Two particle
correlations are in fact more sensitive than inclusive production to distinguish
between model predictions. The study of correlations among the particles produced
in different rapidity regions may provide important information to understand the
multiparticle production dynamics. Correlation studies are important for the
knowledge about the late stages of interactions. It plays a fundamental role in
extracting first information on the particle production mechanism.
It is believed that one of the signatures of a hot, dense medium expected to
appear in most central high-energy collisions of heavy ions, will be modification of
properties of jets – highly collimated streams of particles, originating from hard
scatterings of partons and therefore produced early in a collision – because of their
interactions with that medium. Unfortunately direct reconstruction of jets in the
presence of a large background of such events is an extremely a challenging task.
One possible answer to this problem is the study of azimuthal correlation. In recent
times the studies of azimuthal correlation has thus gained interest among the
physicists [15–21]. Two particle azimuthal correlations represent a powerful tool
for characterizing the transitional region between dilute and saturated partonic
systems. Studies of azimuthal correlation in terms of collective flow, azimuthal
anisotropy and elliptic flow have become important research topics in recent years
[22–26]. Since the first data were taken at RHIC, one of the most important
experimental signatures of the QGP has been the azimuthal anisotropy in
correlations between detected particles. In particular, the large value of the socalled ‘elliptic flow’ observable, indicating strong collective behavior of the
collision system, has been one of the most important and most studied
measurements. It provided one of the strongest pieces of evidence leading to the
conclusion that a strongly coupled, low-viscosity, QGP medium is created in these
collisions. Elliptic flow refers to a second Fourier component of the azimuthal
distribution of emitted particles. When two identical nuclei collide at a finite
impact parameter, the overlap region is an oblong shape in the transverse plane. In
the standard picture, the system comes to an approximate local equilibrium and
expands according to (viscous) hydrodynamics. The elliptic asymmetry in the
initial state is transformed during the collective expansion into an asymmetry in the
final momentum distribution of the detected particles. The efficiency of this
transformation is sensitive to medium properties such as viscosity.
In the context of correlation study, it is to mention that the study of forwardbackward pseudo-rapidity correlation in the nucleus–nucleus interactions at
relativistic and ultra-relativistic energies has received considerable experimental
and theoretical attention over the last decade [27–34]. The study of fluctuations and
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correlations in forward and backward pseudo-rapidity windows has been suggested
as a useful means of revealing the mechanism of particle production. The
experimental study of forward-backward pseudo-rapidity correlations becomes a
hot topic in relativistic heavy ion collisions with the availability of high
multiplicity event-by-event measurements at the CERN-SPS and BNL-RHIC
experiments. In comparison to that, so far, no attempts have been to study the
correlation among the produced particles in the forward and backward azimuthal
region in high-energy nucleus-nucleus interactions.
The study of forward-backward azimuthal correlation could be interesting
and physics output extracted from such an analysis may be helpful in revealing the
dynamics of particle production mechanism. The goal of our present study is to
search for forward-backward azimuthal correlation among the produced pions in
high-energy nucleus-nucleus collisions. In this paper, therefore, we have presented
a detailed picture of forward-backward azimuthal correlation among the pions
produced in 32 S  AgBr interactions at 4.5 AGeV/c, 28Si  AgBr interactions at 4.5
AGeV/c, 16O  AgBr interactions at 4.5 AGeV/c and 22 Ne  AgBr interactions at
4.1 AGeV/c. The experimental results have also been compared with the results
obtained from the analysis of event sample generated by the UrQMD model in
azimuthal angle   space for all the interactions.

2. EXPERIMENTAL DETAILS

The present analysis is based on the interactions of 32S projectiles at an
incident momentum of 4.5 AGeV/c, 28Si projectile at 4.5 AGeV/c, 16O projectile
at 4.5 AGeV/c and 22 Ne projectile at the incident momentum of 4.1 AGeV/c with
AgBr as target present in nuclear emulsion. The data were obtained by exposing
the stacks of NIKFI-BR2 emulsion pellicles of dimension 20 cm  10 cm
 600  m horizontally to 4.5 AGeV/c 32S , 28Si , 16O beams and to 4.1 AGeV/c
22

Ne beam at Dubna Synchrophasotron. The intensity of the irradiation was

10 3  10 4 particles/cm2. The beam diameter was about 1 cm. Along the track
double scanning was carried out fast in the forward direction and slowly in the
backward direction. “Along the track” scanning method gives reliable event
samples because of its high detection efficiency [35–37]. Scanning was performed
in 100  magnification. Two independent observers scanned each plate so that
biases in detection, counting and measurements can be minimized. This process
helps us to obtain a scanning efficiency more than 99%. Charge evaluation by delta
rays and/or blob counting were carried out on usual scanning microscopes and
geometrical measurements were done on the special microscope KSM
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(Kernspurmessmikroskop) made by Karl Zeiss Jena. The final measurements were
carried out with the help of an oil-immersion objective of 750  magnification.
Events were chosen according to the criteria mentioned below:
a) The incident beam track would have to lie within 3o from direction of the
main beam in the pellicle. This criterion ascertains that the real projectile
beam has been selected for the analysis.
b) Events showing interactions within 20 m from the top and bottom surface
of the pellicle were rejected. Rejection of such events reduces the losses of
tracks and minimizes the uncertainties in the measurements of emission
and azimuthal angles.
c) All the primary beam tracks were followed in the backward direction to
ensure that the events chosen did not include interactions from the
secondary tracks of the other interactions.
According to the terminology of nuclear emulsion, particles emitted from an
interaction (called an event or a star) are classified into four categories, namely the
shower particles, the grey particles, the black particles and the projectile fragments
[38]. Characteristics of these particles are given below.
Shower particles. The tracks of particles having ionization I less or equal to
1.4I0 are called shower tracks. I0 is the minimum ionization of a singly charged
particle. Shower particles are mostly pions (about more than 90%) with a small
admixture of kaons and hyperons (less than 10%). Nuclear emulsion track detector
cannot distinguish among pions, other mesons and hyperons. Estimation of
percentage of kaons, hyperons or other mesons along with pions in nuclear
emulsion can be done by applying any event generator [39]. In one of our papers
[39], we have applied the Ultra Relativistic Quantum Molecular Dynamics
(UrQMD) model to calculate the percentage of kaons, hyperons and other mesons
along with pions in nuclear emulsion for 32 S  AgBr interactions at
4.5 AGeV/c, 28Si  AgBr interactions at 4.5 AGeV/c, 16O  AgBr interactions at
4.5 AGeV/c and 22 Ne  AgBr interactions at 4.1 AGeV/c. A brief discussion on
UrQMD model will be presented later. In Table 1, we have shown the percentage
of occurrences of pions, kaons  – mesons,  – hyperons and  mesons produced
at (4.1–4.5) AGeV/c. From Table 1 it can be noted that in
22
32
Ne  AgBr interactions at (4.1–4.5)
S  AgBr , 28Si  AgBr , 16O  AgBr and
AGeV/c, (91.19±.08) % to (92.40±.10) % of the shower particles are pions and
(7.60 ± .09) % to (8.81 ± 0.09) of the shower particles are kaons  – mesons,
 – hyperons and  mesons. These shower particles are produced in a forward
cone. The velocities of these particles are greater than 0.7c, where c is the velocity
of light in free space. Because of such a high velocity, these particles are not
generally confined within the emulsion pellicle. Energies of these shower particles
lie in the GeV range. To avoid contamination between the single-charged produced
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particles and the spectator projectile protons, shower tracks falling within the Fermi
cone were excluded from our analysis. The Fermi cone is characterized by a semivertex angle  f where  f  PFermi / Pinc . Here Pinc is the incident projectile
momentum per nucleon measured in GeV/c and PFermi is the Fermi momentum in
GeV/c of the nucleons of the projectile fragments. The value of PFermi can be
calculated based on Fermi gas model of the nucleus and the numerical value of
PFermi comes out to be 0.21 GeV/c [36, 40].
Grey particles. Grey particles are mainly fast target recoil protons with
energies up to 400 MeV. They have ionization 1.4 I0  I <10 I0. Ranges of these
particles are greater than 3 mm in the emulsion medium. These grey particles have
the velocities lying between 0.3 c and 0.7 c .
Black particles. Black particles consist of both singly and multiply
charged fragments. They are fragments of various elements like carbon, lithium,
beryllium etc with ionization greater or equal to 10I0. These black particles have
the maximum ionizing power. They are less energetic and consequently they are
short ranged. In the emulsion medium, ranges of black particles are less than 3 mm.
The velocities of the black particles are less than 0.3 c . In emulsion experiments, it
is very difficult to measure the charges of the target fragments. Therefore, it is not
possible to identify the exact nucleus.
Projectile fragments. The projectile fragments are the spectator parts of
the incident projectile nucleus that do not directly participate in an interaction.
They are emitted within a very narrow extremely forward cone whose semi-vertex
angle (  f  PFermi / Pinc ) is determined by the Fermi momenta of the nucleons
present in the nucleus. Having almost the same energy or momentum per nucleon
as the incident projectile, these fragments exhibit uniform ionization over a long
range and suffer negligible scattering.
Nuclear emulsion medium consists of variety of nuclei like H, C, N, O, Ag
and Br. The interaction of the projectile beam can happen with any of these nuclei.
As already mentioned that in emulsion experiment, it is very difficult to measure
the charges of the fragments emitted from the target and hence exact identification
of the target is not possible. However, we can divide the major constituent
elements present in the emulsion into three broad target groups namely hydrogen
(H), light nuclei (CNO) and heavy nuclei ( AgBr ). So in the experiments with the
nuclear emulsion track detectors, interactions can be classified depending on the
collisions of projectiles with different kinds of target e.g., hydrogen (H), light
nuclei (CNO) and heavy nuclei ( AgBr ) present in the emulsion medium. The black
and grey tracks together in an event are known as heavy tracks and are denoted by
Nh. Number of heavy tracks in an interaction is an important parameter because
target identification is done depending on the total number of heavy tracks (Nh).
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Usually events with Nh  1 have occurred as a result of collisions between the
hydrogen present in emulsion and the projectile beam. This is because when
hydrogen nucleus is the target, on collision with the projectile beam, fragmentation
of the target will occur and the only proton present in the hydrogen nucleus will be
emitted. Obviously, in this case number of heavy tracks cannot exceed one. Events
with 2  Nh  8 are due to collisions of the projectile beam with the light nuclei
(CNO). In case of interactions of the projectile beam with the light nuclei (CNO), it
is evident that maximum number of heavy tracks cannot exceed eight. This
corresponds to the largest charge of the light nucleus-the oxygen nucleus. Events
with Nh > 8 are due to collisions of the projectile beam with the heavy target
( AgBr ). It can easily be understood that when Nh > 8, it can be ascertained that the
projectile has collided with such a target whose atomic number is greater than
eight. It is clear that in this case, the target group cannot be the light target group
(CNO). It will be the heavy target group ( AgBr ). In this way by counting the
number of heavy tracks, one can determine the target group.
In this method of target identification, the separation of events for AgBr
target is quite accurate in the sample with Nh > 8 but in 2  Nh  8 there is an
admixture of CNO events and events generated from peripheral collisions between
the projectile and AgBr target. The aim of this paper is to study the non-peripheral
interactions of the projectile beam with the heavy target ( AgBr ) group. So we
have only considered Nh > 8. We are not interested to study the projectile-hydrogen
or projectile-CNO interactions. Therefore, we have not considered those events
having Nh  1 . Thus, we have excluded the events occurring due to the collision
between the hydrogen present in emulsion and the projectile beam. It has been
mentioned that we have not considered those events, which have 2  Nh  8. We
have thus excluded the CNO events and excluded any possibility of events
occurring due to peripheral collisions with the AgBr target also.
In the light of the above method of target identification, we have selected
434 events of 32 S  AgBr , 514 events of 28Si  AgBr and 1057 events of
16
O  AgBr interactions at 4.5 AGeV/c and 1584 events of 22 Ne  AgBr interactions
at 4.1 AGeV/c [39]. We have carried out our analysis in the azimuthal angle space
(  ) for the shower particles. The average multiplicities of shower tracks (mostly
pions), has been presented in Table 2 for all the four interactions. The azimuthal
angle (  )for each shower track was measured by applying simple coordinate
geometry after taking the readings of the coordinates of the interaction point (X0,
Y0, Z0), coordinates (X1 ,Y1, Z1) at the end of the linear portion each secondary track
and coordinates (Xi ,Yi, Zi) of a point on the incident beam.
Nuclear emulsion detectors offer a good angular resolution. This advantage
can be exploited when the distribution of particles in a small phase space region is
investigated. It has been pointed out in [41], when single particle distributions are
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measured, inefficiency of a detector is not a serious obstacle. A number of
undetected particles should be estimated and the single particle distribution can be
corrected easily. In the case of correlation measurements, the effect of lost particles
on the measured correlation depends on how the lost particles are correlated with
the detected ones. Since the correlation is a priori not known, it is unclear how the
observed correlation should be corrected. For this reason, the correlation
measurements should be performed where the detector efficiency is almost perfect.
Nuclear emulsion track detector is best suited for this purpose as they are capable
of registering all the produced or emitted particles in the 4π geometry.
3. METHOD OF ANALYSIS

In order to study forward-backward azimuthal correlation, the azimuthal
angle space has to be divided into two distinct zones, one is called the forward
azimuthal zone and the other one is the backward azimuthal zone. There should be
an angular gap between the two zones. Throughout our analysis, we shall call this
angular gap as azimuthal angle interval or azimuthal angle separation  .
Forward-backward azimuthal correlations are characterized by the forwardbackward correlation strength, b [29]. Forward-backward azimuthal correlations
are investigated by calculating the multiplicities of the produced charged particles
on an event-by-event basis in the forward and backward azimuthal zones. For each
event, the multiplicity of charged particles falling in the forward azimuthal zone is
compared with that of the backward azimuthal zone. Let Nf be the multiplicity of
the produced charged particles in the forward azimuthal zone and N b be the
multiplicity of the produced charged particles in the backward azimuthal zone. In
terms of Nf and N b , in azimuthal angle space, the forward-backward correlation
strength b can be defined in the same manner as defined in [27, 29]

b

N f Nb  N f
N 2f  N f

Nb
2

.

(1)

The quantities within angular brackets are event-averaged values. Putting

N f Nb  N f

N b in equation (1) we get b  0 . When b = 0, it may be said

that the charged particles have been produced randomly and independently
signifying uncorrelated particle emission. On the other hand if N b = N f in every
event, we should have b  1 i.e. occurrence of maximum correlation during the
particle production.
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4. ANALYSIS AND RESULTS

To study the forward-backward multiplicity correlation in the azimuthal
angle space, we have constructed two azimuthal zones, one from 0 to 1 and
another from  2 to  3 . The first azimuthal zone is referred as the forward
azimuthal angle zone and the second one is the backward azimuthal angle zone.
The difference between 1 and  2 is the azimuthal angular interval  . For
the present analysis, we have divided the azimuthal zone into three pairs of
forward-backward zones as illustrated below.
Initially the forward azimuthal zone has been considered from 0o to 65o and
the backward azimuthal zone has been selected from 70o to 130o. So that the
angular difference  between the two zones comes out to be 5o. Next we
decrease the forward azimuthal range by 5o keeping the backward range unaltered
so that the angular difference becomes  = 10o. Here the forward azimuthal zone
is from 0o to 60o and the backward azimuthal zone is from 70o to 130o. Following
the same procedure another azimuthal angular difference  = 15o is created. In
this case, forward azimuthal zone is from 0o to 55o and the backward azimuthal
zone is from 70o to 130o.
We have calculated the values of N f , N b , N f , N b
32

S  AgBr , 28Si  AgBr , 16O  AgBr and

22

and N f N b

for

Ne  AgBr interactions for the three

sets of forward-backward zone with  = 5o, 10o and 15o. Using relation (1) we
have computed the values of forward-backward correlation coefficient ( b ) for all
the four interactions stated above and for each values of the azimuthal angular
interval  . The values of the correlation coefficient and the values of  have
been presented in Table 3 for
22

32

S  AgBr , 28Si  AgBr , 16O  AgBr

and

Ne  AgBr interactions. From the table it is clear that the values of the forward-

backward correlation coefficient b are significantly greater than zero for all the
interactions and for all the angular separation  . Non-zero values of correlation
coefficient speak in favor of the presence of forward-backward multiplicity
correlations among the pions in the azimuthal angle space in high-energy nucleusnucleus interactions at Dubna energy. From Table 3 it can also be noted that the
values of forward-backward correlation coefficient ( b ) increase with the increase
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in  . Moreover as the higher values of b indicate stronger correlation, we may

S  AgBr interactions.
The variations of forward-backward correlation strength b as a function of
the azimuthal angle interval  are depicted in Fig. 1a for 32 S  AgBr interactions
infer that correlations among the pions are strongest for

at 4.5 AGeV/c, in Fig. 1b for

28

32

Si  AgBr interactions at 4.5 AGeV/c, in Fig. 1c

for O  AgBr interactions at 4.5 AGeV/c and in Fig. 1d for 22 Ne  AgBr
interactions at 4.1 AGeV/c. Errors shown in all the figures are purely statistical.
We have calculated the statistical error according to the formula given in [42].
For the proper understanding of the physical significance of this correlation,
it is necessary to compare the experimental results with the results obtained from
an existing event generator. The Ultra Relativistic Quantum Molecular Dynamics
(UrQMD) model [43] may be a good candidate for this purpose. Therefore, the
analysis of forward-backward azimuthal correlation has also been performed by
analyzing events generated by the UrQMD model for 32 S  AgBr ,
16

Si  AgBr , 16O  AgBr and 22 Ne  AgBr interactions. UrQMD model is a
microscopic transport theory based on the covariant propagation of all the hadrons
on the classical trajectories in combination with stochastic binary scattering, color
string formation and resonance decay. It represents a Monte Carlo solution of a
large set of coupled partial integro-differential equations for the time evolution of
various phase space densities.
The main ingredients of the model are the cross sections of binary reactions,
the two-body potentials and decay widths of resonances. This model can be used in
the entire available range of energies from the Bevalac region to RHIC. For more
details about this model, readers are requested to consult [44].
We have generated a large sample of events using the UrQMD code for
32
S  AgBr , 28Si  AgBr , 16O  AgBr and 22 Ne  AgBr interactions. Taking Ag
and Br nuclei as target, events were generated separately for each target. According
to the proportional abundance of Ag and Br nuclei present in the nuclear emulsion,
the generated events were mixed with each other in order to get the desired
UrQMD data sample. We have also calculated the average multiplicities of the
shower tracks (mostly pions) for all the interactions in case of the UrQMD data
sample. Average multiplicities of the shower tracks in case of UrQMD data sample
have been presented in Table 2 along with the average multiplicity values of
shower particles for the experimental events. Table 2 shows that the average
multiplicities of the shower tracks for the UrQMD events are comparable with
those of the experimental values for all the interactions.
28
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The analysis of multiplicity correlation in forward and backward azimuthal
zones has been repeated for the data sample generated by the UrQMD model in
case of 32 S  AgBr , 28Si  AgBr , 16O  AgBr and 22 Ne  AgBr interactions. We
have divided the total azimuthal zone into three same pairs of forward-backward
zone as in the case of experimental study and calculated the correlation coefficient
b for each values of  and for each interaction. The values of the forwardbackward correlation coefficients ( b ) have been tabulated in Table 3 for all the
interactions along with the corresponding experimental values. From Table 3 it is
seen that the correlation coefficients in case of UrQMD data sample are less than
those of their experimental counterparts. The correlation co efficient values for the
UrQMD data sample are found to increase with the increase of  . Our analysis
with the UrQMD data sample signifies that the UrQMD model cannot reproduce
the experimental results. It may therefore be concluded that the experimental data
reveals the true dynamical signal. In order to have a clear comparison, the
variations of forward-backward correlation strength b as a function of the
azimuthal angle interval  for the UrQMD generated data are presented in Fig.
1a for

32

S  AgBr interactions, in Fig. 1b for

28

Si  AgBr interactions, in Fig. 1c

for 16O  AgBr interactions and in Fig. 1d for
respectively along with the experimental values.

22

Ne  AgBr

interactions

Table 1
The percentage of
UrQMD model for

 – mesons, kaons,  – mesons,  – hyperons and 

32

mesons obtained from

S  AgBr interactions at 4.5 AGeV/c, Si  AgBr interactions at 4.5 AGeV/c,
22
Ne  AgBr interactions at 4.1 AGeV/c
28

O  AgBr interactions at 4.5 AGeV/c and

16

Particle
Produced
% of π – mesons
produced
% of Kaons
produced
% of ϕ –mesons
produced
% of Λ –
hyperons
produced
% of η mesons
produced

32

S – AgBr

4.5 AGeV/c

Interactions
16
–
Si AgBr
O – AgBr
4.5 AGeV/c
4.5 AGeV/c

28

22

Ne – AgBr
4.1 AGeV/c

(91.44±.13)%

(91.78±.11)%

(92.40±.10)%

(91.19±.08)%

(4.01±.07)%

(3.80±.06)%

(3.43±.05)%

(4.86±.04)%

(1.96±.04)%

(1.85±.03)%

(1.58±.01)%

(1.59±.01)%

(1.49±.04)%

(1.44±.03)%

(1.45±.02)%

(1.36±.03)%

(1.08±.02)%

(1.11±.01)%

(1.11±.01)%

(0.99±.01)%
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Table 2
The average multiplicities of the shower particles (mostly pions) for all the interactions
in case of the experimental and the UrQMD data
Average multiplicity of shower tracks

Interactions

Experimental data

UrQMD data

S  AgBr (4.5AGeV/c)

28.04  0.14

30.83  0.17

Si  AgBr (4.5AGeV/c)

23.62  0.21

27.55  0.22

O  AgBr (4.5AGeV/c)

18.05  0.22

17.79  0.21

Ne  AgBr (4.1AGeV/c)

20.96  0.12

20.92  0.16

32

28
16

22

Table 3
The forward-backward correlation coefficient b for different  values in case of experimental and

S  AgBr interactions at 4.5 AGeV/c, 28Si  AgBr interactions at 4.5
AGeV/c, O  AgBr interactions at 4.5 AGeV/c and for 22 Ne  AgBr interactions at 4.1 AGeV/c

UrQMD generated data for

32

16

Interactions
32

S  AgBr interactions at
4.5AGeV/c

28

Si  AgBr interactions at
4.5AGeV/c.

O  AgBr interactions at

16

4.5AGeV/c

22

Ne  AgBr interactions at
4.1AGeV/c



correlation coefficient b
in degree
Experimental

UrQMD

5

.456  .010

.162  .006

10

.483  .013

.172  .007

15

.515  .014

.183  .009

5

.376  .015

.179  .008

10

.381  .017

.189  .009

15

.397  .020

.199  .010

5

.347  .015

.179  .007

10

.358  .017

.190  .009

15

.362  .018

.202  .010

5

.450  .013

.179  .005

10

.472  .016

.190  .007

15

.492  .017

.199  .008
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Fig. 1 – The variation of the correlation coefficient b against the angular difference between forward
and backward azimuthal zone  in case of a) 32 S  AgBr interactions at 4.5 AGeV/c;

Si  AgBr interactions at 4.5 AGeV/c; c) 16O  AgBr interactions at 4.5 AGeV/c;
Ne  AgBr interactions at 4.1 AGeV/c for both the experimental and UrQMD data.

b)

28

d)

22

5. DISCUSSION ON SYSTEMATIC ERRORS

Before going to the conclusion of our analysis, it would be relevant to
present a discussion on systematic errors of the data. Detailed analysis on
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systematic errors for the same data set has been presented
in our earlier
publication [39]. From our previous paper, we find that one of the sources of
systematic errors in emulsion plate can arise from the scanning and measurement
procedure. It has been mentioned earlier that the technique adopted in order to find
all the interactions was “Along the track” scanning technique. “Along the track”
scanning procedure helps us to obtain a scanning efficiency of more than 99%.
Therefore, the contributions to the systematic errors arising from the scanning and
measurement procedure are less than 1%.
Systematic errors may also be introduced due to the presence of background
tracks in nuclear emulsion detector. The background tracks can arise due to the
decay of radioactive contamination, such as thorium present both in emulsion and
in their glass backings [45]. Some of such tracks may also be caused by the cosmic
radiations during the time of exposure. But to confuse a background track with the
tracks coming from an event, the track has to originate from the interaction vertex
– the chance of which is only accidental. Moreover, the volume occupied by all
interaction vertices in an emulsion plate is negligibly small with respect to the total
volume of the plate. Keeping these points in mind, the chance of a mix-up between
tracks originating from an event, with the tracks caused by background radiations
are very very small.
To the readers the issue of background contamination in emulsion detector
due to production of electron pair tracks may be an important issue to be addressed.
However, the electron pair tracks produced through γ – conversion do not emanate
from the interaction vertex, but are produced at a distance from the vertex after
traveling through certain radiation lengths. In order to eliminate all the possible
backgrounds due to γ overlap (where a γ from a  0 decay converts into e  e  pair)
close to shower tracks near vertex, special care was taken to exclude such

e  e  pairs from the primary shower tracks while performing angular
measurements. Usually all shower tracks in the forward direction were followed
more than 100–200 μm from the interaction vertex for angular measurement. The
tracks due to e  e  pair can be easily recognized from the grain density
measurement, which is initially much larger than the grain density of a single
charged pions or proton track. It may also be mentioned that the tracks of an
electron and positron when followed downstream in nuclear emulsion showed
considerable amount of Coulomb scattering as compared to the energetic charged
pions. Such e  e  pairs were eliminated from the data. Therefore, any possibility of
systematic errors arising because of background tracks is negligibly small in
emulsion detectors.
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6. CONCLUSION

From our present analysis, it can be concluded that prominent forwardbackward pion-pion correlations are found to survive in the azimuthal angle space
for 32 S  AgBr interactions at 4.5 AGeV/c, 28Si  AgBr interactions at
4.5 AGeV/c, 16O  AgBr interactions at 4.5 AGeV/c and 22 Ne  AgBr interactions
at 4.1 AGeV/c. The correlation coefficient increases with the increase of azimuthal
angle interval  for all the four interactions. Experimental results have also been
compared with the UrQMD model predictions. UrQMD model cannot reproduce
the main qualitative features of azimuthal correlation. The observed discrepancy of
the obtained results with the UrQMD data sample is quite interesting. This
discrepancy establishes that the observed correlations are not merely of statistical
reason. Rather the correlation may be interpreted because of dynamical fluctuation
present in the multi particle production mechanism.
To the best of our knowledge, this is for the first time, azimuthal correlations
have been analyzed in such a way using forward and backward multiplicity
correlation technique. The observed behavior of forward-backward azimuthal
correlation may be viewed as an experimental fact. In terms of the physics
message, there are many possible sources of particle azimuthal correlations. To
arrive at some definite conclusion about the sources of forward-backward
azimuthal correlation, more higher energy data analysis is extremely important.
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