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Abstract: The studies particle correlations for the multiparticles emitted in the interactions of $ˆ{12}$
C, $ {̂16}$O, $ {̂28}$Si (4.5 A GeV/c), and ${̂22}$Ne (4.1 A GeV/c) projectiles with emulsion have
been investigated in both of the pseudorapidity interval and the azimuthally interval . The results showed
the formation of hadronic or baryonic cluster which may reflect the sideward flow of nuclear matte.

Introduction

Analysis of correlations and fluctuations plays an
important role in studies of the colored medium
produced in ultra relativistic heavy-ion collisions
[1–3]. In-medium modification of patron scat-
tering and fragmentation of energetic patrons by
the bulk medium produced in heavy-ion colli-
sions may significantly alter large-momentum-
scale two-particle correlations relative to those ob-
served in p–p collisions. Large-momentum scale
correlations may result from initial-state multiple
scattering [4,5], in-medium dissipation of scattered
energetic patrons [6] and hadronization of the col-
ored medium to final-state hadrons . J. Adams et
al . [7], present the first measurements of charge-
dependent correlations on angular difference vari-
ablesη1 − η2 (pseudorapidity) and(φ1− φ2) (az-
imuth) for primary charged hadrons with trans-
verse momentum0.15 ≤ PT ≤ 2GeV/c and
|η| ≤ 1.3 from Au–Au collisions. The motiva-
tion of studying high energy nucleus-nucleus in-
teraction is to learn about the space-time develop-
ment of high-energy reactions within very small
distances and short time from impact. At very high
energies, the projectile does not have a chance to
terminate an interaction with a nucleon before it
starts to reach with another. This should produce
an intensive mixing of color degrees of freedom
of nucleons forming a quark-gluon plasma (QGP)
domain or clusters. The decolouring process needs
certain time during which an intermediate system
may be formed. This hadronic excited cluster may

collect target nucleons in its way inside the nu-
cleus, which leads to observation of baryonic clus-
ters in the process of target nucleus destruction
[8]. The study of correlation effects in heavy-ion
collisions at high energies gives valuable informa-
tion about the mechanism of interaction forming
a multiparticle production and a hot nuclear mat-
ter. The search for cluster formation in nuclear
interactions may shed light on the mechanismsof
QGP formation[9]. In the presnt work the dis-
tributions of angle intervals of shower and grey
particles emitted from the interactions12C, 16O,
28Si (4.5 A GeV/c), and22Ne (4.1 -4.5)A GeV/c
projectiles with Emulsiom nuclei. A comparison
between these experimental distributions and the
corresponding independent particle emission (lPE)
distributions was done. The study of two particle
correlations between the spatial emission angle e
of the produced particles for the same interactions
is also analyzed.

Experimental Techniques

In the investigation of the multifragmentation at
relativistic energies, the possibilities ofobserving
the final states consisting of charged fragments and
their spectroscopy are defined by the accuracy of
angular measurements. Owing to the best spatial
resolution(0.5µm),the nuclear emulsion ensures
the angular resolution of the tracks of relativistic
fragments of about1.0− 5 rad.
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Nuclear emulsion stacks of the type Br-2 were ex-
posed to different projectiles (4.1A GeV/c 22Ne
and 4.5A GeV/c12C,16O and28Si beams) at the
Dubna Synchrophasotron. The pellicles have di-
mensions of 20 em x 10 em x 600 ˜(undeveloped
emulsion). The beam flux was about lo’particles
I cm2 and its diameter was about one centime-
ter. Along the track scanning was carried out All
charged secondary particles have been classified,
according to the velocityβ = v/c, the range L in
the emulsion and the relative ionizationI ′ = I

I0
whereI is the particle track ionization andI0 is
that for a singly charged relativistic shower track
in the narrow forward cone of an opening angle
θ ˜30 [10]. The groups of particles are: shower
(s) particles having1.4 ≺ I ′ ≺ 5 (β > 0.7c),
grey(g)particles, havingI ′ > 1.4, (0.3c ≺ β ≺
0.7c),andL > 3m, these are charged recoil nucle-
ons and black(b) particles, havingL � 3mm(β <
0.3c), these are slow nucleons and nuclear tar-
get fragments .The sum ofb and g particles is
called heavily ionizing tracks producing particles”
h-particles”. The determination of the momen-
tum of s-particles emitted withinθ < 30 enables
the separation of produced pions from the non-
interacting single-charged particle fragment [11,
12]. The grey particles emitted withinθ ≤ 30 and
havingL > 2cm are considered to be projectile
ftagments havingZ = 2. Theb-particles ofθ ≤ 30

andL > 1cm .are due to projectile fragments hav-
ing Z � 3. Thus all the particles have been ad-
equately divided into projectile fragments; target
fragments and the generated shower particles.

Results and discussion

To search for hadronic clusters we can use the
quantitative method of pseudo rapidity intervals
∆η .For this purpose the pseudorapidityη =
−Intan(θ/2) was calculated for each shower par-
ticle produced in 4.1A GeV/c22Ne-Em and 4.5A
GeV/c 12C and28Si method, the∆η distribution
should be uniform in the studied range of∆η. In
the present work, the∆η-distribution was found to
be flat, within experimental errors, in the range of
η = 0.56− 3.07. This enable us to use the quanti-
tative method of .∆η in the given range, where

(∆η)k
ij = ηi − ηj . (1)

The quantity(∆η)k
ij means the pseudorapidity in-

terval between thei− th andj − th particles such
that k particles are laying between them(i 6= j, i,
j = 1, 2) .The values of∆η were resealed in each
event such that

(∆η)k
ij = (ηi − ηmin) /(ηmax − ηmin) (2)

Taking values from zero to unity, whereηmin and
ηmax are the minimum and maximum values ofη
in the considered event. If the shower particles are
emitted independently and no correlations exist be-
tween them, theirη distribution will have a bino-
mial shape, so that the Independent Particle Emis-
sion (IPE)∆η -distribution is given by

dNn
k

dη
= Ck

n−1ηk(1− η)n−k−1 (3)

WhereCk
n−1 = (n − l)!/k!(n − k − l)! ,The nor-

malized∆η- distributions were obtained for dif-
ferent values of n and k. A deviation between
the positions of maxima of the experimental∆η-
distribution and the IPE one was observed.

From these figures, it is seen that the experimen-
tal ∆η-distribution (histogram) is shifted to the
left, i.e. to the lower values of∆η with respect
to the IPE one (solid curve). This is indicates
a correlation between the emitted shower parti-
cles in the considered interval which may be in-
terpreted as a formation and a subsequent decay of
a big hadronic cluster during the multiple produc-
tion process. This consistent with the formation
of excited hadronic cluster, which acquires greater
size while moving inside the target nucleus[11]. To
investigate whether the motion of hadronic clus-
ter inside the target nucleus is accompanied by a
baryonic one, which may be, formed from the tar-
get nucleus nucleons[8], the same mathematical
method utilized in searching for hadronic cluster
was used. So for each event we defined the az-
imuthal angle intervalsφk

ij for the grey particles
putting φ in eq.(1) instead ofη, making sure that
the (∆φ −distribution of grey particles is uniform.
The IPE(∆φ)k

ij distribution is obtained according
to eq. (2).
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Figure 1: (a, b) were selected for presentation to il-
lustrate this deviation for22Ne- ,28Si,respectively.

(∆φ)k
ij = (φi − φmin) /(φmax − φmin) (4)

From these figures, it is observed that there is a
shift of experimental∆ϕg−distributions to the left
from that of IPE one. This indicates the existence
of strong correlation between grey particles which
may be due to the formation of baryonic cluster
which is consistent with the previous data [10].
Also the two particle correlation can be investi-
gated using the normalized two-particle correlation
function,

R2(η1, η2) = [NineN2(η1, η2)/N1(η1)N2(η2)−1]
(5)

WhereNine is the total number of events in the
sample ,N1(η1) andN2(η2) are the total number
of particles for all events,N2(η1, η2) is the total
number of particle pairs with one particle atη1 and
the other atη2 in the same event, summed over all
events. A non-zero value ofR2(η1, η2) means that
the particles considered are correlated.

Figure 2: (a, b ) show the experimental azimuthal
angular intervals∆ϕg−distributions for grey par-
ticles together with the corresponding IPE ones for
the previously ment ioned interactions.

Figure 3: represents the dependence ofR2(η1, η2)
on (η1) 22Ne,12C and28Si-Em interactions.
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Figure 4: shows the dependence ofR2(η1, η2)
on(η1−η2)for the same interactions.

From Figures(3,4) it is seen that there is a relatively
strong correlation at lower values of pseudorapid-
ity. At higher values of the rapidity this correlation
disappears.

Conclusions

From the study of the interactions of12 C, 16O,
28Si (4.5 A GeV/c), and22Ne (4.1 A GeV/c) pro-
jectiles with emulsion has been observed in the
pseudorapidity distribution for shower particles.A
similar correlation has been observed in the az-
imuthal angle distribution for grey particles. These
correlations may indicate to the formation and
the subsequent decay of big hadronic and bary-
onic clusters.This interpretation is consistent with
a physical pic ture in which a hetrophase state of
hadronic and quarkgluon plasma has been formed
during the collisions of heavy ions with nuclei at
high energies. The formation of a big baryonic
cluster may explain the phenomenon of complete
destruction of heavy target nuclei. The two par-
ticle correlation function, in the rapidity space, is
positive except in the projectile fragmentation re-
gion, i.e. the most forward region (at high values
of pseudorapidity).
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Table (I) show the values of (∆ηmax) for the Ex-
perimental and IPE distributions for12C,16O ,22Ne
and28Si with Ag(Br) interactions.

N K Projectile ∆ηEX ∆ηIPE D
30 13 12C 0.25 0.30 0.05
30 20 12C 0.30 0.37 0.07
30 13 16O 0.31 0.39 0.08
30 20 16O 0.38 0.47 0.09
30 13 22Ne 0.35 0.45 0.10
30 20 22Ne 0.60 0.75 0.15
30 13 28Si 0.35 0.45 0.10
30 20 28Si 0.55 0.65 0.10

whereD = ∆ηIPE −∆ηEX .
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