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Introduction
The heavy-ion Physics community’s signifi-

cant goal is to characterize the hot and dense
QGP (Quark-Gluon Plasma) matter formed
during the heavy-ion collisions experiment.
The QGP fireball formed in such experiments
collectively expands in the direction perpen-
dicular to the beam axis and is termed as the
transverse flow. Flow in relativistic heavy-
ion collisions signifies the variation of energy,
momentum, and the number of particles pro-
duced in the system with direction. One sig-
nificant discovery of the Relativistic Heavy
Ion Collider (RHIC) is the detection of the
colossal amount of azimuthal anisotropy in the
hadron transverse momentum (pT ) distribu-
tion in a non-central collision, termed as the
elliptic flow [1]. There are three types of flow:
symmetric radial flow, asymmetric direct, and
elliptic flow. The elliptic flow provides in-
formation on how the flows are distributed
unequally in different expected directions on
viewing along the beam line. In our study, a
microscopic transport model UrQMD 3.4 [2, 3]
is used. The elliptic flow v2(pT ) is character-
ized as the second harmonic coefficient in the
fourier expansion of the azimuthal distribu-
tion [4]. The coefficients of such expansion
can be calculated as,

vn = 〈cos[n(φ− ψn)]〉 (1)

where v1 and v2 corresponds to the direct
and the elliptic flow. The angular brackets
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FIG. 1: Particle distribution at collision energy
200AGeV generated from UrQMD simulation rep-
resented in centrality percentile.

represent an average over all the particles,
summed over all the events. The angle φ de-
notes the azimuthal angle, and ψn is the reac-
tion plane angle. In the UrQMD model, ψn is
fixed at zero degrees. In this paper, we pro-
pose to study the variation of elliptic flow with
different centrality bin selections.

Results and Discussions
This paper considers two different collision

system: Au-Au and Pb-Pb collisions at an
energy of 200 AGeV. The properties of such
a collision system are studied by classifying
the collisions in different centrality bins, which
are theoretically characterised by the impact
parameter ’b’. Then the centrality is distin-
guished using the factor πb2/π(2R2

A), RA be-
ing the nuclear radius [5]. The selection and
the use of different centrality bins in this paper
are shown in Fig.1.

With the centrality selections as above we
plot the variation of v2 with pT in differ-
ent centrality bins in Fig.2. We select pions,
kaons and protons because the flow of pions
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FIG. 2: Elliptic flow v2(pT ) for pions, kaons, and
protons in 200 AGeV Au+Au collisions at differ-
ent centrality bin.
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FIG. 3: Elliptic flow v2(pT ) for pions, kaons, and
protons in 200 AGeV Pb+Pb collisions at differ-
ent centrality bin.

and kaons signalise different properties of the
produced particles during the heavy-ion colli-
sions, whereas the flow of protons describe the
behavior of nuclear matter.

From Fig.2 and Fig.3 it can be concluded
that there is an increase in v2 values with
pT irrespective of their centrality bin selec-
tion. The larger the particle’s momentum,
the faster it gets away from the collision zone.
Moreover, these particles with higher energy
carry information about the earliest stage of
the collision, where the asymmetry produced
in the phase space is highly prominent. Also,
the figure depicts an exact mass ordering be-

tween baryons and mesons. Evidently, these
figures outline the centrality dependence of el-
liptic flow v2. Fig.4 illustrates the dependency
of v2 with centrality bin selection.
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FIG. 4: Centrality dependence of the elliptic flow
for pion, kaon and proton at 200 AGeV for (a)
Au+Au and (b) Pb+Pb collisions.

Fig.4 shows negligible elliptic flow in the
case of 0% centrality and increases up to a
maximum value at around the mid-central re-
gion and decreases towards higher centrality.
The former indicates that the particles are re-
leased isotropically from the central collision
region, and the anisotropicity increases with
the increase in centrality, resulting in higher
values of v2. The latter shows the depen-
dency of v2 with the particle density, which is
maximum in the case of the central collisions
and decreases towards peripheral collisions.
Hence, elliptic flow is much more pronounced
in the mid-central region, i.e., semi-peripheral
collisions observed at mid-rapidities, and is al-
most negligible in central and peripheral col-
lisions.
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