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Introduction

Nuclear Physics in general and heavy-ion
collisions in particular is of central interest in
investigating the matter under the extreme
conditions of temperature and compression.
Among the different observables, collective
flow and its various forms enjoys a special
status, due to its sensitivity towards model
ingredients that define equation of state. The
elliptical flow, which is the squeeze out of
spectator matter out of the reaction plane,
is more suited to study the collective flow,,
as compared to the directed flow, which is
constrained only along the reaction plane.

Elliptical flow which is highly sensitive to-
wards symmetry energy, provides us the op-
portunity to study the pressure which is gen-
erated very early in the reaction. The form
and strength of the symmetry energy is one of
the hot topics these days. The term symme-
try energy which is taken as 32 MeV, implies
an estimate of the energy cost to convert all
the protons to neutrons in nuclear matter at
a fixed density of 0.16fm−3. So it is an im-
portant goal of the heavy-ion physics to ex-
tract information about the symmetry energy
of the nuclear matter at densities higher and
lower than the normal nuclear matter density.
The equation below gives us the theoretical
conjecture of how the symmetry energy varies
against ρ[1].

E(ρ) = E(ρo)(ρ/ρo)γ (1)
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γ tells us about the stiffness of the symme-
try energy[1]. Aim of the present study is to
pin down the Elliptical flow for the various
forms of the density dependent symmetry
energy.

The Model

Our calculations are carried out within
the framework of Isospin dependent Quantum
Molecular Dynamics (IQMD) model which is
an extended form of the QMD model [2]. The
isospin quantum molecular model (IQMD) [2]
is a semi-classical model which describes the
heavy-ion collisions on an event by event ba-
sis. For more details, see ref. [2].
In IQMD model, the centroid of each nucleon
propagates under the classical equations of
motion [2]

d~ri

dt
=

dH
d~pi

;
d~pi

dt
= − dH

d~ri
· (2)

The H referring to the Hamiltonian reads as:

H =
∑

i

p2
i /2mi + V ij

Y ukawa + V ij
Coul + V ij

skyrme+ V ij
symm·

(3)

Preliminary Results

For the present analysis simulations are car-
ried out for several thousand events for the
system Au197

79 + Au197
79 at the incident en-

ergy of 100 MeV/nucleon, for the different
parametrizations of the density dependence of
the symmetry energy. The elliptical flow is
defined as the average difference between the
square of the x and y components of the trans-
verse momentum. Mathematically, it can be
written as[3],
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FIG. 1: Transverse momentum dependence of el-
liptical flow, summed over the entire rapidity dis-
tribution, at b = 5 fm, for different parametriza-
tions of the density dependence of the symme-
try energy. The top and bottom panel represents
the free nucleons(FN’s) and light charged parti-
cles(LCP’s) respectively .

v2 = 〈 p2
x − p2

y

p2
x + p2

y

〉 · (4)

where px and py are the x and y com-
ponents of the momentum. The px is in
the reaction plane and py is perpendicular
to the reaction plane. In fig.1, we display
the final state elliptical flow for the free
particles(upper panel), light charged parti-
cles(LCP’s)[2 ≤ A ≤ 4](lower panel) as a
function of transverse momentum(Pt), for the
different parametrizations of the density de-

pendence of symmetry energy i.e. 32(ρ/ρo)γ ,
for γ= 0.66, 1.33 and 2 respectively. This
elliptical flow is integrated over the entire
rapidity range. Gaussian-type, behaviour
is observed for all the forms of the density
dependence of the symmetry energy i.e. for
the different values of gamma.

The effect of symmetry energy is clearly
visible in the figure. At the incident energy
of 100 MeV/nucleon both the mean field and
NN(nucleon-nucleon) collision contributes to-
wards the dynamics of the reaction. The el-
liptical flow seems to be more sensitive to-
wards the various forms of the density depen-
dence of the symmetry energy for the light
charged particles as compared to the free nu-
cleons. The trends observed through our sim-
ulations shows the weaker squeeze out flow for
the larger values of gamma. The very stiff
form of symmetry energy i.e. γ = 2, corre-
sponds to the maximum positive value of el-
liptical flow. Indeed, in case of LCP, the very
stiff symmetry energy i.e. γ = 1.33 and 2 does
not seems to affect the squeeze out flow on a
large scale.
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