460

Proceedings of the DAE-BRNS Symp. on Nucl. Phys. 60 (2015)

Interrelation between Energy of Vanishing flow and
Transition Energy
Deepshikha,∗ Amandeep Kaur, and Suneel Kumar
School of Physics and Materials Science,
Thapar University Patiala-147004, Punjab (India)

Introduction

The appearance of collective ﬂow is one of
the key cognition in heavy ion collisions. Collective ﬂow is of various types like Radial, Directed and elliptical. This collective motion is
basically caused by the pressure gradients idiopathic during the time evolution in the collisions. In the present work, we aim to study the
interrelation between energy of vanishing ﬂow
and transistion energy at diﬀerent ﬁxed colliding geometries using diﬀerent radii of initialized nuclei. When both the attractive and repulsive interaction countervail each other at a
particular incident energy net ﬂow disappears.
This incident energy at which ﬂow disappears
is habitually called the Balance energy or energy of vanishing ﬂow (Ebal ). With increase
in incident energy, the elliptical ﬂow shows a
transition from positive to negative ﬂow. At a
particular incident energy at which transition
occurs is called transition energy (ET rans ).
For the present study, we have used diﬀerent
radius parameterizations as well as liquid drop
model (LDM ) radius. It has been known that
root mean square radius of the charge distribution increases less fast than A1/3 . In this
direction various radii parameterizations have
been proposed for the past few decades. The
diﬀerent radius parameterizations of nuclear
charge radii, apart from LDM radius are as:
First isospin nuclear charge radii formula
proposed by Ngô and Ngô [1] :
RN GO =
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[(1.1375 + 1.875 × 10−4 A1/3 )
A
N A1/3 + 1.128ZA1/3 ] (1)
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This nuclear charge radii formula take isotopic
dependence into account.
Another nuclear charge radii parameterized
form proposed by Royer and Roussear [2]
RRR = 1.2332A1/3 +

2.8961
− 0.18688A1/3 I
A2/3
(2)

IQMD Model

The IQMD model [3] is a semi classical model and an improved version of QMD
model [4]. The nucleons of target and projectile interact by two and three body Skyrme
forces, Coulomb interactions and Yukawa potential. A symmetry potential between protons and neutrons corresponding to the BethaWeizsacker formula has also been included.
The hadrons propagate using classical Hamiltonian equations of motion, which use to calculate space and momentum co-ordinate of
each nucleon after each collision are :
d⃗
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with
⟨H ⟩=

∑ p2
i
+ V tot
2m
i
i

(4)

where
V tot = VSkyrme +VY ukawa +VCoul +Vmdi +Vsym
VSkyrme , VY ukawa , VCoul , Vmdi , Vsym , respectively, are the local (two and three-body)
Skyrme, Yukawa, Coulomb, momentum dependent and symmetric potentials.
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FIG. 1: Interrelation between transition energy
and balance energy as a function of Impact parameter using various radius parameterizations,
197
for the symmetric reaction 197
79 Au +79 Au

erated pressure overcome the attractive nuclear forces. Balance energy and transition
energy indeed dependent upon impact parameters. In the central collisions the repulsive
pressure is assume to be more favourable and
participant matter can expand freely in all directions, while for non central collisions the
presence of spectator causes the appearance
of sideward-ﬂow and squeeze-out. Our theoretical calculations for Balance energy using
liquid drop model are in rather good agreement with the experimental [5] ﬁndings. It
seems that transition energy is found to be
larger than the balance energy for the whole
explored impact parameters. There is a interrelation between energy of vanishing ﬂow and
transition energy as there diﬀerences increases
with the increases in the impact parameters.

Results and discussion

For the present study, we have simulated the
197
symmetric reaction 197
79 Au +79 Au, at an incident energy range between 50 MeV/nucleon
to 400 Mev/nucleon and at diﬀerent ﬁxed colliding geometries.For the present analysis, soft
equation of state along with reduce nn cross
f ree
section σ = 0.9σN
N is used.
Our aim is to determine the two entities one
is balance energy and other is transition energy. The balance energy and transition energies corresponding to the sideward-ﬂow and
squeeze-out eﬀects have been calculated. Balance energy as well as transition energy is
found to decrease with the decreasing impact
parameters for all the three radius parameterizations. The increase of EBal and ET rans
with impact parameter may pinpoint that the
ﬂow issue is cognate to the energy deposited
nearby into the overlap zone of the collision,
if the local temperature is very high, the gen-
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