
Transition energy of neutron-rich colliding pairs in
intermediate energy heavy ion collisions

Navjot Kaur Virk∗ and Sangeeta†
School of Physics and Materials Science,

Thapar University, Patiala - 147004, INDIA

Introduction

Elliptic flow can be descripted as the az-
imuthal momentum space anisotropy of the
particles emitted from non-central collisions
of heavy-ions in the reaction plane that is
transverse to the direction of beam. It is
defined as the second harmonic coefficient of
the azimuthal Fourier decomposition of the
momentum distribution [1]. Mathematically,
it is equal to the average difference between
the squared transverse momentum of the par-
ticles in the x and y directions, i.e., v2 =

⟨cos(2ϕ)⟩ = ⟨p
2
x−p2

y

p2
x+p2

y
⟩. At low incident energies,

the ϕ distribution is peaked at 0o and ±180o

i.e. the elliptical flow is in-plane (or v2 > 0),
and with rise in the incident energy, the ϕ dis-
tribution is peaked at ±90o i.e. the elliptical
flow is out-of-plane (or v2 < 0). The partic-
ular point of energy at which the transition
from in-plane to out-of-plane occurs or the
value of elliptical flow becomes zero is termed
as transition energy (Etrans). The transition
energy could also be interpreted as the en-
ergy at which the participant zone counter
balances the spectator zone passing time in
the mid-rapidity region (| Yc.m.

Ybeam
| 6 0.1). In

previous studies, the transition energy has
been reported by many authors for stable nu-
clei as a function of system mass, central-
ity, fragment type, and scaled momentum and
many useful conclusions have been extracted
[1]. The influence of isospin degree of free-
dom in highly isospin asymmetric nuclei on
the transition energy is still an untouch area.
However, the N/Z dependence of the transi-
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tion energy is documented earlier for the iso-
baric systems upto N/Z=2 and for isotopic
pairs upto N/Z=1.3 only [2]. The availability
of various accelerator facilities [3] for the nu-
clei away from the stability line has directed us
to made a study for the transition of the ellip-
tical flow for various neutron-rich colliding nu-
clei. In this paper, we calculate the transition
energies for the colliding systems with N/Z
upto 2 (neutron-rich) for free nucleons (FNs),
light mass fragments (LMFs), and intermedi-
ate mass fragments (IMFs) and also calculate
the percentage difference between the tran-
sition energies of neutron-rich and neutron-
poor (N/Z=1) colliding pairs. The study is
accomplished using isospin-dependent quan-
tum molecular dynamics (IQMD) model, in
which the isospin effects are taken into ac-
count through the Coulomb potential, sym-
metry potential and isospin-dependent cross-
section. More details of the model are clearly
documented in ref.[4].

Results and Discussions
The reactions of A1

28 Ni +A1
28 Ni; A1=58,

72, 84, A2
40 Zr +A2

40 Zr; A2=81, 104, 120 ,
A3
50 Sn+

A3
50 Sn; A3=100, 129, 150 and A4

54 Xe+A4
54

Xe; A4=110, 140, 154 having N/Z=1.0, 1.6,
and 2 are simulated for impact parameter of
b/bmax = 0.3 with a soft equation of state
and reduced isospin dependent cross-section
(σ = 0.9σfree

nn ). The choice of these reac-
tions is guided by ref. [5]. The phase space
created using IQMD model is examined with
minimum spanning tree method [6]. Figure 1
displays the transition energy as a function of
isospin content of the colliding pair for the re-
actions of Ni+Ni, Zr+Zr, Sn+Sn, and Xe+Xe.
With increase in N/Z value, mass of the sys-
tem also increases i.e. number of neutrons (for
isotopic series here) which are affected by the
symmetry energy and isospin dependent cross-
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FIG. 1: Dependence of the transition energy on
the isospin content of the colliding nuclei for (a)
FNs (b) LMFs and (c) IMFs.
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FIG. 2: The percentage difference △Etrans(%)
between neutron-poor and neutron-rich colliding
nuclei.

section. The figure depicts that the transition
energy is greater for the neutron-poor collid-
ing partners and lower for those of neutron-
rich ones. This could be attributed due to
many reasons: Firstly, for a given series of
isotopic systems (fixed Z), Coulomb poten-
tial plays an equally important role. So, here
the dominant role is played by the symme-
try energy and the isospin dependent cross-
section. Secondly, for the isospin asymmetric
systems, large neutron content will give rise to
the significant contribution of repulsive sym-
metry energy. This repulsive nature of the
symmetry energy gives extra push to the par-
ticipant matter in out-of-plane direction. This

helps in the earlier balancing of the participant
and spectator matter passing time, thereby re-
ducing the transition energy. And, the isospin
dependent cross-section (σnp = 3σnn or 3σpp)
enhances the binary collisions and its contri-
bution is maximum in the neutron-rich collid-
ing nuclei thereby increasing the squeeze-out
flow which in effect reduces the transition en-
ergy.
The nature of the transition energy with in-
crease in the isospin asymmetry is consis-
tent for all the fragments under study, but
as proved earlier also , the transition energy
is quite lower for the fragments with heavier
mass [2]. The relative difference in the transi-
tion energy of the neutron-poor and neutron-
rich colliding pairs is calculated as

∆Etrans(%) =

∣∣∣∣∣∣
[Etrans](N/Z=1) − [Etrans](N/Z=2)

[Etrans](N/Z=1)

∣∣∣∣∣∣ ∗ 100.

(1)

and is displayed in figure 2. For all the systems
under study, this difference is considerable to
be taken into account in order to report and
compare the various aspects of the fragmenta-
tion structure at the transition energy for the
neutron-poor and neutron-rich colliding part-
ners.
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