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Introduction

Intermediate energy region mainly deals
with the phenomenon like collective flow, nu-
clear stopping, fragmentation and isospin ef-
fects etc [1, 2]. In the present work, we aim to
study the collective flow and to find out the
strength of directed to the elliptic flow. Many
theoretical and experimental efforts have been
made in studying the collective flow in central
and peripheral colliding geometries. Collec-
tive transverse flow has been found to depend
upon the system size, incident energy, collid-
ing geometry and isospin content of the collid-
ing nuclei [3–5]. Mathematically, anisotropic
flow can be defined as the different nth har-
monic coefficient of an azimuthal Fourier ex-
pansion of the particle invariant distribution
[6].

dN

dϕ
∝ [1 + 2

∞∑
n=1

vn cos(nϕ)] (1)

where ϕ is the azimuthal angle between the
transverse momentum of the particles and the
reaction plane. In the coordinate system, we
assume the beam axis along the Z-axis and
the X-axis are labeled as an impact parame-
ter axis. The first harmonic coefficient v1 rep-
resents the directed flow, second harmonic co-
efficient v2 represents elliptic flow represented
by following equations.

v1 = ⟨cosϕ⟩ = ⟨px
pt

⟩ (2)

v2 = ⟨cos 2ϕ⟩ = ⟨
p2x − p2y

p2t
⟩ (3)
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where, px and py are respectively, the pro-
jection of nucleon momentum both parallel
and perpendicular to the reaction plane and

pt =
√
p2x + p2y, is the transverse momentum.

The present study is windup within the
isospin-dependent quantum molecular dynam-
ics (IQMD) model [7]. The phase space of nu-
cleons generated using IQMD model has been
analyzed using the minimum spanning tree
(MST) [8] clusterization algorithm.

Results and discussion

For the present analysis, simulations have
been carried out for the reaction 197

79 Au +197
79

Au for the impact parameter range 0.28 <

b̂ ≤ 0.39. Here, b̂ = b/bmax with bmax =

1.12(A
1/3
1 + A

1/3
2 ). As we are interested in

two most important flow observables i.e., di-
rected flow < v1 > and elliptical flow < v2 >
therefore, we have divided the entire rapidity
into bins, where rapidity is defined as [8]

Yi =
1

2
ln

(E(i) + Pz(i)c)

(E(i)− Pz(i)c)
(4)

where E(i) and Pz(i) are the energy and lon-
gitudinal momentum of the ith nucleon, re-
spectively. Both the observables < v1 > and
< v2 > are greatly affected by the choice of ra-
pidity bins. The resultant < v1 > and < v2 >
is due to the interplay between potentials and
binary nucleon-nucleon collisions. The excita-
tion function of < v1 > determines whether
the interactions are attractive or repulsive in
nature. At low energies due to attractive scat-
tering the net flow is negative but the oppo-
site behavior is true at higher incident energies
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FIG. 1: Strength of (< v1 > / < v2 >) as a func-
tion of transverse momentum at different incident
energies.

due to repulsive interactions. Disappearance
of < v1 > occurs at a particular energy known
as balance energy [9]. Similarly the excitation
function of < v2 > shows a transition from
+ve to -ve on increasing energy. Elliptic flow
(< v2 >) becomes zero at a particular energy
known as transition energy [10]. To under-
stand the strength of these two flow compo-
nents the magnitude of both the flow compo-
nents have been extracted from mid-rapidity
zone. Fig 1, depicts the strength of directed
flow < v1 > w.r.t elliptic flow (< v2 >) at an

impact parameter 0.28 < b̂ ≤ 0.39. Strength
of < v1 > and < v2 > depends upon var-
ious factors like incident energy, impact pa-
rameter and mass of colliding systems etc. Di-
rected flow is sensitive to the earliest collisions
stage and elliptic flow is a general feature of
strongly interacting and compressed system.
The ratio of directed flow to the elliptical flow
(< v1 > / < v2 >) as a function of transverse
momentum is calculated. Analysis has been
performed above the balance energy so that
there is no effect of mean field. At these en-
ergies < v1 > increases, but < v2 > decreases

due to its disappearance around transition en-
ergy. One can also infer from the ratio that
number of nucleons involved in < v1 > are
more than in < v2 >. Slope of the curve in-
creases with energy depicts non linear increase
in nuclear flow as a function of energy. This
implies that the strength of < v1 > increases
as compared to < v2 > at all the value of
transverse momentum. The important infor-
mation that can be extracted from Fig.1, is
that while varying the incident energy from
lower to higher value, the existence of balance
as well as transition energies take place.
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