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Introduction

The ultimate goal of nuclear physics com-
munity at intermediate energies is to under-
stand the nuclear equation of state (EoS) as
well as in-medium nucleon nucleon (nn) cross-
section. A considerable progress has been
made in determining the EoS of nuclear mat-
ter, however strength of in-medium nn cross-
section has still been a topic of debate [1–4].
In the literature a variety of cross-section have
been used by various authors according to the
need of the their studies. At the same time
comparisons of different types of cross-sections
has also been made. Kumar et. al. [1] carried
out the analysis of constant, energy-dependent
Cugnon and G-matrix cross-section by taking
collective flow as a probe. Also in an another
study, they found effect of different nn cross-
section on the muntiplicity of IMF’s over the
whole range of energy and colliding geometry
[2]. Zhang and Li [3] showed the sensitivity
of elliptical flow towards the different density-
dependent reductions of the cross-section and
also expressed the need of 40 % density de-
pendent reduction to reproduce experimental
elliptical flow excitation function. Recently
Jain et. al. [4] showed the strong sensitivity
of isospin-dependence of cross-section on the
elliptic flow and nuclear stopping using IQMD
model. In this context the energy of vanish-
ing flow (EVF) is found to be good probe to
gather the information about nn cross-section,
as it is more sensitive to the cross-section com-
pared to different nuclear equation of states.
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In this direction theoretical studies with dif-
ferent transport models using different EoS
along with a variety of cross-sections are being
made to explain the experimental data. The
experimental mass dependence of balance en-
ergy was reproduced by Westfall et al. [5] and
Magestro et al. [6] by using soft EoS along
with 20% density-dependent reduction of the
cross-section. Recently, we reproduced the
mass dependence of balance energy for more
wider range using 20% constant reduction of
the cross-section with SMD EoS [7]. Nowhere
in the literature, the discussion of constant
reduction of the cross-section and density-
dependent reduction of the cross-section has
been done simultaneously. Here we aim to
compare the role of density-dependent reduc-
tion of the cross-section as well as constant
reduction of the cross-section on the mass de-
pendence of the balance energy throughout
the mass range between 48-270 using IQMD
model [4].

Results and discussion
For the present study, we simulated several

thousands of events of each reaction at inci-
dent energies around Ebal in small steps of 10
MeV/nucleon. In particular, we simulated the
reactions 24Mg + 24Mg, 58Cu + 58Cu, 72Kr +
72Kr, 96Cd + 96Cd, 120Nd + 120Nd and 135Ho
+ 135Ho, having N/Z = 1.0. We used soft
equation of state (with and without momen-
tum dependence) along with σ = 0.8σfree as
well as with 20% density-dependent reduction
of cross-section given by

σ = (1− αρ/ρ0)σfree. (1)

The reactions were followed till the transverse
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FIG. 1: Mass-dependence of EVF using SMD (up-
per panel) and soft (lower panel) equation of state.
Different lines corresponds to different options of
the cross-section.

in-plane flow saturates. The saturation time
varies between 150 fm/c (for lighter colliding
nuclei such as 24Mg + 24Mg) and 300 fm/c
(for heavier colliding nuclei such as 135Ba +
135Ba) depending upon the mass of colliding
pair. A straight line interpolation is used to
calculate the energy of vanishing flow.

In Fig. 1(a), we display the mass depen-
dence of the balance energy, calculated us-
ing SMD EoS state along with both options
of the cross-section (constant 20% reduction
as well as with density-dependent 20% reduc-
tion). From the figure, we see that both the
options with SMD EoS results in same EVF in
case of lighter colliding pairs, whereas the dif-
ference in the energies of vanishing flow starts
appearing as we move towards the heavier
side. We also see that density-dependent re-
duced cross section results in the lower EVF as
compared to constant reduced cross-section.
This is because of the reason that density
achieved in the heavier system is less than

one (as lower incident energies and MDI are
involved), which in turn result in less reduc-
tion of cross-section. We also know that in-
crease in cross-section results in more trans-
verse flow and hence leads to lower EVF. In
Fig 1(b), we did the same analysis but with
soft EoS. We see that balance energies calcu-
lated using different cross-section are differ-
ent for lighter cases, whereas difference disap-
pears as we move to heavier side (contradic-
tory to that observed in Fig. 1). This is due
to the absence of momentum-dependent inter-
actions (repulsive in nature) in these calcula-
tions. In Fig 1(a), momentum dependence of
mean field especially in, lighter systems does
not let the density achieved to be greater than
one, whereas in the present case, absence of
MDI leads to achievement of higher density
(i.e. ρ/ρ0 > 1) and leads to the greater reduc-
tion of cross-section compared to 20% which
in turn will increase the energy of vanishing
flow. On the other hand, in the heavier sys-
tems, density achieved in the reaction is al-
most equals to that of normal nuclear matter
density, hence leads to only 20% reduction of
cross-section that’s why we did not see any
difference in the EVF calculated using con-
stant reduced cross-section and as well as with
density-dependent reduced cross-section.

This work has been supported by University
Grant Commission (UGC), Govt. of India.

References
[1] S. Kumar et al., Phys. Rev. C 58, 3494

(1998).
[2] S. Kumar and S. Kumar Pram. J Phys.

74, 731 (2010).
[3] Y. Zhang and Z. Li Phys. Rev. C 74,

014602 (2006).
[4] A. Jain et al., Phys. Rev. C 85, 064608

(2012); ibid. C 84, 057602 (2011).
[5] G. D. Westfall et al., Phys. Rev. Lett. 71,

1986 (1993).
[6] D. J. Magestro et al., Phys. Rev. C 61,

021602(R)(2000).
[7] R. Bansal, S. Gautam and R. K. Puri

Phys. Rev. C (submitted).

Proceedings of the DAE Symp. on Nucl. Phys. 58 (2013) 335

Available online at www.sympnp.org/proceedings


