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Introduction

The nuclear density is used as an input
to calculate the ion-ion interaction potential
within the extended Thomas-Fermi approach
of Skyrme Energy Density Formalism. In
heavy-ion collisions, the addition of Coulomb
potential (VC) and nuclear potential (VN )
gives rise to the fusion barrier characteristics
(barrier height VB, barrier position RB and
barrier curvature ~ωB), which serve as crucial
input to govern the fusion cross-sections of nu-
clear reactions at the below, near and above
barrier energies.
The fusion barrier characteristics get influ-
enced by various parameters, such as defor-
mations, orientations, angular momentum, ex-
citation energy etc., which are used to de-
scribe the nuclear properties. At the opti-
mized orientations, the highest barrier height
and smallest interaction radius obtained for
hot or compact configuration. On the other
hand, cold or elongated configuration shows
lowest barrier height and largest radius [1]. In
the present work, the effect of hot and cold
optimum orientations has been investigated
on the density distribution of colliding nuclei
and the corresponding influence on the fusion
cross-sections is duly analyzed.
In the present work, the fusion cross-
sections are calculated using the extended ℓ-
summed Wong model [2] for 64Ni+100Mo and
16O+148Sm reactions, which are forming same
compound nucleus, i.e. 164Yb∗. In [3], it
has been mentioned that, the fusion excita-
tion function of the compound nucleus 164Yb∗

formed via different incoming channels show
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fusion hindrance for SIII Skyrme force. The
present work is focused on the addressal of
fusion cross-sections in reference to the exper-
imental data [4, 5] by considering the spheri-
cal approach as well as optimum orientations
(‘hot’ and ‘cold’ configurations) for the use of
SIII Skyrme force.

1. Methodology

The fusion barrier height is defined as the
combination of the Coulomb potential VC and
attractive nuclear proximity potential VN , at
the barrier position R = RB, and reads as

VB = VC(RB , Zi, β2i, θi)+VN (RB, Ai, β2i, θi),
(1)

where β2i is the static quadruple deformation
and i=1, 2 for projectile and target, respec-
tively. In the above expression, the VC for
the deformed and oriented nuclei is referred
from Ref.[1]. The Energy density formalism
(EDF) [3] is employed to estimate nuclear po-
tential. To calculate the nuclear density, the
two-parameter Fermi density function is used

ρi(zi) = ρ0i

[

1 + exp

(

zi −R0i

ai

)]

−1

,−∞ ≤ z ≤ ∞.

(2)
The fusion cross-sections are calculated by us-
ing extended ℓ-summed Wong model [3]

σ(Ec.m.) =
π

k2

ℓmax
∑

ℓ=0

(2ℓ+1)

[

1 + exp

(

2π(V ℓ

B
− Ec.m.)

~ωℓ

)]−1

,

(3)

2. Results and discussions

In the work of [3], the fusion cross-sections
have been calculated for 164Yb∗ compound nu-
cleus, formed via two different incoming chan-
nels i.e. 64Ni+100Mo and 16O+148Sm, within
the framework of extended ℓ-summed Wong
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FIG. 1: The nuclear density distribution of col-
liding nuclei for spherical, hot and cold config-
urations of (a) 64Ni+100Mo and (b) 16O+148Sm
reactions.
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FIG. 2: The fusion cross-sections as a function
of center of mass energy (Ec.m.) for spherical, hot
and cold configurations of (a) 64Ni+100Mo and (b)
16O+148Sm reactions [4, 5].

model, where the calculated fusion cross-
sections for the hot configuration of showed
fusion hindrance for the use of SIII Skyrme
force. The present work shows the effect of
cold (elongated) configuration, with respect
to the hot and spherical configurations, in
terms of the nuclear density and fusion cross-
sections. Panels (a) and (b) of Fig.1 present
the nuclear density distribution of colliding
nuclei, where projectiles (64Ni and 16O) are
spherical and targets (100Mo and 148Sm) are
deformed. It has been observed that, the
nuclear densities calculated using cold (elon-

gated) configuration show overlapping at ear-
lier stage of interaction, which in turn, give
lower barrier height than the spherical and hot
configurations. Subsequently, there is an en-
hancement in the fusion cross-sections due to
lower barrier height for the elongated config-
uration, as shown in the panels (a) and (b) of
Fig.2. In other words, it can be said that us-
ing SIII Skyrme force, the fusion cross-sections
are improved significantly when hot (compact)
configuration is replaced with cold (elongated)
case. It may be noted that the present work
us mainly constrained to the two parameter
Fermi density function. So, it would be inter-
esting to analyze the role of deformations and
optimum orientations for the use of the three
parameter Fermi and Gaussian density func-
tions for a set of deformed colliding partners.
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