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Introduction
The study of the heavy-ion fusion in the

low energy regime leads to a better under-
standing of several physical phenomena such
as the nature of nuclear forces, nucleosynthe-
sis of heavy elements in various astrophysi-
cal environments, synthesis and characteris-
tics of exotic nuclei and the correlation be-
tween the nuclear structure and reaction dy-
namics. As the exact nature of nuclear forces
remains elusive, the formulation of nuclear po-
tential contributing to the short-ranged at-
tractive part of the total interaction poten-
tial formed between two colliding heavy-ions
is still fuzzy. Consequently, the myriad phe-
nomenological, macroscopic, semi-microscopic
and microscopic models have been developed
in the literature to describe nuclear interaction
potential formed between two fusing nuclei [1].

The double folding approach [2] is one of
the well-adopted approaches for the study of
heavy-ion fusion. In general, the nuclear den-
sities obtained using the 2-parameter Fermi
(2pF) along with the Paris and Reid versions
of M3Y (Michigan 3 Yukawa) effective NN in-
teractions are used as inputs in the double
folding model [3]. In recent studies [2], the
nuclear densities and R3Y NN interactions
obtained within the well-known relativistic
mean-field (RMF) formalism have also been
utilized to calculate nuclear potential within
the double folding approach for the descrip-
tion of heavy-ion fusion. In the present study,
we aim to study the impact of different ef-
fective NN interactions and nuclear densities
on the mechanism of heavy-ion fusion. For
this, we have considered both the Reid and
Paris versions of the well-known M3Y NN in-
teraction along with the relativistic R3Y NN
interaction for the non-linear NL3∗ parame-
ter set. Moreover, the nuclear densities for
the interacting nuclei are obtained using the
2pF formula and the RMF-NL3∗ formalism.
These NN potentials and densities are further

used to obtain the cross-section within the `-
summed Wong model [2] for the illustrative
case of 16O+154Sm reaction.

Theoretical Formalism
Within the double folding approach, the

nuclear potential formed between a spherical
projectile quadrupole deformed target nuclei
can be written as,

Vn(~R, β2, θ2)=

∫
ρp(~rp)ρt(~rt(β2, θ2))

Veff

(
|~rp − ~rt + ~R|≡r

)
d3rpd

3rt.(1)

The densities of the interacting projectile
(ρp(~rp)) and target (ρt(~rt)) and effective NN
potential (Veff ) are the requisite inputs for
the calculation of nuclear potential within
the double folding approach. Here, the nu-
clear densities are obtained using the 2pF
formula [3] supplemented with the values of
half-density radius and the surface diffuse-
ness parameters from the experimental elec-
tron scattering data. The results of the 2pF
densities are compared with the densities ob-
tained within the self-consistent RMF for-
malism for the non-linear NL3∗ parameter
set. The quadrupole deformation β2=0.267
for 154Sm is obtained within the RMF for-
malism in the axially deformed harmonic-
oscillator basis for the non-linear NL3∗ pa-
rameter set and its impact is further included
in the description of target densities through
the nuclear radius in terms of spherical har-
monics [2]. The deformed 2pF and RMF-
NL3∗ densities are folded with three differ-
ent NN potentials namely the non-relativistic
Reid and Paris M3Y NN potentials (named as
RM3Y and PM3Y, respectively) and the rela-
tivistic R3Y NN interaction. The nuclear po-
tentials obtained using different nuclear densi-
ties and NN potentials are further used to ob-
tain the fusion barrier characteristics at differ-
ent target orientation angles (θ2) and the θ2-
integrated cross-section within the `-summed
Wong model [2].
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FIG. 1: (a) The total integrated cross-section σint (mb) obtained using the R3Y, RM3Y and PM3Y
NN potentials folded with nuclear densities obtained from RMF-NL3∗ and 2pF approaches. (b) Ratio
of calculated cross-sections (σth) and experimental cross-section (σexp) taken from [4]

Results and Discussion
Figure 1(a) shows the θ2-integrated cross-

section calculated using the R3Y (black lines),
RM3Y (orange lines) and PM3Y (blue lines)
folded with the RMF-NL3∗ (solid lines) and
2pF (dashed lines) densities. Here, the rela-
tivistic R3Y NN potential is noted to provide
a higher cross-section in the sub-barrier en-
ergy region as compared to the non-relativistic
Reid and Paris M3Y NN effective NN interac-
tions. This is because the relativistic R3Y NN
potential which includes the mesons degrees
of freedom in the description of effective NN
interaction gives comparatively attractive nu-
clear potential and consequently, a lower fu-
sion barrier than the M3Y NN interactions.
Moreover, the Paris version of the M3Y NN
potential gives a slightly higher sub-barrier
cross-section than the Reid-M3Y NN poten-
tial. On comparing the cross-section obtained
using different densities, it is observed that the
microscopic RMF-NL3∗ gives a higher sub-
barrier cross-section than the phenomenolog-
ical 2pF densities. On comparing the theo-
retical cross-sections calculated using different
NN potentials and densities with the experi-
mental data from [4], the R3Y NN potential
folded with RMF densities obtained RMF for-
malism is noticed to provide a comparatively
better match with the experimental data at
sub-barrier energy regions. Further, the cross-
sections obtained using different approaches
are noted to overlap at the above barrier ener-
gies due to the dominance of angular momen-
tum over the nuclear structure effects.

For a more systematic and quantative anal-
ysis, the ratio of calculated cross-sections (σth)
for different nuclear potentials and experimen-
tal cross-section (σexp) taken from [4] is plot-
ted as the functions of center of mass ener-

gies (Ec.m.) in Fig. 1(b). The R3Y-NL3∗ and
RM3Y-2pF are observed to give the lowest
and highest deviation from the experimental
cross-section for the considered reaction, re-
spectively. However, these observations might
vary for other reactions since the results of
2pF densities depend upon the choice of ra-
dius and surface diffuseness parameters. Also,
the slight underestimation of the sub-barrier
cross-section noted for R3Y-NL3∗ can be at-
tributed to the higher order deformations of
154Sm nucleus, which are not taken into ac-
count here. All these observations infer that
the NN potential and nuclear densities en-
capsulate crucial information about the inter-
nucleon interactions and nuclear structural
properties in the description of heavy-ion fu-
sion. Thus, the reliable choice of these inputs
becomes necessary to study heavy-ion fusion,
especially for reactions leading to the forma-
tion of exotic nuclei such as superheavy nuclei.
A more comprehensive study to explore the
role of different NN potentials and densities
in descriptions of heavy-ion fusion of target-
projectile combinations from different mass re-
gions will be communicated shortly.
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