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Introduction

It is well known that the collision be-
tween two nuclei is governed mainly by two
forces, the long-range repulsive Coulomb force
and the attractive short-range nuclear force.
When these two forces get balanced, there is
formation of a nuclear fusion barrier. The fu-
sion barrier height of the interaction poten-
tial is one of the important tool to understand
the nuclear fusion mechanism. In some of the
previous studies [1, 2] it has been examined
that, the fusion barrier height gets influenced
by various parameters, such as deformations,
orientations, angular momentum etc., which
are used to describe the nuclear properties.
In the work of [1], the combination of spher-
ical and elongated quadruple deformed nuclei
within optimum cold fusion configuration, ex-
hibit highest interaction radius, which in turn
gives the smallest barrier height. On the other
hand, the most compact state of the spher-
ical+deformed pair, having optimum hot fu-
sion configuration, shows the highest barrier
height with the smallest interaction radius.
Here, in the present work, the hot optimum
configuration is considered to study the fusion
barrier characteristics within the framework
of Skyrme energy density formalism (SEDF),
for two different Skyrme forces, i.e. SLy4 and
SSk, and compared with the available empiri-
cal data for spherical (sph.)+oblate (β2 < 0),
sph.+sph. and sph.+prolate (β2 > 0) combi-
nations. The related optimum orientation an-
gles for above given combinations are decided
by the signs of quadruple deformations alone.
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Methodology

In the nuclear fusion reaction, 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 deforma-
tion and i=1, 2 for projectile and target, re-
spectively. In the above expression, the well-
defined VC for the deformed and oriented nu-
clei is referred from [1]. Further, in the cal-
culation of nucleus-nucleus potential, the En-
ergy density formalism (EDF) [2] is consid-
ered, which provides one of the pertinent way
to express the potential, as given below

VN (R) = E(R)− E(∞) = 2πR̄

∫
∞

s0

{H(ρ, τ, ~J)−

H1(ρ1, τ1, ~J1)−H2(ρ2, τ2, ~J2)}ds. (2)

In the above expression, the Skyrme Hamilto-

nian density (H(ρ, τ, ~J)) as a function of nu-
cleon density ρ(r), kinetic energy density τ(ρ)

and spin-orbit density ~J(ρ) is developed on
the basis of Skyrme force parameters and gets
modified with the choice of different sets of
Skyrme forces, like SLy4 (old) and SSk (new).
Further, to analyze the difference in the theo-
retically calculated barrier heights △V cal

B (po-
sitions△Rcal

B ) with the empirical ones, the fol-
lowing formalism has been adopted:

△VB% =
|V emp

B − V cal
B |

V
emp
B

× 100%,

△RB% =
|Remp

B −Rcal
B |

R
emp
B

× 100%. (3)
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TABLE I: The percentage of difference in the cal-
culated VB and RB , at hot optimum orientation,
with the available empirical data [3].

Reactions β22 Opt. △VB% △RB%
θ2 SLy4 SSk SLy4 SSk

16O+28Si -0.363 0o 3.25 1.86 4.01 10.28
16O+29Si -0.349 0o 8.09 2.82 7.89 2.41
16O+30Si -0.236 0o 6.95 1.86 6.32 0.87

40Ca+40Ca 0.0 0o 3.34 1.82 7.37 14.74
40Ca+46Ti 0.021 90o 2.71 7.55 13.04 29.35
40Ca+62Ni 0.107 90o 3.51 8.31 3.58 10.14
16O+24Mg 0.393 90o 4.15 9.94 1.19 5.95

Results and discussions

In the work of [3], the fusion barrier heights
calculated using various versions of proxim-
ity potentials address the empirical data us-
ing spherical configuration. Further, in [2], it
has been analyzed that two different Skyrme
forces, SLy4 and SSk, show a remarkable dif-
ference in the barrier height for the prolate-
prolate projectile-target combination. On the
basis of above results, it would be interest-
ing to analyze the behavior of calculated VB

and RB, using above mentioned Skyrme forces
under the SEDF approach, for the sph.+sph.
and sph.+quadrupole deformed (β < 0 and
β > 0) combinations with the corresponding
choice of optimum orientation of nuclear reac-
tions (mentioned in the table I), in comparison
with the empirical data shown in [3].
In Fig.1, the calculated VB and RB using SLy4
and SSk Skyrme forces compared with the em-
pirical data are depicted with the change in
deformations of the target (β22) nuclei. It
can be seen from panel (a) of Fig.1 that, for
spherical case (β22 = 0), the two forces show
good agreement with V

emp
B [3]. On the left of

β22 = 0, the SSk force gives better response
than SLy4. However, on the right side, the
SLy4 force approaches more closer to the data.
The similar observations are noticed in the cal-
culation of barrier position (RB), except at
two points, i.e. at β22 = 0 and −0.363. More-

over, for better description, the percentage of
difference in the calculated barrier height (po-
sition) and the empirical ones is shown in table
I. Also, on the basis of the standard deviation
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FIG. 1: The comparison of calculated (a) fusion
barrier height VB and (b) barrier position RB us-
ing SLy4 and SSk Skyrme forces with the available
empirical data [3].

values given in the figure, it is evident that
for oblate cases, the SSk force gives relatively
close agreement with the data, whereas, SLy4
seems to perform better for the prolate tar-
gets.
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