
Effects of deformation on the sub-barrier fusion cross section induced
by 16,18O on Ni, Sn

Nabendu Kumar Deb∗ and K. Kalita
Department of Physics, Gauhati University, Guwahati - 781014, Assam, INDIA

Introduction

Fusion reactions are influenced by the in-
ternal structure like deformation of the inter-
acting nuclei [1]. It has been shown both ex-
perimentally and theoretically that the sub-
barrier fusion cross section of a nuclei in the
ground state around Coulomb barrier ener-
gies is strongly enhanced by the quadrupole
and/or hexadecapole deformation. Theoret-
ical models are used to take the fusion bar-
rier information from the fusion differentials
cross sections which are obtained from the ex-
periments and the base of all such models is
nucleus-neucleus interaction potentials.

In this paper, twelve different versions of
proximity potentials are used to study the fu-
sion cross section in the sub-barrier region for
the systems induced by spherical nuclei 16O
and 18O on slightly deformed nuclei, 62 Ni and
116Sn, within the theoretical approach.

Using these proximity potentials, the in-
teraction barrier heights, fusion barrier radii
and the curvatures of the barrier are de-
termined for the three different reactions of
16O+62Ni [2], 16O+116Sn [3] and 18O+116Sn
respectively. Applying these different param-
eters, the experimental fusion barriers, wher-
ever applicable, are also investigated to see
how well the barriers are reproduced, along-
with the equivalent calculation using a multi-
dimensional barrier penetration model (BPM)
[using CCFULL code [4]]. The quadrupole
and hexadecapole deformation parameters
considered here are 62Ni (β2 = 0.093, β4 =
−0.008)[5] and 116Sn (β2 = 0.003, β4 =
−0.008) as given in the Refs [5, 6] .
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Interaction Potential
The nuclear part of the interaction poten-

tial, VN(r), are calculated here using poten-
tials, viz., Bass 77, Bass 80, Prox 77, Prox 88,
modProx 88, Prox 00, Prox 00DP, Prox 10,
Ngô, CW 76, BW 91 and AW 95 [7–14]. The
Coulomb potential VC(r) are approximately
given by,[10]
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2
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where ZP , ZT are the atomic numbers of the
projectile and target respectively. Here, the
size of the projectile is assumed to be much
smaller than the radius of the target, rc. Here
r is the internuclear distance between the pro-
jectile and the target.

The total interaction potential between pro-
jectile and target is, therefore, the sum of the
centrifugal term, the long range Coulomb re-
pulsive force and short range nuclear attrac-
tive force written as

V = VC(r) + VN(r) +
~2l(l + 1)

2µr2

where l is the angular momentum quantum
number, and µ is the reduced mass of the sys-
tem.

In this paper, the total interaction poten-
tial is extracted by taking into account the
Coulomb corrections for the majority of the
potentials, except BW 91 where both the
Coulomb and nuclear corrections [15] are
considered.

Fusion cross-section
In order to calculate the fusion cross-

sections, the model derived by Wong [16] is
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used here. The fusion cross-section are calcu-
lated by the BPM model under the parabolic
approximation, which is given by σf (E, θ) as
shown in ref.[16]

FIG. 1: The fusion cross section of 16O+ 62Ni with
relative to centre of mass energy. The experimental data

is obtained from ref. [2]

FIG. 2: The fusion cross section of 16O+ 116Sn with
relative to centre of mass energy. The experimental data

is obtained from ref. [3]

FIG. 3: The fusion cross section of 18O+ 116Sn with
relative to centre of mass energy. The experimental data

is not available for this system.

Results and Conclusion
From the studies performed on fusion bar-

riers of the mentioned reactions, it is found
that the the effect of deformation of the target
and its orientation, with its collision axis, are
more pronounced on the AW 95, Bass 80, BW
91, Prox 00 and Prox00DP potentials than
the rest. It is seen from calculations, the im-
provement for the majority of nuclear inter-
action potentials both at below and at above
barrier energies as compared to experimental
results, wherever available. Although the fu-
sion cross-sections by Prox 10 and Prox 00 po-
tentials showed good agreement, but overall,
by Prox 10, Prox 88, Prox 00, Prox 00DP,

BW 95, CW 76, Ngô 80 and AW 95 poten-
tials, it seems to be in stronger agreement with
the experimental data. The deviation of fu-
sion cross-sections from the experimental data
shows that both Coulomb and nuclear correc-
tions are needed for these potentials. Simi-
larly, the fusion cross sections as a function of
centre of mass energy was calculated for the
18O+116Sn. To know its correct form, exper-
imental data is required. The inelastic effect
for these three systems will also be considered
here which will be presented in the conference
as the work is under progress for this paper.
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