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Introduction

In a very recent experiment [1], the fu-
sion cross-sections resulting from the bom-
bardment of radioactive 20O ions on natural
12C target has been measured at three center
of mass energies 7.35, 9.29 and 15.24 MeV, at
GANIL-SPIRAL facility in Cean, France for
the first time. In this paper, the calculated
fusion cross-sections are compared with the fu-
sion data of [1]. The fusion cross-sections are
calculated using Wong’s formula and the nu-
clear interaction potentials used are obtained
in semiclassical extended Thomas-Fermi ap-
proach of Skyrme energy density formalism
(SEDF) for an arbitrarily chosen Skyrme force
SIV, although different interaction potentials
can be obtained for different Skyrme forces.
Also, the SEDF interaction potential is modi-
fied by adjusting the surface thickness param-
eters of the interacting nuclei to reproduce the
observed data.

Calculation methods

The SEDF defines the nuclear interaction
potential as

VN (R) = E(R) − E(∞) (1)

where E =< Ψ | H | Ψ >=
∫

H(~r)d~r is the
energy expectation value. In the slab approx-
imation (for detail see our earlier work [2] and
references there in) the nuclear proximity po-
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tential is

VN (R) = 2πR̄

∫

{H − [H1 + H2]} dz

= 2πR̄

∫

∞

s0

e(s)ds (2)

where H = H(ρ, τ, ~J) is the Skyrme Hamil-
tonian density of composite system and Hi =

Hi(ρi, τi, ~Ji) (i = 1, 2; for first and second col-
liding nuclei), ρ(= ρ1 + ρ2), τ(= τ1 + τ2) and
~J(= ~J1 + ~J2) are respectively, the nuclear, ki-
netic energy, and spin-orbit densities for the
composite system, R̄(= R01R02/(R01 + R02))
is the mean curvature radius defining the ge-
ometry of the system, R0i are the half density
radii of colliding nuclei and e(s) is the inter-
action energy per unit area between two flat
slabs of semi-infinite nuclear matter with sur-
faces parallel to the x − y plane and moving
in the z-direction.

Since, both τ and ~J depends on the
nuclear density ρ, which is taken here
as the two parameters Fermi distribution,
and in the slab approximation it becomes,
ρi(z) = ρ0i [1 + exp (z − R0i)/ai]

−1
with

ρ0i = 3Ai

4πR3

0i

[

1 + (π2a2

i
/R2

0i
)
]

−1
as the cen-

tral density of the nuclei. The temperature
(T) dependence in ρ and hence in VN (R) is
introduced by using T-dependent parameters
Roi and ai of [2]. The Ecm and T relates as:
Ecm+Qin = (A/9)T 2−T , where A = A1+A2

is the mass number of the compound system.

The Coulomb potential, VC(R) = k Z1Z2e
2

R
,

between two nuclei of charges Z1 and Z2, is
added directly to the SEDF nuclear proximity
potential to give the total interaction poten-
tial, VT (R) = VN (R)+VC(R). The total inter-
action potential gives its curvature (~ω0), the
corresponding barrier position (RB) and bar-
rier height (VB) and Wong’s formula [3] gives
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FIG. 1: The total interaction potentials for the
system 20

O +12
C, at Ecm = 7.35, 9.29 and 15.24

MeV, (i) for ai of our earlier work [2] (solid lines)
and (ii) for the fitted ai (dotted lines). The inset
shows ai of [2] and those required to fit the data.

the fusion cross-sections as a function of center
of mass energy, as given below:

σ =
~ω0R

2

B

2Ecm

ln

(

1 + exp

[

2π

~ω0

(Ecm − VB)

])

(3)

Results and discussions

The solid lines, in Fig. 1, shows the total
SEDF interaction potentials at Ecm = 7.35,
9.29 and 15.24 MeV, calculated for Skyrme
force SIV with surface thickness parameters
of [2] and dotted lines shows the modified to-
tal SEDF interaction potentials. The inset of
Fig. 1, shows the surface thickness parameters
of [2] and those required for fitting the mea-
sured cross-sections. In Fig. 2, the solid line
with empty circles shows the calculated fusion
cross-sections with total SEDF interaction po-
tential and is compared with the measured fu-
sion cross-sections (solid spheres). The calcu-
lated fusion cross-section is found to be less at
Ecm = 7.35 MeV and more at Ecm = 9.29
and 15.24 MeV with respect to the experi-
mental data. But, it is exactly the same as
is predicted by the evapOR model (see Fig. 8
of ref. [1]). The dotted line with × symbols

FIG. 2: The fusion cross-sections as a function of
Ecm (i) the solid black spheres for data of [1] (ii)
the solid line with empty circles for the calcula-
tions with ai of our earlier work [2] and (iii) the
dotted line with × symbols for the fitted ai.

shows the fusion cross-sections calculated with
the modified interaction potentials. At Ecm =
7.35 MeV, the interaction potential is modi-
fied to fit the data by raising surface thickness
parameters to have lower barrier height and
lower curvature at higher barrier position (see
Fig. 1). Similarly, at Ecm = 9.29 and 15.24
MeV, for reproduction of fusion data, smaller
surface thickness parameters are required to
have higher potential barrier and higher cur-
vature at smaller barrier positions (see Fig. 1).
Thus, for neutron rich system, smaller values
of surface thickness parameters are expected
at center of mass energies 9.29 and 15.24 MeV
and larger values at center of mass energy 7.35
MeV with respect to parameters of [2].
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