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Introduction

The deformation of colliding nuclei is re-
sponsible for the angular dependence of sur-
face diffuseness that induces non-uniformity
on the nuclear surface [1]. In the past, various
methods have been employed to address the
surface diffuseness of deformed nuclei in terms
of gradient of the potential at the nuclear sur-
face. Recently, Adamian et al [1] have investi-
gated the same within lanthanide and actinide
regions by using the microscopic Hartree-Fock
(HF) + BCS calculations. As a result of this, a
polynomial is obtained to estimate the surface
polarization effects in the mentioned regions of
periodic table.

Some of us [2] have used such parameteri-
zation to understand the surface polarization
effects in the fusion dynamics of lanthanide
targets (Tb and Sm). However, in the present
study, the angle dependence in surface dif-
fuseness is investigated in the reactions in-
volving both actinide and lanthanide targets
(and their isotopes) such as 18O+218−249Bk
(actinide) and 18O+146−194Nd (lanthanide).
The effect of deformation is incorporated by
considering the prolate deformed target nu-
clei. The calculations are made within the
Semi-classical based Skyrme Energy Density
Formalism (SEDF) [3], where both the con-
stant (a(0)) and angle dependent (a(θ)) sur-
face thickness parameters are considered. The
present work is carried out by comparing the
barrier characteristics (barrier height and bar-
rier position) of colliding nuclei calculated us-
ing constant and angle dependent surface dif-
fuseness parameters. The calculations suggest
that with the inclusion of surface polariza-
tion effect the fusion barrier height VB (and

position RB) decreases more significantly for
actinide targets as compared to that for lan-
thanide systems.

Theory

In Energy density formalism (EDF), the nu-
clear interaction potential VN (R) between col-
liding nuclei is defined as

VN (R) = Etot(R) − E1 − E2 (1)

where Etot(R), E1 and E2 are the energy ex-
pectation values of composite and individual
system, which is are further obtained by vol-
ume integration of Hamiltonian density H(r)
as,

E(R) =

∫

H[ρp(~r), ρn(~r)]d~r, (2)

Here the SKRA force parameters [4] are used
for the calculation of H(r). ρp(r), ρn(r) are
proton and neutron densities.

The nuclear density used in above equation
is evaluated from the temperature dependent
extended Thomas Fermi approach [5],

ρi(zi) = ρ0i(T )

[

1 + exp

(

zi − Ri(T )

ai(T )

)]

−1

−∞ ≤ z ≤ ∞

(3)
with z2 = R−z1 = [R1(α1)+R2(α2)+s]−z1,
and central density

ρ0i(T ) =
3Ai

4πR3
i (T )

[

1 +
π2a2

i (T )

R2
i (T )

]

−1

(4)

The Temperature and deformation dependent
radius vector Ri(T )

Ri(T ) = R0i(T )[1 +
∑

λ

βλiY
(0)
λ (αi)], (5)
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FIG. 1: Upper and lower panels show the varia-
tion of barrier height VB (MeV) and barrier posi-
tion RB(fm) for lanthanide and actinide elements
with respect to the mass of the target element.

here R0i is the half density radii. The surface
diffuseness parameters ai is given by [6]

ai(T = 0) = 0.3719 + 0.0086Ai − 1.1898

×10−4
A

2

i + 6.1678 × 10−7
A

3

i

−1.0721 × 10−9
A

4

i (6)

The dependence of surface diffuseness ai on
angle θ is given by [1] as,

a(θ) = a(0) + ∆a(θ). (7)

with ∆a(θ)=0.25sin2 θ−0.25 sin3 θ for the lan-
thanides and ∆a(θ)=0.45sin2 θ−0.40 sin3 θ for
the actinides. In Eq.(7), a(0) is the constant
surface diffuseness as defined in Eq.(6).

Calculations and Results

The upper and lower left panels of Fig. 1
show the variation of fusion barrier height VB

and fusion barrier position RB (inset) respec-
tively for lanthanide (Nd) and actinide (Bk)
targets as a function of isotopic mass of the
target nucleus. It is observed from upper
panel of Fig. 1 that for the reactions with lan-
thanide (Nd) targets, the fusion barrier height
VB decreases and corresponding fusion bar-
rier position RB increases with the mass of

the target nucleus. The overall effect of an-
gle dependence in surface diffuseness is such
that it decreases the VB (increases the RB)
as compared to the angle independent choice.
However, in case of actinide targets, VB is in-
creasing and RB is decreasing with the mass
of the target nucleus. This is due to the dif-
ference in diffuseness parameter a value. For
lanthanides, the value of a is increasing with
mass number, as a result, VB is decreasing.
However opposite trend is observed for ac-
tinide targets. Moreover, the effect of angle
diffuseness is more pronounced in actinides
(see Fig.1(c)) in comparison to lanthanides
(see Fig.1(a)).

The right panels of Fig.1 further depict the
percentage deviation in VB and RB with and
without the inclusion of surface polarization
effect. One may observe that the maximum
change in VB and RB for different isotopes
of Nd is ∼ 1% (Fig.1(b)), which on the other
hand for the Bk is ∼ 2% (Fig.1(d)). It means
that the effect of surface polarization is al-
most double in actinide systems than for lan-
thanides. This clearly indicate the importance
of angle dependent surface diffuseness in the
fusion dynamics of considered reaction part-
ners.
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