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1. Introduction
The nuclear energy given in the Bethe-

Weizsäcker formula can be written as

E(A,Z) = −c1A+ c2A
2/3 + aa(A)

(N − Z)2

A
+ shell and pairing corrections (1)

The first three terms in the R.H.S. of above
eq. correspond to the volume, surface and
symmetry components of energy, respectively.
Asymmetry energy including volume and sur-
face contributions is expressed as [1]

1

aa(A)
=

1

aVA
+
A−1/3

aSA
(2)

where aVA = S
(

1 +A−1/3κ
)

(3)

aSA =
S

κ

(
1 +A−1/3κ

)
(4)

are volume and surface coefficients. The study
of nuclear symmetry energy (NSE) “S” and its
dependence on temperature is getting atten-
tion as it is a crucial parameter in exploring
the properties of the atomic nucleus and the
neutron star.

In the CDFM (Coherent density fluctuation
model), S for finite nuclei is [2]

S =

∫ ∞
0

|F(x)|2 SANM (x) dx (5)

where the symmetry energy SANM (x) for
asymmeteric nuclear matter (ANM) with den-
sity ρ0(x) has the form [2]

SANM (x) = 41.7ρ
2/3
0 (x) + 148.26ρ0(x)

+ 372.84ρ
4/3
0 (x)− 769.57ρ

5/3
0 (x) (6)
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and |F(x)|2 = − 1

ρ0(x)

(
dρtotal(r)

dr

) ∣∣∣
r=x

(7)

with the normalization

∫ ∞
0

|F(x)|2dx = 1

and ρtotal(r) = ρp(r) + ρn(r).

ρp(r) and ρn(r) being the proton and neutron
densities respectively [3]. The weight function
|F(x)|2 in Eq. (7) for monotonically decreas-
ing local density is described by the 3-D semi-
classical density ρ(r, θ) upto O(~2) as [4] :

ρ(r, θ) =
1

3π2

(
2m

~2

)3/2

(µ− V (r, θ))
3/2

−

(
1

24π2

(
2m

~2

)1/2
[
∇2V (r, θ)

(µ− V (r, θ))
1/2

+
(∇V (r, θ))

2

4 (µ− V (r, θ))
3/2

])
(8)

where

V (r, θ) =
mω2r2

2
− β2mω2r2Y20(θ, φ)

is the potential energy for 3-D harmonic oscil-
lator. Moreover, the radial local density can
be obtained as [3]:

ρ(r) =

∫ π

0

ρ(r, θ)((sin(θ))/2 dθ. (9)

For our calculations, we fixed the chemical
potential µ for neutron and proton by follow-
ing relation [4]

N,Z =

∫ µn,p

0

gn,p(E) dE (10)

and gn,p(E) is the single particle level density
for anisotropic harmonic oscillator potential
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[5] which is obtained by analytical continua-
tion. The ratio of volume to surface energy co-
efficients using symmetric energy dependence
on density S(ρ) is given as [1]

κ =
aVA
aSA

=
3

r0ρ0

∫ ∞
0

[
|F(x)|2xρ0(x)(

S(ρ0)

S(ρ0(x))
− 1

)]
dx (11)

S(ρ0) = SANM (ρ0) , S[ρ0(x)] = SANM (ρ0(x))

where ρ0 is the nuclear matter equilibrium
density and r0 = 1.15fm is the radius of the
nuclear volume per nucleus given as

ρ0 =
3

4πr30
fm−3, ρ0(r) =

3A

4πr3
fm−3

r = r0A
1/3fm

2. Results and Discussion
The numerical results for symmetry energy,

its volume and surface coefficients and their
ratio κ are reported Table I. Our results show
that the values of the ratio κ for even-even
Ni-isotopes (A=70-84) lie in the range 1.46 ≤
κ ≤ 1.83. Relatively large values of κ are ob-
tained for deformed nuclei as compared to the
spherical ones. Moreover, aVA takes the val-
ues ranging from 27.325 to 39.205 while aSA is
found to be varying from 17.5 to 21.3 for the
nuclei under consideration.

Subsequently, using the values of κ and the
volume coefficient aVA , the neutron skin thick-
ness is calculated as the difference of the r.m.s.
radii of neutrons and protons given by [7]:

∆R = (0.77 r0 A
1/3)

A

6 N
(

1 + A2/3

κ

) [N − Z
Z

− 0.7103 A2/3

28 aVA

(
10

3
+
A1/3

κ

)]
. (12)

A linear dependence of neutron skin thickness
on mass number is observed in fig. 1 and an
anomalous behaviour is observed at A = 70
and 74 which belong to deformed isotopes of
Ni.

A β2 S κ aVA aSA ∆R
(MeV) (MeV) (MeV) (fm)

70 0.179 27.134 1.833 39.205 21.384 0.043
72 0.000 21.459 1.469 29.035 19.770 0.038
74 0.140 24.331 1.817 34.859 19.189 0.053
76 0.000 20.998 1.500 28.432 18.959 0.047
78 0.000 20.779 1.514 28.143 18.584 0.052
80 0.000 20.593 1.533 27.919 18.215 0.056
82 0.000 20.383 1.546 27.638 17.873 0.061
84 0.000 20.162 1.556 27.325 17.562 0.065

TABLE I: Deformation parameter [8] and the re-
sults for asymmetry energy, its volume and surface
coefficients, their ratio κand neutron skin thick-
ness for Ni-isotopes.
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FIG. 1: Neutron skin thickness plotted w.r.t. A
for Ni-isotopes.
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