
Chinese Physics C Vol. 37, No. 4 (2013) 044101

An angle-dependent potential and alpha-decay half-lives of

deformed nuclei for 676Z691

H. Hassanabadi1 E. Javadimanesh1;1) S. Zarrinkamar2 H. Rahimov3

1 Physics Department, Shahrood University of Technology, Shahrood, Iran
2 Department of Basic Science, Garmsar Branch, Islamic Azad University, Garmsar, Iran
3 Computer Engineering Department, Shahrood University of Technology, Shahrood, Iran

Abstract: The half-lives of deformed nuclei are reported for 676Z691. We consider an angle-dependent potential

which yields multiple approximations. The results are in better agreement with the experimental data when the

multiple approximation is solely considered for the daughter nuclei.

Key words: alpha decay, deformed nuclei, ground state, multiple approximation

PACS: 23.60.+e, 23.35.+g, 27.70.+q DOI: 10.1088/1674-1137/37/4/044101

1 Introduction

Alpha decay (AD) is one of the physical processes
that can be successfully described in the introductory
quantum theory. The underlying mechanism was first ex-
plained by Gamow [1], Gurney and Condon [2] in 1928
under the title of the quantum tunneling effect which
can be chronologically considered as the first successful
quantum description of nuclear phenomenon. There ex-
ists much notable work on the subject of AD and related
topics. Xu and Ren reported the alpha decay half-lives
(ADHL) within the density-dependent cluster model [3].
ADHL of heavy and super heavy nuclei were obtained
using a radial wave function via the cluster model by
Ni and Ren [4]. An analytical formula for log (T1/2(s))
based on a recent selected data set of partial ADHL of
344 ground- state (Gs) to Gs transitions was proposed by
Royer [5]. The modified two-potential approach within
the density-dependent cluster model was applied to the
subject by Yibin and Ren [6]. Stone et al. worked on
the results of low temperature nuclear orientation exper-
iments to investigate the AD and the consequent half-
lives (HL) [7]. Calculations on the ADHL of even-even
medium mass nuclei within the density-dependent clus-
ter model using a two-potential approach were performed
by Yibin et al [8]. Barriers standing against the forma-
tion of super heavy elements and their consecutive AD
in the quasimolecular shape path were studied within a
generalized liquid drop model (GLDM) by Royer et al.
[9]. The problem was analyzed by Tavares et al. via
quantum mechanical tunneling through a potential bar-

rier. They took into account the centrifugal and overlap-
ping effects as well [10]. A semi-empirical model based on
the quantum-mechanical tunneling mechanism of alpha
emission was suggested by Medeiros et al. [11]. Sponta-
neous fission HL of heavy nuclei in ground and isomeric
states was studied by Ren and Chang Xu [12]. Samanta
et al. provided theoretical estimates for the HL of several
isotopes of heavy elements by calculating the quantum
mechanical tunneling probability in a WKB framework.
In their calculations, they used the microscopic nucleus-
nucleus potential obtained via folding the densities of
interacting nuclei with the DDM3Y effective nuclear in-
teraction [13]. A new semi-empirical formula for deter-
mining the spontaneous fission HL was introduced by the
work of Santhosh et al. [14]. Many related concepts,
including the predictabilities of the three ADHL, the
Royer GLDM, the Viola-Seaborg and the Sobiczewski-
Parkhomenko formulae were investigated by Dasgupta-
Schuber et al. through developing a method based on
standard experimental benchmarking [15]. The possible
effect of the solid-state environment of the decaying nu-
cleus on the HL was investigated in Refs. [16, 17].

As many alpha-emitters are deformed, considering an
angle-dependent potential looks quite logical [18, 19]. In
this article, contrary to other papers, we have calculated
the HL of some deformed nuclei from Gs to Gs transi-
tions. Our work is organized as follows. We first re-
view the AD within the proximity approach. We next
report our results for various modes and make a compar-
ison with the existing experimental data and a previous
paper.
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2 The formalism of alpha decay in the

proximity approach

Within the Coulomb and proximity potential model
for deformed nuclei, the potential energy barrier is nor-
mally considered as a sum of the Coulomb, proximity and
centrifugal potentials for the touching configuration and
for the separated fragments. The potential V (r) includes
two parts in the over- lapping (r<Ct) and nonoverlap-
ping (r>Ct) regions. We consider the potential as [20,
21]

V (r)=







a0+a1r+a2r
2 Rp6r<Ct.

Vc(r)+Vprox(z)+Vl(r) r>Ct.
(1)

where Vl(r)=
~

2l(l+1)

2µr2
stands for the centrifugal poten-

tial where µ=m
AdAα

Ad+Aα

and m, Ad and Aα respectively

denote the nucleon mass, mass number of daughter nu-
clei and Alpha particle. Vprox(z) represents the proximity
potential and z is the distance between the near surfaces
of the fragments. The coulomb potential Vc between the
deformed daughter and emitted alpha particle is given

by Vc(r) =
ZdZαe2

r
, with Zd and Zα being the atomic

numbers of daughter and parent nuclei, respectively. In
addition, r = z+Cd(θ)+Cα is the distance between the
fragment centers with [22]

Ct(θ)=Cd(θ)+Cα. (2)

The Süssmann central radius Cd(θ) of the daughter is
related to Rd(θ) via [23]

Cd(θ)=Rd(θ)−
1

2
kb2, (3)

where k is the total curvature of the surface at the point
under consideration and b≈1 represents the width of the
nuclear surface. The Süssmann central radius Cα of the
emitted Alpha is [23]

Cα=Rα−
b2

Rα

, (4)

Ri are the sharp radii related to mass number Ai via [24]

Ri=1.28A1/3
i −0.76+0.8A−1/3

i . (5)

where i=p, d, α respectively denote the parent, daughter
and the Alpha. For deformed shape nuclei, we define [25]

Ri(θ)=Ri

[

1+
∞

∑

n=0

√

2l+1

4π

βlPl(cos(θ))

]

, (6)

or

Ri(θ) = Ri

[

1+β2

√

5

4π

(

3

2
cos2(θ)−1

2

)

+β4

√

9

4π

1

64
(9+20cos(2θ)+35cos(4θ))

+β6

√

13

4π

1

16
(231cos6(θ)−315cos4(θ)

+105cos2(θ)−5)

]

. (7)

where θ is the angle between the axis of symmetry of
the parent or daughter and the alpha emission direction
and P1 denotes the Legendre function. The deformation
parameter βl=βl0 is determined via [26]

βlm=
√

4π

∫
Ri(θ,ϕ)Y m

l (θ,ϕ)dΩ
∫
Ri(θ,ϕ)Y 0

0 (θ,ϕ)dΩ

, (8)

where

Y m
l (θ,ϕ)=

√

2l+1

4π

Pl(cos(θ))eimϕ. (9)

The proximity potential Vprox(z) is considered as [24]

Vprox(z)=4πγb
CdCα

Ct

Φ
(z

b

)

, (10)

with the nuclear surface tension coefficient being

γ=0.9517

[

1−1.7826
(Np−Zp)

2

A2
p

]

(MeV/fm2). (11)

For the general proximity potential we normally consider
[21]























Φ(ε) = −1.7817+0.9270ε+0.0169ε2

−0.05148ε3 06ε61.9475,

Φ(ε) = −4.41e
−ε

0.7176 ε>1.9475,

(12)

where ε=
z

b
. The constants a0,a1 and a2 are determined

from the continuity conditions of the potential and its
derivative, i.e. [20]







(i)V (RP)=Q.

(ii)V (r)=V (Ct)&V ′(r)=V ′(Ct).
(13)

On the other hand, according to the WKB approxima-
tion, the penetration probability is

P =exp

{

−2

~

∫Rb

Ra

√

2µ(V (r)−Q)dr

}

, (14)
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in which the decay energy Q is obtained via [27, 28]

Q = B(Z−2,A−4)+28.3−B(Z,A)(MeV), (15)

B(Z,A) = 7.298Z+8.071(A−Z)−M(A,Z)(MeV), (16)

where B(A,Z) and M(A,Z) respectively denote the
binding energy and the excess mass. The turning bound-

aries are obtained via VEq.(1)(r)=Q. This equation has
two roots; r1 = Rp and r2 = Rin = Ra with r2 > r1 and
V (Rout = Rb) = Q. We have plotted the potential in
Fig. 1. The HL is obtained via [29]

T1/2=
ln2

λ
=

ln2

νP
(s), (17)

Table 1. Alpha decay half-lives for ground state to ground state transition.

parent deformation daughter deformation
decay modes Iπ

i Iπ

f β2 β4 β6 β2 β4
T cal
1/2

/s T cal
1/2

/s Ref. [29] T
exp
1/2

/s

152Ho→148Tb 2− 2− 0 0 0 0 0 1.684×103 2.35×103 1.35×103

0 0 0 −0.052 0.009 1.682×103

0.126 0.038 0.016 0 0 1.684×103

0.126 0.038 0.016 −0.052 0.009 1.682×103

154Ho→150Tb 2− 2− 0 0 0 0 0 1.236×106 1.88×106 3.71×106

0 0 0 0.143 0.048 1.225×106

0.170 0.044 −0.001 0 0 1.236×106

0.170 0.044 −0.001 0.143 0.048 1.225×106

156Lu→152Tm 2− 2− 0 0 0 0 0 8.255×10−1 1.06 4.94×10−1

0 0 0 −0.052 0.009 8.247×10−1

−0.104 0.012 0.003 0 0 8.255×10−1

−0.104 0.012 0.003 −0.52 0.009 8.247×10−1

159Ta→155Lu 2− 2− 0 0 0 0 0 3.325 3.05 2.44

0 0 0 0.035 0 3.324

0.107 0.012 0.005 0 0 3.325

0.107 0.012 0.005 0.035 0 3.324
160Ta→156Lu 2− 2− 0 0 0 0 0 3.803×101 5.61×101 >1.7

0 0 0 −0.104 0.012 3.788×101

0.134 0.022 0.005 0 0 3.803×101

0.134 0.022 0.005 −0.104 0.012 3.788×101

153Tm→
149Ho

11−

2

11−

2
0 0 0 0 0 3.123 3.74 1.63

0 0 0 −0.008 0 3.123

−0.018 0 0 0 0 3.123

−0.018 0 0 −0.008 0 3.123
156Hf→152Yb 0+ 0+ 0 0 0 0 0 3.894×10−2 9.96×10−3 2.34×10−2

0 0 0 0 0 3.894×10−2

0.035 −0.008 0.001 0 0 3.894×10−2

0.035 −0.008 0.001 0 0 3.894×10−2

158W→
154Hf 0+ 0+ 0 0 0 0 0 2.350×10−3 2.37×10−3 1.37×10−3

0 0 0 0.008 0 2.350×10−3

0.018 0 0.002 0 0 2.350×10−3

0.018 0 0.002 0.008 0 2.350×10−3

163Re→159Ta
1

2

+ 1

2

+

0 0 0 0 0 1.035 1.54 1.22

0 0 0 0.107 0.012 1.035

0.125 0.006 0.001 0 0 1.039

0.125 0.006 0.001 0.107 0.012 1.035

165Re→161Ta
1

2

+ 1

2

+

0 0 0 0 0 3.860×101 7.71×101 5.22×101

0 0 0 0.143 0.016 3.833×101

0.153 0 −0.002 0 0 3.860×101

0.153 0 −0.002 0.143 0.016 3.833×101
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Table 1 (continued)
parent deformation daughter deformation

decay modes Iπ

i Iπ

f β2 β4 β6 β2 β4
T cal
1/2

/s T cal
1/2

/s Ref. [29] T
exp
1/2

/s

166Ir→162Re 2− 2− 0 0 0 0 0 1.577×10−2 2.10×10−2 1.13×10−2

0 0 0 0.116 0.013 1.570×10−2

0.107 −0.004 0.004 0 0 1.578×10−2

0.107 −0.004 0.004 0.116 0.013 1.570×10−2

167Ir→163Re
1

2

+ 1

2

+

0 0 0 0 0 9.211×10−2 1.37×10−1 7.19×10−2

0 0 0 0.125 0.006 9.164×10−2

0.116 −0.011 0.002 0 0 9.211×10−2

0.116 −0.011 0.002 0.125 0.006 9.164×10−2

169Ir→165Re
1

2

+ 1

2

+

0 0 0 0 0 2.096 3.75 8.40×10−1

0 0 0 0.153 0 2.080

0.134 −0.009 −0.001 0 0 2.096

0.134 −0.009 −0.001 0.153 0 2.080
172Pt→168Os 0+ 0+ 0 0 0 0 0 2.982×10−1 4.26×10−1 1.03×10−1

0 0 0 0.162 −0.006 2.956×10−1

0.126 −0.010 −0.002 0 0 2.982×10−1

0.126 −0.010 −0.002 0.162 −0.006 2.956×10−1

170Au→166Ir 2− 2− 0 0 0 0 0 2.600×10−3 3.77×10−3 2.00×10−3

0 0 0 0.107 −0.004 2.590×10−3

−0.096 −0.012 −0.002 0 0 2.600×10−3

−0.096 −0.012 −0.002 0.107 −0.004 2.590×10−3

173Au→169Ir
1

2

+ 1

2

+

0 0 0 0 0 3.380×10−2 5.43×10−2 2.07×10−2

0 0 0 0.134 −0.009 3.360×10−2

−0.105 −0.011 0.001 0 0 3.380×10−2

−0.105 −0.011 0.001 0.134 −0.009 3.360×10−2

177Au→173Ir

(

1

2
,
3

2

)+ (

3

2
,
5

2

)+

0 0 0 0 0 7.681 5.35 3.66

0 0 0 0.162 −0.023 7.600

−0.130 −0.009 0 0 0 7.681

−0.130 −0.009 0 0.162 −0.023 7.600
176Hg→172Pt 0+ 0+ 0 0 0 0 0 5.075×10−2 6.72×10−2 2.10×10−2

0 0 0 0.126 −0.010 5.047×10−2

−0.105 −0.027 0 0 0 5.075×10−2

−0.105 −0.027 0 0.126 −0.010 5.047×10−2

177Tl→173Au
1

2

+ 1

2

+

0 0 0 0 0 3.457×10−2 5.53×10−2 2.47×10−2

0 0 0 −0.105 −0.011 3.443×10−2

−0.053 −0.007 0 0 0 3.457×10−2

−0.053 −0.007 0 −0.105 −0.011 3.443×10−2

179Tl→175Au
1

2

+ 1

2

+

0 0 0 0 0 6.268×10−1 1.03 2.30×10−1

0 0 0 −0.122 −0.010 6.233×10−1

−0.053 −0.007 0 0 0 6.268×10−1

−0.053 −0.007 0 −0.122 −0.010 6.233×10−1

181Tl→177Au
1

2

+ (

1

2
,

3

2

)+

0 0 0 0 0 4.995×101 4.01×101 >3.20×101

0 0 0 −0.130 −0.009 4.959×101

−0.053 −0.007 0 0 0 4.995×101

−0.053 −0.007 0 −0.130 −0.009 4.959×101

180Pb→176Hg 0+ 0+ 0 0 0 0 0 5.214×10−3 7.84×10−3 4.00×10−3

0 0 0 −0.105 −0.027 5.187×10−3

0.008 −0.008 0.003 0 0 5.214×10−3

0.008 −0.008 0.003 −0.105 −0.027 5.187×10−3
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Table 1 (continued)
parent deformation daughter deformation

decay modes Iπ

i Iπ

f β2 β4 β6 β2 β4
T cal
1/2

/s T cal
1/2

/s Ref. [29] T
exp
1/2

/s

188Po→184Pb 0+ 0+ 0 0 0 0 0 1.882×10−4 2.74×10−4 2.70×10−4

0 0 0 0.009 −0.008 1.882×10−4

0.293 0.007 −0.010 0 0 1.882×10−4

0.293 0.007 −0.010 0.009 −0.008 1.882×10−4

192Po→188Pb 0+ 0+ 0 0 0 0 0 4.701×10−2 7.90×10−2 3.23×10−2

0 0 0 0 −0.008 4.700×10−2

−0.207 0.008 0.001 0 0 4.701×10−2

−0.207 0.008 0.001 0 −0.008 4.700×10−2

193Po→189Pb
3

2

− 3

2

−

0 0 0 0 0 2.886×10−1 5.04×10−1 4.20×10−1

0 0 0 0 −0.008 2.886×10−1

−0.215 0.009 0.002 0 0 2.886×10−1

−0.215 0.009 0.002 0 −0.008 2.886×10−1

197Po→193Pb
3

2

− 3

2

−

0 0 0 0 0 1.399×102 2.34×102 1.27×102

0 0 0 0 −0.015 1.398×102

0.062 0.001 −0.002 0 0 1.399×102

0.062 0.001 −0.002 0 −0.015 1.398×102

199Po→195Pb
3

2

− 3

2

−

0 0 0 0 0 4.032×103 6.56×103 2.74×103

0 0 0 0.009 −0.015 4.030×103

0 −0.015 0 0 0 4.032×103

0 −0.015 0 0.009 −0.015 4.030×103

201Po→197Pb
3

2

− 3

2

−

0 0 0 0 0 8.150×104 1.65×105 5.74×104

0 0 0 0 −0.008 8.149×104

0 −0.015 0 0 0 8.150×104

0 −0.015 0 0 −0.008 8.149×104

198At→194Bi 3+ 3+ 0 0 0 0 0 3.901 7.26 4.67

0 0 0 −0.052 0.009 3.897

−0.207 −0.007 −0.001 0 0 3.901

−0.207 −0.007 −0.001 −0.052 0.009 3.897
200At→196Bi 3+ 3+ 0 0 0 0 0 5.854×101 1.08×102 8.27×101

0 0 0 0.052 0.009 5.847×101

0.089 −0.006 −0.001 0 0 5.854×101

5.847×101

202At→198Bi (2,3)+ (2,3)+ 0 0 0 0 0 6.053×102 1.16×103 4.97×102

0 0 0 0.009 −0.052 6.029×102

0.062 −0.007 0.001 0 0 6.053×102

0.062 −0.007 0.001 0.009 −0.052 6.029×102

195Rn→191Po
3

2

− 3

2

−

0 0 0 0 0 1.590×10−2 2.81×10−2 6.00×10−3

0 0 0 0.275 −0.031 1.548×10−2

−0.24 0.013 0.003 0 0 1.590×10−2

−0.24 0.013 0.003 0.275 −0.031 1.548×10−2

197Rn→193Po
3

2

− 3

2

−

0 0 0 0 0 1.373×10−1 2.54×10−1 6.50×10−2

0 0 0 −0.215 0.009 1.350×10−1

−0.232 0.012 0.002 0 0 1.373×10−1

−0.232 0.012 0.002 −0.215 0.009 1.350×10−1

199Rn→195Po
3

2

− 3

2

−

0 0 0 0 0 1.443 5.30×10−1 6.60×10−1

0 0 0 0.071 0.002 1.440

−0.207 0.001 −0.001 0 0 1.443

−0.207 0.001 −0.001 0.071 0.002 1.440
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Table 1 (continued)
parent deformation daughter deformation

decay modes Iπ

i Iπ

f β2 β4 β6 β2 β4
T cal
1/2

/s T cal
1/2

/s Ref. [29] T
exp
1/2

/s

201Rn→197Po
3

2

− 3

2

−

0 0 0 0 0 1.354×101 2.63×101 1.37×101

0 0 0 0.062 0.001 1.352×101

−0.199 −0.016 −0.001 0 0 1.354×101

−0.199 −0.016 −0.001 0.062 0.001 1.352×101

203Rn→199Po
3

2

− 3

2

−

0 0 0 0 0 1.149×102 2.21×102 6.67×101

0 0 0 0 −0.015 1.149×102

−0.104 0.004 0.004 0 0 1.149×102

−0.104 0.004 0.004 0 −0.015 1.149×102

201Fr→197At
9

2

− 9

2

−

0 0 0 0 0 1.419×10−1 2.46×10−1 6.20×10−2

0 0 0 −0.207 0.001 1.396×10−1

−0.215 −0.006 0.001 0 0 1.419×10−1

−0.215 −0.006 0.001 −0.207 0.001 1.396×10−1

202Fr→198At 3+ 3+ 0 0 0 0 0 3.949×10−1 7.07×10−1 3.00×10−1

0 0 0 −0.207 −0.007 3.884×10−1

−0.207 −0.015 0.001 0 0 3.949×10−1

−0.207 −0.015 0.001 −0.207 −0.007 3.884×10−1

203Fr→199At
9

2

− 9

2

−

0 0 0 0 0 1.124 3.25×10−1 5.79×10−1

0 0 0 0.08 0.002 1.121

−0.190 −0.018 0.003 0 0 1.121

−0.190 −0.018 0.003 0.080 0.002 1.121
204Fr→200At 3+ 3+ 0 0 0 0 0 2.234 0.79 1.77

0 0 0 0.089 −0.006 2.234

−0.190 −0.024 0 0 0 2.241

−0.190 −0.024 0 0.089 −0.006 2.234
206Fr→202At (2,3)+ (2,3)+ 0 0 0 0 0 1.906×101 1.25×101 1.90×101

0 0 0 0.062 −0.007 1.903×101

−0.013 0.005 0.006 0 0 1.906×101

−0.013 0.005 0.006 0.062 −0.007 1.903×101

203Ra→199Rn
3

2

− 3

2

−

0 0 0 0 0 6.234×10−2 1.05×10−1 3.10×10−2

0 0 0 −0.207 0.001 6.134×10−2

−0.207 −0.015 0.001 0 0 6.234×10−2

−0.207 −0.015 0.001 −0.207 0.001 6.134×10−2

205Ra→201Rn
3

2

− 3

2

−

0 0 0 0 0 4.277×10−1 7.80×10−1 >2.10×10−1

0 0 0 −0.199 −0.016 4.208×10−1

−0.190 −0.024 0.003 0 0 4.277×10−1

−0.190 −0.024 0.003 −0.199 −0.016 4.208×10−1

207Ra→203Rn

(

5

2
,
3

2

)

−
(

5

2
,
3

2

)

−

0 0 0 0 0 2.316 2.81 1.44

0 0 0 −0.104 0.004 2.306

−0.130 −0.002 0.007 0 0 2.316

−0.130 −0.002 0.007 −0.104 0.004 2.306
206Ac→202Fr 3+ 3+ 0 0 0 0 0 2.914×10−2 5.24×10−2 2.20×10−2

0 0 0 −0.207 −0.015 2.865×10−2

−0.207 −0.030 0.003 0 0 2.914×10−2

−0.207 −0.030 0.003 −0.207 −0.015 2.865×10−2

208Ac→204Fr 3+ 3+ 0 0 0 0 0 1.461×10−1 2.63×10−1 9.60×10−2

0 0 0 −0.190 −0.024 1.438×10−1

−0.190 −0.024 0.006 0 0 1.461×10−1

−0.190 −0.024 0.006 −0.190 −0.024 1.438×10−1
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Table 1 (continued)

parent deformation daughter deformation
decay modes Iπ

i Iπ

f β2 β4 β6 β2 β4
T cal
1/2

/s T cal
1/2

/s Ref. [29] T
exp
1/2

/s

217Pa→213Ac
9

2

− 9

2

−

0 0 0 0 0 2.163×10−3 3.93×10−3 3.48×10−3

0 0 0 −0.044 −0.015 2.161×10−3

0 0.008 0 0 0 2.163×10−3

0 0.008 0 −0.044 −0.015 2.161×10−3

174Ir→170Re 3+ 5+ 0 0 0 0 0 8.456×102 1.02×102 1.58×102

0 0 0 0.199 −0.019 8.326×102

0.171 −0.022 −0.001 0 0 8.456×102

0.171 −0.022 −0.001 0.199 −0.019 8.326×102

183Pb→179Hg
3

2

− 7

2

−

0 0 0 0 0 5.234×10−1 6.27×10−1 8.11×10−1

0 0 0 −0.122 −0.018 5.200×10−1

0.009 0.015 0.004 0 0 5.234×10−1

0.009 0.015 0.004 −0.122 −0.018 5.200×10−1

185Pb→181Hg
3

2

− 1

2

−

0 0 0 0 0 3.723 4.55 3.15×103

0 0 0 −0.122 −0.018 3.698

0.009 0.015 0.002 0 0 3.723

0.009 0.015 0.002 −0.122 −0.018 3.698

187Pb→183Hg
3

2

− 1

2

−

0 0 0 0 0 5.736×101 7.15×101 2.17×102

0 0 0 −0.130 −0.017 5.692×101

0 −0.015 0.001 0 0 5.736×101

0 −0.015 0.001 −0.130 −0.017 5.692×101

186Bi→182Tl 3+ 2− 0 0 0 0 0 1.026×10−3 1.37×10−3 1.48×10−2

0 0 0 −0.053 −0.007 1.025×10−3

−0.052 0.016 −0.001 0 0 1.026×10−3

−0.052 0.016 −0.001 −0.053 −0.007 1.025×10−3

191Bi→187Tl
9

2

− 1

2

+

0 0 0 0 0 8.978×101 2.69×101 2.05×101

0 0 0 −0.053 −0.007 8.969×101

−0.052 0.009 0 0 0 8.978×101

−0.052 0.009 0 −0.053 −0.007 8.969×101

193Bi→189Tl
9

2

− 1

2

+

0 0 0 0 0 7.456×103 2.30×103 1.91×103

0 0 0 −0.053 −0.007 7.449×103

−0.052 0.009 0 0 0 7.456×103

−0.052 0.009 0 −0.053 −0.007 7.449×103

194Bi→190Tl 3+ 2− 0 0 0 0 0 1.156×104 1.91×104 2.05×104

0 0 0 −0.061 −0.007 1.154×104

−0.052 0.009 0 0 0 1.156×104

−0.052 0.009 0 −0.061 −0.007 1.154×104

195Bi→191Tl
9

2

− 1

2

+

0 0 0 0 0 9.862×105 3.36×105 5.72×105

0 0 0 −0.053 −0.007 9.854×105

−0.052 0.009 0 0 0 9.862×105

−0.052 0.009 0 −0.053 −0.007 9.854×105

216Ac→212Fr 1− 5+ 0 0 0 0 0 1.100×10−4 3.32×10−5 4.40×10−4

0 0 0 −0.008 0.008 1.100×10−4

−0.018 0.008 −0.003 0 0 1.100×10−4

−0.018 0.008 −0.003 −0.008 0.008 1.100×10−4
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where ν =(ω/2π)= (2E/h) is the frequency of collision
with barrier per second and λ is the decay constant. E
is the empirical zero point vibration energy given by [30]

E=Q

{

0.056+0.039exp

[

(4−Aα)

2.5

]}

(MeV). (18)

Substitution of E and P in (17) determines the HL. The
corresponding results are reported in Table 1.

Fig. 1. The potential vs. the distance between the
fragment centers (Ra and Rb being the first and
second turning points, respectively).

3 Numerical results

As a typical example, the continuity conditions (i)
and (ii) for 180Pb→176Hg determined the potential give
a0 = 284.691, a1 =−79.605 and a2 = 5.696. The exper-
imental HL for this nucleus is (4.00×10−3 s). When
we assume a spherical shape for Pb, the calculated

HL is (5.214×10−3 s). For a deformed daughter with
β2 =−0.105 and β4 =−0.027, the HL is (5.178×10−3 s).
For a deformed parent, from the parameters β2 =0.008,
β4 =−0.008 and β6 =0.003 obtained from the boundary
conditions, the HL is (5.214×10−3 s). When we consider
both the daughter and the parent of deformed shape, the
HL is (5.178×10−3 s).

The Alpha emission obeys the spin-parity selection
rule [29]:

|Ii−If |6l6Ii+If and
πi

πf

=(−1)l, (19)

where Ii, πi and If , πf are the spin and parity of the par-
ent and daughter, respectively. We have calculated the
HL of deformed nuclei in Gs to GS transitions and com-
pared them with Ref. [29] in Table 1. The first column
represents different modes of transition and, the fourth
and the fifth columns are the deformation parameters of
the parent and daughter, respectively. The seventh col-
umn shows our calculated HL. We see that the results
are acceptable.

4 Conclusion

We consider an angle dependent-potential for the
range 676 Z 691. The dependence on angle leads to
multiple approximations which are considered for three
possible combinations, i.e., for the daughter, the parent
and for both of them. It is revealed that the results are
in closer agreement with the experimental data when the
multiple approximation is considered only for the daugh-
ter.
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