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Introduction

Alpha radioactivity and prediction of alpha
decay half-lives have been widely studied ex-
perimentally as well as theoretically. In our
work, we update and microscopically deter-
mine the parameters of Viola-Seaborg relation
for α-decay half-lives. We study the emission
process of α particles from an isolated quasi-
bound state generated by an effective poten-
tial to a scattering state. An analytical ex-
pression for half-life is obtained in terms of
Coulomb function, wave function and the po-
tential. We then derive a closed-form expres-
sion for the decay half-life in terms of the pa-
rameters of the potential, Q-value of the sys-
tem, mass and proton numbers of the nuclei
and the formula is valid for light, medium,
heavy and superheavy nuclei [1].

We also stress on nuclear radial indepen-
dence by taking Frahn form of potential and
by using the same closed form expression we
trace the radial independence region where de-
cay time is almost constant and predict the
half-lives of a series of nuclei including half-
lives of isotopes of nuclei with Z=119 and 120
[2].

In another work, we construct a potential
particularly the nuclear part such that the
combined potential of nuclear, electrostatic
and centrifugal part is able to explain and
account for the processes of scattering, decay
and fusion in an α-nucleus interaction in uni-
sion [3].

∗Electronic address: swagatikabhoi66@gmail.com

FIG. 1: Plot of log10T1/2 as a function of V=aχ+c
(Eqn. 1) for α-decays in l = 0 state from decaying
nuclei with Z=54-118 [1].
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FIG. 2: Angular variation of the elastic scattering
cross section at different incident energies [3].

Formalism
The closed form expression[1] for logarithm

of decay half-life found microscopically is ex-
pressed as

logT1/2 = aχ+ c+ d+ bl, (1)

where, a = 1.4398π
√

2(931.5)/197.329 =
0.9889,

χ = ZαZD
√

AαAD
(Aα+AD) Qα

, Qα represent

the α-decay energy, Zα, ZD, Aα, AD are
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FIG. 3: Fusion cross section as a function of center
of mass energy Ec.m. [3].

the proton and mass numbers of the α
particle and the daughter nucleus respec-
tively. c = −2logS , d = −2logD , S =

cfxmRGl

(
AαAD

√
ZαZD

Aα+AD

)
cf = 0.22, xm =

70, d = −45.2631, R is the radial distance,

bl = log(ql), ql = 2η(2l+1)
Pl(η)ρ2l

, Coulomb wave

function Fl(r) = Clρ
l+1Gl, C

2
l = Pl(η)

2η
C2

0 (η)
(2l+1) ,

Pl(η) = 2η(1+η2)(4+η2).....(l2+η2)22l

(2l+1)[(2l)!]2 .

Also, by using the Frahn form of potential[2]
and incorporating the above closed form of ex-
pression of half-life, we have found radial in-
dependence of α-decay half-lives for a series of
nuclei.

In another work, the potential developed for
the nuclear part[3] is expressed as

V RN (r) = −V0
1 + δ exp[−(r/Rv)

2]

{1 + exp[(r −Rs)/2as]}2
, (2)

V IN (r) = − W0

{1 + exp[(r −RI)/2aI ]}2
. (3)

The radii Rv, Rs and RI are expressed as

Rv = rv(A
1/3
1 + A

1/3
2 ), Rs = rs(A

1/3
1 +

A
1/3
2 ), and RI = rI(A

1/3
1 + A

1/3
2 ). In opti-

cal model calculation the parameters, V0=22
MeV, rv=0.66 fm, rs=1.27 fm, rI=1.29 fm,
as=0.62 fm, δ=3.5, W0=5 MeV, aI=0.28 fm
for 19 MeV. Combining this potential with the
usual Coulomb potential and the centrifugal
potential, we solve the Schrodinger equation
and explain different processes in α+nucleus
system. We apply the formulation to the α+

208
82 Pb system for the explanation of the elastic
scattering cross sections, fusion cross sections
and the decay rate of particle from the parent
212
84 Po nucleus.

Results
By using the closed form expression (Eqn.

1), we have predicted the half-lives of many

nuclei and the plot of log10T
pred
1/2 as a function

of V=aχ + c shows a stright line for the case of
l=0 as shown in Fig. 1. Considering the poles
of S matrix and the potential in (Eqn.2 and 3)
we describe decay rate elastic scattering cross
section and fusion cross section as shown in
TABLE I, FIG.2 and FIG.3.

TABLE I: Comparision of experimental results of
α-decay half-life log10T

exp
1/2 with the calculated re-

sults log10T
OMP
1/2 obtained from poles of S matrix,

Sl, and log10T
anal
1/2 from poles of analytical S ma-

trix S(k) [3].

Decay Qα log10T
exp
1/2

log10T
OMP
1/2 log10T

anal
1/2

(MeV) (s) (s) (s)
218Po→214Pb 6.115 2.27 2.36 2.28
216Po→212Pb 6.906 -0.84 -0.75 -0.89
214Po→210Pb 7.833 -3.38 -3.71 -3.97
212Po→208Pb 8.954 -6.52 -6.68 -6.52
210Po→206Pb 5.407 7.08 6.83 6.40
208Po→204Pb 5.215 7.96 7.96 7.47
206Po→202Pb 5.327 7.14 6.97 6.88
204Po→200Pb 5.485 6.28 6.14 6.05
202Po→198Pb 5.701 5.15 5.06 4.96
200Po→196Pb 5.981 3.74 3.74 3.64

Conclusion
We microscopically obtain an expression

having updated parameters of Viola-Seaborg
relation for α-decay half-lives and also showed
radial independence for prediction of half-
lives. Moreover, our constructed potential
succesfully explain decay, elastic and fusion
cross section in unison.
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