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We use complete theory of nucleus-nucleus
scattering governed by an interaction poten-
tial and evaluate the value of decay time of
alpha particle from a radioactive nucleus from
the decay of resonant state of the scattering
process. Within the same framework, we need
to explain the process of formation or fusion
of the α particle with a nucleus using the con-
cept of absorption within the interior strong
interaction region. In view of this, we wish to
construct a potential particularly the attrac-
tive nuclear part such that the combined po-
tential of nuclear, electrostatic and centrifugal
parts is capable to explain and account for the
above three processes of scattering, decay and
fusion in an α+nucleus interaction in unison.

The potential developed for the nuclear part
is expressed below:

VN =

 −4V0
(1−C)rρ3

(r2−ρ2)2
(1−e

ar2

r2−ρ2 )e
ar2

r2−ρ2

(1−Ce
ar2

r2−ρ2 )3
ifr < ρ

0 ifr > ρ

Here V0 and ρ stand for the depth and
range of the potential. The parameters C
and a account for the slope of the poten-
tial. Combining this potential with the usual
Coulomb potential with radial parameter rc =
1.2 fm and the centrifugal potential, we solve
the Schrödinger equation and explain different
processes in a 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 α particle from the parent 212

82 Po nu-
cleus.

The values of the parameters for the nu-
clear potential are V0 = 55 MeV, C = 0.94,
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FIG. 1: Angular variation of the elastic scattering
cross section at different incident energies.
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FIG. 2: Fusion cross section as a function of center
of mass energy Ec.m..

a = 1.62 and ρ = ρ0(A
1/3
α + A

1/3
D ) with

ρ0 = 1.665 fm. For the α+nucleus system,
Aα and Zα indicate mass and proton number
of the α particle and AD and ZD stand for
the mass and proton number of the daughter
nucleus.

In FIG. 1, we explain the angular varia-
tion of the elastic scattering cross section at
different incident energies and find that the
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TABLE I: Comparison between the experimental
α-decay half-lives and calculated half-lives of iso-
topes of Po.

Parent Qexpt.(MeV) log10T
expt.
1/2 (s) log10T

calt.
1/2 (s)

218
84 Po 6.115 2.275 2.78
216
84 Po 6.906 -0.84 -0.428
214
84 Po 7.833 -3.78 -3.53
212
84 Po 8.954 -6.52 -6.62
210
84 Po 5.407 7.08 6.37
208
84 Po 5.215 7.96 7.46
206
84 Po 5.327 7.14 6.85
204
84 Po 5.485 6.28 6.02
202
84 Po 5.701 5.15 4.94
200
84 Po 5.981 3.79 3.62
198
84 Po 6.309 2.27 2.19
196
84 Po 6.657 0.77 0.79
194
84 Po 6.987 -0.41 -0.42
190
84 Po 7.693 -2.61 -2.75

explanation of the experimental results (solid
dots) [1] are accounted for quite successfully
by our calculated results (solid curves). In
FIG. 2, we explain the experimental fusion
cross section as a function of center of mass
energy Ec.m. (solid dots)[2] and calculated re-
sults (solid curve) with remarkable success
throughout the range of energy. Using the

same interaction potential we estimate the Q-
value (' 8.954MeV) of the α decay of par-
ent 212

84 Po nucleus from the resonance situation
with a minor change in the value of Coulomb
radius parameter rc. The width correspond-
ing to this resonance energy gives us the time
of decay (half-life) as the logarithm of half-life
log10T1/2 = −6.62 s which is very close to the
experimental result of −6.52 s.

We apply the same formulation and the po-
tential to estimate the α-decay half-lives of
other isotopes of Po. The calculated results
log10T

calt.
1/2 are compared with the correspond-

ing measured values log10T
expt.
1/2 in TABLE I.

It is clearly seen that the measured values are
accounted for quite well.

In conclusion, we may mention that we have
found a new expression for the nuclear poten-
tial which is capable of explaining simultane-
ously three important events: decay, fusion
and scattering in a α+nucleus collision.
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