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Introduction

It has been observed that the α-decay process in light Te isotopes carries a preformation factor which is larger than the one in
the classic decays of Po isotopes [1]. Such αdecay transitions are called superallowed [2].
This feature is expected because around the
100
Sn core the valence nucleons, both neutrons
and protons, move in the same single-particle
(sp) shells, thus enhancing the neutron-proton
interaction. The superallowed character of
the α-decay transitions from light Te isotopes was established by examining reduced
decay widths [1]. The decay proceeds in two
steps: in the first step the four nucleons in
the mother nucleus get clustered together to
form α-particle. In the second step, α-particle
formed penetrates the Coulomb and centrifugal barriers.
In this article, we discuss the first step in detail i.e formation probabilities of the α-particle
on the surface of nucleus. Most of the known
theories do not evaluate the formation amplitude but rather takes it as a free parameter. We present a full microscopic calculation to analyze in detail the formation probabilities, which includes proton-neutron interaction among the nucleons forming the αparticle.

Theoretical Formalism

We study the systems with two protons
and two neutrons outside a double-magic core

within the framework of the multistep shell
model (MSM)[3] . The MSM dynamical equation for 2p2n case is
X
[ (Wα2 + Wβ2 ) δα2 ,α02 δβ2 ,β20
α02 β20

+ hα2 β2 ; α4 | Vpn | α20 β20 ; α4 i ] X(α20 β20 ; α4 )
= Wα4 X(α2 β2 ; α4 ),
(1)

where Wα2 (Wβ2 ) is the two-proton (twoneutron) correlated energy and the eigenvalue
Wα4 is the 2p2n energy and the eigenvectors
X(α2 β2 ; α4 ). The proton-neutron interaction
(Vpn ) matrix element has the form
hα2 β2 ; α4 | Vpn | α20 β20 ; α4 i
0
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p
1 + δij X(ij; α2 ) and
where Y (ij; α2 ) =
[α2 ]=2α2 +1.
The final form of α-particle formation amplitude is
Fα4 (R)
X
X
X
=
X(α2 β2 ; α4 )
T (α2 Nπ )
T (β2 Nν )
α 2 β2

×

X
Nα

Nπ

Nν

hNπ α2 Nν β2 ; α4 | 00Nα α4 ; α4 iRNα α4 (R),
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(3)

where hNπ α2 Nν β2 ; α4 | 00Nα α4 ; α4 i is a
Moshinsky bracket and RNα α4 (R) is the ra-
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dial wave function corresponding to the outgoing α-particle. The detailed formalism and
notations are explained in Ref. [4].
Results and discussions

We analyze in detail the nuclear structure
and the α-formation probabilities in 212 Po and
104
Te.
212
Po: The proton sp states correspond
to major shell N = 5 and the neutron sp
states correspond to major shell N = 6 are
taken into account. All the two-particle states
(α2 , β2 ) provided by this set of sp states are
included in the MSM calculations [5]. The
dynamical equation (1) is diagonalized to obtain eigen values and wavefunctions. The calculated energies are shown in Table I, which
agree with the experimental values within few
keV. However, looking at the wavefunctions
[4], it shows pn interaction is not dominant in
this case. This is expected because in 212 Po,
the protons and neutrons move in shells having different parities .
104
Te: We consider all the sp states in the
TABLE I:
 Calculated excitationenergies(in MeV)
in 104 Te: 102 Te(α2 ) ⊗102 Sn(β2 ) and 212 Po


: 210 Po(α2 ) ⊗210 Pb(β2 ) and the corresponding
available experimental data.
I1π
0+
1
2+
1
4+
1
6+
1
8+
1

104

Te
0
0.61
1.31
2.17
3.60

the protons and neutrons move in the same sp
shells.
Using the wavefunctions evaluated, we calculate the α-formation amplitude (3) in 212 Po
and 104 Te. The α-particle is formed on the
surface of the daughter nucleus. The αformation probability in the region R around
the nuclear surface in 104 Te is found to be
F (R)104 Te = 4.85 × F (R)212 Po .
The large formation amplitude in 104 Te
explains the superallowed character of αtransition.
This is because of enhanced
proton-neutron correlations in Te region
compared to Po region.
In conclusion the evaluated formation
probabilities show that in 104 Te there is
indeed a superallowed α-decay transition.
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