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Alpha decay, cluster radioactivity, and cold fission processes have been extensively
investigated in the last decade, both from the theoretical and experimental point of views
[1-19]. In order to unify these processes many attempts have been carried out by using
models which projects the multiparametric fragmentation path into the one-dimensional
motion to allow calculation of Gamow’s penetrability factor.

Recently, cold fission processes have called attention to researchers, since these pro-
cesses can provide new insight about the nuclear structure (energy levels density, deforma-
tion, etc.), giving information about the fission path from the saddle point to the scission
point [6-12]. Since the spontaneous cold fission of ?**Cm isotope was observed [4], other
new cases of cold fission events for the fissioning systems 2**Th [5], 233U [5], 234U [3], 2*°Pu
[5], 24?Pu [19], and 2°2Cf [2,18] have been detected.

The models available in the literature consider the separating dinuclear system as two
(spherical or deformed) fragments, and Gamow’s penetrability factor used to calculate
the yield (or the half-life) has been obtained by regarding the one-dimensional motion
of the dinuclear system. There are different procedures of calculating the nuclear fission
barrier, but in all cases this barrier can be separated into an internal part (when separation
between the nascent fragments is smaller than the external touching distance), and an
external one (for fragment separation greater than the touching distance), where in this
latter case only the Coulomb interaction has influence on kinetic energy of the fragments.
For the external part of the potential, the inertia coefficient of the two product nuclei 1s
clearly given by the reduced mass of the two-body system, p = (my x my)/(m1 + ma).
However, for the internal part of the potential, the inertia coefficient should be obtained
in terms of the geometrical configuration of the system. Werner-Wheeler’s coefficient
has been already employed in [16, 20, 21] by regarding a cylindrical parameterization for
the dynamics of the nuclear flow. On the other hand, we have shown that an effective
inertia coefficient can be obtained when the multidimensional problem is reduced to the
one-dimensional one. We deduced the expression for the inertia coefficient by imposing
appropriate constraint relations for the parameters which describe the evolution of the
nuclear shape [13].

The aim of this brief report is to discuss the relevance of the inner potential barrier
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in calculating the penetrability factor for spontaneous cold fission processes. In some
models it has been assumed that the inner part of the potential barrier can be neglected
in yield calculations of cluster radioactivity and cold fission processes [7, 12]. The present
calculation shows that the extent of the inner part of the potential barrier increases with
the mass of the emitted cluster, being the most significant contribution to the penetrability
factor when one deals with cold fission processes. In order to stress the importance of the

inner part of the potential barrier in Gamow’s penetrability factor,

P=ep{-3 [ VEVEI-Qhr}.

we present in Fig. 1 (shaded area) the inner part of the barrier for alpha decay (Fig.
1-a), the exotic 2*Mg decay (Fig. 1-b), and a cold fission event from ?**U parent nucleus
(Fig. 1-c). In the shaded region, a configuration-dependent inertia coefficient, u, should
be used, and the inner and outer turning points are obtained from the ()-value of the
process [V (ry) = V(ry) = @]. Here, the total potential includes the Coulomb and surface
potentials, as was done in our previous works [13, 14]. As shown in Fig. 1-a, in the
case of alpha decay the contribution from the dinuclear phase is small when compared
with the whole extension of the barrier. In the case of the heavy cluster emission mode
BIU-2Mg + 2%°Hg (Fig. 1-b) the contribution from the inner the part of the potential
barrier becomes significant. Particularly, in the case of the cold fission process shown in
Fig. 1-c the inner potential barrier is even larger, representing almost 85% of the total
extension of the potential barrier.

In Fig. 2 we present the inner part of the potential barrier in the calculation of
Gamow’s penetrability factor for the most recent detected cold fission events. The fission
products were taken from references [6-8]. It is clearly seen in Fig. 2 that the contribution
from the inner potential cannot be neglected for the cold fission processes mentioned.
Such a procedure can be considered as a reasonable approximation only in cases for light
cluster emission (helium and carbon radioactivity), which leads to satisfactory results for
the corresponding observed half-lives [22]. We call attention to the fact that the inner
part of the potential barrier is essential when trying to describe light, intermediate, and
heavier nuclear cluster emission modes by a unified model, as has been shown in our

previous works [13, 14]. The relevance of the inner potential barrier should be manifested
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also in the case where the nascent fragments are to be considered as deformed ones.
Finally, we wish to point out that the configuration-dependent inertia coefficient used
to treat cold fission processes may change Gamow’s penetrability factor. Thus, during
the evolution of the nuclear system from the saddle to scission point, the inertia coef-
ficient should be taken into account properly. The study of the influence of different
configuration-dependent inertia coeflicients to the decay yield in spontaneous cold fission

processes 1s in progress.

stk sk ok e ook ok ok ok o sk sk ok s e ok sk 3 ok sk 3k ok sk ok 3k ok K



CBPF-NF-059/97
b

Figure Captions

FIG. 1 - Potential barrier for three decay modes of 2**U. a) shows the internal part
of the potential (shaded area) for the alpha decay process; the same is shown for
**Mg cluster emission (b), and the cold fission mode **U—1%7r + 134Te (c). The

horizontal dashed line represents the )-value in each case.

FIG. 2 — The same as in Fig. 1 for cold fission of **?Pu (a), ?**Cm (b), and 252Cf (c)

fissioning systems.
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