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Introduction

The spontaneous emission of nuclei heavier than
alpha particle from radioactive nuclei without
accompanied by the emission of neutrons is
called cluster radioactivity (CR) or exotic
radioactivity. The process of emission of clusters
heavier than alpha particle is called cluster decay
or exotic decay. In 1980, Sandulescu et al [1]
predicted cluster radioactivity(CR) on the basis
of quantum mechanical fragmentation theory. In
1984.for the first time, Rose and Jones [2]
experimentally observed *C emission from **Ra
using solid state counter telescope. Subsequently
several cluster decay modes from heavier parent
nuclei in the trans-lead region have been
experimentally confirmed. In the case of *°%%
2% jsotopes, the emission of ?Ne, **Ne, ®Ne,
%Ne, Mg, Mg and **Mg clusters have been
experimentally confirmed [3].

A survey of literature reveals the fact that half-
life values for different modes of cluster decay
from different isotopes of uranium have been
calculated using different theoretical models such
as the Analytical super asymmetric fission
model(ASAFM), Preformed cluster model
(PCM), Coulomb and Proximity potential model
(CPPM) etc., [4-12]. Recently, some semi-
empirical formulae, i.e, single line of Universal
curve (UNIV) for alpha and cluster radioactive
decay [13] and Universal Decay law (UDL)[14]
have also been proposed to explain cluster decay
data. The emission of neon clusters from isotopes
of uranium leads to the formation of daughter
nuclei in the vicinity of doubly magic nucleus,
2%8pp. So, in the present work, we have calculated
half-life values for cluster decay of **Ne cluster
from even A uranium (**%°U ) isotopes. The
logarithmic half lives calculated were expected to
throw light on the role of 2®Pb (which is a
doubly magic nucleus) and provide evidences for
the possible nuclear shell effects in cluster
radioactivity.

Calculations
In the present work, we have calculated the
logarithmic half lives for #*Ne cluster emission
from ##2°y isotopes by using three different
approaches which were based on, UNIV, UDL
and the CPPM model respectively.
The UNIV calculations were made by using
equation (4) of Poenaru et al [13].
Our CPPM based calculations were similar to
those described in our recent papers [15-16].
The UDL calculations were made by using
equation (12) of Qi et al [14].
Results and discussion
The UNIV, CPPM and UDL based values of
the logarithmic half-lives (log:o(T,)) for **Ne
cluster decay from %2y isotopes so obtained
were designated as ‘a’, ‘b’and ‘c’ respectively
and listed in Table 1. In all the three
calculations, the Q-values used were taken
from the Q-value calculator which is based on
the atomic mass tables of Audi et al 2003 [17-
18]. The logarithmic half-lives listed in table 1
were plotted as a function of mass number of
the corresponding parent nucleus. This was
done for all the uranium isotopes of present
interest(*'*2%°V).
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The resulting plots are as shown in Fig.1.

All the three plots indicate that the logarithmic
half lives for *Ne cluster emission
systematically decrease with increasing mass
number of the parent from #°U upto *?U
registering a minimum value for the decay of
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321 jsotope with **Ne emission which leads to
the formation of doubly magic nucleus, **Pb.
Thereafter, the plots show a systematic increase
in the logarithmic half lives as the mass
number of U increases beyond 232.
Table.1 Calculated logarithmic half-life values
for #*Ne cluster emission from *#2*°U isotopes.

Parent
nucleus

Daughter
Nucleus

Q_
value
(MeV)

logTy,
values

¥%pp 36.78°
43.74°

41.12°

28y 52.082

%pp 54.341 | 32.73a
38.34b

36.23c

%8pp 56.301 | 29.43a
33.82b

32.20c

20pp 57.908 | 26.87a
30.23b

29.01c

202pp 50.214 | 24.86a
27.35b

26.49¢c

20%pp 60.286 | 23.25a
25.00b

24.44c

20pp 61.351 | 21.70a
22.70b

22.46¢

208pp 62.31 20.34a
20.69b

20.71c

20pp 58.826 | 24.89a
27.38b

26.64c

22pp 55.945 | 29.08a
33.27b

31.95¢

Conclusions

Thus, we may conclude that the *Ne cluster
emission from 22U isotope leads to the
formation of doubly magic daughter nucleus
2%8ph. Hence, it has the lowest half-life value.
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Also, this decay mode has been experimentally
confirmed.

These observations stress the role of doubly
magic 2®Pb nucleus in trans-lead cluster
radioactivity and confirm the existence of
nuclear shell effect.
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