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Introduction

In the early stage of the nuclear
development, one of the main objectives in this
field is to reproduce the so-called magic
numbers. The spontaneous decay of radioactive
nuclei with the emission of fragments heavier
than a- particle is termed as cluster radioactivity.
This phenomenon was first predicted by
Sandulescu [1] in 1980s on the basis of Quantum
mechanical fragmentation theory (QMFT). The
exploration of cluster radioactivity in Super
Heavy Island did not receive much attention,
because of the instability of nuclei in this region.
From theoretical point of view, the extension of
the periodic table towards the super heavy
‘island of stability’ is very important for testing
and developing nuclear structure models.

The main physical interest to the present
study comes from the fact that cluster
radioactivity makes a bridge between these two
extreme nuclear many body phenomena strongly
differing by nucleon number, decay mechanism
and properties of the emitted fragments. For this
reason the information obtained from the cluster
radioactivity goes beyond nuclear effects. In
these new radioactive modes, almost all the
residual nuclei resulting from cluster emission
have been found to be the doubly magic *®Pb or
very close to it (lead radioactivity). Recently
other island of cluster radioactivity having
residual nuclei close to doubly magic *®Sn (tin
radioactivity) has been predicted theoretically
and confirmed experimentally [2]. So far
observed cluster radioactivity are from trans-lead
and trans-tin region. In the present work we
would like to explore the possibility of cluster
emission from the other region preferably in the
super heavy region. We have computed the alpha
and cluster decay half lives of various even-even
isotopes (with Z ranging from 116 to 126) in the
super heavy region in which the decay leads to

Z = 114 daughter, using Coulomb and Proximity
potential [3] as interacting barrier.

The model

The interacting potential barrier for a
parent nucleus exhibiting exotic decay is given
by

2

V =2Z,Z,e*/r+V, (2) +%

forZ>0 Q)
Here Z; and Z, are the atomic numbers of
daughter and emitted cluster; ‘r’ is the distance
between fragment centers,| the angular
momentum, £ the reduced mass and Vp is the
proximity potential
The barrier penetrably P is given as:

P—expf2 [J2ulV ~Q)dz

The turning points ‘a’ and ‘b’ are given
byV (a) =V (b) =Q, where Q is the energy
released. The half life time is given by

T1/2 = In2/vP. (3)
where, v = 2Ev/h, represent the number of
assaults on the barrier per second and E,, the
empirical zero point vibration energy.

)

Results discussion and conclusion

We have studied the cluster radioactivity of
various isotopes in super heavy region based on
the potential barrier determined by two sphere
approximation [4], as the sum of coulomb and
nuclear proximity potentials for the touching and
separated configuration (z>0). Here z is the
distance between near surface of the fragments.
The possibility to have a cluster decay process is,

Q= M(A,2)-M(A1,Z1)-M(Az,Z;) > 0 (4)
Where, M(A,Z), M(A;,Z;) and M(A,,Z,) are the
atomic masses of the parent, daughter and cluster
nuclei respectively. Thus the cluster radioactivity
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is energetically possible only if Q value is
positive. The proper choice of the Q-value or
half lives will give the information about
magicity. In the present work Q-values are
computed using experimental binding energies
of Audi and Wapstra [5] and some values are
taken from the tables of KTUY [6].
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Fig. 1 Computed half life time versus neutron
number of daughter nuclei for various cluster
emissions leading to Z=114 daughter nuclei.

The radioactive decay (‘He, ®*Be, '2*1°C,
18200 20.2224Ne and ®Mg) of various even-even
isotopes with Z=116-126 leading to Z = 114
daughter nuclei was studied by taking the
coulomb and proximity potentials as the
interacting barrier. One of the fundamental
factors in the study of superheavy elements is the
prediction and/or production of doubly magic
nucleus, in the superheavy mass region. Figures
1 and 2 represent the plot of computed half life
time and barrier penetrability for clusters like
4He, B’BBE, 12,14,160’ 18,200’ 20,22,24Nel 28Mg against
the neutron number of the daughter nuclei. It is
found that these two figures are mirror
reflections of one another. That is a peak in
barrier penetrability appears as a dip in half lives
or vice versa. In half life plots, the half life times
decreases and reaches to a minimum value at
?%114and then increases. The reverse effect is
also shown in the barrier penetrability plots. A
radioactive decay having small half life time
value or greater barrier penetrability indicates the
doubly magic behaviour of the daughter
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nuclei[7]. Hence we would like to mention that
the daughter nuclei ®114 (z=114, N = 184) is
the next predicted spherical doubly magic
nucleus in super heavy region after the
experimentally observed doubly magic isotopes
208ph (Z=82, N=126). In addition with this we
would like to mention that many authors [8, 9]
predicted the spherical doubly magic behavior of
%114 (Z=114, and N=184) isotopes in the
superheavy region.
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Fig.2 Computed barrier penetrability versus
neutron number of daughter nuclei for various
cluster emissions leading to Z=114 daughter
nuclei

References

[1] A Sandulescu, Sov.J.Part.Nucl.11,528(1980)

[2] Yu Ts Oganessian et al, JINR Report No. E
7-93-57 (1993)

[3] R K Biju et al,Pramana J.Phys.70,617(2008)

[4] Y JShietal, Nucl. Phys. A 438, 450 (1985)

[5] G Audi et al, Nucl. Phys. A595, 409 (1995)

[6] H Koura, Prog.Theor.Phys.113, 305 (2005)

[7] K P Santhosh et al ,Pramana J.Phys. 72, 689
(2009)

[8] A.Sobiczewski et al, Phys.Lett.22,500(1966)

[9] H. Meldner, Ark. Fys. 36, (1967) 593

One of the authors R.K.Biju likes to thank the

University Grants Commission, Govt. of India

for providing financial assistance under Project

No. MRP(S) - 1354 /11-12 / KLKAO11 / UGC-
SWRO

127

Awailable online at www.sympnp.org/proceedings



