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Heavy nuclei with Z≥ 82 are generally less ac-
cessible for detailed studies with usual nuclear
spectroscopy methods. Therefore the study of
half lives via α-decay and/or cluster decay rep-
resents one of the main tools for the nuclear struc-
tures as well as spectroscopy of ground and excited
states of a nuclei in the mass region A=220 [1, 2].
Again, the mass region of A∼220 is crucial be-
cause there is strong specific evidence that in cer-
tain heavy and/or super-heavy regions, octupole-
deformed atomic nuclei are distorted into a pear
shape [3]. The major purpose of the present study
is to examine the α and cluster decay processes
in the region of A∼220 of Ra isotopes to pre-
dict the existence of spherical shell/sub-shell clo-
sures in the daughter lead region within an axi-
ally deformed relativistic mean field (RMF) the-
ory with NL3 force parameter set. The Q-value is
obtained from the binding energies of the nuclei.
With this Q-value we examine the α-decay as well
as cluster decay half-life of Ra isotopes using the
Viola-Seaborg [4], Royer [5, 6], universal decay law
(UDL) [7, 8] and universal formula (UNIV) of Poe-
naru et al. [9]. Along with the structural study of
Ra isotopes, we also show how the half-lives are
sensitive to the shell closures of parent and daugh-
ter nuclei. It is clear that cluster radioactivity is
related to shell/sub-shell closure, so it is very im-
portant to evaluate how much the shell effects im-
part to the half-life for α and cluster radioactivity.
This is the primary motivation for this work.

The key point in the cluster radioactivity is that
it involves the interplay of close shell effects of par-
ent and daughter. Small half life for a parent in-
dicates shell stabilized daughter and long half life
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FIG. 1: Plot of alpha decay half life as a function of

mass number of Ra isotopes.

indicates the stability of the parent against the
decay. In the cluster decay of trans lead nuclei ob-
served, the end product is doubly magic lead or
its neighbors. With this in our mind we have ex-
tended the idea of cluster radioactivity. It is found
from Fig.1 that the half-life is small for the par-
ent nucleus 216,218Ra as per the VSS, Royer and
UDL formalism. Hence the possible shell is stabi-
lized at the daughter nucleus 212,214Rn when an α

particle is emitted. From Fig.2 it is observed that
when 8Be is emitted from Ra isotopes, the half-
life is small for the 218Ra nucleus which indicates
possible shell and/or sub-shell closure at 210Po.
When isotopes of C are emitted from Ra isotopes,
it is found from the Fig.3 that there is remarkable
agreement between the experimental and calcu-
lated half-lives of 222Ra and 224Ra. Where 224Ra
shows a small half-life, implying that the daugh-
ter nucleus 208Pb is the obvious stable one. The
decrease in half-lives is due to the double magicity
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FIG. 2: Plot of Be-decay half life as a function of mass

number of Ra isotopes.

(Z=82, N=126) of the well known 208Pb daughter
and the sensitivity of half-life to angular momen-
tum L and Q-value. In Fig.4 we show the cluster
decay half-life of O isotopes using the UDL and the
universal formula. Both calculations show a small
half-life for 224Ra and hence the shell stabilization
at 206Hg is expected with the emission of 18O.
So our calculated Q-value obtained with RMF for-
malism is suitable for explaining cluster radioac-
tivity from heavy and superheavy nuclei, along
with the study of ground state properties. In con-
clusion, the calculated half-lives of alpha and other
characteristics pertaining to possible cluster emis-
sions with the Q-values obtained from RMF model
have been computed and shown in above figures
found that the cluster emissions, provide a great
contribution to the study of half-lives for Ra iso-
topes.
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FIG. 3: Plot of C-decay half life as a function of mass

number of Ra isotopes.
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FIG. 4: Plot of O-decay half life as a function of mass

number of Ra isotopes.
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