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ABSTRACT  
Using modified generalized liquid drop model, we have studied all possible cluster decay modes of superheavy nuclei 
287Mc using different nuclear potentials. The daughter or residual nuclei is having magic nuclei or semi-magic nuclei. The 
total potential is evaluated by considering quantum tunneling process. The lower limit of cluster emission is from 

2min eZ  and upper limit of cluster emission considered is 82max  ZZe
. The studied different nuclear potentials such 

as Danisov, AW-91, BW-91 and Bass-73 shows shorter half-lives and larger relative yield for the cluster emission 74Ge. 
Hence, the possible cluster decay is with the combination 74Ge+213Bi.  
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1. INTRODUCTION  
As a first attempt to synthesize a transuranic element 
heavier than Uranium, a group of Italian scientists led by 
Enrico Fermi bombarded uranium nuclei with free 
neutrons in 1934. Neptunium was the first such element 
to be synthesized, with an atomic number of 93. Since 
then, several new elements have been synthesised in the 
lab, and their properties have been studied. Hot fusion 
reactions with 48Ca projectiles produced three new 
elements with the atomic numbers 114, 116, and 118. 
Denisov and Hofmann [1] investigated shell structure 
and nuclear stability of the projectile and target 
combination using cold fusion reactions. Brodzinski and 
Skalski [2] theoretically predicted fission half-lives of 
superheavy element Z=128-148 using microscopic-
macroscopic models. Using preformation cluster model, 
Wei and Zhang [3] studied an alpha and cluster 
radioactivity in the heavy and superheavy nuclei. To 
provide insight into the physics of cold-fusion reactions 
leading to the formation of elements at the end of the 
periodic system, Takatoshi Ichikawa [4] assumed that 
the target and projectile remain spherical during the 
collision and that the barrier can be described as a sum 
of Coulomb interaction and a short-range nuclear 
interaction. The experiments described by Oganessian 
[5] were targeted at producing nuclides with Z = 113-

116, 118, and N = 170-177 in the fusion reactions of 
heavy isotopes of Pu, Am, Cm and Cf with 48Ca 
projectiles. Using the Cubic plus Yukawa Plus 
Exponential Model in two sphere approximations and 
including parent deformation and parent cluster 
deformations [6], computed the heavy cluster 
radioactivity half-lives of some of the set of isotopes of 
Superheavy nuclei. The values of the preformation 
factors were calculated using the experimental cluster 
decay half-lives, assuming that the heavy-ion emission 
decay constant equals the product of the assault 
frequency, the preformation factor, and the 
penetrability. D.N. Poenaru and R.A. Gherghescu [7] 
described the analytical superasymmetric fission (ASAF) 
model, which is widely used to forecast the half-lives of 
heavy and superheavy (Z > 104) elements. For the 26 
cluster decays that have already been measured (from 
14C to 32,34Si of parent nuclides with Z = 87-96.. The 
Skyrem-Hartree-Fock method with a density-
independent contact pairing interaction and the 
macroscopic-microscopic approach with an average 
Woods-Saxon potential and a monopole pairing 
interaction are used by S. Cwiok et al, [8] to investigate 
the ground-state properties of the superheavy elements 
(SHE) with 108≤ Z ≤128 and 150≤ N≤ 192. Rafelski et 
al., [9] observed that the energy eigenvalues and wave 

 

ISSN 
0976-9595 

Research Article 

http://www.sciensage.info/jasr


 

                                                               Manjunatha et al., J Adv Sci Res, 2021; ICITNAS: 230-234                                                            231                     

 
"Special Issue: International Conference on Innovative Trends in Natural and Applied Sciences -2021” 

functions of atomic electrons bound to superheavy 
nuclei diverge dramatically when the electric field 
strength is limited. Samanta et al., [10] theoretically 
estimated alpha-decay half-lives of 314 heavy and 
superheavy elements in the region Z = 102-120 in the 
WKB frame work with DDM3Y interaction. Aritomo et 
al., [11] applied the Smoluchowski equation to study the 
fusion-fission process in heavy systems, with the finite-
range droplet model potential.  
Oganessian et al., [12] has explained the nuclear stability 
with Z=114 and 184. The Coulomb and proximity 
potential models for deformed nuclei (CPPMDN) [13] 
are used to compute alpha-decay half-lives. Poenaru et 
al,. [14] investigated heavy particle radioactivity with 
Ze>28. The UD, UNIV, Horoi, and UDL formulae 
were used by Zhang and Wang [15] investigated cluster 
radioactivity of 294118, 296120, and 298122.  Warda et al., 
[16] used a microscopic theory to study the 
disintegration in heavier nuclei up to Lv (Z=116). 
Using CPPM and CPPMDN [17], alpha-decay half-lives 
of SHN Z=122 are theoretically studied. The 
macroscopic-microscopic model [18] for the 24Ne 
emission from 232U is used to calculate the dynamical 
path for cluster decay. For superheavy nuclei with 
atomic numbers between 104 and 130, Manjunatha et 
al., [20] developed a semi-empirical formula for alpha 
decay half-lives and cluster decay half-lives and 
compared the logarithmic half-lives generated by the 
current formula to those obtained from other equations 
such as the universal decay law (UDL). Earlier 
researchers [20-34] were used different models such as 
modified generalized liquid drop model, Coulomb and 
proximity potential model, effective liquid drop model 
and different decay modes such as alpha, cluster, 
proton, beta-decay and spontaneous fission. Literature 
survey shows inadequate theoretical studies on cluster 
radioactivity of Mascovium (Z=115). Hence in the 
present work, we have studied cluster radioactivity of 
287Mc using modified generalized liquid drop model and 
various versions of nuclear potential. 
 
2. THEORETICAL FRAMEWORK 

The total energy of the system including volume )( VE , 

surface )( SE , Coulomb )( CE , proximity )( ProxE  and 

centrifugal energies )( lE  are given by; 

loxCSV EEEEEE  Pr                                (1) 
For compound nuclei, the volume, surface and coulomb 
energies are given by 
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where I, S, V(θ) and V0 are with usual notations as 
explained in the literature [35]. When the nuclei are far 
apart, the equations (2-4) can be expressed as; 
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Here Ai is the mass number, Zi is the atomic number, Ri 

is the radii of the two nuclei and Ii is the relative neutron 
excess of the two nuclei. The radii Ri is determined by; 

1,2i fm, AAR iii   )8.076.028.1( 3/13/1          (8) 

In the equation (1) the centrifugal energy El of the 
emitted nuclei is expressed as; 
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Where 
2

h
 . The μ, r and l are the reduced mass, 

distance between the mass centers of the two nuclei and 
angular momentum respectively. The nuclear proximity 
function Danisov [36] is defined as; 

 (10) 
where the effective nuclear radius is expressed as; 
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where Rip is studied using the relation; 
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The universal function is expressed as; 

 (13) 

where 65.221  RRrs  is the separation between 
the two nuclei. Similarly, the nuclear potentials are 
evaluated using different potentials such as Bass73, AW-
91 and BW-91 were studied as explained in detail in 
reference [37].  
The barrier penetration probability is expressed as; 

 
out

in

R

R

sphereErErBP )]()()((2
2

exp[


                  (14) 



 

                                                               Manjunatha et al., J Adv Sci Res, 2021; ICITNAS: 230-234                                                            232                     

 
"Special Issue: International Conference on Innovative Trends in Natural and Applied Sciences -2021” 

Where Rin = Rd+Rα and B(r)=μ is the reduced mass and 

 QZZeR dout

2 . The decay half-life is defined as; 

P
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here 0  is the assault frequency and whose value is 
2010 S-1 and P is the barrier penetration probability 

evaluated using the equation (14). 
 

3. RESULTS AND DISCUSSION 
The total potential is evaluated for different possible 
cluster emissions from the superheavy nuclei 287Mc using 
the theory explained in the section II. 
The Fig. 1 gives the plots of scattering potential versus 
mass number of cluster emission A1 in from the 
superheavy nuclei 287Mc using different proximity 
functions such as Denisov, BW91, AW91 and Bass73. 
The variation of scattering potential is minimum for the 
cluster radioactivity of 8Be+ 279Rg, 16O+271Bh, 

31P+254Fm, 44Ca+243Am, 50Ti+237Np, 64Ni+223Fr, 74Ge 
+213Bi using different proximity potentials with the mass 
number of one of the fragments for 287Mc is observed. 
Scattering potential is highest for the cluster 31P+254Fm 
and it is lowest for the clusters with magic numbers that 
is 8Be+ 279Rg and 74Ge+213Bi. The graphical represen-
tation of scattering potential is useful to analyze the half-
life values for the emitted clusters. 
The variation of penetration probability with the mass 
number of one of the fragments for 287Mc for different 
proximity functions is shown in Fig. 2. From this Fig. it 
is found that penetration probability is inversely 
proportional to logarithmic half lives for the emitted 
clusters. Penetration probability is small for the emitted 
cluster 31P+254Fm and high for the cluster 74Ge+213Bi   
for all the proximity functions. Similar variation will be 
found for decay constant for all the emitted clusters and 
it is presented in Fig. 3. 

 

 
 

Fig. 1: The scattering potentials as a function of the mass number of one of the fragments for 287Mc for 
different proximity functions 
 

 
 

Fig. 2: The penetration probability as a function of the mass number of one of the fragments for 287Mc 
for different proximity functions. 
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The variation of logarithmic half-lives with the mass 
number of one of the fragments for 287Mc for different 
proximity functions is shown in Fig. 4. From this 
variation it is found that logarithmic half-life is more for 

the cluster 31P+254Fm and small for the cluster 
74Ge+213Bi for all the proximity functions. These results 
are due to the presence of magic nuclei in the daughter 
nuclei. 

 

 
 
Fig. 3: The decay constant as a function of the mass number of one of the fragments for 287Mc for 
different proximity functions 
 

 
 
Fig. 4: The logarithmic half-lives as a function of the mass number of one of the fragments for 287Mc for 
different proximity functions. 
 
4. CONCLUSION 
The cluster radioactivity of all cluster emissions were 
investigated using MGLDM and different nuclear 
potentials in superheavy nuclei 287Mc. The studied 
different nuclear potentials such as Danisov, AW-91, 
BW-91 and Bass-73 shows shorter half-lives and larger 
relative yield for the cluster emission 74Ge. The 
logarithmic half-lives corresponding to daughter nuclei 
Z=83 shows shorter half-lives and larger relative yield 
when compared to other different combinations 
studied. Hence, the possible cluster decay is with the 
74Ge+213Bi. 
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