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In this manuscript, we analyze the structural properties of neutron rich isotopes of Z = 125 super heavy nuclei in the mass 
range of 290 ≤ A ≤ 340 within the framework of axially deformed relativistic mean field theory (RMF) and calculate the 
total binding energy, radii and quadrupole deformation parameter. Further, we extract one and two neutron separation 
energies for the considered isotopic chain. The density distribution has been also investigated for some fission survival 
nuclides, i.e., 310-320125 found in the studies of literature. We compare our results with the estimations made by finite range 
droplet model (FRDM) and a close agreement has been found. 
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1 Introduction 

The search for the limits on nuclear mass and charge 
in the valley of super heavy nuclei is still unexplored 
area of research in nuclear physics till now. The 
prediction of “Magic Island” or “Island of Stability”1 

has opened up new passage in study of super heavy 
nuclei (SHN). The existence of SHN is the result of the 
interplay of the attractive nuclear force and disruptive 
Coulomb force between protons that favours the 
fission. With the invention of the shell-correction 
method, it was established that SHN could exist due to 
the strong shell stabilization2. Taking this concept into 
consideration, a large number of SHN have been 
synthesized in the laboratory over the worldwide using 
hot and cold fusion reactions. Till now, Z = 118 has 
been observed and further attempts have also been 
made for higher Z values. In the line to extend the 
super heavy valley beyond Z=118, various theoretical 
calculations have been made. It is worth mentioning 
that the SHN are observed through alpha-decay. In 
literature3, 310-320125 nuclides are suggested to be the 
candidate of fission survival and might be observed 
into the laboratory in future. Therefore, in order for the 
sake of completeness, we make an attempt of RMF 
calculations for these nuclei to look out the structural 
properties.  
 
2 Theoretical Formalism 

The starting point of the RMF theory is the basic 
lagrangian containing nucleons interacting with σ-,  

ω- and ρ-meson fields. The photon field Aμ is 
included to take care of the Coulomb interaction of 
protons. The relativistic mean-field lagrangian 
density4 is expressed as: 
 

ℒ = 	 ത߰௜	൛݅ߛఓ ఓ߲ ൟ߰௜ܯ− +
1
2
൫߲ఓߪ ఓ߲ߪ − ݉ఙ

ଶߪଶ൯

−
1
3

gଶߪଷ −
1
4

gଷߪସ − g௦ ത߰௜	߰௜ߪ

−
1
4
ఓఔߗఓఔߗ  

 

+	ଵ
ଶ
݉ఠ
ଶ ܸఓ ఓܸ − gఠ ത߰௜	ߛఓ߰௜ ఓܸ + ଵ

ଶ
ܿସ൫ܸఓ ఓܸ൯

ଶ
−

ଵ
ସ
ఓఔ+ଵܤఓఔܤ

ଶ
݉ఘ
ଶܴఓ ఓܴ − gఘ ത߰௜	݅ߛఓ߬߰௜ܴఓ  

 

−
1
4
ఓఔܨఓఔܨ − ݁ ത߰௜	݅ߛఓ

(1− ߬ଷ௜)
2

߰௜ܣఓ 
 

Here M, mσ, mω and mρ are the masses for 
nucleon, σ-, ω- and ρ-mesons and ψ is the Dirac 
spinor. The field for the σ-meson is denoted by σ, 
ω-meson by Vμ and ρ-meson by Rμ. gs, gω, gρ and 
e2/4π = 1/137 are the coupling constants for the σ, 
ω, ρ-mesons and photon, respectively. g2 and g3 are 
the self-interaction coupling constants for σ-
mesons. By using the classical variational principle, 
we obtain the field equations and a static solution is 
obtained from the equations of motion to describe 
the ground state properties of nuclei.  
  ௩ are the scalar and vector density forߩ ௦ andߩ	

σ- and ω-fields in nuclear system which are  
expressed as: 
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The vector density ߩଷ(ݎ) for ρ-field and charge 
density ߩ௖(ݎ) are expressed by: 
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The quadrupole deformation parameter β2 is 

extracted from the calculated quadrupole moments of 
neutrons and protons through: 
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Where, R = 1.2 A1/3  

The various rms radii are defined as: 
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The total energy of the system is given by 
௧௢௧௔௟ܧ = ௣௔௥௧ܧ + ఙܧ + ఠܧ + ఘܧ + ௖ܧ + ௣௔௜௥ܧ +  .௖.௠ܧ
 

Where, Epart is the sum of the single-particle energies of 
the nucleons and Eσ, Eω, Eρ, Ec, Epair, Ec.m. are the 
contributions of the meson fields, the Coulomb field, 
pairing energy and the center of mass energy, 
respectively. In present calculations, we use the constant 
gap BCS approximation to take care of pairing 
interaction5. Third generation of non-linear6 NL3 
parameter set is used throughout the calculations. 
 
3 Results and Discussion  

We employ axially deformed self-consistent 
relativistic mean-field model within NL3 effective 
force and calculate the binding energy, radii and 
quadrupole deformation. As we have mentioned 
earlier, in literature3, Z = 125 nuclei with A = 310-320 
are suggested to be alpha-decay active isotopes. 
Therefore, in order for the completeness, we make 
detailed structural calculations for these nuclides and 
the results are presented in forth subsections. 

3.1 Binding energy, radii and quadrupole deformation 
parameter 

A static solution is obtained from the equations of 
motion to describe the ground state properties of 
nuclei. To find the possible ground state configuration 
of these nuclides, the calculations are performed with 
an initial prolate quadrupole deformation parameter 
β0. Total binding energy and  quadrupole deformation 
parameter for the considered isotopic chain 290-340125 
have been plotted in Fig. 1.   

As the experimental binding energies for these 
super heavy isotopic chains are not available, so in 
order to provide some validity to the predictive 
power of our calculations a comparison of binding 
energies of our calculations with those obtained 
from finite range droplet model (FRDM)7 is made 
wherever available and close agreement is found. It 
is evident from Fig. 1, binding energy 
monotonically increases with increasing  neutron 
number. Initial few isotopes shows slightly prolate 
structure upto A = 295 then spherical till A = 308 
and again prolate shapes. The values of deformation 
parameter obtained from FRDM predict the ground 
state of most of the nuclei in the considered 
isotopic chain to be spherical and prolate.  
In contrary with our RMF calculations it predicts 
few oblate nuclei too. We have also calculated  
the rms radii and plotted in Fig. 2. The  
radii monotonically increases with increasing the 
mass number. A sudden change in radii at A = 315 
(N=190) clues a large change in structure 
configuration and a possible superdeformed 
superheavy nuclei are suggested.   

 
 
Fig. 1 – Binding energy (top) and quadrupole deformation 
parameter (bottom) as function of mass number. 
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3.2 Separation energy 
The separation energy is an important observable 

in identifying the signature of magic numbers in 
nuclei. The magic numbers in nuclei are characterized 
by large shell gaps in their single-particle energy 
levels. This implies that the nucleons occupying the 
lower energy level have comparatively large value of 
energy than those nucleons occupying the higher 
energy levels, difference of their energies shows a 
kink on separation energy plot. We have extracted 
one-neutron and two-neutron separation energies (S1n 
and S2n) and plotted in Fig. 3. The S1n and S2n are 
given by: 
 

ଵܵ௡ = (ܰ,ܼ)ܧܤ − ܰ,ܼ)ܧܤ − 1) 
ܵଶ௡ = (ܰ,ܼ)ܧܤ − ܰ,ܼ)ܧܤ − 2) 

 
Separation energies calculated using finite range 

droplet model (FRDM) has also been plotted here and 
they are in good agreement with that found using 

RMF calculation. No kink is observed over the whole 
considered issotopic chain shown in Fig. 3. It implies 
that no magic behaviour is revealed in the nuclides of 
Z = 125. Further, for more understanding, nuclon 
distributions have been examined using the  
density profile.  
 
3.3 Density distribution 

Density distribution provides detailed information 
regarding the distribution of nucleons for identifying 
bubble, halo and cluster structures of the nuclei that 
may be observed in light to super heavy nuclei8. 
Density profile of nucleons has been plotted for 
alpha-decay active nuclides3, (i.e., 310-320125) is shown 
in Fig. 4. Here, depletion of central density is 
observed for 310-315125 and these nuclei are suggested 
to be the bubble nuclei. However, special and 
different kinds of proton distribution are noticed for 
these nuclides and therefore, contour or 3D plot is 
necessary in order for more clear presentation of 
nucleon distribution. The strength of bubble shape is 
evaluated by calculating the depletion fraction9.  

 
 

Fig. 2 – Radii as a function of mass number. 
 

 
 

Fig. 3 – One and two neutron separation energies as a function of 
mass number. 

 
Fig. 4 – Neutron and proton density distribution as a function of 
radial parameter. 
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4 Conclusions 
We have calculated the structural properties of  

Z = 125 super heavy nuclei with a mass range of  
A = 290 - 340 within axially deformed relativistic mean-
field theory. The calculations are performed for prolate 
configuration as most of the neutron rich super heavy 
nuclei have prolate structure in ground state. The results 
produced by RMF are in good agreement with FRDM 
data. Density distribution has been examined to explain 
the special features of the nuclei such as bubble or halo 
structure. Bubble structure is seen for some of the 
isotopes of nuclei under investigation.  
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