
 

Ground states, competing minima & fission barriers in SHN  

1.  Introduction  
2.  Method of  calculation of Potential energy surfaces (PES) 

3.  First minima - ground state properties  
4.  Saddle points - fission barriers 
•  A check: actinides  (first & second barriers) 
•  SHN 
5.  Competing minima - shape coexistence  
6.  SDO – minima (YpE, LSD, Sly6, Gogny)   
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 Macroscopic-microscopic approach: 
  

  E = Etot(βλ µ) – EMACRO (βλ µ = 0) 

EMACRO(βλ µ)+ EMICRO(βλ µ) 

○ EMACRO(βλ µ)   = Yukawa + exp 

 ○ EMICRO(βλ µ) = Woods – Saxon + pairing BCS 



Shape Parametrization: 
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DMP & IWF method has been used  

Interpolation 1059926301 grid 
points ! 

Minimization in remaining 
degrees of freedom  
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Second saddles:  
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Fission barriers 
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Super Deformed Oblate (SDO) minima  
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deeper minima! 



     Fission 
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Alpha decay  

•  Formula a’laViola Seaborg from Royer  
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One proton emission half lives 



Beta decay 
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A fascinating possibility for their longer life-times is related to 
K-isomerism, high-K configurations at the  SDO shape are 

very likely!!! 
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K-isomerism (discussion) ! 

FISSION HINDRANCE: 
•  T_{sf} for odd and odd-odd heavy and superheavy nuclei  are by 3-5 

orders longer than for their even-even neighbours. 
•  Increase was found for high-K isomers, with respect to (prolate)  shape 

isomers on which they are built, in even 240Cm-244Cm. 
•  For SDO superheavy K-isomers two factors combine to increase 

fission  half-life:   
•  A) the axial fission path is closed by the conservation of the K quantum 

number. 
•  B) triaxial barriers increase due to a decrease in pairing caused by   

the blocking of two neutrons or protons. 
•  C) additional hindrance of fission  is expected for configurations 

involving blocked high-Omega intruder states.  
ALPHA HINDRANCE: 

•  High-K isomer in 270Ds has longer (partial) half-live   T_{alpha}= 6.0  
ms than the g.s.,  T_{alpha}(g.s.)=100 microsec. 

•  For SDO nuclei, an additional hindrance may result from  a difference 
between the parent and daughter high-K configuration. 

•  Extra excitation in the  daughter, leading to a smaller Q_{alpha}.  

 



self-consistent calculations 

-80 -60 -40 -20 0 20 40 60 80
0

2

4

6

8

10

 

 

E
 [M

eV
]

Q[b]

 N=162
 N=164
 N=166Sly6

Z=120

-80-60-40-20 0 20 40 60 80
0

2

4

6

8

10

 

 

Gogny
Z=120  N=162

 N=164
 N=166

E
[M

eV
]

Q[b]



CONCLUSIONS: 
•  Masses are calculated with rms deviation = 0.58 while Q alpha with rms 

deviation =0.3 

•  Taking into account triaxial deformations has been shown to significantly 
reduce the first fission barrier heights by up to 2.5 MeV. Triaxial 
deformations do not play a significant role at the second  fission barriers. 
Taking into account octupole deformations has been shown to 
significantly reduce the second fission barrier heights.  

•  In comparing our first and second fission barrier calculations with 
experimental data we find spectacular agreement for investigated nuclei, 
rms~0.4-0.5 

•  The results found for DMP and IWM methods are completely consistent 
with each other in the sense that obtained deformations and energies in 
both cases are practically the same.  



CONCLUSIONS:  
•  Our calculations indicate that, in contrast to self-consistent mean-

field calculations of fission barriers, the barrier height, which is 
still quite substantial for a nuclei with Z=118 becomes lower than 
4.5 MeV for nuclei with Z=126. 

•  Theoretical evaluations of fission barrier heights based on various  
models differ between each other significantly. It is obvious that 
future experiments on superheavy nuclei will constitute  a natural 
benchmark for all theoretical models describing these nuclei. 

•  The very fact that superdeformed oblate minima (SDO) occur in 
WS and self-consistent calculations and their    geometrical 
sense points to their universality,    as a transitional form between 
(close to) spherical and    toroidal configurations for still heavier 
hypothetical high-Z systems.  

•  SDO minima are even by ~1 MeV deeper with the LSD variant of 
the  macroscopic energy. 

•  In the HFBCS calculations, the energy competition between  
prolate, oblate and SDO minima and fission barriers come out 
similar as  in the microscopic-macroscopic study. 


