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The Segre Chart of the SHN 

Fig. J. Dvořák (2007) 



The Segre Chart of the SHN 
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130 e-e nuclei 
108  Z  126 
148  N  188 

The ground states properties of even-even super heavy nuclei 
(SHN), with 108  Z  126 and 148  N  188, were studied 
within Hartree-Fock-Bogoliubov (HFB) model with a zero-range 
Skyrme effective interaction.  

Model 



The symmetry unrestricted code HFODD [1] and an augmented Lagrangian method [2] 
were used to solve constrained HFB equations with SkM* Skyrme force [3] in the particle-
hole channel and a density dependent mixed pairing [4] interaction in the particle-particle 
channel.  
 
To truncate the quasiparticle space of HFB, we adapted the quasiparticle cut-off value of 
60 MeV in the equivalent energy spectrum. The pairing strengths were adjusted to 
reproduce the neutron and proton pairing gaps in 252Fm [5]; the resulting values are  Vn0 = -
268.9 MeV fm3 and Vp0 = -332.5 MeV fm3.  
 
The stretched harmonic oscillator basis of HFODD was composed of states having not more 
than N0 = 26 quanta in either of the Cartesian directions, and not more than 1140 states in 
total. 
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Groud state deformations 

The e-e SHN form three regions: 
 

1) a prolate-deformed (for N < 172),  
2) spherical (N>180),  
3) the transitional region (between the former two). 



Ground state pairing properties of e-e SHN 

Proton drip line: 
Fermi energy p  2 MeV. 

n  0 MeV for N = 184 



Geometric sizes 



Alpha emission 



Q - values  



Geometric collective model (GCM) - A. Bohr (1952) 

 V(,) = A2 + B3 cos 3 + C4,    (C>0)   
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Interacting boson approximation (IBA-1) – Arima, Iachello 
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Nuclear shape phase transitions 
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Second order phase transition O(6) – U(5) 
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Second order phase transition O(6) – U(5) 



O(6) 

Second order phase transition O(6) – U(5) 
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Second order phase transition O(6) – U(5) 



O(6) 

Second order phase transition O(6) – U(5) 
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Second order phase transition O(6) – U(5) 



E(5) 

Critical (triple) point E(5)  



U(5) 

Second order phase transition O(6) – U(5) 
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Second order phase transition O(6) – U(5) 



U(5) 

Second order phase transition O(6) – U(5) 
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Second order phase transition O(6) – U(5) 



Second order phase transition O(6) – U(5) 
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Superdeformed oblate (SDO) SHN? 

O(6) 
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Superdeformed oblate (SDO) SHN! 
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Superdeformed oblate (SDO) SHN 

O(6) 



Superdeformed oblate (SDO) SHN 

O(6) 



Superdeformed oblate (SDO) SHN 
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Superdeformed oblate (SDO) SHN 



Prolate-oblate phase transition SU(3) - O(6) - SU(3) 
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Prolate-oblate phase transition SU(3) - O(6) - SU(3) 
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Conclusions 

 The e-e SHN form three regions:  the prolate-deformed SU(3) (for N < 172),  spherical  
U(5) (for N>180), and transitional region (-soft) O(6) between the former two. 

 

 On the border between the O(6) and U(5) regions (for N = 180) nuclei exhibit a rather 
flat potential bottom and acquire the triple-point solutions - E(5). 

 

 The existence of superdeformed oblate (SDO) nuclei - SU(3) for N  166 and Z  120  
      was validated. 
 

 The heaviest even-even nuclei produced by 48Ca induced reactions on actinide targets  
fall into the class of O(6) -soft  nuclei. 



Thank you! 
 



Ehrenfest classification, 1933:   

The phase transition is of the k-th order if the k-th 

derivative of the thermodynamic free energy with 

respect to some thermodynamic variable changes 

discontinuously at the critical point. 


