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Exotic shapes and configurations in 
heavy & superheavy nuclei (SHN) 

  These configurations may have larger half-
lives and show particular patterns allowing 
for their experimental verification. 

 In particular, spin isomers in SHN may be 
longer-lived. 

 Orbits seen at super- and hyper-
deformation in actinides are those occupied 
at normal shape in SHN; they can provide a 
test of a model. Experiments confirming 
predicted minima validate nuclear models. 

 



Good methods should give similar 
predictions. 

 Micro-macro, as a simpler one, is 
better tested/fitted against various 
data, eg. fission half-lives. 

 Selfconsistent methods could (if 
constructed properly) give better 
extrapolations.But it is not guarateed 
at present. Hence, a prudent idea is 
to see whether both methods give 
similar results.   



IIIrd minima in actinides -         
 do they exist? 

 M. Kowal, J. Skalski PRC, in press. 

 

Planned activity:  

- more detailed determination of 3rd barriers 
around Th (including odd nuclei); 

-  study of oblate configurations in SHN, 
including decay hindrance from K-
isomerism; 

- Importance of beyond-mean-field effects. 



Polikanov et al. (1962)   Discovery of isomeric  fission 

Strutinsky (1967)  Calculated second minima  

Specht et al. (1972) Identification of the rotational band with  

   large moment of inertia in 240Pu   

 

 

 



Third minima:    Th,U  

First predicted: P. Moller, S.G. Nilsson and R.K. Sheline (1972) 

         then Howard & Moller (1980) – rather shallow III-rd minima 

                 S.Cwiok et al. – rather deep III-rd minima 

              some, not all, HF calculations give III-rd minima, BUT 

              they often differ from macro-micro results 

 

Experiments:   

              1)Studies of microstructure in the resonances  

                      of fission probability found using (n,f), (t,pf) 

                       and (d,pf) reactions 

                    B.B. Back et al. (1972)  

                    J. Blons et al. (1975) 

              recent claims of III-rd minima in 232,234,236U 

               2) Also observations of asymmetric angular distribution  

                          of light fission fragments around 232Th 

                      

  



M. Csatlos et. al., Acta Phys. Pol. B Vol. 34, (2003).  

TKE 

Zr ? Sn ? 





 Macroscopic-microscopic approach: 
  

  E = Etot(βλ µ) – EMACRO (βλ µ = 0) 

Etot(βλ µ) = EMACRO(βλ µ)+ EMICRO(βλ µ) 

○ EMACRO(βλ µ)   = Yukawa + exp 

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



Shape Parametrization: 
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S.Cwiok at al 
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Repeated; 
With LSD macro part 
also deep minima 



Careful calculations for 234U by M. Bender do not show any 3rd minimum. 



Performance of our model (HN) 

 Second barriers in actinides, 

 Second minima in actinides, 

 Fission barriers for SHN 









Barriers in SHN 
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Back to IIIrd minima in actinides 

 The dipole deformation 1 is 
omitted there, as corresponding 
to a shift of the origin of 
coordinates which leaves energy 
(always calculated in the center 
of mass frame) invariant. 
However, this is true only for 
weakly deformed shapes. For 
large elongations, b1 acquires a 
meaning of a real shape 
variable. 
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4 0.3

6 0.1
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IIIrd minima – type: A 

 minima with larger octupole 
deformations (A) have 
quadrupole moments Q  
170 b, disturbingly close to 
the scission region. 

 minima (A) are just 
intermediate congurations 
on the scission path, whose 
energy was calculated 
erroneously because of 
limitations of the admitted 
class of shapes. 

One can nd continuous 8D paths start 
ing at the supposed IIIrd minimum 
and leading to scission, along which 
energy decreases gradually.  

M. Kowal, J. Skalski PRL 2012 (in press)  arXiv:1203.4449  

http://arxiv.org/abs/1203.4449


IIIrd minima – type: B  
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IIIrd minima – type: B 
 en. difference from beta1=0: 
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IIIrd minima – type: B 

 the barrier vanishes 
in uranium and must 
be smaller than 330 
keV in 232Th. The 
only other nonzero 
upper limit on the 
IIIrd barrier of 200 
keV we nd in 230Th. 

 
8D paths from the supposed IIIrd 
minima towards scission. Energies vs. 
quadrupole moments along such 
paths are shown 



 We study the existence of third, 
hyperdeformed minima in a number 
of  even-even Th, U and Pu nuclei 
using the Woods-Saxon  microscopic-
macroscopic model that very well 
reproduces first and  second minima 
and fission barriers in actinides.  
Deep (3 4 MeV) minima found 
previously by  Cwiok et al. are found  
spurious after sufficiently general 
shapes are included.  Shallow third 
wells may exist in 230Th,232Th, with  
IIIrd barriers < 200 and 330 keV 
(respectively).  Thus, a problem of 
qualitative discrepancy between 
microscopic-macroscopic and 
selfconsistent predictions is  
resolved. Now, an understanding of 
experimental results on the  apparent 
third minima in uranium becomes an 
issue.  

 

So, the Woods-Saxon model does not predict deep IIIrd minima. 


