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- Special interest (beyond obvious): Possible 
long-living isomers in e-e SHN and ground 
states & isomers in odd & odd-odd SHN            

-  Data on isomer& odd-A fission half-lives & 
ways to understand them  

- A difficulty in calculating action for odd-A 
nuclei or isomers – a breakdown of the 
adiabatic approximation 

-  A possible solution - instanton-motivated 
selfconsistent or non-selfconsistent 
approach   

 



Γ= A(T) exp[-S(T)]                            S 

 

S(T)= 

 

For  a nucleus, enters the 

position-dependent mass. 

S(T) – action; 

x(tau)- a motion in the  

imaginary time – with a 

negative kinetic energy  

or in the inverted potential. 





Odd nuclei-  

a hindrance of  

fission 



Invoked reasons for Tsf  increase: 

-for odd-Z or odd-N (vs. even), a smaller pairing gap  

causes an increase in the fission barrier and in the mass  

parameter (as given by a cranking expression); 

- blocking a specific configuration additionally rises  

  the barrier (provided it is conserved in fission) –  

   specialization. 

 

In calculations: the effect of keeping high-K number may 

 be huge; if one does not suppress it, it seems  the resulting 

 half-lives in odd-A nuclei must come out too large. 
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SH adiabatic  

saddle 

symmetry 





„Experimental”  

 odd-even barrier 

staggering in  

actinides 



Larger Omega does not  

give larger HF 
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 G.S. configuration: 

P:11/2+ [6 1 5] 

N:13/2- [7 1 6] 
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Fixing the g.s. configuration rises the 
barrier by 6 MeV.  
Even if configuration is not completely  
conserved, a substantial  increase in  
fission half-life is expected.  



Isomers in the first well 

In theoretical models: 

odd nucleus – one blocked state 

isomer – at least two blocked states 



Isomers in the second well 





(unique candidate) 

Barrier 4 MeV higher 

and much longer – exp. HF 

may come from EM decay 



Fission half-lives for isomers do not shorten as suggested  

by  this picture, so the barrier for an isomer must  

probably  rise with respect to that for the g.s.   

Remark I 



Nucleus            ∆S(I)         ∆S(II) 

 

239Pu               5.80             4.26 

241Pu               6.71             4.34 

241Am             5.81             3.93 

243Am             6.13             5.32 

243Cm             5.48             4.0  

 

Assuming WKB, for 5 nuclei one can obtain from log(HF) 

∆S(odd-even) both at the I-st and II-nd minimum 

(in units of hbar): 

The barrier for the second minimum is smaller by  

the excitation of the shape isomer.  

Does ∆S(odd-even) come solely from the II-nd barrier? 

Remark II 



Ideas: 

-Partial release of K quantum number – first barriers are  

     often triaxial; 

-Consider the minimization of S allowing the pairing  

gap  to vary freely [L.G. Moretto and R.P. Babinet Phys.  

 Lett. 49B, 147 (1974)]. K. Pomorski & Lublin group found  

that this decreases the action. Then Yu. A. Lazarev showed in  

a simple model [Phys. Scripta 35, 255 (1987)] that  

the action minimization with respect to the gap would  

reduce (a desired outcome) fission hindrance for odd-A  

nuclei and isomers.  

Caveats:  

- The cranking inertia was used in S; 

- The gap is related to the Hamiltonian and should be  

determined by the dynamics before the action is calculated.   



Inertia parameter  





(No hope for a general velocity-independent mass.)  



                           Instanton method 

 

In field theory: S. Coleman, Phys. Rev. D 15 (1977) 2929 

In nuclear mean-field theory: 

S. Levit, J.W. Negele and Z. Paltiel, Phys. Rev. C22 

(1980) 1979 

 

Reformulation & Connection to other approaches to the  

Large Amplitude Collective Motion:  

J. Skalski, PRC 77, 064610 (2008). 

 

The main idea: even if there is no mass, there is action. 

 

A consequence: the requantization of the collective motion  

may be sometimes meaningless. 









Quasi-occupations 







Neutron 3/2+ levels along the axially-symmetric fission barrier 

 Z=109, N=163 





Pairing is important → ImTDHFB; instanton with a smallest  

action defines the decay rate.   

S= 

Non-selfconsistent case: if one takes s.p. energies for  

t+Γ and diagonal ∆ (typical pairing gap), then including  

time-evolution of the adiabatic basis one has to solve 

iteratively, self-adjusting ∆ as a function on [-T/2,T/2].  

 

Thus, there is a consistent dynamical equation which  

determines both ∆ and action S.  



                               Conclusions 
 - Experimental data suggest a mechanism for fission  

   hindrance in both odd-A nuclei and isomers. 

 - Such states can have longer fission half-lives in the SHN.  

 - The pairing + specialization energy (configuration –  

   preserving) mechanism seems too strong.   

 - The description of fission for odd-A nuclei and isomers is  

    unsatisfactory – it lacks a sound principle. 

 -The instanton method adapted to the mean-field formalism  

   may provide a basis for the minimization of action. 

 - The preliminary, non-selfconsistent studies indicate that  

 a) the action is well defined for an arbitrary path, 

 b) a contribution to S from one nucleon is moderate. 

    The work on paired systems and inclusion of the  

     selfconsistency lies ahead.   

  


