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Need for accurate description of fission barriers   
    since  they  strongly  affect: 

1.   The probability for the formation of superheavy nuclei in  

      heavy-ion-fussion reaction (the cross-section very sensitively 
      depends on the fission barrier height). 

 

2. survival probability of an excited nucleus in its cooling  

      by emitting neutrons and g-rays in competition with fission 

     (the changes in fission barrier height by 1 MeV changes the 

     calculated survival probability by about one order of magnitude 
     or more) 

  

3.   spontaneous fission lifetimes 

The landscape of PES is an input for the calculations beyond mean  
field (such as GCM). Fission barriers provide a unique opportunity 

to test how DFT describe this landscape. 



  Covariant density functional  theory (CDFT) 

The nucleons interact via the exchange of effective mesons   
                        effective Lagrangian 
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Triaxial RHB code with Gogny 
force in pairing channel has  
been developed ~ 10 years 
ago for the description of  

rotating nuclei.  
 

However, the calculations in 
its framework are too 

computationally expensive. 
 
 
 
 

Use RMF+BCS framework 
with monopole pairing: 

 required computational time  
is ~ 20-25 times smaller. 

 
(Actinides) 



1. NF=20 and NB=20 
2. Ecut-off =120 MeV, monopole pairing 

3. Q20 , Q22 constraints 

RMF(NL3*)+BCS 

o10g



Parametrization dependence of fission barriers 



 Mac+mic, LSD model 
   A.Dobrowolski et al, 

 PRC 75, 024613 (2007) 

Mac+mic, FRDM model 
P. Moller et al, 

PRC 79, 064304 (2009) 

Gogny DFT, 
J.-P. Delaroche et al, 
NPA 771, 103 (2006). 

CDFT : actinides H. Abusara, AA and P. Ring, PRC 82, 044303 (2010) 
         superheavies: H. Abusara, AA and P. Ring, PRC 85, 024314 (2012) 

   Fission barriers: theory versus experiment [state-of-the-art] 
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PRC 79, 064304 (2009) 

Gogny DFT, 
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NPA 771, 103 (2006). 
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   Fission barriers: how accurate are experimental 
evaluations? 

MM-1, MM-2 



V. Prassa et al, PRC 86, 024317 (2012) 

RMF+BCS based on DD-PC1 

Bing-Ban Lu et al,  

PRC 85, 011301(R) (2012) 

RMF+BCS based on PC-PK1 



V. Prassa et al, PRC 86, 024317 (2012) 

RMF+BCS based on DD-PC1 

Bing-Ban Lu et al,  

PRC 85, 011301(R) (2012) 

RMF+BCS based on PC-PK1 

 Among the DFT models which provide a reasonable description of the  
fission barrier heights, CDFT is the only one which does not fit the  

parameters to the inner fission barriers of actinides or their 
fission isomers. 

Note also that liquid drop parameters of some mic+mac calculations 
are fitted to experimental fission barriers. 



Triaxiality of fission  
barriers: 
the origin 

240Pu 

292120 

H. Abusara, AA and P. Ring 
 actinides: PRC 82, 044303 (2010) 

superheavies: PRC 85, 024314 
(2012) 







Inner fission barrier heights according to different models 

H. Abusara, AA  
and P. Ring,  

PRC 85, 024314 (2012) 



Inner fission barrier heights according to different models 

M. Kowal et al, PRC 82, 014303 (2010)  - mic=WS potential,      
                                                                 mac=Yukawa+exponential  model 

P. Moller et al, PRC 79, 064304 (2009) – mic=Folded Yukawa potential 
                                            mac =FRDM model. 

 

H. Abusara, AA  
and P. Ring,  

PRC 85, 024314 (2012) 



from Burvenich et al PRC 69,     
         014307 (2004) 



Q1. Which criteria to use for the selection of DFT parametrization? 
Good description of masses? Good description of deformations? 

Something else?  

Open questions 

CDFT - AA et al,  PLB in press 

    similar fission barriers 

  higher (by ~1-1.5 MeV)   
         fission barriers 



Q2: How sensitive is the accuracy of the description of fission barrier  
heights to the accuracy of the description of single-particle  

energies and the effective mass of nucleon. 

Open questions 



the deformation of the saddle 
point obtained in the axially 

symmetric solution. 

 
The lowering of the  
level density at the  

Fermi surface induced  
by triaxiality 

leads to a more 
negative shell 

correction  
energy (as compared  

with axially 
symmetric solution),  

and, as a consequence,  
to a lower fission 

barrier. 

The microscopic origin  of the lowering of  
the barrier due to triaxiality 



Systematics of one-quasiparticle states in actinides: the CRHB study 

Triaxial CRHB; fully self-consistent blocking, time-odd mean fields included, 
                      Gogny D1S pairing, AA and S.Shawaqfeh, PLB 706 (2011) 177 

Neutron number N 



Accuracy of the description of the  

energies of deformed one-quasiparticle 

states in actinides in RHB calculations: 

correction for low Lorentz effective 

mass 

1. 75-80% of the states are described with an accuracy of phenomenological  
                                 (Nilsson, Woods-Saxon) models 
2. The remaining differences are due to incorrect relative energies of  
                                        the single-particle states 

Energy scale is 
corrected for low 
effective mass 



Q3: How sensitive are fission barriers to the selection of pairing force  
and its strengths 

Open questions 

S.Karatzikos, AA, G.Lalazissis, P.Ring, PLB 689, 72 (2010) 



   2.   RHB framework 

240Pu 



  Dependence of the fission barrier 
 height on the cut-off energy Ecut-off 

force

      includes high momenta and 
leads to a ultra-violet divergence 

defined in ND-minimum 

offcutE 

   to avoid  
divergencies 

  Gogny force has finite range, 
which automatically guarantees 
a proper cut-off in momentum 

                  space 



Transition from RMF+BCS to RHB with 
separable pairing (based on Gogny D1S pairing) 

  RHB with separable pairing 



Q4. How important is particle number projection for fission barriers?  

Open questions 



From H. Abusara, AA and P. Ring, PRC 85, 024314 (2012) 



Scaling factor  
     f=0.915 for NL1  
and f= 0.899  for NL3* 
In CRHB+LN calculations. 

If Lipkin-Nogami (LN) 
method  is neglected 

then scaling factor 
f=1.00 is used in the 
CRHB calculations. 

 AA and O.Abdurazakov,  

   PRC 88,014320 (2013). 



If Lipkin-Nogami (LN) 
method  is neglected 

then scaling factor 
f=1.00 is used in the 
CRHB calculations. 

The strength of pairing  
defined by means of the  
moments of inertia and  

three-point D(3) indicators  
strongly correlate 





The CRHB+LN calculations with approximate particle number 
projection by means of the Lipkin-Nogami (LN) method provide a 

better description of the absolute values and particle number 
dependencies of the moments of inertia as compared with the 

calculations which do not include it. Similar improvement is observed 
for the D(3) indicators. 

LN method can be important for  
   - dynamical calculations of spontaneous fission half-lives  
   - fission barriers 



Q5: Can we study the variation of pairing with deformation? 
Which kind of experimental data to use for that? 

Open questions 



     Problem:  no experimental information on pairing can be 

extracted from odd-even mass staggerings for fission isomers 
(at superdeformation). Such assessment is only possible via 
moments of inertia.  

 AA and O.Abdurazakov, PRC 88,014320 (2013). 
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Conclusions: 

1. Current DFT and mic+mac models provide similar level 
of the description of fission barrier in actinides.    

2. Similarity of the description of fission barriers in actinides does not  
translate into similarity of predictions for fission barriers in superheavy  

nuclei.  The differences between different classes of the models and the  
differences within one class of models [dependence on the parametrization]  

still exists. 

3. There are a number of open questions on which we still do 
not know precise answers. 


