
    

NUCLEAR LEVEL DENSITY PREDICTIONS 

D. BUCURESCU 1 , T. von EGIDY 2 

1)  IFIN – HH, Bucharest 
2)  Technische Universität München 



    



    



    



    

Back-shifted Fermi Gas (BSFG) 

Constant Temperature  (CT) 

Simple models for the Nuclear Level Densities 
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a, E1  :  parameters 

T, E0  :  parameters 

Both models describe well the level density at least up to the neutron 
binding energy 



    

Our approach: 

 

1)    Determine empirically the two parameters for both BSFG and CT 

models, by fitting the low energy known levels and the mean level 

spacing at the neutron binding energy, for 310 nuclei between 18F and  
251Cf 
 

2)     Find correlations  between the empirical parameters and various  

nuclear structure observables (masses, pairing energies, etc.).  
 

3) Deduce simple formulas that describe the empirical parameters of 

all  310 nuclei, and can be used to extrapolate to other nuclei. 

Phys. Rev.  C72(2005)044311 
Phys. Rev.  C80(2009)054310 
IoP Conf. Ser. 338(2012)012028 

 



0 

Experimental Cumulative Number of Levels N(E) 
Resonance density is included in the fit 



    All from mass table 

S = Mexp – Mweiz   : shell correction;   S’ = S + 0.5 Pa’  ;    Pa’  : deuteron pairing   

a = (0.199 + 0.0096 S’) A0.869;   E1 = -0.381 + 0.5 Pa’  



    

T = A-2/3 / (0.0597+0.00198 S’);   E0 = -1.004 + 0.5 Pa’  



    

Deuteron pairing: Pa’ = [M.E.(A+2,Z+1) + M.E.(A-2,Z-1) – 2 M.E.(A,Z)]/2 



    

Correlations between  
the parameters of the 
BSFG and CT models 



Level density parameters predicted with mass table 2012 

    



‘Normalized’ a-parameter (BSFG) predicted from the mass table 2012 

    



    

‘Normalized’ T-parameter (CT) predicted from the mass table 2012 



Measured and extrapolated masses in 2012 mass table 

n-drip 

    



    

‘Normalized’ a-parameter predicted from 2012 mass table 
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‘Normalized’ a-parameter predicted from mass table 2012 
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p process 

s process 

stellar burning 

n-drip 

r process rp process 
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‘Normalized’ a-parameter predicted from Moller-Nix table 



    

r process 



    

‘Normalized’ a-parameter predicted from HFB21 



    



    



    



           STATISTICS 
 
Nr. of nuclei with experimentally determined level densities:    310 
 
       Mass table 2012 
Nr. of nuclei with tabulated mass  :                         3348 
                  with measured masses :                                                 2433 
             with extrapolated masses :                             915  
Nr. of nuclei with normalized-a within 1 ± 0.1 :         2031 
                                                           below  0.9   :            1037 
          above  1.1   :              994 
 
        Moller-Nix mass table 
Nr.  of nuclei from mass table (8<Z<111, N<182) :                       6400 
Nr. of nuclei with normalized-a within 1 ± 0.1 :         2980 
 
           HFB21 mass table 
Nr.  of nuclei from mass table (8<Z<110, N<182) :                       6091 
Nr. of nuclei with normalized-a within 1 ± 0.1 :         2892 
 
     


