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Approximations in the modelling of nuclear many-body problem. 

General approach (DFT level) 

Non-relativistic Schrodinger 
equation: 

 Skyrme and Gogny DFT 

Relativistic Dirac equation: 
     covariant DFT (CDFT) 

Range of interaction 

Effective density dependence 

Zero range  -  point coupling models  

                        in CDFT (no mesons) 

                     -  Skyrme DFT 

Finite range  -  meson exchange models  

                          in CDFT 

                       -  Gogny DFT 

CDFT :                       -   explicit  (DD-ME2, DD-PC1) 

                                           -   non-linear  (through the powers of mesons)  (NL1, NL3*) 

Skyrme and Gogny DFTs:     different prescriptions for density dependence 



Theoretical errors/uncertainties in description/predictions  
of physical observables 

Statistical  errors/uncertainties  -  apply only to a given functional 

                                                       -  due to choice of experimental data  

                                                           and the selection of adopted errors  

                                                           in the fitting protocol  (the  latter  

                                                           is to a degree subjective especially 

                                                           for the quantities of different  

                                                          dimensions)  

1. S. Brandt, Data analysis. Statistical and Computational Methods for  Scientists   

       and Engineers. (Springer International Publishing,  Switzerland, 2014). 

2.  J. Dobaczewski et al, J. Phys. G 41 (2014) 074001 

Systematic errors/uncertainties   -   apply to a set of the functionals  

                                                         -   related to the choice of the basic  

                                                             physics behind the functional 



Systematic uncertainties in physical observables 

Global performance of CEDFs:  
      PRC 89, 054320 (2014), 
      PRC 93, 054310 (2016) 

Neutron-rich nuclei and two-neutron drip line:  
PLB 726, 680 (2013), PRC 89, 054310 (2015),  
PRC 91, 014324 (2015), PRC 93, 054310 (2016) 

Superheavy nuclei: ground states and 
fission barriers: PRC 92,054310 
(2015), PRC 95, 054324 (2017) 

Potential regions of stable 
spherical hyperheavy 

nuclei: PLB 782, 533 (2018) 

Octupole deformation 
(global study): 

PRC 93, 054310 (2016),  
PRC 96, 024301 (2017) 



   Definition of statistical errors 

J. Dobaczewski et al, J. Phys. G,41 (2014) 
074001 

small small subjective 

For pi in a “reasonable domain”  
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Birge factor (global scale factor) 



  The procedure 

 1. Generate the functional variations by means of Monte-Carlo    
     procedure  
 2. Define the parameter hyperspace 
 3. For simplicity use non-linear meson exchange functionals since     
     they have the smallest number of parameters  thus the  
     smallest volume of parameter hyperspace  

6 parameters: m, g, mw, gr, g2, g3  



   The NL5(*) functionals: the fitting protocols 

NL3*-like 

4 (5%) 

                          2.5% for K0   10% for K0 Adopted error 

Neutron skins 
(adopted err.) 

4 (exp.) 4 (5%) 3 (5%) 0 



   Global performance of the NL5(*) functionals: 
binding energies 



   Global performance of the NL5(*) functionals: 
charge radii and summary 



   Statistical errors in the masses, two-neutron separation 
energies, charge radii and neutron skins 



   For comparison - statistical errors in Skyrme DFT 

M. Kortelainen et al, PRC 88, 031305(R)  
                  (2013) 



   Statistical errors: dependence on fitting protocol and  
on “loose” parameters. 



   Statistical errors versus systematic uncertainties 
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   Statistical errors versus systematic uncertainties 
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U – nucleonic potential 

V ~ 350 MeV/nucleon 
S ~ - 400 MeV/nucleon 
U ~ - 50 MeV/nucleon  

)()( rr gS 

)()( rr wwgV 

VSU 

   CDFT in a “nutshell” 



   Variation of physical observables in 208Pb with a change 
of a single parameter 



   Variation of physical observables in 208Pb with a change 
of a single parameter 



Localization of the parameters in 
the parameter hyperspace  

 Density dependence for 
meson-nucleon couplings 

  for -, w- (r-) mesons 

Non-linear self-coupling 

for -, w- (r-) mesons  

Non-linear self-coupling 

    only for -meson 

Blue line – mean value of set of 
               presented functionals 

Red dashed and dotted lines show 
5% and 10% deviation bands 

with respect of these mean values 



Parametric correlations: NL5(C) functional 



Parametric correlations: NL5(A) functional 



   Skyrme and Gogny ED functionals: less localized in the 
parameter space 



Open circles – 
experimentally  
observed nuclei 

DD-PC1: 
Experimental   
Z=116, 118 

nuclei are oblate 

PC-PK1: 
Experimental   
Z=118 nucleus 

is spherical 

Other experimental 
SHE are prolate 
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The source of oblate shapes – the low density of s-p states 
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Statistical errors in the description of absolute and relative  
single-particle energies in 304120 



Conclusions 

This material is based upon work supported by the U.S. Department of Energy, Office of 
Science, Office of Nuclear Physics under Award No. DE-SC0013037 

1. Statistical errors for different classes of physical observables 
      are substantially lower than systematic ones for covariant 
      density functionals.  

2. Parametric correlations emerge for “loosely” defined parameters. 
    Seen in NL5(*), DD-ME2 and PC-PK1       

3. Functionals have to be checked for parametric correlations  
    and they have to be removed to make parameters really 
    independent. 
 
 Question: How many independent parameters could be defined 

                   by the models/fitting protocols in use?      

Submitted to PRC, see also nuclear theory archieve  arXiv: 1811.11473 


