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How the nuclear EDF is built?  

Energy Density 
Functional (EDF) 

Energy Density  
 

Direct Exchange EDF generator 
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 Standard EDF generators 
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What EDF 
can do for us? 
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Nuclear binding energies (masses) 

The first Gogny HFB mass 
model. An explicit and self-
consistent account of all the 
quadrupole correlation 
energies are included 
within the 5D collective 
Hamiltonian approach. 

2149 masses 

RMS = 798 keV 

The new Skyrme HFB 
nuclear-mass model, in 
which the contact-pairing 
force is constructed from 
microscopic pairing gaps of 
symmetric nuclear matter 
and neutron matter. 

2149 masses 

RMS = 581 keV 



Jacek Dobaczewski 

7/25 

B
. 
S

a
b

b
e
y

 e
t 

a
l.

, P
h

y
s.

 R
e
v

. 
C

7
5
, 
0
4
4
3
0
5
 (

2
0
0
7
) 

J.
-P

. 
D

e
la

ro
ch

e
 e

t 
a

l.
, P

h
y

s.
 R

e
v

. 
C

8
1
, 
0
1
4
3
0
3
 (

2
0
1
0
) 

537 2+ energies 359 2+ energies 

First 2+ excitations of even-even nuclei 

Skyrme HF+BCS calculations 
plus the particle-number and 
angular-momentum 
projection and shape mixing. 

Gogny HFB calculations plus the 
5D collective Hamiltonian 
approach. 
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Giant monopole resonances 
P. Veselý, et al., C 86, 024303 (2012) 
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Spectroscopy in the nobelium region 

Y. Shi, J.D., P.T. Greenleees, Phys. Rev. C89, 034309 (2014) 

UNEDF1SO 

full=experiment, open=theory 
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225Ra 

Experiment 
R.G. Helmer et al., Nucl. Phys. A474 (1987) 77 

b10  =  0.023 

b20  =  0.161 

b30  =-0.128 

b40  =  0.091 

Skyrme-Hartree-Fock 
J. Dobaczewski, J. Engel, 

Phys. Rev. Lett. 94, 232502 (2005)  
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SM+WS results from: 
N. Severijns, M. Tandecki,  
T. Phalet, and I. S. Towner, 

Phys. Rev. C 78, 055501 (2008). 

DFT results from: 
W. Satuła, J. Dobaczewski, W. 
Nazarewicz, and M. Rafalski, 

Phys. Rev. C86, 054314(2012). 
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Precision 
frontier 
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Propagation of uncertainties 
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Inaccurate model Exact model 

Exact model 
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Effective theory for 
low-energy nuclear 

structure 
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Zero-range vs. regularized finite-range 
pseudopotentials and functionals 

F.  Raimondi et al., J. Phys. G 41, 055112 (2014) 

B.G. Carlsson et al., Phys. Rev. C 78, 044326 (2008) 
F. Raimondi et al., Phys. Rev. C 83, 054311 (2011) 
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Local regularized pseudopotentials vs. Gogny 
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Ab initio derivation of 
model EDFs 
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Ab initio derivation of model EDFs 
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Ab initio derivation of model EDFs 

S1Se 
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Ab initio derivation of model EDFs 
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Conclusions 

1. Nuclear DFT provides us with one of the most 
spectacularly successful approaches in nuclear 
physics. Based on a dozen-odd parameters, nuclear 
DFT fairly well describes thousands of experimental 
data 

2. Currently available nuclear functionals have reached 
their limits of applicability. To gain progress, 
extensions/modifications thereof are mandatory. 
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Thank you 


