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Outline

1. Introduction: nuclear EDF
2. Precision frontier
3. Novel nuclear EDFs
4. Ab initio derivation of model EDFs
5. Conclusions
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Nuclear energy 
density 

functionals
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How the nuclear EDF is built?

Energy Density 
Functional (EDF)

Energy Density 

Direct ExchangeEDF generator
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Standard EDF generators



Jacek Dobaczewski

7/34

Precision 
frontier
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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
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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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1) “Remember that all models are wrong; 
the practical question is how wrong do 
they have to be to not be useful”
G.E.P. Box and N.R. Draper
Empirical Model Building and Response 
Surfaces
(John Wiley & Sons, New York, 1987)

 Error Estimates of Theoretical Models: a Guide:
J. Dobaczewski, W. Nazarewicz, P.-G. Reinhard,
J. Phys. G: Nucl. Part. Phys. 41 (2014) 074001

 Enhancing the interaction between nuclear experiment
and theory through information and statistics
D.G. Ireland and W. Nazarewicz
J. Phys. G: Nucl. Part. Phys. 42 (2015) 030301
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Propagation of uncertainties
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Inaccurate modelExact model

Exact model

J.
 T

o
v

a
n

e
n

, e
t 

a
l.

,
P

h
y

s.
 R

e
v

. C
 7

8
, 0

3
4

3
0

6
 (

2
0

0
8

)



Jacek Dobaczewski

13/34

Novel nuclear EDFs and 
higher-order gradients
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Pseudopotentials, the terminology

1957
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Pseudopotentials, a primer
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Zero-range pseudopotentials
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Quasilocal EDF up to N3LO 
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Two-body N3LO zero range, density dependent
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Fits of N3LO zero-range pseudopotential

RMS = 0.455 MeV
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Regularized finite-range pseudopotentials
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Regularized finite-range pseudopotentials
equivalent to local potentials
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Local regularized pseudopotentials vs. Gogny
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Regularized pseudopotentials vs. Gogny

J.
D

, 
K

. 
B

e
n

n
a

ce
u

r,
 F

. R
a

im
o

n
d

i,
 J

. 
P

h
y

s.
 G

. 
3

9
, 1

2
5

1
0

3
 (

2
0

1
2

)

-1800

-1600

-1400

E
n

e
rg

y
 (

M
e

V
) 0.85

0.90

0.95

1.00

1.05

1.10

5.2

5.4

5.6

5.8

R
a

d
iu

s
 (

fm
)

0.85

0.90

0.95

1.00

1.05

1.10

a (fm)

Gogny

Gogny

NLO N2LO N3LO

208Pb



Jacek Dobaczewski

24/34

Coupling constants of the regularized 
pseudopotentials

L ≈ 700 MeV/c ≈ 3.8 fm-1
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Coupling constants of the regularized 
pseudopotentials in natural units

v2n =f2 L2n V2n for f=35 MeV/(c)3/2
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Regularized finite-range pseudopotentials,
the general case
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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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Nonlocal energy density functionals
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Ab initio derivation of 
model EDFs

Jyväskylä – York – Surrey – Lyon
collaboration



Jacek Dobaczewski

31/34

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

S1Se
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Conclusions

 Currently available nuclear functionals have 
reached their limits of applicability.

 To gain progress, extensions/ modifications
thereof are mandatory

 Higher-order derivative terms, three- or four-
body generstors, finite range, ab initio
derivations, ...
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Thank you
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Regularized pseudopotentials vs. Gogny
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Naming conventions
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Density-independent finite-range interactions
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