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Hydrogen atom perturbed near the center

Relative errors in the S-
wave binding energies 
are plotted versus:
(i) the binding energy for 
the Coulomb theory
(ii) the Coulomb theory 
augmented with a delta 
function in first-order 
perturbation theory
(iii) the non-perturbative 
effective theory through 
a2, and
(iv) the effective theory 
through a4.
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What is DFT?

Density Functional Theory:

A variational method that uses 
observables as variational 

parameters.
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Phys. Rev. A26, 1200 (1982), Int. J. Quantum Chem. 24, 243 (1983)
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Which DFT?
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LDA Generator

E

(Q)RPA, ATDHF(B)

AMP, PNP, GCM

1B spectroscopic observables

MB spectroscopic observables

Odd & odd-odd nuclei

LDA   vs.   Generator functionals
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Spectroscopic quadrupole moment Q (eb)

Heavy deformed π11/2
-

odd-Z nuclei
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Heavy deformed π11/2
-

odd-Z nuclei
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Ab-initio-derived 
Skyrme functional
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Ab-initio-derived Skyrme functional

G
 S

a
lv

io
n

i
et

 a
l.

 J
. 

P
h

y
s.

 G
: 

N
u

cl
. 

P
a

rt
. 

P
h

y
s.

 4
7

 (
2

0
2

0
) 

0
8

5
1

0
7



Jacek Dobaczewski

Regularized finite-range 
pseudopotentials as 

functional generators
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Regularized finite-range pseudopotentials
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16/34
Regularized finite-range pseudopotentials,

the general case
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Gogny-equivalent 
regularized NnLO
density functional
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Regularized pseudopotentials vs. Gogny
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Coupling constants of the regularized 
pseudopotentials

L ≈ 700 MeV/c ≈ 3.8 fm-1
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Density-independent 
N2LO density functional 

with pairing
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Ground-state energies at a = 1.15 fm
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Ground-state energies at a = 1.15 fm
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Single-particle energies in 208Pb
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Density-dependent 
N3LO density functional 

with pairing
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Deformation energies at m*/m = 0.85
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Single-particle energies at m*/m = 0.70 & 0.85
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Conclusions
1. Nuclear density functionals are presently used in two forms:

• Local-Density-Approximation (LDA) form does not allow 
for meaningful symmetry-restoration or multi-reference 
applications..

• Generator-based form does.
• In practice, hybrid forms are used.

2. Most current ab initio derivations of nuclear density 
functionals lead to an LDA form.

3. The separation of scales between the variability of density and 
range of the generators allows us to apply the ideas of effective 
theory to nuclear DFT.

4. A series of regularized higher-order pseudopotentials realises 
the effective-theory expansion..

5. Three-body generators are mandatory, see Bennaceur’s talk on 
semi-contact interaction.
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Thank you


