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Outline  

1. Introduction: generators of the nuclear EDF 
2. PVC corrections to single-particle energies 
3. Pseudopotentials 
4. Regularized pseudopotentials 
5. First results 
6. Simple regularization scheme 
7. Conclusions 



Jacek Dobaczewski 

3/24 

How the nuclear EDF is built?  

Energy Density 
Functional (EDF) 

Energy Density  
 

Direct Exchange 
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 Standard functional generators 
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Particle-vibration-coupling (PVC) corrections 
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Particle-vibration-coupling (PVC) corrections 

 D
. 
T

a
rp

a
n

o
v

 e
t 

a
l.

, a
rX

iv
:1

4
0

5
.4

8
2
3

 



Jacek Dobaczewski 

7/24 

Pseudopotentials, a primer 
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Zero-range pseudopotentials 
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Regularized finite-range pseudopotentials 
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Nonlocal energy density functionals 
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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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Local regularized pseudopotentials vs. Gogny 
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Regularized finite-range pseudopotentials, 
the general case 
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Naming conventions 
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Simple regularization scheme for multireference 
density functional theories 
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Simple regularization scheme for multireference 
density functional theories 

Test for the antialigned configuration in 26Al  
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Simple regularization scheme for multireference 
density functional theories 
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Conclusions  

1. We introduced a new class of energy density functionals that 
are based on regularized pseudopotentials. They allow for 
constructing density-independent finite-range interactions.  

2. Future prospects for using the proposed regularized 
pseudopotentials are high. 

3. The regularized pseudopotentials give us a possibility of 
building an order-by-order correctible theory. 

4. We proposed a method to regularize the two-body off-
diagonal MR DFT kernels and we presented the first 
application thereof to a representative case of the angular-
momentum projection. } 

5. Refinements of energy density functionals towards reaching 
spectroscopic-quality description of low-energy data are 
mandatory. 
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Thank you 
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Skyrme’s three-body interaction 
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The density dependence is born 
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The density dependence is exploited 
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The density dependence causes havoc 

J.D. et al., Phys. Rev. C 76, 054315 (2007) D. Tarpanov. et al., Phys. Rev. C 89, 014307 (2014) 

Particle-number 
projection impossible 

Strong self interaction 
present 
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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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Coupling constants of the regularized 
pseudopotentials in natural units 

v2n =f2 L2n V2n for f=35 MeV/(c)3/2 
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Density-independent finite-range interactions 
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Self-interaction 

RPA: Self- 
interaction free 

Polarization corrections & self-interaction 

 D. Tarpanov et al., Phys. Rev. C89, 014307 (2014) 


