
Jacek Dobaczewski 

1/26 

Jacek Dobaczewski 

with: D. Tarpanov, J. Toivanen, and B.G. Carlsson 

Kraków, Poland 
September 14-18, 2015 

Coupling of single-particle motion 
to nuclear vibrations 



Jacek Dobaczewski 

2/26 

Jacek Dobaczewski 

with: D. Tarpanov, J. Toivanen, and B.G. Carlsson 

Kraków, Poland 
September 14-18, 2015 

Coupling of single-particle motion 
to nuclear vibrations 



Jacek Dobaczewski 

3/26 

Outline 

1. Introduction: nuclear single-particle 
energies (SPEs) 
2. Polarization corrections to SPEs 
3. Particle-vibration coupling (PVC) 
corrections to SPEs 
4. Conclusions 
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Nilsson diagrams in 254No 

UNEDF1 UNEDF1SO 

 Yue Shi, et al., Phys. Rev. C89, 034309 (2014) 
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 Polarization effects by odd particles or holes 
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Blaizot and Ripka 

Problem 10.14 
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• no density dependence 
• no c-o-m correction 
• full tensor 
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• no density dependence 
• no c-o-m correction 
• full tensor 

• orbital with highest |K| 
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 Phenomenological functional generators 
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Self-interaction 

RPA: Self- 
interaction free 

Polarization corrections & self-interaction 

 D. Tarpanov et al., Phys. Rev. C89, 014307 (2014) 
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Self Interaction 
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Self Interaction 
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 For density-independent effective 

interactions, mean field polarization 
effects are exactly equivalent to diagonal 
RPA corrections. 

 For density-dependent effective 
interactions, mean-field energies of odd 
nuclei are polluted by the self-interaction 
energies. 

Lessons learnt 
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Polarization corrections 

 G
. 
C

o
lò

 e
t 

a
l.

, P
h

y
s.

 R
e

v
. C

8
2
, 0

6
4
3

0
7

 (
2

0
1

0
) 

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

h
 ≡

 i
 

p
 ≡

 i
 



Jacek Dobaczewski 

16/26 

Particle-vibration-coupling (PVC) corrections 
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Skyrme SIII experiment 
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Skyrme SIII experiment 
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Skyrme SIII experiment 
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Skyrme SIII experiment 
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Particle-vibration-coupling (PVC) corrections 
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Particle-vibration-coupling (PVC) corrections 
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 Like-particle vs. unlike-particle PVC 

Neutron states Proton states 

 D. Tarpanov et al, to be published PRELIMINARY 
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 Like-particle vs. unlike-particle PVC 

Neutron states Proton states 

 D. Tarpanov et al, to be published PRELIMINARY 
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 For density-dependent effective interactions, mean-field 

energies of odd nuclei are polluted by the self-interaction 
energies. 

 The single-particle energies (SPEs) with particle-vibration-
coupling (PVC) corrections included and then adjusted to 
empirical data do not give satisfactory description of 
experiment.  

 The main source of disagreement with data is still in the 
underlying mean fields, and not in including or neglecting 
the PVC corrections. 

 The search for better energy density functionals (EDFs), 
which is currently pursued in various directions, remains an 
important priority for the field. 

Conclusions 
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Thank you 
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Nuclear densities as composite fields  
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How the nuclear EDF is built?  

Energy Density 
Functional (EDF) 

Energy Density  
 

Direct Exchange 



Jacek Dobaczewski 

29/26 

Introduction 
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Blaizot and Ripka 

Problem 10.14 
Density in the odd-

even system 
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Particle-vibration-coupling (PVC) corrections 

D1S 
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