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Plan seminarium

1. Wstęp - poszukiwanie nowych funkcjonałów 
gęstości o jakości spektroskopowej.

2. Funkcjonał gęstości do szóstego rzędu w 
pochodnych (N3LO).

3. Program HOSPHE – samozgodne rozwiązania N3LO 
dla symetrii sferycznej, pierwsze wyniki.

4. Nowa szybka metoda rozwiązania równań RPA i 
QRPA, pierwsze wyniki dla wzbudzeń
multipolowych w jądrach sferycznych.

5. Przywracanie naruszonych symetrii metodą Lipkina.
6. Rozwinięcia macierzy gęstości (Negele-Vautherin i

Damped Taylor), porównanie nielokalnych i 
quasilokalnych funkcjonałów gęstości.

Journal of Physics G: Nuclear and Particle Physics
Volume 37, Number 6, June 2010
Focus issue on open problems in nuclear structure theory
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Nuclear Energy Density Functional 
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Fits of s.p. energies

Singular value 
decomposition

=

EXP: M.N. Schwierz, I. Wiedenhover,
and A. Volya, arXiv:0709.3525
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Numbers of terms in the density functional up to N3LO 

Eq. (30) ≡ density independent CC

Eq. (28) ≡ density    dependent CC
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Energy density functional for spherical nuclei (I) 
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Energy density functional for spherical nuclei (II) 

B.G. Carlsson et al., Phys. Rev. C 78, 044326 (2008)
Phys. Rev. C 81, 029904(E) (2010)
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Program 
HOSPHE

Solution of self-
consistent 

equations for the 
N3LO nuclear 

energy density 
functional in

spherical symmetry
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Program 
HOSPHE

Solution of self-
consistent 

equations for the 
N3LO nuclear 

energy density 
functional in

spherical symmetry
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M.N. Schwierz,
I. Wiedenhover, and
A. Volya, arXiv:0709.3525

EXP-2:
M.G. Porquet et al.,
to be published

NM:
Nuclear-matter
constraints on:
� saturation density
� energy per particle
� incompressibility
� effective mass
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Fits of s.p. energies – regression analysis
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to be published
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� saturation density
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Fits of s.p. energies – regression analysis
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EXP-1:
M.N. Schwierz,
I. Wiedenhover, and
A. Volya, arXiv:0709.3525

EXP-2:
M.G. Porquet et al.,
to be published

NM:
Nuclear-matter
constraints on:
� saturation density
� energy per particle
� incompressibility
� effective mass

B
.G

.
C

a
rl

ss
o

n
e
t
 a
l.

, 
to

 b
e
 p

u
b

li
sh

e
d

0.0

0.4

0.8

1.2

1.6
  R

M
S

 d
ev

ia
tio

n 
of

s.
p.

 e
ne

rg
ie

s 
(M

eV
)

0.0001

0.001

0.01

0.1

1

0 10 20 30 40 50 60

EXP-1
EXP-2
EXP-1 (NM)
EXP-2 (NM)

Number of singular value

S
in

gu
la

r 
va

lu
e

SLy4

6th order

N3LO

(Galilean invariance)

Fits of s.p. energies – regression analysis



Jacek Dobaczewski

Pseudopotentials vs. energy density functional

The most general pseudopotentials up to next-to-next-to-
next-to-leading order (N3LO) have been determined 
together with their gauge-invariance and continuity-

equation properties (Ph.D. thesis of Francesco Raimondi).

This approach is fully 
analogous to the N3LO 
expansion in the chiral 
perturbation effective field 
theory: W.C. Haxton, Phys. Rev. 
C77, 034005 (2008)
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Fast RPA and QRPA + Arnoldi method

J. Toivanen et al., Phys. Rev. C 81, 034312 (2010)
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132Sn

Isoscalar 1 - strength functions
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QRPA timing

� Spherical QRPA+Arnoldi 
scales linearly with the size of 
the single-particle space Ω.Ω.Ω.Ω.

� Deformed QRPA+Arnoldi 
expected to scale quadratically, 
that is, as ΩΩΩΩ2222

� Standard QRPA scales 
quartically, that is, as ΩΩΩΩ4444 !!!!

Scaling properties

Future plans:
� Full implementation and testing of the spherical QRPA + Arnoldi method
in the code HOSPHE with new-generation separable pairing interactions. 
Systematic calculations of multipole giant-resonance modes to be used in 
the EDF adjustments.
� Deformed QRPA + Arnoldi method implemented in the code HFODD. 
Systematic calculations of ββββ-decay strengths functions and ββββ-delayed 
neutron emission probabilities to be used in the EDF adjustments.
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Including dynamical effects of symmetry 
restoration

The research program to restore simultaneously the main broken 
symmetries (translational, rotational, particle-number, and 
isospin) has been formulated within the Lipkin method.

Future plans:
� Implementation of the Lipkin method within the code 
HFODD [Ph.D. thesis of Pekka Toivanen]
Goal:
Improved description of experimental nuclear masses at shell 
closures.



Jacek Dobaczewski

Phenomenological effective interactions
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Local density approximation from density-matrix 
expansions
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Based on the Negele-Vautherin 
density-matrix expansion, we have 
derived the NLO Skyrme-functional 
parameters corresponding to the 
finite-range Gogny interaction.
The method has been extended to 
derive the coupling constants of  
local N3LO functionals

J. Dobaczewski, B.G. Calsson, M. Kortelainen, arXiv:1002.3646
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Local density approximation from density-matrix 
expansions

J. Dobaczewski, B.G. Calsson, M. Kortelainen, arXiv:1002.3646
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Convergence of density-matrix expansions for 
nuclear interactions (diect term)
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Convergence of density-matrix expansions for 
nuclear interactions (exchange term)
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SciDAC 2 UNEDF Project (USA)

Building a Universal Nuclear Energy Density Functional

• Understand nuclear properties “for element formation, for 
properties of stars, and for present and future energy and 
defense applications”

• Scope is all nuclei, with particular interest in reliable 
calculations of unstable nuclei and in reactions

• Order of magnitude improvement over present capabilities
� Precision calculations

• Connected to the best microscopic physics
• Maximum predictive power with well-quantified uncertainties

FIDIPRO Project (Finland)

http://www.unedf.org/

http://www.jyu.fi/accelerator/fidipro/
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UNEDF-1 Skyrme Functional

Nuclear density

Nuclear mass
calculations

SLy4+LN

UNEDF-1+LN

Relative change in value of the parameter when experimental 
data is changed  

Comparison of 
performance 
between standard 
optimization 
algorithm (Nelder-
Mead) and model-
based approaches

Nelder-
Mead

Model-
based

72 masses

28 rms radii

8 OEM 

differences
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Mean-field equations
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Fit residuals for centroids of SO partners (SkP)
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Fit residuals for splittings of SO partners (SkP)
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N3LO in the chiral perturbation effective field theory
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EFT phase-shift analysis

np phase parameters below 300 MeV lab. energy for partial waves with J=0,1,2. The solid line 
is the result at N3LO. The dotted and dashed lines are the phase shifts at NLO and NNLO, 
respectively, as obtained by Epelbaum et al. The solid dots show the Nijmegen multi-energy 
np phase shift analysis and the open circles are the VPI single-energy np analysis SM99. D
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II. Derivatives of higher order up to N3LO
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Energy density functional up to N3LO 
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