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Static mean field (HFB) 
for Ground State Properties :
• Masses
• Deformation
• (Single particle levels) Beyond static mean field approximation (5DCH or QRPA)

for description of Excited State Properties
• Low-energy collective levels 
• Giant Resonances 

Amedee database : 
http://www-phynu.cea.fr/HFB-Gogny_eng.htm
S. Hilaire & M. Girod, EPJ A33 (2007) 237

Gogny

Reminder
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(GCM+GOA �2 vibr. + 3 rot.)
= 5 Dimension Collective Hamiltonian

5DCH

S. Péru, M. Girod, JF. Berger , Eur. Phys. J. A 9,35-47, (2000)
A. Obertelli et al, Phys. Rev. C 71, 024304, (2005)
L. Gaudefroy et al, Phys.Rev. C 80, 064313, (2009)

Some exploitation of  5DCH with Gogny forces for shell closures studies

Beyond mean field… with 5DCH
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D1S:   J. P. Delaroche et al. PRC 81, 014303 (2010)
D1M: S. Hilaire et al. PRC 86, 064317 (2012)

Some exploitation of   5DCH with Gogny forces

S. Goriely, S. Hilaire, M. Girod, S. Péru , PRL 102, 242501 (2009)

Systematics studies
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N=20, 32Mg
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Shell closures studies with 5DCH



Nantes, January 2015DAM, DIF, S. Péru

Further analysis : moments of inertia

32Mg
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Further analysis : moments of inertia

32323232MgMgMgMg

Sulfur isotopes
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N=16 5DCH

A. Obertelli, S. Péru, J.-P. Delaroche, A. Gillibert, M. Girod et H. Goutte, Phys. Rev. C 71, 024304 (2005)

Shell closures studies with 5DCH
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Shell closures studies with 5DCH

L.Gaudefroy, A. Obertelli, S. Péru, 
N. Pillet, S. Hilaire, J.-P. Delaroche, 
M.Girod and J. Libert, PRC 80,064313 (2009).
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(Q)RPA approaches describe 
all multipolarties and all parities,
collective states and individual ones, 
low energy and high energy states 
with the same accuracy.

But small amplitude approximation
i.e. « harmonic » nuclei

δE/δq=0 δ2E/δq2>0

E

Beyond static mean field … with 5DCH or QRPA

5 Dimension Collective Hamiltonian
describes ground state and excited states
within configuration mixing :
quadrupole vibration
and rotational degrees of  freedom.

Exp. 

SM

5DCH

HFB+D1S

D. Sohler et al, PRC 66, 054302 (2002)S.Péru and M. Martini, EPJA (2014) 50: 88.
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5DCH : A. Obertelli, et al, Phys. Rev. C 71, 024304 (2005)

HFB+QRPA versus HFB+5DCH with the same interaction

N=16 isotones

Sn isotopes (Z=50)

S.Péru and M. Martini, EPJA (2014) 50: 88.
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S.Péru and M. Martini, 
EPJA (2014) 50: 88.

Ni isotopes (Z=28)

Two shell (N= 28, 50) and one sub-shell (N=40) closures

! For deformed nuclei 
the first 2+ state is rotational

78Ni is predicted doubly magic

HFB+QRPA versus HFB+5DCH with the same interaction
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RPA approaches describe RPA approaches describe RPA approaches describe RPA approaches describe 
allallallall multipolartiesmultipolartiesmultipolartiesmultipolarties and and and and allallallall parities,parities,parities,parities,

collectivecollectivecollectivecollective states and states and states and states and individualindividualindividualindividual ones, ones, ones, ones, 
low energylow energylow energylow energy and and and and high energyhigh energyhigh energyhigh energy states states states states 

with the same accuracy.with the same accuracy.with the same accuracy.with the same accuracy.

Within the Within the Within the Within the small amplitude approximationsmall amplitude approximationsmall amplitude approximationsmall amplitude approximation, i.e. « harmonic » nuclei, i.e. « harmonic » nuclei, i.e. « harmonic » nuclei, i.e. « harmonic » nuclei

δE/δq=0
δ2E/δq2>0

E

S. Péru, H. Goutte, Phys. Rev. C 77, 044313, (2008)
M. Martini, S. Péru and M. Dupuis, Phys. Rev. C 83, 034309 (2011)
S. Péru et al, Phys. Rev. C 83, 014314 (2011)

Axially symetric deformed QRPA with Gogny force 

Spherical RPA with Gogny force 

J. Dechargé and  L.Sips, Nucl. Phys. A 407,1 (1983)
J.P. Blaizot, J.F. Berger, J. Dechargé, M. Girod, Nucl. Phys. A 591, 435 (1995)
S. Péru, JF. Berger, PF. Bortignon, Eur. Phys. J. A 26, 25-32, (2005)

Beyond mean field… with QRPA

RPA RPA RPA RPA approaches are well adapted for describing giant resonancesapproaches are well adapted for describing giant resonancesapproaches are well adapted for describing giant resonancesapproaches are well adapted for describing giant resonances
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QRPA Formalism

Particle-hole excitations: RPA

ijijj
ij

iij YXQ ηηηη νν
ν +

++
=

+
∑

2 quasi-particles excitations:  QRPA

2 p1/22 p1/22 p1/22 p1/2
2 p3/22 p3/22 p3/22 p3/2 1 f7/21 f7/21 f7/21 f7/2

1 d3/21 d3/21 d3/21 d3/2

2 s1/2  Fermi2 s1/2  Fermi2 s1/2  Fermi2 s1/2  Fermi
1 d5/21 d5/21 d5/21 d5/2

1 p1/21 p1/21 p1/21 p1/2

1 p3/21 p3/21 p3/21 p3/2

1 s1/21 s1/21 s1/21 s1/2

26Ne

Neutron’s HF
levels

Same interaction (Gogny) in HFB and QRPA

pppp----hhhh

pppp----pppp

α
α

αααη avau iii ∑ −= ++

Hartree-Fock Bogoliubov: ε, u, v

QRPA: ω, X, Y

Ground state properties

Excited states properties

hhhh----hhhh
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Approach limited to Spherical nuclei with no pairingApproach limited to Spherical nuclei with no pairingApproach limited to Spherical nuclei with no pairingApproach limited to Spherical nuclei with no pairing

Giant resonances in exotic nuclei:Giant resonances in exotic nuclei:Giant resonances in exotic nuclei:Giant resonances in exotic nuclei:

100Sn, 132Sn, 78Ni; S. Péru, J.F. Berger, and P.F. Bortignon, Eur. Phys. Jour. A 26262626, 25-32 (2005)

RPA in spherical symmetry

� SuchSuchSuchSuch studystudystudystudy havehavehavehave shownshownshownshown
thethethethe rolerolerolerole ofofofof thethethethe consistenceconsistenceconsistenceconsistence
betweenbetweenbetweenbetween meanmeanmeanmean fieldfieldfieldfield andandandand RPARPARPARPA matrixmatrixmatrixmatrix....

DipoleMonopole Quadrupole
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Axially-symmetric deformed QRPA 

Main features:Main features:Main features:Main features:
• Possibility to treat axially-symmetric deformed nucleideformed nucleideformed nucleideformed nuclei

J

K
• Use of  an unique nuclear forceunique nuclear forceunique nuclear forceunique nuclear force: finite range Gogny force

- same interaction for all the nuclei
- same interaction for ground state and excited states (self-consistency)  

essential  features to treat consistently isotopic chains from drip line to drip lineessential  features to treat consistently isotopic chains from drip line to drip lineessential  features to treat consistently isotopic chains from drip line to drip lineessential  features to treat consistently isotopic chains from drip line to drip line

• Pairing correlations Pairing correlations Pairing correlations Pairing correlations consistently included

central

density dependent

spin-orbit

finitefinitefinitefinite rangerangerangerange

Gogny force (D1M, D1S)
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Spurious states « treatment »Spurious states « treatment »Spurious states « treatment »Spurious states « treatment »
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S. Péru and H. Goutte, Phys. Rev. C 77, 044313 (2008).
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First study with QRPA in axial symmetry
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Multipolar responses for 238U

J

K

Heavy deformed nucleus                 massively parallel computation

S. Péru et al, PRC 83, 014314 (2011)

0+ 1-

2+ 3-
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(n, x n) cross section on 238U
Problem of  underestimation of  

n emission cross section at high energy

QRPA  QRPA  QRPA  QRPA  providesprovidesprovidesprovides
enoughenoughenoughenough collective collective collective collective contributioncontributioncontributioncontribution

M. Dupuis, S.Péru, E. Bauge and T. Kawano,
13th International Conference on Nuclear Reaction Mechanisms, Varenna 2012
CERN-Proceedings-2012-002, p 95

Beyond the nuclear structure 
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Nuclear Masses
Comparison with experimental data    (2149 nuclei: Audi, Wapstra & Thibault 2003)

r.m.s = 0.798 MeV

S. Goriely, S. Hilaire, M. Girod, S. Péru , PRL 102, 242501 (2009)

Gogny D1M
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We calculate E1 strength for all the nuclei for which photoabsorpion data exist.
QRPA strength SE1(w) is folded with a Lorentzian function with an energy shift deduced from GDR centroid.

Dipole Dipole Dipole Dipole excitations excitations excitations excitations and and and and photoabsorptionphotoabsorptionphotoabsorptionphotoabsorption results results results results 
σ
[m

b
]

28Si

Exp.

QRPA

60Ni 70Ge 74Ge 76Ge 80Se

90Zr 94Zr 94Mo 98Mo 116Sn 120Sn

124Te 128Te 138Ba 142Ce 144Nd 148Nd

144Sm 150Sm 158Gd 174Yb 206Pb 232Th
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To take into account complex configurations as well as coupling with phonons, the deformed 
QRPA strength SE1(w) is folded with a Lorentzian function L(E,w) of  width ΓΓΓΓ

Model 0:
All parameters are independent of the energy and identical for all nuclei.

∆ = 2 MeV and Г = 2.5 MeV

Model 1:
Г is adjusted on each photoabsortion cross section
∆ is energy dependant :Δ � = Δ� + Δ��� ω ; 

Δ� is constant and Δ��� ω = 
��� × ���� ω ���� 30	���⁄

Model 2:
Г is adjusted on each photoabsortion cross section
∆ is energy dependant :Δ � = Δ� + Δ��� ω ; 

Δ� is constant and Δ��� ω = 
��� × ���� ω ���� ω⁄

Semi-empirical broadening of  the GDR
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Semi-empirical broadening of  the GDR

N

Δ � = Δ� + Δ��� ω

Δ��� ω = 
��� × ���� ω ���� 30	���⁄ Δ��� ω = 
��� × ���� ω ���� ω⁄
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Semi-empirical broadening of  the GDR
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Semi-empirical broadening of  the GDR
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Dipole excitations and photoabsorption results 
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Low energy dipole excitations

Calculations performed also for isotopic chains of  astrophysical interest (e.g. Sn).

Comparison of  the QRPA low-energy E1 strength functions with experimental 
compilation for nuclei from 33S up to 239U at energies ranging from 4 to 8 MeV. 
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γ- ray strength functions predictions for exotic nuclei 

e.g. Sn isotopes
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γ- ray strength functions predictions for exotic nuclei 

e.g. Sn isotopes
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Impact on the predicted neutron-capture cross section 
of  astrophysical interest
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Photoneutron cross sections for Mo isotopes
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Photoabsorption cross sections for Mo isotopes
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Dipole electric and magnetic excitations for Zr isotopes 

E1

H. Utsunomiya et al, PRL 100, 162502 (2008)

M1

E1

M1
H. Utsunomiya et al. (2008)
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To summarize

Fully self-consistent QRPA using the finite range Gogny force has been applied to axially-
symmetric-deformed nuclei.

* 5DCH and QRPA approaches can complete each other.

* Self-consistent QRPA approach has been applied to the deformed nuclei up to 238U.

* IsoScalar-IsoVector mixing for low-lying dipole states in Ne isotopes and N=16 isotones.

• QRPA results successfully used in reaction models : (n, x n) , photoabsorption

• …


