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InInInIn our approacour approacour approacour approach,h,h,h, The effective interactionThe effective interactionThe effective interactionThe effective interaction D1SD1SD1SD1S is used  is used  is used  is used  both both both both in the in the in the in the HFB HFB HFB HFB mean field mean field mean field mean field and in the and in the and in the and in the QQQQRPA  matrixRPA  matrixRPA  matrixRPA  matrix....

QRPA formalism

In axial symmetry , QRPA states {θ+} are obtained for each block Kππππ

Restoration of rotational symmetry for deformed statesRestoration of rotational symmetry for deformed statesRestoration of rotational symmetry for deformed statesRestoration of rotational symmetry for deformed statesRestoration of rotational symmetry for deformed statesRestoration of rotational symmetry for deformed statesRestoration of rotational symmetry for deformed statesRestoration of rotational symmetry for deformed states

( ) ( ) ( ) ( ) ( ) ( ) K
J

KM

KJ

K

J

MK
DDd

J
KJM θθ

π
ΩΩ−+ΩΩΩ+= −

−

∫ RR
4

12

We want to calculate : (((( ))))KJMQλµλµλµλµ
ˆ0

~
for all QRPA states  (K ≤ J)

(((( ))))20
2

20
ˆ YrQ ∑∑∑∑====For exampleFor exampleFor exampleFor example: : : : Jπ = 2+ In intrinsic frame λυλυλυλυ

υυυυ

λλλλ
µυµυµυµυλµλµλµλµ YrDYr 22 ∑∑∑∑====

Using rotational approximation and relations for 3j  symbols

(((( )))) 2,221,120,2020
ˆ0

5
3ˆ0

5
3ˆ0

5
1ˆ0~ ±±±±±±±±−−−− ++++++++==== KKKKKK QQQKJMQ δδδδθθθθδδδδθθθθδδδδθθθθ

Using time reversal symmetry, three independent calculations (Kπ = 0+, 1+, 2+) are needed.
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RPA approaches describe 
all multipolarties and all parities,
collective states and individual ones, 
low energy and high energy states 
with the same accuracy.

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

δE/δq=0
δ2E/δq2>0

E
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spurious stateIS GMR
GQR

IV GDR

Monopole Dipole Quadrupole Octupole

IV GMR

High energy collective states: giant resonances

Giant resonances are related to nuclear matter properties
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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:

100Sn, 132Sn, 78Ni; S. Péru, J.F. Berger, and P.F. Bortignon, Eur. Phys. Jour. A 26, 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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Role of deformation on giant resonances within the quasiparticle randomRole of deformation on giant resonances within the quasiparticle randomRole of deformation on giant resonances within the quasiparticle randomRole of deformation on giant resonances within the quasiparticle random----phase approximation and the Gogny forcephase approximation and the Gogny forcephase approximation and the Gogny forcephase approximation and the Gogny force, , , , 
S. Péru and H. Goutte, Phys. Rev. C 77, 044313 (2008).S. Péru and H. Goutte, Phys. Rev. C 77, 044313 (2008).S. Péru and H. Goutte, Phys. Rev. C 77, 044313 (2008).S. Péru and H. Goutte, Phys. Rev. C 77, 044313 (2008).
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dipole response for Neon isotopesdipole response for Neon isotopesdipole response for Neon isotopesdipole response for Neon isotopes

20Ne 22Ne

24Ne 26Ne 28Ne

18Ne

Increasing neutron number
•Low energy dipole resonances and shift to low energies
•Increasing of  fragmentation

26Ne
B(E1)   = 0.49 ± 0.16 e2 fm 2 %STRK = 4.9 ± 1.6 @ 9 MeV
J. Gibelin et al, PRL 101, 212503 (2008)

B(E1)=0.173 e2fm 2 

@ 10.69 MeV
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B(E1)
B(M1)

80Zr 82Zr 84Zr

86Zr 88Zr 90Zr

92Zr 94Zr 96Zr

Dipole response for Zr isotopes :
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Beyond mean field … with “GCM”

(GCM+GOA 2 vibr. + 3 rot.)

= 5 Dimension Collective Hamiltonian

5DCH
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A. Obertelli, et al, Phys. Rev. C 71, 024304 (2005)

HFB+QRPA / HFB+5DCH with the same interaction:

N=16 isotones Sn isotopes
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L. Gaudefroy & S. Péru

Spectroscopy in Ni isotopes within QRPA
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0+ states in 68Ni 

within QRPA

M. Martini, S. Péru …
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MonopolaireMonopolaireMonopolaireMonopolaire

QuadripolaireQuadripolaireQuadripolaireQuadripolaire

DipolaireDipolaireDipolaireDipolaire

OctupolaireOctupolaireOctupolaireOctupolaire

Multipolar response for 238U

1-

3-

2+

0+

More than 716800 hours (~82 years)
of computing time 

spread over 256 and 512 proc.
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MMMM.... DupuisDupuisDupuisDupuis etetetet al,al,al,al,
ProceedingsProceedingsProceedingsProceedings ofofofof thethethethe SecondSecondSecondSecond InternationalInternationalInternationalInternational WorkshopWorkshopWorkshopWorkshop
onononon NuclearNuclearNuclearNuclear CompoundCompoundCompoundCompound ReactionsReactionsReactionsReactions andandandand RelatedRelatedRelatedRelated Topics,Topics,Topics,Topics, ((((2010201020102010))))....
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2-quasi-particles Kπ=0-8+/- 
QRPA Kπ=0-8+/-

MMMM.... DupuisDupuisDupuisDupuis etetetet al,al,al,al,
13131313thththth InternationalInternationalInternationalInternational ConferenceConferenceConferenceConference onononon NuclearNuclearNuclearNuclear ReactionReactionReactionReaction Mechanisms,Mechanisms,Mechanisms,Mechanisms,
Varenna,Varenna,Varenna,Varenna, junejunejunejune 11111111----15151515,,,, 2012201220122012....

Comparison between experimental data (circles) and oneComparison between experimental data (circles) and oneComparison between experimental data (circles) and oneComparison between experimental data (circles) and one----step step step step 
contributions (full curves) to the doublecontributions (full curves) to the doublecontributions (full curves) to the doublecontributions (full curves) to the double----

differential cross sections for 14.1 MeV neutron on 238 U (a,c). differential cross sections for 14.1 MeV neutron on 238 U (a,c). differential cross sections for 14.1 MeV neutron on 238 U (a,c). differential cross sections for 14.1 MeV neutron on 238 U (a,c). 
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E. Bauge and S. PE. Bauge and S. PE. Bauge and S. PE. Bauge and S. Péééérurururu

36S

HFB+5DCH                 HFB+5DCH                 HFB+5DCH                 HFB+5DCH                 E (2E (2E (2E (2++++
1111) ) ) ) = 2.34 MeV = 2.34 MeV = 2.34 MeV = 2.34 MeV 

BBBB(E2) = 375 e(E2) = 375 e(E2) = 375 e(E2) = 375 e2222fmfmfmfm4444

HFB+QRPA                 HFB+QRPA                 HFB+QRPA                 HFB+QRPA                 E (2E (2E (2E (2++++
1111) = 3.29 MeV ) = 3.29 MeV ) = 3.29 MeV ) = 3.29 MeV 

BBBB(E2) = 139.7 e(E2) = 139.7 e(E2) = 139.7 e(E2) = 139.7 e2222fmfmfmfm4444

Exp                              E (2Exp                              E (2Exp                              E (2Exp                              E (2++++
1111) =  3.29 MeV) =  3.29 MeV) =  3.29 MeV) =  3.29 MeV

BBBB(E2) = 100 e(E2) = 100 e(E2) = 100 e(E2) = 100 e2222fmfmfmfm4444

Test of QRPA and 5DCH (GCM) wave functions 
in proton inelastic scattering…

… beyond the nuclear structure :


