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QRPA formalism

HFB+QRFPA 9: - Z X Irjl ,8 ,+ ,8 : L Y! ,8 = ,8 ; {B* B} gp creation and annihilation operators.
1
A B} X

X -
- A*Y:«{—Y' In > = 9n+ [0 >.

In our approach, The effective interaction D1S is used both in the HFB mean field and in the QRPA matrix.

O are solution of [

In axial symmetry , QRPA states {0+} are obtained for each block KT (K"sJ"

Restoration of rotational symmetry for deformed states

x/ZJ +1

M (K) =2 1dap;, (@)R(@Q)6,) +(-) D, (@)R(@)8:)
We want to calculate <6 > (K )> for all QRPA states (K = J)
For example: J" = 2° (520 = Z r 2(YZO) In intrinsic frame Z D/] r 2Y
Using rotational approximation and relations for 3j symbols

<6]620’JM (K)>=%<0@20\3K> :/@< ’QZ 1] > k1t ﬁ< ]szv > K ,+2

Using time reversal symmetry, three independent calculations (K™ = 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

02E/50g2>0

SN
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High energy collective states: giant resonances

Giant resonances are related to nuclear matter properties
Monopole Dipole Quadrupole Octupole

o ® L e

spurious state

IV GMR IV GDR
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RPA in spherical symmetry
Gilant resonances in exotic nuclei:

1005n, 1325n, 8Ni; S. Péru, J.F. Berger, and P.F. Bortignon, Eur. Phys. Jour. A 26, 25-32 (2005)
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QRPA in axial symmetry :

|\VV Dipole K™=0- K=1"
3| =g 5| s 2| *si
20 e o 0.4 26: 0.4 28 0.4 Na:
—206|- 236 —256|- S I S I S |
—208+ —238 - —258
—2101- —240 - —260 037 037 03*
3 zzMg 3+ “Mg 3 “Mg 3 ZBMg
~194 - ~21 - ~230/ 0.2 0.2 0.2
-196 216+ —232
—198| 218 -234}
| ool [ ol asel 0.1 0.1 0.1
-6.5 0.0 05 =0.5 010 0.‘5 “6.5 0.0 0:5 =0.5 OLO O.‘S
B8 8 8 8 |
| .l‘J. leb bt - .‘I n | I“Il.l
0.4 22 0.4 24 0.4 26 0.4 28
Mg Mg Mg Mg
0.3 0.3 0.3 0.3
0.2 0.2 0.2 0.2
0.1 0.1 0.1 0.1
dala I ™ L J.J L 1 y e _
[ \ \ ] \ T \ \ \

0O 10 20 30 40MeV 0 10 20 30 40MevV 0 10 20 30 40MeV 0 10 20 30 40 MeVv

Role of deformation on giant resonances within the quasiparticle random-phase approximation and the Gogny force,
S. Péru and H. Goutte, Phys. Rev. C 77, 044313 (2008).
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dipole response for Neon isotopes

Increasing neutron number

Low energy dipole resonances and shift to low energies
Increasing of fragmentation
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PHYSICAL REVIEW C 83, 034309 (2011)

Low-energy dipole excitations in neon isotopes and N = 16 isotones within the quasiparticle 24 2% o8 30
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Dipole resp

onse for Zr isotopes :
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Beyond mean field ... with “GCM”

Bruyéres-le-Chatel HFB+GCM(GOA) force D1S 19- =
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HFB+QRPA / HFB+5DCH with the same interaction:

4 N=16 isotones Sn isotopes
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Multipolar response for 238U
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... beyond the nuclear structure :

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

HFB+5DCH E (2*,) = 2.34 MeV

B(E2) = 375 e?fm*
HFB+QRPA E (2*,) = 3.29 MeV
B(E2) = 139.7 e?fm*
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B(E2) = 100 e2fm*
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