QRPA for low lying excitations

S. Péru (CEA,DAM,DIF)
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Beyond mean field... with QRPA

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

_______ 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)
) 0%E/5g?>0

Axially symetric deformed QORPA with Gogny force

[

o4
m
~
A
gl
&)

> 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)

M. Martini et al, PRC 94, 014304 (2016)

RPA approaches are well adapted for describing giant resonances
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HFB formalism
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(Q)RPA formalism 1/2
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RPA approaches describe all multipolarties and all parities

A. Corsi et al PLB 743 (2015) 451-455
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A

Fig. 3. (Color online.) Systematics of 27 and 3~ excitation energies in tin isotopes
from experiment and HFB + QRPA calculations using the Gogny D1M interaction,

2017/02/27 2017/03/02
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(Q)RPA Formalism 2/2
Hv)y=E,lv) Qo) = |v) Q)0 =

Particle-hole excitations: RPA

QI’ — Z gl;h G;Toah — vah a,;rza,p
prh
2p1/2
 «2P32 4o
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2 quasn partlcles exmtatlons QRPA p-h1 d3/2
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A B XV Xv G
( B* A* ) ( Y:/ ) — Wy ( _YV ) wl 1p3/2

Neutron’s HF

Hartree-Fock Bogoliubov: ¢, u,v —>  Ground state properties h-h levels
40— 26Ne

QRPA: 0, X, Y—> Excited states properties 1512

RPA approaches are well adapted for describing giant resonances
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RPA in spherical symmetry

Giant resonances in exotic nuclei:

1008n, 1328n, 78Ni; S. Péru, J.F. Berger, and P.F. Bortignon, Eur. Phys. Jour. A 26, 25-32 (2005)

Approach limited to Spherical nuclei with no pairing
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Axially-symmetric deformed QRPA

|Od, K) — 9+K|O> nK = ZXn Km K, 773 ki — (_)K anrijTb, ki, —k;

1<J

A B Xaf,,K L Xa,K
B A Yor ) PR\ —vak

.

K
* Possibility to treat axially-symmetric deformed nuclei
Restoration of rotational symmetry for deformed states
IM(K) =212 [a0D}, ()R(@)6,)+(-)™ D )R (@) 6

/to calculate: <5 ) (K)) for all QRPA states (K <J) \

QM o> r? (Y ) roY,, = Z D' ™3 Inintrinsic frame

We use rotational approximation and relations for 3j symbols
For example: J* = 2"
1, - RE L3
(80, M ()= (0008 )0 + 2 (0101 8)05s 2 (0108

\ Using time reversal symmetry, three independent calculations (K™ = 0+, 1*, 2*) are needed. /
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First study with QRPA in axial symmetry

IV Dipole
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S. Péru and H. Goutte, Phys. Rev. C 77, 044313 (2008).
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Impact of the deformation
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Dipole response for Neon isotopes

Increasing neutron number

Low energy dipole resonances and shift to low energies

*Increasing of fragmentation 26Ne : B(E1) = 0.49 +0.16 €2 fm2 %STRK = 4.9+ 1.6 @ 9 MeV
J. Gibelin et al, PRL 101, 212503 (2008)
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Dipole response for Neon isotopes and N=16 isotones

M. Martini, S. Péru and M. Dupuis, Phys. Rev. C 83, 034309 (2011) 24 26 28M
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y- ray strength functions predictions for exotic nucleiffeZz

e.g. Sn isotopes

' Lorentzian Skyrme+QRPA DIM+QRPA
[ 1 [ (Model 0)

f (E1) [mb MeV ']

E [MeV]

E [MeV]

M. Martini et al, PRC 94, 014304 (2016)
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Multipolar responses for 238U

Heavy deformed nucleus —— massively parallel computation
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Comparison with experimental data

One Lorentzian in RIPL Two Lorentzians in RIPL
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Global trend : D1S versus D1M
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A few 100 keV overestimation of the D1S centroid energies with respect to D1M ones
leads to a 0,2 shift of the EWSR (in TRK units).
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Beyond the nuclear structure
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Photoneutron cross sections for Mo isotopes

PHOTONEUTRON CROSS SECTIONS FOR Mo ISOTOPES: ... PHYSICAL REVIEW C 88, 015805 (2013)
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FIG. 3. (Color online) Comparison between the present photoneutron emission cross sections and previously measured ones [17.18] for six
Mo isotopes. “*Mo (a). Mo (b). **Mo (c). ?"Mo (d). **Mo (e). and '"’Mo (f). Also included are the predictions from Skyrme HFB + QRPA
(based on the BSk7 interaction) [20] and axially deformed Gogny HFB + QRPA models (based on the DIM interaction) [23].
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Dipole electric and magnetic excitations for Zr isotopes
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Low Energy Enhancement in the y Strength of the Odd-Even Nucleus 9In
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Limits of the QRPA approach
Comparison with 5DCH results

S. Péru and M. Matrtini, EPJA (2014) 50: 88.
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Beyond static mean field ... with 5DCH or QRPA

5 Dimension Collective Hamiltonian (Q)RPA approaches describe
describes ground state and excited states all multipolarties and all parities,
within configuration mixing : collective states and individual ones,
quadrupole vibration low energy and high energy states
and rotational degrees of freedom. with the same accuracy.

S — But small amplitude approximation

HFB+D1S. 4 i.e. « harmonic » nuclei
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HFB+QRPA versus HFB+5DCH with the same interaction
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HFB+QRPA versus HFB+5DCH with the same interactionjf€%z

- Niisotopes (Z=28)
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Degree of freedom of the present QRPA

 Which degrees of freedom are considered and at which level of modeling they
enter ?

Quasiparticle and effective interaction: both in underlying HFB and in QRPA
Deformation: only quadrupolar in HFB (intrinsic), all of them in QRPA (dynamic)
Conservation of isospin and parity for QP states and 2QPs excitations

 Which phenomena these can be expected to be relevant for ?
Collective as well as individual vibrations

e Can the present treatment be combined with the one of other degree of freedom ?
Rotation ? Shape coexistence?

e Can they be expected to be independent to other degree of freedom ?

Since pn pairing is not implemented in HFB, no coupling with charge exchange
modes.
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Thanks for your attention
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