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Microscopic (and large scale) calculations
with the Gogny NN effective interaction

@CEA/DAM/DIF/Nuclear Many-Body Group, in collaboration with S. Goriely (ULB)

* Nuclear properties
Ground state (masses, deformations) and excited states

* Nuclear level densities
* v-ray strength functions
* 3 (GT) strength functions

* Fission Properties



Two parts of the microscopic calculations

1) Static mean field (Hartree-Fock Bogoliubov) \
for Ground State Properties :
* Masses

* Deformation

* (Single particle levels)

: Gogny
po\\:@ g nrer o F
37 &
| Potentiel moyen |

QF‘JI[ JL

__[ £q.de . H.F.

®

Ae &

D 00O )
sonre | HFB “AMEDEE” database :
% m ‘ http://www-phynu.cea.fr/HFB-Gogny_eng.htm
‘ﬂ«: S. Hilaire & M. Girod, EPJ A33 (2007) 237
///////////////////////f// ////l//// /
Caeques Leckage

2) Beyond static mean field (Quasiparticle Random Phase Approximation)
for description of Excited State Properties
Low-energy collective levels
Giant Resonances




An example of the online HFB results
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Hartree-Fock Bogoliubov results
based on the Gogny force



The QRPA to study the excited states (y and [3 strengths,...)
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Main features: ¢
« Possibility to treat axially-symmetric deformed nuclei €

* Pairing correlations consistently included
e Use of an unique 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 line

The Gogny force:
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RPA and QRPA Formalism
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Same interaction (Gogny) in HFB and QRPA
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Example of study of electromagnetic excitations using the QRPA
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Calculation of E1 strength in QRPA with Gogny-D1M for

all the nuclei for which photoabsorption data exist
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Three steps of this approach

1. QRPA calculation:

Pure theoretical calculation without free parameters
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2. Folding the QRPA results with a Lorentzian function whose parameters can be
adjusted on available experimental data or taken constant for all the nuclei

3. Use the folded results for predictions and applications

e.g. Sn isotopes
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From QRPA to pnQRPA
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Main charge exchange excitations

Isobaric Analog Resonance (IAR)

A
OIAR — ZT_(%)
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isospin flip T
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Gamow Teller (GT)
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pnQRPA Strength Distributions with Gogny (D1M and D1S) force
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An example of deformed nucleus : 7°Ge
GT Jr=1*distributions obtained by adding twice the K™=1* result to the K™=0*one
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 The deformation tends to increase the fragmentation
e Displacements of the peaks
» Deformation effects also influence the low energy strength
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The folded results for the 7°Ge
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Folding of GT strength

The pnQRPA calculation provides a discrete strength distribution.

In order to derive a smooth continuous strength function, the pnQRPA GT strength is folded
with a Lorentz function L(E,®) of width T’

0 - 1 T/2
S’ (E) = L(E,0)Sq (0)do LE @)= w714

The spreading width I' is the only parameter of our calculation.

For all the calculations of B decay half-life we use $/° and we take I'=2 MeV.



can be expressed in terms of the GT strength function S,

_ : e v
B decay half-life T, , \/
In the allowed GT decay approximation the B~ decay half-life T,/ V\/_+
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The reference energy E, corresponds to the lowest 2-gp excitation associated with the
E =N . E ground state of the odd-odd daughter nucleus in which the quantum numbers of the
ex QRPA O single quasi-proton and neutron states are obtained from the self-consistent HFB

calculation of the odd-odd system.
In most cases Eis equal to the lowest energy of the 2-gp excitation of ph type.

AMz 741=0p=BnalZ,4) = Bya(Z+ 1,4) +m(nH)

For the Qg mass differences, we take experimental (and recommended) masses when available
or the D1M mass predictions , otherwise.



Nuclear Masses

Comparison with experimental data
(2149 nuclei: Audi, Wapstra & Thibault 2003)
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Comparison between D1M and D1S (from 1991)
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Deviation with respect to data rarely exceeds one order of magnitude
Larger deviations for nuclei close to the valley of [3-stability, as found in most models
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B~ decay half-lives of deformed isotopic chains
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B~ decay half-lives of deformed isotopic chains
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B~ decay half-lives of the N=82, 126, 184 isotones

Relevance for the r-process nucleosynthesis
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Extension to odd systems (Preliminary results)
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Charge exchange excitations and [3 decay in QRPA with the Gogny force

Summary

Generalization of QRPA approach, already used to study electromagnetic excitations,
to charge exchange sector

For spherical and deformed nuclei GT (and IAR) results in good agreement with data
The role of the intrinsic deformation has been shown for prolate 7Ge
Predictions of the B decay half-lives are compatible with experimental data

Satisfactory agreement with experimental half-lives justifies the additional
study on the exotic neutron-rich N =82, 126 and 184 isotonic chains (r-process)

Perspectives

- Odd systems
- First forbidden transitions

- B delayed processes



Spares



Next step: [ delayed processes
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Stellar nucleosynthesis: the production of elements heavier than iron

Slow (s-) and rapid (r-) neutron capture processes

Explanation for the peaks observed in the solar system abundances
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Nuclear Physics associated with the r-process

Competition between _
- radiative neutron capture (n,y) B
- B-decay
- photo-neutron emission (y,n) (Y,n)
- fission for the heaviest species
- v-nucleus interaction properties (?)
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The r-process puzzle is first of all an astrophysics problem: the r-process site remains unknown



Hartree-Fock (Mean Field) approximation
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Hartree-Fock (-Bogoliubov)
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Nuclear response to an external perturbation

External operator F

No charge exchange

‘Electromagnetic excitations A

*Strong excitations i

Charge exchange

'Weak eXCiTGTionS FJ}\,{(I‘) — Z T%-]YJAJ(T%)T (Z)
(p decay, v scattering,...) A

*Strong excitations i=1
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Sum Rules

Fermi lkeda

b0 ) ("t |9 b () r{» , 1

t (Cp + (O U t (OY + (OY o0

F: 13.9999993456112 1 14Sn GT/3:13.9999993456064

F: 32.0000000000001 132Sn GT/3: 32.0000000000001




Folding of GT strength

To take into account more complex configurations as well as coupling with phonons, the
deformed GT strength S..(®) can be folded with a Lorentzian function L(E,®) of width I"

. 1 T2
for (E) = L(E,0)S¢ (0)do HE0) = 74

For [(w) we use an analytical expression which reproduces successfully the experimental results
on 4; of Sn isotopes [Pham et al. Phys. Rev. C 51, 526 (1995)].
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Folding of GT strength (1)

GT1 GT2 GT3 GT4

A F. r FE. r E. r E. I
(MeV) (MeV) (MeV) (MeV) | (MeV) (MeV)| (MeV) (MeV)

112 8.9440.25 4.8+0.3|4.08+0.25 2.0+£0.3 {2.49+0.20 0.9+0.3|1.334+0.20 1.0+0.3
114 9.39+0.25 5.64+0.3./4.55+0.25 2.1+0.3 {2.954+0.20 0.94+0.3 |1.884+0.20 0.6+0.3
116 | 10.0440.25 5.5+0.31(5.04+0.25 2.5+0.3 |3.18+0.20 0.8+0.3 |(1.84+4+0.20 1.1+0.3
117 | 12.87+0.25 5.84+0.3 '|7.64+0.25 2.2+0.3 [5.45+0.20 1.84+0.3|3.874+0.20 1.0+40.3
118 | 10.61+0.25 5.7+0.3:|5.3840.25 2.8+0.3 |3.174+0.20 1.4+4+0.3(1.47+0.20 1.2+0.3
119 | 13.7140.25 5.7+0.3'(8.094+0.25 2.94+0.3 |5.49+0.20 2.14+0.3|3.63+0.20 1.24+0.3
120 | 11.45+0.25 6.4+0.31/5.82-4+0.25 3.1+0.3 |3.18+0.20 2.2+0.3|1.38+0.20 0.6+0.3
122 | 12.254+0.25 5.6+0.3 /6.65+0.25 3.7+0.3 |3.37+0.20 3.1+0.3 |1.45+0.20 0.7+0.3
124 | 13.2540.25 5.2+0.3.|7.13+0.25 4.6+0.3!|3.44+0.20 2.94+0.3|1.50+0.20 0.940.3

Pham et al. Phys. Rev. C 51, 526 (1995)
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Details of folding procedure

foy(E)=J L(E,w) Sgy(w) dw o
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v- ray strength functions for Sn isotopes
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Maxwellian-averaged neutron capture rate for Sn isotopes
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M. Martini, S. Hilaire, S. Goriely, A. J. Koning, S. Péru, Nuclear Data Sheets 118 (2014) 273-275



Combinatorial level densities

Improvement of the previous global model (based on Skyrme interaction) using
coherentely the single-particle levels, the pairing and collective properties (quadrupole
excitations) predicted by Gogny D1M interaction.

Microscopic description of T-dependent shell, pairing and deformation effects through a

Temperature-dependent HFB calculations
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Coherent description of the shape transition from deformed to spherical at increasing T

S. Hilaire, M. Girod, S. Goriely, A. J. Koning Phys. Rev. C 86, 064317 (2012)



Comparison with experimental neutron resonance spacings

0
- 300 Expt. D, from RIPL3 i

| Similar agreement
| when compared to
1 phenomenological
models (BSFG)
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A

Further improvements: microscopic determination of octupole and hexadecapole vibrational
level energies (using QRPA)



