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Neonisotopes N=16 isotones
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B(E1) QRPA distributions for Ne isotopes
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A dependence of loWying excitations

Neon isotopes N=16 isotones

._
=
T

|
E low peak [MeV]
[

| _| sl ]
: N=16
— —_ 6 — —
' . ' . ! - | - ! : l P BT I BRI | | [
20 22 24 26 28 30 23 24 25 26 27 28 29 30
T ' T ' | ' T : | ' I 0. T | | | T |
[~ |e—a sumup to 14 MeV - 04 z—a sum up to 14 MeV —
+— main low energy peak ,E +— main low energy peak
— — f‘IU) 0 — —]
- — 5 02k -
— T — M o1k _
l | | | | | |
20 22 24 A 26 28 30 23 24 25 26 27 28 29 30
A

wl'he energy of the low peak decreases with the isospin asymmetry
wl'he B(E1) strength increases with the isospin asymmetry
wl'he fragmentation increases with the neutron number



Neutronand proton transition densities
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Main p-h (and pp) configurations in N=16 isotones
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Low energy states preseatsmallbut finite collective behavior:

alsoother transitions withrespect tothe dominantneutron2sl/H bH [Jaoontribute
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N.B.
This kind of analysis in the QRPA approach can be perfor

for any axiallysymmetric deformed nucleus as well as in th
charge exchange sector



Charge exchange:
GamowTeller excitations anl decay

M. Martini, SPPéruand SGoriely
Phys Rev C89, 0443062014)
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Main charge exchange excitations
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PNQRPAStrength Distributions withGogny(D1M and D1S) force
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An example of deformed nucleus®Ge
GT &=1*distributions obtained by adding twidke K =1* resultto the K =0"one
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A The deformation tends to increase the fragmentation
A Displacements of the peaks
A Deformation effects also influence the low energy strenc



Folding of GT strength

ThepnQRPAalculation provides, as shown in previous figures, a discrete strength distribu
In order to derive a smooth continuous strength function, fFQRPAST strength is folded
with a Lorentz function(Ew) of width G

O e _1 G/2
5 (E) =, L(E, m)Ss; (W)dw H(E.W) p(E-n)*+G/4

The spreading widtksis the only parameter of our calculation.
For all the calculations df decay haHife we useS°d and we takeG=2 MeV.



b~ decay haHlife T,
LY GKS Fff26SR D¢ Rdecy haHifé T.JLINE E A |—
can be expressed in terms of th& strength function &;

In 2 (QA/QV f
< (Z, A
T1/2 E_O fol Qs — )

D=61634+38 s ga/gv=126 (ga/gv).qs =1

)

Lepton phasespace volume:‘]"O(Z,A,a))=f 2peEe(w—Ee)zFO(Z,A,Ee)dEe

m,c

The referenceenergyE, correspondsto the lowest 2-gp excitation associatedwith the
E —_— E ground state of the odd-odd daughter nucleusin which the quantum numbersof the
QRPA O single quastproton and neutron states are obtained from the selfconsistent HFB

ex
calculationof the odd-odd system
In mostcasedy, is equalto the lowest energy of the-gp excitation ofph type.

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

For the Q mass differences, weake experimenta(and recommendefimasses when available
or the D1M mass predictionsotherwise.



Nuclear Masses

Comparison with experimental data
(2149 nuclel Aud| Wapstra & Thlbault 2003)
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Comparison between D1M and D1S (from 1€
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b- decay haHives of deformed isotopic chains
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b- decay haHives of deformed isotopic chains
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b- decay haHlives of the N=82, 126, 184 isotones

Relevance for the-process nucleosynthesis
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Extension to odd systems (Preliminary results)
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Summary

Low-energy dipole excitations in Nessotopes and N=16 isotones

- An example of microscopic analysis with the QRPA approach

Charge exchange excitations abdlecay

- For spherical nuclei, IAR and GT results in good agreement with data
- The role of the intrinsic deformation has been showngduorlate °Ge

- t NBRAQOUGAZ2Y A& 2lives of &pBeridal arftl Sledornded rfGtlei afe compatible
with experimental data

- The satisfactory agreement with experimental Halés justifies the additional study
on the exotic neutrorrich N = 82, 126 and 184 isotonic chainprficess)

Perspectives in the charge exchange sector

- Odd systems
- First forbidden transitions

- b delayed processes
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proton PDR: 8Ne
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Correlations between PDR and symmetry energy
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Electromagnetic dipole excitations
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We calculate E1 strength QRPA with GogAy1M for
all the nuclei forwhichphotoabsorptiondata exist
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Maxwellianraveragedheutron capture rate for Sn isotopes
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P.S. Other electromagnetic excitations
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Nuclear response to an external perturbation

No charge exchange

AElectromagnetic excitations

AStrong excitations

Charge exchange

ANeak excitations

(D decay, E scattering,...

AStrong excitations

External operator F



Fermi
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Folding of GT strength

To take into account more complex configurations as well as coupling with phonons, the
deformed GT strengtl;(w) can be folded with &orentzianfunction L(Ew) of width G
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Folding of GT strength (ll)

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 (19¢
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Abundance relative to Si = 10 °

Stellarnucleosynthesisthe production of elements heavier than iror
Slow (s) andrapid (r-) neutron capture processes

Explanation for the peaks observed in the solar system abundances
at neutron magic numbers 6, 82 and 126

Solar System isotopic abundances
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Nuclear Physics associated with thprocess

Competition between

- radiative neutron capture (q) &

- b-decay

- photo-neutron emissiong,n) (y,n) (ny)

- fission for the heaviest species LT _— Fissioning

- n-nucleus interaction properties (?) " nuclel ; nucle
80 [

From potentially all nuclei€ 5000) from the

60 [

valley of stability to the neutron dripline

Neutron
Star matter
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Ther-processpuzzle is first of all aastrophysics problemthe r-processsite remainsunknown



Next stepb delayed processes
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Hartree -Fock (-Bogoliubov)
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Amedee database :
http://www-phynu.cea.fr/HFB-Gogny_eng.htm
S. Hilaire & M. Girod, EPJ A33 (2007) 237

(HFB)
for Ground State Properties :
A Masses
A Deformation
A (Single particle levels)

(QRPA

for descriptionof Excited StateProperties
A Lowenergy collective levels
A Giant Resonances



Spinrisospinnuclear excitations (in particular GT)

A Crucial role in nuclear physics, astrophysics and particle physics
A Experimentally studied via charge exchange reactions ,eny.andb decay
A Theoretical models to study the nuclei experimentally inaccessible

Our model:pnQRPA
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A Possibility to treat axiallgymmetricdeformed nuclei € (/

Main features:

A Pairing correlationsonsistently included

A Use of arunique nuclear forcefinite rangeGognyforce

- same interaction for all the nuclei
- same interaction for ground state and excited states {seffsistency)

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






