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5 Les deux infinis

Shell Model Photo-Strength Functions
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E1 response of sd-shell nuclei using the configuration interaction shell model
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Photo-strength function (PSF) definition

Nuclear electromagnetic transitions Transition probabillity rate
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Photo-strength function (PSF) definition

Photo-stength function (PSF) S(s) — Z sz-é(e — €f)
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Why is it interesting ?

R-process nucleosynthesis Ultra High Energetic Cosmic Rays (UHECR)
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Hauser-Feshbach model for (n,y) cross sections
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Why is it interesting ?

Neutron matter equation of state (EOS)

E(p,a) = Esnm(p) + aS(p) + O(a*)

p=(prntpp) a= (pn—pp)/ P

where the density-dependent symmetry energy is:

S() =F+pL=2) |

3po
symmetry slope parameter,
energy related to pressure
at saturation of pure neutron
density matter at saturation
density

FRANCESCA BONAITI, JGU MAINZ RISING RESEARCHERS SEMINAR SERIES (2023)

* Neutron skin thickness

* Electric dipole polarizability o= —

Nuclear structure

Pigmy Dipole Resonance (PDR)
— Dipole oscillation of excess
S, excessneutron  [I€ULrons against the core?

Low-Lying Electric
. Dipole Strength
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Model and Method

 QRPA approaches
 (Generator coordinates method
 Time-dependent Hartree-Fock

Configuration Interaction Shell Model
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Model and Method

Configuration Interaction Shell Model
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Model and Method

Configuration Interaction Shell Model

lterative diagonalization procedure : Lanczos Algorithm
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Model and Method

To compare to experiments and to account for
the quasi continuum : Lorentzian folding
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Model and Method .
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To account for the core and external spaces correlations : 00 4—
| , 0 30 40
- Many body perturbation theory on E1 operator (e.g. Lee-Suzuk
This work

approach)
- Phenomenological Quenching : scaling to experimental data

» Scaling to TRK-values (E1) One experimental data
set discarded !

10



Quenching Factor

Model and Method

E1 Quenching Factor
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Results : PSF for all long lived sd nuclei

C T ) EXp data Gogny-HFB+QRPA
Tald S. Goriely, S. Hilaire, S. Péru, K. Sieja, Phys. Rev. C 98,
Quenched CISM Prediction QRPA Prediction 014327 (2018).
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* V.V.Varlamov, M.E. Stepanov, V.V. Chesnokov; Izv. Ros. Akad. Nauk, Ser.Fiz. 67, 656(2003); (Bull.Rus.Acad.Sci.Phys. 67, 724 (2003))
- J.Ahrens, H.Borchert, H.B.Eppler, H.Gimm, H.Gundrum; Conf.Nucl.Structure Studies, Sendai, Japan, 213, (1972)
- B.S.Ishkhanov, |.M.Kapitonov, E.l.Lileeva, et al.,; Moscow State Univ. Inst. of Nucl. Phys. Reports, No.2002, 27/711(2002)
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Results : PSF for all long lived sd nuclei
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Results Il : Pygmy Dipole resonance in “°Ne

Can the PDR be said to be collective ?

Can we give a classical interpretation to this
resonance ?

<+

Also called kramplouz resonance
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Results Il : Pygmy Dipole resonance in “°Ne

Focus on %%Ne
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Results Il : Pygmy Dipole resonance in “°Ne

Collectivity indicators :

» Great regularity over large area of the nuclear chart
» Display rather classical properties, smooth dependence on (N,Z2)

» Similar structures (transition densities, v and x ratio)
 Imply ‘many’ p-h contributions (occupancy spread)
» Coherence => collective strength (% of TRK)

Method : We investigate GDR states to have a reference point in
terms of collectivity and then compare to PDR states
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Results Il : Pygmy Dipole resonance in “°Ne
GDR
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PDR Region : 6-10 MeV
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Results Il : Pygmy Dipole resonance in “°Ne
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Conclusion

E1 PSF predicted for 36 sd-shell long-lived isotopes : will be added to PSF database

Will be tested in TALYS reaction code (S. Goriely’s team, ULB) Pigmy Dipole F«{eson__- | ~

Pygmy Dipole Resonance

‘ e ‘ Dipole oscillation of excess
S, excessneutron  TN€ULroNs against the core?

PDR differs from single-particle-like excitations

Low-Lying Electric
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Opening : E1 Strength Function from PGCM
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E1 Strength Function from PGCM

Projected Generator Coordonate Method (PGCM)

Reference states : Set of HFB states { ‘ @ > a}
. . a/ I

with constrains a = {a1, cen an}

PGCM Variational Ansatz f)\J P>\
E : E : Yae zy

Generaliezed eigenvalue problem H)\E f — E‘NAE f
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E1 Strength Function from PGCM

Choice of the collective coordinates
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