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Collective modes and effective interaction: some exan?

@ Collective phenomena in many-body systems = properties of interaction

@ Dipole excitations in nuclei: Giant Dipole Resonance (GDR)
Pygmy Dipole Resonance (PDR)

@ Isovector term of effective interaction: symmetry energy in EoS
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The I sovector Dipole Response (DR) in neutron-rich nuclel
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Dynamics of many-body syste

Small amplitude dynamics of nuclei
o Quantal apprnaches: TDHF [in coll. with D. Lacroix and G. Scamps]

HF—I—RP;& [in coll. with X. Roca Maza]
@ Semi-classical approaches: Vlasov model [see V. Baran et al., PRC88, (2013)]

Transport equation for the 1-body distributions f, (r, p, t)
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Vlasov equation = semi-classical limit of TDHF equation
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Mean-field with Skyrme interactions:

?12
E=om™ T Cop® + Dop5 + C3p”*2 + D3p” p3 + Cefr p7 + Defrp373 + Cy (Vp)® + Dy (Vp3)?

Test-particle method (finite width wave packets) = implicit surface terms
Semi-classical model = no shell effects but reproduction of experimental

values (1/(r?), B/A) and ground state properties



Dipole oscillations and response functic

@ Instantaneous ground-state perturbation:
VEE(r, t) = nkd(t — to)Dk(r) K =S,V

= |do) — [Pk (t0)) = e 7K |do)

@ lsoscalar (IS) or isovector (IV) dipole operator:
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@ Dynamical evolution of the excitation: Dg(t) = (®k(t)| Dk | bk (t)) 1

@ Strength function: Sk(E)=3_,|(n| Dy |0) |26 (E — (En — Ep))
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Sk(E) = Im D (E) Dy (E) Fourier Transform of Dy (t)
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@ Three regions of A: °®Ni(N/Z =1.43), "**Sn (N/Z =1.64), *°*Pb(N/Z =1.54)



Coupling between IS and IV mod

TDHF results
Skyrme interaction SAMi-J31

@ Symmetric nuclear matter: IS and IV modes are decoupled

@ Neutron-rich systems: n and p oscillate with different amplitudes = coupling
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Classical vs quantal resul
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Skyrme interaction SAMi-J31
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| S response:

- two main low-energy
regions (surface modes
- ISGDR

JJ
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|V response:

- two main low-energy
modes

- IVGDR (Goldhaber-Teller)

- IV Steinwedel-Jensen
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Shell effects

Classical vs quantal resul

Skyrme interaction SAMi-J31

|Sand IV density profile

= Differences in energy of the surface modes
(TDHF vs Vlavov) could be associated with
the different density profile

|Sand |V density gradients:

» Larger gradients at the surface in the Vlasov c

—> Larger (smaller) frequency of the

first (second) surface mode
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symmetry energy
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PDR and symmetry energ
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Strength of PDR vs

N/Z and neutron s
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= The neutron skin thickness increases with N/Z
The EWSR exhausted by PDR does not !
Shell effects ?

mm) | ook also at the IS response
which is sensitive to surface details

Neutron skin [fm]

S.Ebata et al. TDHFB calculations
PHYSICAL REVIEW C 90, 024303 (2014)
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Structure of modes:

PDR transition densitie
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J Conclusions

» Nuclear excitations in n-rich systems:
A way to constrain the nuclear effectice interaction.
—> |V reponse sensitive to symmetry energy details

* the dipole response can be understood at a semi-classical leve
but shell effects may influence the initial density profile
(surface modes sensitive to it)

" In neutron-rich systems the IV response cannot be understood

without considering also the IS response:
Isoscalar-isovector coupling --- the PDR Is an isoscalar-like mode

» the PDR strength is related to the neutron skin and to the symmetry
energy slope L
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Morerefined calculations: a bidimensional Eg,, analysis
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The pre-equilibrium dipole strength  32Sn + *8Ni, 10 MeV/A
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E,, €ffects on pre-equilibrium particle emission
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Sengitivity of pre-equilibrium effects to n-n cross sections

132G + 58Nj , E/A =10 MeV/u
b=2fm

SAMI-J31 interaction

> enhanced nucleon emission
for larger cross section,
but the N/Z is not so sensitive !

» small n-n cross section
—> larger damping time
— larger DD strength

see energy-integrateyield
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Dynamical dipole (DD) emission and symmetry energy

Bremsstrahlung:
Quantitative estimation
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Experimental evidence of the extra-yield (LNL & LNSdata)
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Looking at dipole oscillations
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» Stiff andSAMI-J31: same symmetry energy, but different oscillation freagy:
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