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Nuclear response

Total Strength

Centroid (E0), Width (Γ) and Fine structure

Centroid (E0), Width (Γ) High precision studies
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The Giant Dipole Resonance (GDR)

Centroid Energy and Width

Centroid Energy: Very smooth dependence on A
Width: Strongly dependent on A
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The Giant Dipole Resonance (GDR)

Centroid Energy and Width

Centroid Energy: Very smooth dependence on A
Width: Strongly dependent on A Very Challenging !
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Microscopic description of GRs

The Random Phase Approximation (RPA)

The RPA is a widely used approximation for the description of GRs

Very successful especially within the Energy Density Functional framework
(interactions á la Skyrme or Gogny, or Covariant EDF)

It provides global properties of the GRs

However, extensions of the RPA are also required for:

Spreading Width

Fine Structure

Low Lying excitations in closed shell nuclei

Double exctiations and Anharmonicities

...

The Second RPA (SRPA): more general excitation operators are introduced

Danilo Gambacurta Electric dipole strength in 48Ca within a fully self–consistent SRPA



RPA vs SRPA

Phonon Operators: RPA vs SRPA

Random Phase Approximation (RPA)
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Second Random Phase Approximation (SRPA)
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Spreading Width, Fragmentation, Double GRs and Anharmonicites, Low-Lying States
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RPA Excitation Operators and Equations

RPA Phonon Operators
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SRPA Excitation Operators and Equations

SRPA Phonon Operators
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SRPA Excitation Operators and Equations

SRPA Phonon Operators
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Second RPA calculations

Computationally very demanding

Realistic studies were done using strong truncations in the s.p space
and/or approximations in the evaluation of the SRPA matrices

Only recently full SRPA calculations have been performed: a

aP. Papakonstantinou and R. Roth PLB 671, 356 (2009) ; D. G. et al. PRC 81, 054312 (2010)
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The Subtraction procedure

Large scale SRPA calculations have shown that:

The SRPA strength distribution is sistematically shifted towards lower
energies compared to the RPA one

This shift is very strong (≃ 5 MeV ), RPA description often spoiled

Origins and Causes:

1 Quasi Boson Approximation and stability problems in SRPA

2 Use of effective interactions in beyond-mean field methods

The Subtraction procedure (I. Tselyaev Phys. Rev. C 75, 024306 (2007))

Designed for beyond RPA approaches

Static (ω = 0) limit of the SRPA imposed to be equal to the RPA one

Applied in the QP time blocking approximation a and PVC model b

aE. Litvinova et al.,PRL 105, 022502 (2010)
bX Roca-Maza, et al. JPG, 44 044001 (2017)
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The Subtraction procedure

From SRPA to an Energy dependent RPA-like problem

The SRPA problem as an energy-dependent RPA problem

A1,1′ 7→ Ã1,1′(ω) = A
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The Subtraction procedure

From SRPA to an Energy dependent RPA-like problem

The SRPA problem as an energy-dependent RPA problem

A1,1′ 7→ Ã1,1′(ω) = A
RPA
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∑
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The Subtraction procedure is SRPA (SSRPA)

Subtraction of the zero–frequency limit of the SRPA correction

A
Cor
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Cor
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Ã1,1′(ω = 0) = A
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Quadrupole Strength Distribution in 16O: RPA, SRPA and SSRPA
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D. G., M. Grasso and J.Engel, Phys. Rev. C 92 , 034303 (2015)
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Quadrupole Strength Distribution in 16O: RPA, SRPA and SSRPA
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Dipole response in 48Ca: Low-lying and GDR

Low-lying dipole response in 48Ca: Motivation

Experimental low-lying dipole (from 5 to 10 MeV) response in 48Ca

Pygmy Dipole Resonance (PDR) type?

Not described in relativistic and non-relativistic RPA models

What happens in SRPA a ?

and in the SSRPA b ?

aD. G. , M. Grasso, and F. Catara, Phys. Rev. C 84, 034301 (2011)
bD. G., M. Grasso and O. Vasseur, Physics Letters B 777 (2018) 163168
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Experimental low-lying dipole strength in 40
,

48Ca. (Photon Scattering)

∑
B(E1)=5.1 ± 0.8 (10−3e2fm2),

∑
B(E1)=68.7 ± 7.5 (10−3e2fm2),

From T. Hartmann et al., PRC 65, 034301, (2002)
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Relativistic RPA results

From D. Vretenar et al., Nucl. Phys. A 692, 496 (2001)
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RPA and SRPA Dipole Strength
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RPA and SRPA Dipole Strength
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SRPA provides the strength below 10 MeV, but total strength is overestimated.
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SRPA, SSRPA vs Data
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D. Gambacurta , M. Grasso , O. Vasseur, Physics Letters B 777 (2018) 163168
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SRPA, SSRPA vs Data
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Interaction is the only input, e.g. no parameters are adjusted.
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Total B(E1) and EWSRs (From 5 to 10 MeV)

Exp SRPA SSRPA SRPA SSRPA
SGII SGII SLy4 SLy4

∑
B(E1) 0.068 0.563 0.078 1.012 0.126

± 0.008
∑

i
EiBi (E1) 0.570 4.618 0.621 8.795 1.062

± 0.062

Experimental and theoretical
∑

B(E1) in ( e2 fm2) and
∑

i EiBi (E1) in (MeV e2 fm2)
summed between 5 and 10 MeV.
From D. G., M. Grasso , O. Vasseur, Physics Letters B 777 (2018) 163168
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GDR case and Dipole Polarizability

(a)

(b)

From J. Birkhan et al., Phys. Rev. Lett. 118, 252501 (2017);

αD = 8π
9

∫
B(E1,Ex )

Ex
dEx .
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SSRPA vs Data, GDR case
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Data From J. Birkhan et al., Phys. Rev. Lett. 118, 252501 (2017);
Theoretical results folded with a Lorentzian having a width of 0.25 MeV
D. G., M. Grasso , O. Vasseur, Physics Letters B 777 (2018) 163168
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SSRPA vs Data, GDR case
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SSRPA vs Data, GDR case
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Dipole Polarizability
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Dipole Polarizability
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Dipole Polarizability
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Dipole Polarizability
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Conclusions:

Microscopic description on the nuclear response

Microscopic description based on the RPA and SRPA

SRPA : coupling between 1p − 1h and 2p − 2h is fully taken into account

Subtraction procedure in SRPA (SSRPA) cures SRPA issues

Application to 48Ca dipole case

The SSRPA is able to reliably describe:

- PDR region (Total strength, fragmetation, EWSR)

- GDR region (spreading width and fragmentation)

- Dipole Polarizability

GDR region, SSRPA underestimates centroid energy
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