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The first paper with Gianluca

Motivations: Effective interactions and Energy Density Functional Theory

Phenomenological forces like Skyrme (zer-range), or Gogny (finite-range),
Covariant (meson-exchange) depending on some parameters

These parameters are obtained to reproduce some observables (binding
energies and charge radii) of atomic nuclei and nuclear matter properties

Advantges

Relatively (numerically) simple to be treated

Quite satisfactory description of nuclei along the nuclear chart

Link with the underlying functional and Equation of State (EoS)

Disavantages

We fit (a few) data to reproduce (a lot) data, not the cleanest way

We loose connection with the underlying, more fundamental theory (QCD)

Errors and uncertainties not under control

Current Challenge for the nuclear community

Ab initio techniques to derive in-medium nuclear interaction from the
QCD (effective field theory)
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The first paper with Gianluca

Pseudo Data: BHF energy per
particle

Pseudo Data: spin-isospin
decomposition
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The first paper with Gianluca

Binding energies and charge radii in
tin isotopes

LNS from L. G. Cao et al. PRC 73,
014313 (2006).

Giant Resonances in 208Pb

Danilo Gambacurta gambacurta@lns.infn.it INFN-LNS Catania



Recent Gianluca’s work and achievements

  

Danilo Gambacurta gambacurta@lns.infn.it INFN-LNS Catania



The first time I met Gianluca

  

Danilo Gambacurta gambacurta@lns.infn.it INFN-LNS Catania



Giant Resonances, a macroscopic picture

Time-dependent EDF approaches

Study of the excited states and multipole response

Random Phase Approximation (RPA) or TDHF, is the standard tool with
the EDF framework

Collective excitations and their impact on EoS

Increasing number of experiments focus on deformed nuclei

ISGMR (L=0,S=0,T=0): n and p in phase (isoscalar), compression (breathing) mode

EISGMR ∝
√
KA ∼

√
K∞, K∞ = 240± 20MeV from 208Pb and from 90Zr

See Garg and Colo’ PNPP 101,55 (2018)
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        D.G. G. Colò, A. Pastore,
 J. Phys.: Conf. Ser. 1643 012129,2020
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GQR GMR

Warning: no simultaneous description and K too low

The “shoulder” is due to
the monopole-quadrupole

coupling (see for example 98Mo)
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Deformed RPA calculations break  (on purpose) the rotational symmetry. 
Excited states do not have a good angular momentum J. 
Restoration of J is needed!!!

Projected 
transition

amplitudes

First ever
Projected Skyrme-RPA

calculations

Danilo Gambacurta gambacurta@lns.infn.it INFN-LNS Catania



The most recent collaboration with Gianluca: deformed nuclei

  

Low-lying spurious strength appears due to
the coupling with (spurious) rotational motion 

Similar behaviour in projected generator 
coordinate method (PGCM) calculations with 
Projection after Variation (PAV) approach 

It was shown to disappear in its full variation 
after projection (VAP) counterpart.

Need of VAP-RPA calculations!

A. Porro et al. arXiv:2407.01325 
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Outlook and Future Work

VAP-(Q)RPA calculations

Variation After Projection approach

Projected (Q)RPA equations of motion

Projecting the matrix elements of residual interaction (two-body operator)

Beyond mean-field correlations in RPA-like theories

Particle Vibration Coupling (coupling with low-lying phonons)

Second RPA (2 particle-2 hole configurations)

Comparing and “merging” them
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Thanks For Your
Attention !!!
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Transition densities in the
cylindrical coordinates(z,r)
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