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Report on LNS theory group (GR4) activity 

Presentazione Attività e Preventivi 2025  
    10 e 11 Luglio 2025

Iniziative Specifiche di CSN4@LNS:
 MONSTRE
 SIM



MONSTRE

Responsabile Nazionale: Danilo Gambacurta (LNS)
Responsabile Locale: Stefano Burrello

Unità:  LNS, Bologna, CT,Milano, Padova, Trento   

           FTE totale: ≈30, FTE (LNS) ≈3.6

Collaborazioni:  LNS+CT (Chimera, Medea, NUMEN, ASFIN), Firenze, Napoli, Genova,IPN-
Orsay, GANIL, GSI, Monaco, Bucharest, Giessen, Darmstadt, Siviglia, MSU, Pechino, Lanzhou, 
Rio de Janeiro, RIKEN, ...



Obiettivi generali: 
Modeling nuclear structure and reaction properties

Four WorkPackages (WPs)
• WP1:  Ab initio many body methods for nuclei and nuclear matter: increasing 

the accuracy and predictive power 
• WP2: Advanced theoretical studies of nuclear phenomena: addressing the 

experimental challenges
• WP3: Nuclear matter under extreme conditions: from nuclear dynamics to 

compact objects
• WP4: Emerging computational technologies: quantum information and machine 

learning techniques
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Theoretical Models and Techniques 
 Energy Density Functional for Ground state ( HF, HF+BCS, HFB ) and Excited states: (RPA, QRPA, SRPA, TDHF)

 Transport theories based on EDF (including clusters d.o.f. , short range correlations, many-body correlations , …)

 DWBA and/or coupled channel calculations

 Formulation of scattering theories and methods (Double-Charge reactions)

Main Physical Cases of Interest
 Collective nuclear excitations, especially in neutron-rich and exotic nuclei 

 EoS of asymmetric matter (from nuclear structure and reaction studies) 

 Charge exchange excitations (Gamow-Teller, Fermi, etc,) and Beta Decay (single  and double)

 Nuclear reactions at Fermi/intermediate energies and Direct reaction (transfer, charge exchange, probing spin-isospin channels)

 Reactions for astrophysical studies (light systems, cluster structure) 

LNS Activities: Nuclear Structure and Reaction Studies



S-channel: 
separation and 
factorization of the 
2-step process in 
target and projectile 
=> Selective 
information on 
target and projectile



Two-body transition densities





Dissipative reactions provide a unique opportunity to create nuclear matter in several 
conditions of density and temperature in laboratory 

Femto-nova explosion created by heavy ion collisions !

 Explore the nuclear matter 
    phase diagram 
    and access the nuclear
    Equation of State  (EOS)

The EOS of asymmetric nuclear matter 

from A. Ono











Implications for NME in neutrino-less double-β decay, PANDORA and NUMEN project

Improving beta decay half-lives description



Proton-neutron pairing in even-even N = Z nuclei 20 ≤ A ≤ 120 mass region using a energy density functional 
based on the Quark Meson Coupling model. Pairing described qithin the Quartet Condensation Model beyond BCS

T. Popa, N. Sandulescu and D. Gambacurta, to be submitted to Physical Review C

✔ Isoscalar (IS) and isovector (IV) pairing described simultaneously (and consistently)
✔ Isospin and particle number symmetries are preserved
✔ Pairing and deformation interplay

Better description of binding energies



Attività 2026: MONSTRE
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 Single and double beta decay studies (RPA, QRPA and Second RPA)

 Proton-neutron pairing studies

 Transport theories:  formation of light clusters, treated as explict degrees of freedom 

 Equation of State including light clusters, short range correlations, ...  (Einstein Telescope physics)

 Emulators (based on Machine Learning) for transport codes 
(combining heavy-ions and astrophysical constraints for EoS) 

 Charge Exchange: Systematic studies and  use of different structure model inputs (shell model vs. QRPA)

 Consistent description of competing channels (multi-nucleon transfer) and, more in general, of all open 
reaction channels (multi-channel approach) 



FTE: MONSTRE (3.55)4.4 in 2024

cognome nome contratto profilo perc sezione

Bonaccorso Angela Associato Associazione 
Senior

0% Pisa

Bonasera Aldo Associato Associazione 
Senior

45% LNS

Burrello Stefano Dipendente Ricercatore 70% LNS

Colonna Maria Dipendente Dirigente di 
Ricerca

60% LNS

Gambacurta Danilo Dipendente Primo 
Ricercatore

80% LNS

Gargano Angelina Dipendente Primo 
Ricercatore

0% Napoli

Rui Wang Dipendente Assegno di 
Ricerca

100% LNS
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SIM: Strongly Interacting 
Matter at high density and 
temperature

Responsabile Nazionale: Andrea Beraudo (TO)
Responsabile Locale: Vincenzo Greco/Salvatore Plumari

Units:  Catania, Firenze, LNS, Torino, 

           FTE totale: ≈20
FTE (LNS) ≈5.1

Collaborazioni:   CT, TO, Francoforte, Nantes, CERN,  Berkeley LBL, Texas A&M, Duke U., 
Lanzhou University,  University of Barcellona, IIT Ghoa,Jyväskylä , ...



Obiettivi generali: Study of strongly interacting matter at 
high density and temperature

• Fenomenologia del Quark Gluon Plasma (QGP)
• Dinamica dei quarks e meccanismi di adronizzazione
• Equazioni del trasporto per i partoni (beyond hydrodynamics):
• Dinamica dei quark pesanti: charm e bottom
• Early stage, dinamica di non-equilibrio AA, pA e pp
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Hadronization from e+e- to pp and AA
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FTE: SIM (5.1)6.0 in 2024
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cognome nome contratto profilo perc sezione

Coci Gabriele Associato RTDA-
PNRR

10% LNS

Greco Vincenzo Associato Prof. 
Ordinario

100% LNS

Nugara Vincenzo Associato Dottorando 
III 

100% LNS

Parisi Gabriele Associato Dottorando 
III

100% LNS

Plumari Salvatore Associato Prof. 
Associato

100% LNS

Sambataro Maria 
Lucia

Associato Assegnista 100% LNS



Budget (in k€) 
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Missioni Inviti Seminari Consumi Inventariabile Totale

Dotazioni 9 5 4 4 7 29

MONSTRE 7 - - - - 7

SIM 12 - - - - 12

Totale 28 5 4 4 7 48
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