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Introduc7on - Nuclear Physics today
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Introduction - Nuclear Physics today
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Neutron number N (up to 258)

Stable

Atomic mass evaluation 2020

Ab initio 2020

Energy density functional (Gogny D1M)

Data taken from:
S. Hilaire and M. Girod, EPJA 33, 237 (2007)
M. Wang et al., Chin. Phys. C 45, 030003 (2021)
H. Hergert (private communications)2
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Nuclear Theory in France
A short guide tour to nuclear physics theory @ IN2P3

Nuclear Density FuncConal theory
(EffecCve interacCon, EDF, 
staCc and Cme-dependent, 
configuraCons mixing…)

ConfiguraCon InteracCon methods
(Shell model, …) 

Modern bare NN InteracCon and ab-iniCo methods
(Few-Body theory, No-Core Shell model, Monte-Carlo, …)

(see nuclear astro)



Who’s who in France
A short guide tour to nuclear physics theory @ IN2P3

*

* Number of permanents scien4sts working in nuclear theory 

Nuclear interac4on
Few-body systems and 
Ab-ini4o methods, 
Effec4ve interac4on new
EDF, reac4on models

Shell Model, Ab-ini4o 
and few-body, EDF

EDF methods

EDF methods, 
New effec4ve interac4on
Configura4on mixing

Shell Model in the
Continuum
Algebraic models 
Fission model

EDF, sta4s4cal model
Reac4on models

Reaction models

Shell model, EDF
New interac4on
Fission model

Around 27 persons in nuclear theory @ IN2P3 
(some working parCally in nuclear astrophysics or being also experimentalists )



Who’s who in France
A short guide tour to nuclear physics theory @ IN2P3



Some scien+fic highlights of nuclear physics theory @IN2P3
Nuclear interac+on and ab-ini+o methods

Star%ng point : Chiral Lagrangian

One main goal is to develop NN interaction:
- With high accuracy
- Systematically improvable  
- With improved power counting
- Applicable in state-of-the art ab-initio methods 

From	LQCD	to	nuclear	𝑝𝑖𝑜𝑛𝑙𝑒𝑠𝑠EFT

Impact on other areas of nuclear theory 
(3-body interaction, towards non-empirical EDFs, 
universal behavior, … ) 

Chiral EFT based interacCon 

H.-W. Hammer, S. König, and U. van Kolck, Rev. Mod. Phys. 92, 025004 (2020)



Some scien+fic highlights of nuclear physics theory @IN2P3
Nuclear interac+on and ab-ini+o methods

Ab-inito methods gives a strong validaCon of 
the NN interacCon

Few-body sector

R. Lazauskas and J. Carbonell Few-Body Syst. 60, 62 (2019)ApplicaCons

Usually very accurate
Define references for other theories 

Lazauskas, Carbonell, Phys. LeD. B (2019)

5H resonance Universality in boson systems 

B. Bazak et al, Phys. Rev. LeD. (2019)



Some scientific highlights of nuclear physics theory @IN2P3
Nuclear interaction and ab-initio methods

Star%ng point : Chiral Lagrangian

Reaction with ab initio methods
Chiral EFT based interacCon 

H.-W. Hammer, S. König, and U. van Kolck, Rev. Mod. Phys. 92, 025004 (2020)



Some scien+fic highlights of nuclear physcs theory @IN2P3
Nuclear interac+on and ab-ini+o methods

Star%ng point : Chiral Lagrangian
Future developments

Search for universal physics 
(discrete Scale invariance, Efimov)

DescripCon of the nuclear resonances in 
light, very neutron rich systems (ex 7H) 

Impact of 3-body int. on nuclear structure 
and reactions

Bridges ab-iniCo with other theories
(Shell model and EDF)

Search of new physics (Beyond standard model)

Chiral EFT based interacCon 

H.-W. Hammer, S. König, and U. van Kolck, Rev. Mod. Phys. 92, 025004 (2020)



Some scien+fic highlights of nuclear physics theory @IN2P3
Configura+on interac+on methods for nuclear structure and reac+ons

Computational aspect

R. Taniuchi et al., NATURE 569, 53-58 (2019) 



Some scientific highlights of nuclear physics theory @IN2P3
Configuration interaction methods for nuclear structure and reactions

Shell model close with conCnuum



Some scien+fic highlights of nuclear physics theory @IN2P3
Configura+on interac+on methods for nuclear structure and reac+ons

Shell model close with conCnuum

Discussion

Intense support for future experimental
programs and developments

Existing cross fertilizing collaborations in 
several domains: ab-initio studies, 
isospin symmetry breaking, astrophysics, 
β β decay ... 

Bridges between CI and ab-ini4o studies
are being made



Some scientific highlights of nuclear physics theory @IN2P3
Energy Density Functional methods

The nuclear DFT is a simple 
highly accurate and versa6le approach

Rather simple smooth proper6es emerge 
in nuclei (Energies, density, shell effects …)
Such simplicity is “easily” grasp by DFT

Sta6c proper6es

densiCes

Shapes

F. Mercier et al, Phys. Rev. C 102
(rapid com.) (2020)

Dynamics Time (fm/c) 

Current tendency in EDF: mean-field level 

Construc4on of standard 
symmetry unrestricted codes with state of the art
Effec4ve interac4on 

W. Ruyssen, M. Bender, K. Bennaceur et al, Phys. Rev. C99 (2019)



Some scien+fic highlights of nuclear physics theory @IN2P3
Energy Density Func+onal methods

EDF: beyond-mean-field level 

Shape coexistence and nuclear spectroscopy

Generator Coordinate method

Used nowadays for symmetry restoration 
(crucial for comparison with experiments) 

Used for  shape coexistence

(from M. Bender, atelier theory 7-8th June talk )



Some scien+fic highlights of nuclear physics theory @IN2P3
Energy Density Func+onal methods

EDF: beyond-mean-field level 

The subtracted Second-RPA method (SSRPA)

Recent applications

Electric dipole 
polarizability 
in 48Ca

Gambacurta, Grasso, 
Vasseur, Phys. Lett. B777 (2017)

Spreading width of the 
quadrupole excitaCon 

Gambacurta, Grasso, Engel, Phys. Rev. C92 (2015)

Gambacurta, Grasso, Engel,
Phys. Rev. LeK. (2020)

Solving the mystery 
Of missing Gamow-Teller 
strength



Some scien+fic highlights of nuclear physics theory @IN2P3
Energy Density Func+onal methods

New directions in the construction of EDF

DifficulMes in beyond-mean-field 
applicaMons 

Needs for a systematic improvable 
framework “à la EFT”

+ …

Enriching 
funcMonal 
at the MF level

(new terms, new 3-body int.,New fit protocol, handling finite size effects, …)

Tailoring funcMonals for BMF approach

(defining power coun4ng as in EFT …)

Burrello, Grasso, Yang, PLB 811 (2020)

Bridging EDF with EFT-ab-iniMo
(description of low density regime, unitarity gas…)

Grasso, Prog. Part. Nucl. Phys. 106, 256 (2019)

Yang, Grasso, Lacroix  PRC94 (2016)

Bennaceur et al, J. Phys. G (2017)



Some scien+fic highlights of nuclear physics theory @IN2P3
Energy Density Func+onal methods

Nuclear dynamics: 6me-dependent mean-field

Full 3D time-dependent solvers with superfluidity 

With effec4ve interac4on consistent with sta4c mean-field

Current applications



Some scien+fic highlights of nuclear physics theory @IN2P3
Energy Density Func+onal methods

Nuclear dynamics: beyond mean-field

Phase-space approach to quantum fluctuaMons

Tanimura, Lacroix, Ayik, PRL 118 (2017) 

Towards path integrals 

Generalization of the TD-GCM to non-adiabatic motion
(from D. Regnier, Atelier theory 7-8 June)

Beyond MF for 
Fermi energy collisions

Napolitani, Colonna, 
PLB 797 (2019)

Applica4on to the Fission process



Some scien+fic highlights of nuclear physics theory @IN2P3
Using New technologies: quantum compu+ng and machine learning

Lacroix, PRL 125, 230502 (2020).

Quantum compu6ng

Machine learning

Lasseri et al, PRL 124, (2020).



Some More statistics on nuclear theory @ IN2P3

PublicaCons, Talks (2016-2020)

Regular arMcles published in internaMonal journals with review: 370
ArMcle published as Le^ers/Natures: 65
Review arMcles:  14
Including ~100 arMcles with experimentalists

Number of other publicaMons (including proceedings): 78
Number of invited talks: 244
Other talks:  102 

PhD thesis: 23, Postdocs: 16Thesis, postdocs (2016-2020)

Research Managements 

Members of many national and international committees (full list in the document) 

Selected items:
-members of different CS 
-IN2P3 collaboraMon agreements (Russia, Italy, Poland, …)
-Members of PAC (GANIL, ALTO, JYFL)+strong support to exp. Proposals (RIKEN, MSU,CERN-Isolde, …)
-ECT*Board, ENSAR2 TheoS JRA 



Some short summary of the Atelier physique théorique des 2 infinis

11 contribuCons were submifed
(~ 30 contributors [CNRS, CEA and INP])

RepresentaCve of the French nuclear 
Physics community

5 long talks (18’) and 4 short (5’) highlights
Criteria for highlights: current discussion, 
Interdisciplinarity. 

Several interesCng discussions:
-standardizaCon of models/theories
-inputs of Lamce QCD for nuclear physics 
studies.  
-probe of short-range correlaCons
-nuclear inputs for reliable predicCons 
in unexplored areas and its use for nuclear 
astrophysics. 




