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Questions underlying the WG3

 Anchor nuclear physics in QCD

 Exploit the unitarity limit and connection to atomic physics

 Extend the reach of the ab initio methods

 Extend the reach of the traditional shell model 

 Covariant formulation of the nuclear many-body problem

 Improve the nuclear EDF method

 Understand neutron matter and neutron stars
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I. Kick-off workshop – 12-13 Nov. 2018  (T. Duguet, J.-P. Ebran, U. van Kolck)

 

 Interdisciplinary aspects of the many-body problem

 7 review talks

 3 nuclear physics

 2 cold atoms

 1 quantum chemistry

 1 condensed matter

Program – First day



Program – Second day

 7 focused talks

 Ab initio reaction theory

 Energy density functional

 Effective field theory

 Non-empirical shell model

 Microscopic optical potential

 Electronic structure DFT/DMFT

 Discussion on challenges in many-body theories

I. Kick-off workshop – 12-13 Nov. 2018   (T. Duguet, J.-P. Ebran, U. van Kolck)



2.  How to go about improving inter-nucleon interactions?

Main points requiring efforts/of potential inter-disciplinary interest

1. How to best solve the static A-body Schroedinger equation for doubly open-shell/heavier (A>100) nuclei?

3.  How about pushing reaction theory

4.  How to expand the nuclear EDF method to make it a systematically improvable method?

5.   How/where to cross benefit from cold atoms/quantum chemistry/condensed matter?

 Excellent feedback from participants
 Interdisciplinary character particularly praised ► already leading to explicit future connections

I. Kick-off workshop – 12-13 Nov. 2018 (T. Duguet, J.-P. Ebran, U. van Kolck)



II. Workshop on Fonctionnelles de la densité: des systèmes atomiques aux systèmes nucléaires  – 3-5 Jun. 2019

 Interdisciplinary aspects of DF-based approaches

 2 nuclear physics

 3 quantum chemistry

Program – First day

(K. Bennaceur, T. Albaret, L. Joly, J. Margueron)



II. Workshop on Fonctionnelles de la densité: des systèmes atomiques aux systèmes nucléaires  – 3-5 Jun. 2019

 Interdisciplinary aspects of DF-based approaches

 5 nuclear physics

 1 quantum chemistry

Program – Second day

(K. Bennaceur, T. Albaret, L. Joly, J. Margueron)



II. Workshop on Fonctionnelles de la densité: des systèmes atomiques aux systèmes nucléaires  – 3-5 Jun. 2019

 Interdisciplinary aspects of DF-based approaches

 1 nuclear physics

 1 quantum chemistry

 1 summary talk

Program – Third day

(K. Bennaceur, T. Albaret, L. Joly, J. Margueron)



2.   How to expand the nuclear EDF method to make it a systematically improvable method?

Main points requiring efforts/of potential inter-disciplinary interest

1. How to best extend DF-based methods to open-shell systems?

3.   Time-dependent aspects

4.   How/where to cross benefit from cold atoms/quantum chemistry/condensed matter?

 Excellent feedback from participants
 Interdisciplinary character particularly praised

II. Workshop on Fonctionnelles de la densité: des systèmes atomiques aux systèmes nucléaires  – 3-5 Jun. 2019

(K. Bennaceur, T. Albaret, L. Joly, J. Margueron)
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On-going progress in WG3-related topics
– Anchor Nuclear Physics in QCD –

 Chiral/pionless EFT

 Nuclear effective field theory: Status and perspectives, H.-W. Hammer, S. Koenig, U. van Kolck, RMP92 (2020) 025004  (IJCLab)

 Baryon-Number Violation by Two Units and the Deuteron Lifetime, F. Oosterhof et al., PRL122 (2019) 172501 (IJCLab)

 Renormalized approach to neutrinoless double-β decay , V. Cirigliano et al. , PRC 100 (2019) 055504 (IJCLab)

  Renormalization of pionless effective field theory in the A-body sector , M. Drissi, T. Duguet, V. Somà, EPJA56 (2020) 119 (DPhN)

 Cluster/Halo EFT

 Nuclear effective field theory: Status and perspectives, H.-W. Hammer, S. Koenig, U. van Kolck, RMP92 (2020) 025004  (IJCLab)

 Finite-size effects in heavy halo nuclei from effective field theory , E. Ryberg et al., EPJA 56 (2020) 7 (IJCLab) 



On-going progress in WG3-related topics
– Exploit the unitarity limit and connection to atomic physics –

 Fate of the neutron–deuteron virtual state as an Efimov level, G.Rupak, A.Vaghani, R.Higa, U. van Kolck PLB 791 (2019) 414 (IJCLab)

  Four-Body Scale in Universal Few-Boson Systems, B. Bazak et al., PRL122 (2019) 143001 (IJCLab)

  Clustering of Four-Component Unitary Fermions, W.G. Dawkins et al., PRL124 (2020) 143402 (IJCLab)

 Approximate self-energy for Fermi systems with large s-wave scattering length: a step towards density functional theory, A. Boulet, D.

Lacroix JPG 46 (2019) 105104 (IJCLab)

 Modeling 19B as a three-body 17B-n-n system in the unitary limit, E. Hiyama et al.,  PRC 100.1 (2019) 011603 (IPHC, IJCLab)



On-going progress in WG3-related topics
– Extend the reach of the ab initio methods   – Few-body systems

 Comment on “Is a Trineutron Resonance Lower in Energy than a Tetraneutron Resonance?”, A. Deltuva, R. Lazauskas, PR123 (2019) 069201 (IPHC)

 Ab initio calculations of 5H resonant states , R. Lazauskas, E. Hiyama, J. Carbonell,  PLB 791 (2019) 335, (IPHC, IJCLab)

  Improved description of light nuclei through chiral effective field theory at leading order , M. Sanchez Sanchez et al., PRC102, 024324 (2020) (CENBG)

 Entanglement Rearrangement in Self-Consistent Nuclear Structure Calculations , C. Robin, M. J. Savage and N. Pillet, arXiv:2007.09157 (2020) (DAM)

 Open-shell systems

 (P)BMBPT : PhD (2016-2019)  Julien Ripoche, T. Duguet, JP Ebran (DPhN, DAM) ;    PhD (2018-2021) Mikael Frosini, T. Duguet, V.Somà, JP Ebran (DPhN, DAM) ;  

 A. Tichai et al., PLB 786 (2018) 195 (DPhN); A Tichai, R. Roth, T. Duguet, FP8 164 (2020)  (DPhN); P. Demol et al., AP424 168358 (2021) (DPhN); P. Demol et al., PRC 101,

041302 (2020) (DPhN)      

 Particle-number projected Bogoliubov coupled cluster theory. Application to the pairing Hamiltonian , Y. Qiu et al., PRC99 (2019) 044301 (DPhN) 

 GSCGF : PhD proposal Pushing ab initio calculations of atomic nuclei to higher precision

 HFB (broken parity & SU(2) ) + Projection + GCM : PhD (2018-2021) Mikael Frosini, T.Duguet, V.Somà, JP Ebran (DPhN, DAM)

  QRPA FAM: PhD (2018-2021) Yann Beaujeault-Taudière,  D. Lacroix, T. Duguet, JP Ebran (DAM, DPhN) 

 B-IMSRG:  A. Tichai et al., (in prep.) (DPhN)

 Equation of Motion Method to strongly correlated Fermi system and extended RPA approaches, P. Schuck et. al., under review at Phys. Rept. (IJCLab) 

 Cost-efficiency

 Automation of the many-body workflow : ADG (BMBPT), P. Arthuis et al., CPC. 240 (2019) 202 (DPhN, DAM); ADG (PBMBPT) P. Arthuis et al., accepted in CPC. (DPhN);

Automated symbolic evaluation of SU(2) algebra, A. Tichai et al., EPJA56 (2020) 272 (DPhN)

 Importance-Truncation techniques : A. Tichai, J. Ripoche, T. Duguet, EPJA 55 (2019) 90 (DPhN); Master Thesis A. Porro, V. Somà, T. Duguet, A. Tichai (DPhN)

  Symmetry assisted preparation of entangled many-body states on a quantum computer , D. Lacroix, PRL125, 230502 (2020) + PhD (IJCLab)



On-going progress in WG3-related topics
– Extend the reach of the standard shell model   –

 Radial overlap correction to superallowed 0+→0+ β decay reexamined , L. Xayavon, N.A. Smirnova, PRC97,024324 (2018)  PhD (2016) L. Xayavong, N.A. Smirnova (CENBG)

  Effective interactions in the sd shell, N. A. Smirnova et al., PRC100, 054329 (2019) (CENBG)

– Understand neutron matter and neutron stars   –
 Soft breathing modes in neutron-rich nuclei with the subtracted second random--phase approximation, D. Gambacurta, M. Grasso, O. Sorlin, PRC 100, 014317 (2019) (IJCLab, GANIL)

 Beyond-mean-field effects on the symmetry energy and its slope from the low-lying dipole response of 68Ni, M. Grasso, D. Gambacurta, PRC 101, 064314 (2020) (IJCLab)

  EoS : Constraints on the nuclear symmetry energy from asymmetric-matter calculations with chiral NN and 3N interactions,   R. Somasundaram, C. Drischler, I. Tews, J. Margueron,

arXiv: 2009.04737 (2020), sub. To PRC (IP2I); Multimessenger and multiphysics Bayesian inference for the GW170817 binary neutron star merger , H. Güven, K. Bozkurt, E. Khan, J.

Margueron, ,PRC 102, 015805 (2020) (IJCLab, IP2I); New constraints on the nuclear equation of state from the thermal emission of neutron stars in quiescent low-mass X-ray

binaries, N. Baillot d’Etivaux et al, Astrophys. J. 887, 48 (2019) (IP2I); Confronting gravitational-wave observations with modern nuclear physics constraints  , I. Tews, J. Margueron, S.

Reddy, Eur. Phys. J. A. 55, 97 (2019) (IP2I); Bayesian analysis of the crust-core transition with a compressible liquid-drop model , T. Carreau, F. Gulminelli, J. Margueron, Eur. Phys. J. A

55, 188 (2019) (LPC, IP2I) …   

– Covariant formulation of the nuclear many-body problem   –
 48Si : An atypical nucleus ?,  J. J. Li, W. Long, J. Margueron, N. Van Giai,  PLB 788, 192 (2019)  (IP2I, IJCLab)

 Contribution of the rho meson and quark substructure to the nuclear spin-orbit potential , G. Chanfray, J. Margueron,  PRC 102, 024331 (2020) (IP2I)

 Reduced spin-orbit splitting in 35Si: Weak binding or density-depletion effect? , O. Sorlin, F. de Oliveira Santos, JP Ebran, PLB 809, 135740 (2020) (GANIL, DAM)

 Nuclear Clustering: a-particle condensation: A nuclear quantum phase transition , JP Ebran et al, PRC 102 014305 (2020) (DAM, IJCLab); PhD (2019-2022) Florian Mercier, E.Khan, JP

Ebran : Low-energy cluster vibrations arXiv:2007.13358 (2020) under review at PRC; Microscopic description of the self-conjugate 108Xe and 104Te α-decay chain PRC 102 011301(R)



On-going progress in WG3-related topics
– Improve the nuclear EDF method –

 Functional

 Generalized Gogny Interaction + Gaussian Fit of Chiral Potential PhD (2021-2024) G. Zietek ,  N.Pillet , G.Hupin, C.Robin, R.Bernard (DAM, IJCLab)

 Interaction nucléaire effective à 3 corps semi-régularisée PhD (2019-2022) Philippe Da Costa , K.Bennaceur, M. Bender, J. Meyer (IP2I Lyon)

 Construction d’une interaction nucléaire effective généralisée et applications à l’astrophysique et aux noyaux lourds PhD (2020-2023) Paul Proust , M. Bender, D. Davesne

(IP2I Lyon)

 New energy functional for heavy nuclei ANR Projet Blanc (2020-2023) (NEWFUN)  M. Bender (IP2I Lyon)

 HFB Solver

 Approximation de Hartree-Fock pour les noyaux déformés avec un potentiel général à 2-corps et corrélations d'appariement avec une interaction résiduelle cohérente,

PhD (2016-2019) Dao Duy Duc, L. Bonneau APPB Proc. Suppl. 13, 405 (2020)   (CENBG)

 HFB3 : broken parity axial 2-center HO basis HFB solver, N. Dubray, JP Ebran, A. Zdeb, N. Pillet (DAM) 

 Post-HFB

 Gamow-Teller Strength in 48Ca and 78Ni with the Charge-Exchange Subtracted Second Random-Phase Approximation , D. Gambacurta, M. Grasso, and J. Engel, PRL125,

212501 (2020) (IJCLab)

 EFT-driven EDF

 Towards a power counting in nuclear EDF theories through a perturbative analysis, S. Burrello, M. Grasso, C.J. Yang, PLB 811, 135938 (2020)  (IJCLab)

 Lee-Yang–inspired EDF including contributions from p-wave scattering , J.Bonnard, M.Grasso, D.Lacroix, PRC 101 (2020) 064319 (IJCLab)

 Approximate self-energy for Fermi systems with large s-wave scattering length: a step towards density functional theory , A. Boulet, D. Lacroix JPG 46 (2019) 105104 (IJCLab)

 EDF from the Effective Action Formalism and the Functional Renormalization Group PhD (2018-2021) K. Fraboulet , E. Khan, JP Ebran (DAM)
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Ab initio quantum computational methods

Interdisciplinary workshop GDR NBODY (QC) & GDR RESANET (NP)

 Day 1 : General introduction and panorama

 Day 2 :  Computational aspects specific to each domain

 Day 3 : Importance-selected wave-function methods

 Day 4 : Quantum Monte-Carlo methods

 Day 5 : Tensor factorisation approximation methods

February 8th – 12th online (originally planned in 2020)

 Scheme

 Two 1h30 talks per afternoon

 Same topic

 1 QC talk + 1 NP talk

 Discussion towards explicit collaborations

Official announce very soon

T. Duguet, E. Giner, P.-F. Loos, J. Toulouse



Two envisioned workshops

 Workshop on nuclear reaction theory 

 Guillaume Hupin, Guillaume Blanchon

Other ideas, in particular for inter-WG activities, are welcome 

 Workshop on neutrino-less double-beta decay? 

 Possible connection with the GDR DUP (Deep Underground Physics)

 Frederic Nowacki (member of DUP), Bira van Kolck…
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Inputs from colleagues regarding topics of discussion

 O. Sorlin

 French experimental community working on drip-line physics (cluster, halo, shell evolution, multi-nucleons...) strong and visible

 Theoretical community working on this topic small (decreasing): is there a way to deal with it?

 W. Korten

 State of the art data from French experimental on collectivity (70,72Kr, 110Ru, or 100,110Zr (to be coming))

 Theoretical community working on this topic decreasing but strong need to advance GCM (Bohr H) to triaxial nuclei

 P. Arthuis

 Strong connection between recent ab initio and empirical EDF/shell model: possible transfer back?

 ab initio lacks visibility from experimental community whereas now highly competitive in many respects: need for better advertising?

 French ab initio community small (compared to American or German groups): better mutualization of efforts/tools through meetings?

 Connection between QC and NP fruitful at the international level: opportunity for such a connection at the national level?
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