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BI1G QUESTIONS
We want to understand

@ What are the nuclear processes which drive the evolution of stars, galaxies
and the Universe ?

@ Where do the different elements come from forming the building blocks for

life ?
> H (% 75%) and 4He (% 25 %) by SOLAR SYSTEM ABUNDANCES [HIX & THIELEMANN 1999]
far the most abundant baryons r
known in the Universe “H
> Different groups of nuclei o

* Light elements up to B (rare)
* C,N,O, Ne, Mg, Si, iron peak

nuclei (much more abundant)
* Heavy nuclei

log,, Abundance [Si=10']

» Different sites for the production F
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@ What is the nature of matter under extreme conditions ro@vggggye LuT
not reachable in present laboratories ? B
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FRENCH COMMUNITY

Naturally interdisciplinary nuclear physics, astrophysics and theoretical physics —
IN2P3, INP, INSU

NUCLEOSYNTHESIS

o Experiments for key reactions : [JCLab, GANIL, CENBG, IPHC
o Stellar abundance observations : GEPI, CENBG
o Modelling : IAP, LUPM

COMPACT OBJECTS

@ Dense matter modelling : LPC, IP2l, GANIL, 1JCLab, LUTH

o Experiments (heaby-ion collisions) : GANIL, Subatech, LPC

@ Observations : Nangay, IRAP, IPAG, CENBG, Obs. Strasbourg, AIM
e Modelling : LUTH, AIM, IP2l, IAP

Strong connection with gravitational waves (GdR OG), detection of binary
neutron star mergers by Virgo/LIGO
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WORKING GROUP ACTIVITIES SINCE 2018

Many activities in common with nuclear physics working group from GdR OG
2018

@ September 2018 : around 50 participants at the first group meeting
(Observatoire de Paris) ; overview of different subjects

2019

@ Workshop on nuclear equations of state in Virgo — negotiations for a
neutron star physics group entering the collaboration

@ Meeting on possibilities of experiments in nuclear astrophysics with lasers

2020 : coVvID-19 RESTRICTIONS STRONGLY IMPACT THE
ACTIVITIES

@ June 2020 : Working group meeting with webinars on Einstein Telescope
project, unified equations of state and holographic models for neutron stars

V.
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Short review and perspectives

Dense matter properties

I’l@vcatpg?ye LUTH
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WHAT DO WE KNOW ABOUT THE EOS?

o Constralnts from SEMI-AGNOSTIC E0S [GUVEN 2020]

>

>

>

BAYESIAN ANALYSIS WITH

NS masses (Mns > 1.97M¢)
GW170817 tidal deformability A
Nuclear masses, experiments for nuclear
matter parameters, ...

Ab-initio neutron matter calculations
NS radii (NICER results)

@ GG BT HERT OV
- - ~T0.0e-20181

INNER CRUST IN MCP @ Some remarks on EoS modelling

APPROACH [CARREAU2020B]

— » Meta-modelling approach to the nuclear EoS
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z E [Margueron2018, Carreau20202] developped in addition to

. phenomenological or ab-initio approaches

- > Importance of unified treatment (homogeneous
- < clusterised) matter

—oask
S 0a0f

0.05F

-x » Still many uncertainties for central part :
non-nucleonic degrees of freedom (hyperons,
mesons, quarks) might exist

» CCSN and BNS mergers : need finite T',

L vatoire  LUTH
out of B-equilibrium matter e
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REACTION RATES

o Different (weak) interaction rates are extremely important ! Neutrino emission
for (P)NS cooling, CCSN neutrino signal, BNS merger ejecta composition, . ..

@ Overall reaction rates : matter EC rates ox 26Fs [Raviic2020]
composition + individual rates TR

pYe=10%g/cm?

» Homogeneous matter : calculate
individual rates in hot and dense g
medium — collective response P/

» Clusterised matter : rates on
nuclei far from stability (up to
now mostly shell model, some " 20
others, e.g. RPA [RavnczozqFaminazolz])

o SMGXPFL)
4 Lssm
= TORPASKM"

-t
PYe=10g/cm?
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EC DURING INFALL, IDENTIFICATION OF
MOST IMPORTANT NUCLEI [PASCAL2020]
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N

@ Impact on dynamics of CCSN
Pascaizoz0] ¢ €lectron fraction at
bounce, shock propagation in early

post-bounce, - - - .
I’l@vgtpg!ye LUTH
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PERSPECTIVES

EQUATION OF STATE

@ Much recent progress with NS masses, GW170817, NICER, flexible
parameterisations, new data expected from Virgo/LIGO, SKA, ATHENA, ...

@ Importance of measuring nuclear matter properties (K,L,...) at ng > ng to
improve parameterisations

o Better understanding of clusteriseed matter for NS crust and core collapse

e Determine composition and interactions at high densities/temperatures

EoS 1s NOT ALL!

o Neutrino reaction rates consistent with matter composition (CCSN, NS
cooling, BNS ejecta composition)

o Nuclear superfluidty (Glitches, NS oscillations)

e Transport properties (NS cooling, oscillations, magnetic field structure)

vy

Many open questions and much work needed, theory, experiment, observriwnts
H 1 va}gl"re LUTH
and simulations o
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