§\| r

IN2P3 MICHI(@TATE

Les deux infinis UNIVERSITY

(| \NPR T i";i”i;fi
\Enl@@ AR £ ;i:”" ~~221}

(~

NUSYM?24 XI1Ith International
Symposium on Nuclear Symmetry
Energy, Caen, September 9-14, 2024

~

Equation of state in dense nuclear  Flow data,
matter controlled by nuclear data Giant Monopole Resonance.

Jérdme Margueron, IRL-NPA, CNRS & MSU, FRIB, East Lansing, USA.

In collaboration with R. Kumar (post-doc), E. Khan (IJCLab), ANR

and P. Danielewicz, W. Lynch, B. Tsang (FRIB). RELANSE



Known and unknown of the nuclear EOS

From a prediction to a measurement:
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Predictions

Nuclear empirical parameters (NEP):

Ny, = 0.155 £ 0.005 fm™
Eg: = —15.8+0.4 MeV
N =240°20 NeV

Egym = 32£2 MeV

Lyym = 60 + 15 MeV



EoS and neutron stars observations

Impact of changing the NEP on the MR relation of neutron stars

Isovector channel

Changing one parameter only
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Changing two parameters together

Mys (M)

2.0H

1.0t

0.5}

0.0

2.0}

1.5¢

1.0t

0.5}

0.0

—  L,—20.0 MeV 3
. ng,
— L,,-43.3MeV \ \1 \\'DO
Ly =66.7 MeV "
Ly =90.0 MeV
. / o 2ng,
Ksym varied
sat fixed //
Q / (o]
Varying Lsym and Ksym
— L.-200Mev
— L, —43.3MeV
Ly —66.7 MeV / /
,,,,, ~90.0 MeV / /
Ksym fixed

Varying Lsym and Qsat

N

Qsat varied

10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0 14.5

[Baillot et al., ApJ 2020]

Rys (km)

=

Carlson+ PRC 2023

3.0 ——————T——T—

N

2.0

1.5

1.0

05

0.0

Questions:
Neutron star crust
contribution?

Phase transition in
the inner core?



A mult-physics approach based on Bayesian statistics

* Nuclear structure Bayesian * Theory

’ approach '

!

Prediction for
neutron stars

* Heavy ion-collision * Experimental Data



Nuclear heavy-ion collision
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Equation of state in symmetric matter

COl’ltI’OHed by nsat, Esat, Ksat, Qsat.
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Model: IQMD [Aichelin, PR 1991;

Hartnack, EPJA 1998]

Einc = 400-1500 MeV /u

Bayesian approach

Each EoS is assessed by its ability 04

to reproduce experimental data:
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Bayesian approach

deuterons
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Bayesian approach

Triton, 3He
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v2 only

vi1& Vo
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v only
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Comparison to other results
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Analysis of Giant Monopole Re

Density dependence of the
energy around n

Compressible
liquid-drop:

1 2
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Exploration of the Kg-(Qsa diagram

[Khan & Margueron, PRC 88 (2013)]

Artificial correlation between Ksat and Qsat, due to
the lake of flexibility of Skyrme EDF.
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Spurious correlations between Ksa: and Qsat exists also
for other models.



Exploration of the Ke-Qsa diagram compatible with the GMR
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Conclusions

The nuclear incompressibility may be reproduced by EDF models with low
values of Ksa, provided Qsat is reduced.

HIC Flow Data (FOPI) may constrain the nuclear matter equation of state,
especially Ksatand Qsat.

Additional questions w.r.t. model dependencies should be explored more
systematically.

The present analysis shows that the Bayesian approach could be applied to
compare directly experimental data and model predictions to infer the EoS.

In the future, more data and more consistencies

—_—
between different measurements shall be explored.



