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Introduction

Bayesian inference on nuclear data and neutron star
observations for the nuclear equation of state

Bayesian study of NS EoS and predictions on NS propertiest

The prior distribution is the result of a previous Bayesian analysis, with Skyrme
functionals fit on a large set of static and dynamical nuclear experimental
observables?

| Final result informed by both nuclear physics experiments and |

1 Klausner et al., arxiv 2505.16929 2Klausner et al., Phys. Rev. C 111, 014311 (2025)
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Background: Skyrme Bayesian analysis (1)

Binding Energies
40Ca, 48Ca, 56Ni, 68Ni, 90Zr,
100Sn, 132Sn, 208Pp

Nuclear polarizability

Charge radii *Ca, 2%°Pb
40Ca, 48Ca, 90Zr, 132Sn, 208Pp EWSR IVGDR
208Pp
Spin-orbit splittings
48Ca (v2p), 208Pb (72f) Parity-violating asymmetry
Isoscalar Giant Resonances *Ca, 2%Pb
Monopole Quadrupole (CREX, PREX-II)
907r, 208Pp 208Ph
Constraints on Constraints on

symmetric matter nEos Symmetry energy
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Background: Skyrme Bayesian analysis (2)
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Background: Skyrme Bayesian analysis (2)
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From nuclear experiments to NS properties

Skyrme parametrization

* | Mapping from Skyrme nEoS to M.M.

l Inner Crust computed consistently in
O R )

extended Thomas Fermi:; outer crust
with BSk24 functional

Neutron star EoS

l S If stable and causal

Compute NS properties

"Margueron et al., Phys. Rev. C 97, 025805 (2018) 4



From nuclear experiments to NS properties

Skyrme parametrization

l R R Mapping from Skyrme nEoS to M.M.

"Margueron et al., Phys. Rev. C 97, 025805 (2018) 4



Mapping of Skyrme into M.M.

Skyrme’s parameterst
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11-to-1 correspondence with usual Skyrme’s parameters
(L.-W. Chen et al. Phys. Rev. C 80, 014322 (2009))
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Mapping of Skyrme into M.M.

Skyrme’s parameters! ' o o
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From nuclear experiments to NS properties

Inner Crust computed consistently in
l O L ELLE L T PR extended Thomas Fermi; outer crust
with BSk24 functional

Neutron star EoS

"Margueron et al., Phys. Rev. C 97, 025805 (2018)



Crust composition in simplified ETF

Woods-Saxons’s profiles

RWS

Sk

Eg = —J dr rzeETﬁ(n(r), np(r)) + €,-
Vs Jo

Convergence problems at 11, ~ 0.06 fm™>

Linear extrapolation of Ae:
Ae = eye— €, = Aen,..) =0

Approximation checked against:
- CLDM crust
- Dynamical spinodal instabillity



From nuclear experiments to NS properties

Neutron star EoS

l S If stable and causal

Compute NS properties



Bayesian setup: prior and constraints

Prior distribution Observational constraints
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Marginalized Parameters Posterior Distributions
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n..and P..: ETF, CLDM and Spinodal instability
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Crust composition
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Crust radius
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Summary

- Bayesian statistical analysis on nuclear matter parameters with neutron star

observations:
- Prior consistent with nuclear physics experiments, not just a sample of

Independent nuclear matter parameters
- NS EoS computed with MM; inner crust with ETF

- Prediction on different NS properties
- Effect on structure of the P between n, , and 2n. . due to nuclear informed
prior



BACKGROUND



L Ikelihoods
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Algorithm breaks at 1, ~ 0.06 fin™ ...

%1073 A€ = Eyg = Epom

or /
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Algorithm breaks at 1, ~ 0.06 fin™ ...
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Algorithm breaks at 1, ~ 0.06 fin™ ...
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ETF checks (1): density profiles
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ETF checks (2): crust composition
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Mass-Radius plot
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