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P(ǫ) → Gµν + Λgµν = κTµν .
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Drischler et. al., PRC 93, 05431 (2016)
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Miller et. al., ApJL 918 L28 (2021)
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LVC, PRX 9, 011001 (2019)

Experiment

Theory

Observation

Nuclear masses

Nuclear Resonances

Neutron skin

χ-EFT prediction

NICER observation

Gravitational wave

Chiranjib Mondal Equation of State ... multi-messenger constraints 3/8



Equation of State
Theory, Experiment, Observation

LVC, PRX 9, 011001 (2019)
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Nuclear models can be employed to construct

Equation of state → P(ǫ).
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Hψ = Eψ →< ψ|O|ψ > =⇒ P(ǫ).
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Traditional nuclear models
Uncertainties in Theories

In non-relativistic approach, at baryon density n, asymmetry
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Hψ = Eψ →< ψ|O|ψ > =⇒ P(ǫ(n, δ)). Typically optimize 15-20
parameters on experimental data. This can lead to uncertainties.
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Nucleonic meta-modelling
Founding aspects [PRC 97, 025805 (2018)]

Features:
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nucleonic models and interpolate between them.

β-equilibrium!!!
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Nucleonic meta-modelling
Founding aspects [PRC 97, 025805 (2018)]

Features:

Flexible functional e(nn, np) able to reproduce existing effective

nucleonic models and interpolate between them.

β-equilibrium!!!

Constraints in Bayesian studies:

χ-EFT, Finite nuclei, Mmax, GW170817, NICER etc.

Dinh-Thi et. al. 2021, CM et.al 2022, 2023.

Relativistic Formalism:

Char et. al. 2023, 2025.
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Exploration

CM & Gulminelli, PRC 107, 015801 (2023)

CREX-PREX puzzle!!
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Exploration

ET CoBA study, Branchesi, CM et.al.,
JCAP 07, 068 (2023)

Identify EoS from GW
detection(s)
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Exploration

Char, CM et. al., arXiv:2510.00997 (2025)

Hyperons??
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Exploration

CM et.al., MNRAS 524, 3464 (2023)

Hadron-Quark phase
transition?
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What’s next??

Perego et. al., EPJA 55, 124 (2019)

Neutron stars heat up and go

beyond equilibrium. Typically

up to ∼ 50 MeVs are reached

during merger.
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What’s next??

Perego et. al., EPJA 55, 124 (2019)

Neutron stars heat up and go

beyond equilibrium. Typically

up to ∼ 50 MeVs are reached

during merger.

We need P(n, T, xp).

We need end-to-end dynamic

simulations using physically

sound EoS models.
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