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Theory, Experiment, Observation
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Nuclear models can be employed to construct
Equation of state — P(e).
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Traditional nuclear models

Uncertainties in Theories
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Traditional nuclear models

Uncertainties in Theories

o In non-relativistic approach, at baryon density n, asymmetry

5(: Zn—np p)
h? 1 27 9
H: E M7q+§to{3—(2x0+1)5}n

—t3 {3 (2x3 + 1)52} n*t2,
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o In non-relativistic approach, at baryon density n, asymmetry
5 (: nn;np)

2
H= Z ;LWTQ + %to {3 —(2xo + 1)6*} n?

—t3 {3 (2x3 + 1)52} n*t2,

o In relativistic approach, a typical Lagrangian is written as,
L = E (8u + igwwu) - (m - gUU)W
+

1 1
(8 oo — m? 02) - ZQ’WQW + §miwuw“.
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Traditional nuclear models

Uncertainties in Theories

o In non-relativistic approach, at baryon density n, asymmetry
5 (: nn;np)
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H= Z ;LWTQ + %to {3 —(2xo + 1)6*} n?

—t3 {3 (2x3 + 1)52} n*t2,

o In relativistic approach, a typical Lagrangian is written as,
L = E (8M + igwwu) - (m - gUU)W
+

1 1
(8 oo — m? 02) - ZQ’WQW + §miwuw“.
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® Hy =Ev —< |0y > = P(e(n,d)). 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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Founding aspects [PRC 97, 025805 (2018)]

Features:

@ Flexible functional e(nn, n,) able to reproduce existing effective
nucleonic models and interpolate between them.

@ (-equilibrium!!!
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Nucleonic meta-modelling

Founding aspects [PRC 97, 025805 (2018)]

Features:

@ Flexible functional e(nn, n,) able to reproduce existing effective
nucleonic models and interpolate between them.

@ (-equilibrium!!!

Constraints in Bayesian studies:

x-EFT, Finite nuclei, M., GW170817, NICER etc.
Dinh-Thi et. al. 2021, CM et.al 2022, 2023.

Relativistic Formalism:
Char et. al. 2023, 2025.
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o Hyperons??
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T(MeVY)

-1581

@ Neutron stars heat up and go
beyond equilibrium. Typically
up to ~ 50 MeVs are reached
during merger.

80

Perego et. al., EPJA 55, 124 (2019)
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© We need P(n, T, xp).
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What’s next??

T(MeVY)

-1581

@ 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.

mLdl

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