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From observation

We can construct equation of state (EoS) with nuclear
models. (!!!!)
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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.

Expansion in powers of the Fermi momentum or of the

density.

Expansion around saturation: Parameter space = emp. par.
−→

X.

β-equilibrium!!!
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Features:

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

effective nucleonic models and interpolate between them.

Expansion in powers of the Fermi momentum or of the

density.

Expansion around saturation: Parameter space = emp. par.
−→

X.

β-equilibrium!!!

The energy per particle can be rewritten as,

e(nn, np) ≃ eSNM(n, 0) + esym(n)δ2

emeta(nn, np) = KE(nn, np) +
∑

α≥0

1

α!

(

vis
α

+ viv
α

δ
2
)

xα

.

vis(iv)
α

≡ f (Esat, Ksat · · · Jsym, Lsym · · · ).
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Constraints from lab and sky
Bayesian studies with metamodel

Neutron skin in PREX-II and CREX era
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Merger simulations
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Relevance of temperature
Merger simulations and matter phase diagram

Heavy ion collision probes
T-dependent EoS at lower
densities, out of equilibrium for
symmetric nuclear matter.
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Heavy ion collision probes
T-dependent EoS at lower
densities, out of equilibrium for
symmetric nuclear matter.

Luminosity spectra for
M1 = M2 = 1.35M⊙ binary
system

Ideal gas index:
Γth(n, T, xp) = Pth

nEth
+ 1.

Red:Γth = 1.5; Green:Γth = 2;
Black: Full temp dep.
The frequencies can vary from
50-250 Hz.

See Constantinou et. al for
effective mass; Raithel et. al for
extension from zero temp
β-equilibrium.
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Usage of a common framework
BSkG3 model

End-to-end NS merger simulations =>

Hydrodynamics, Nucleosynthesis, radiative transfer
[See Just et. al. ApJL 951, 12 (2023), MNRAS 510, 2804 (2022), MNRAS 510,

2820 (2022)]
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Energy Density Functional
Brussels Skyrme model

At baryon density n, asymmetry δ
(

=
nn−np

n

)

, temperature T,

F ≡ E − TS,

where E =
∑

q

~
2

2M∗

q

τq +
1

8
t0

{

3 − (2x0 + 1)δ2
}

n2

+
1

48
t3

{

3 − (2x3 + 1)δ2
}

nα+2.

with
~

2

2M∗

q

=
~

2

2Mq
+ f (n, δ)
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The density and kinetic density involves Fermi integrals (q=n,p):

nq =
1

2π2

(

2M∗

q

~2

)
3
2

T
3
2 I 1

2
(νq); τq =

1

2π2

(

2M∗

q

~2

)
5
2

T
5
2 I 3

2
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where, Iσ(νq) =
∫

∞

0
x

σ

1+exp(x−νq) dx
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Crust composition
BSk models (Extended Thomas Fermi)

Particle Number

With G. Grams and N. Shchechilin
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Crust composition
BSk models (Extended Thomas Fermi)

Particle Number Proton number

With G. Grams and N. Shchechilin
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Results for free energy
BSk’s and other models

Arbitrary proton fraction

https://compose.obspm.fr
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