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Meta-modelling of the EoS

Originally presented in [PRC 97 025805 (2018)]

Parametric representation of the energy density GX(nn N, ...)dsafunction
of the different species

The variation of X makes possible to explore the largest EoS space compatible
with the composition hypothesis

Both nuclear and Astro observables are accessible
with minimal microscopic bias

Nuclear observables Astro observables



Asymptotically causal meta-model.

Analytical representation of the energy density

Montefusco et al [arXiv:2604.00196]

Causality asymptotically

] Nuclear asymmetry Quartic correction
implemented
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Asymptotically causal meta-modael:

FOS reconstruction

Test the flexibility of th
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Asymptotically causal meta-modael:

Mass - Radius
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Asymptotically causal meta-modael:

Mass - Radius
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We perform Bayesian inference el
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oymmetry-energy constraint suppresses

direct Urca cooling

XEFT Montefusco et al [in prep]
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How to add finite T without losing flexipility and

analyticity?




Hadronic thermal contripution in mean-tield

approximation

o articl
Cold Static Potential Thermal Quasi-particle

zero-temperature interaction sector
fixed by the cold meta-model Masses mj;(nBa 0)

Finite-T free energy T /

fMM(nBa 59 T) — VMM(nBa 5) + ]Ckin(nBa 59 T)

The thermal contribution is fully controlled by the effective mass

finite-T quasi-particle gas with effective



Hadronic thermal contripution in mean-tield

approximation

Cold Static Potential Thermal Quasi-particle

zero-temperature interaction sector
fixed by the cold meta-model Masses mj;(nBa 0)

Finite-T free energy T /

fMM(nBa 59 T) — VMM(nBa 5) + ]Ckin(nBa 59 T)

l

This term involves Fermi integrals, we would like to
make it a flexible analytical parametrization

finite-T quasi-particle gas with effective

dependent only on m*(ng, 0)



Effective Mass Models and cold baseline

We want to isolate the impact of ) — m;s’it/m=0-6
different m™ prescriptions at finite | m;sat/m=0°7
temperature: — ”"@sat/m=0.8
2.0F = ms/m=0.9 _
- — DU
e The bare mass as a reference § o b;are _
. L. .
e A phenomenological linear family S
labelled by m* /m

e A fit to BHF microscopic calculation by
Duan et Urban [PhysRevC110.065806] 0.5}

abelled DU




Effective Mass Models and cold baseline

We want to isolate the impact of

m. /m=0.6

different m™ prescriptions at finite 00 T = O MeV
temperature :

m. /m=0.7
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We fit the same nuclear model at
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Finite temperature etfects

We want to isolate the impact of - | | |
different m™* prescriptions at finite 400+ I'=100 MeV
temperature
200
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F, /T collapses onto one effective-mass-scaled

Curve

We tfound a quasi-universal collapse
plotting:
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F, /T collapses onto one effective-mass-scaled

Curve

We tfound a quasi-universal collapse

plotting:
F,/A I
D(9) = = 0=—,
T L
We propose an analytical ansatz to reproduce
the curve
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This function is constructed to reproduce the
degenerate and classical limit by construction
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Fitting the quasi-universal curve

Since the thermal contribution is °r 10 A e . : T%}i:?e.fé/fmts '
species-additive we fit: ol | | \e\ | | |
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One fitted potential generates all thermal

Jquantities

Thermal free
energy
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Pressure 1s the stringent test: it differentiates the

cffective mass

he pressure can be reconstructed 102 L
from:
0ln E
fit __ 2 / F.q
Pth -_ nBT Z xqeqq)]\](gq) 0 -
g=np "B > 10!
b xp QD
2,
. . . . &
't involves density derivative of the the
effective Fermi energy, and thus of m;k
109 -
The relative error remains below

~ 0.1 %




Final result: an analytic finite-T generating

potential

We can finally write an analytical finite-T
hadronic sector of the MM

f(n,, n,, T) =fy(n, np) + [ (1, n,, T),

with

TH g T e h? 32 2/3
o m,n, T) =T Z n, ®0,) ana g = £, Fa = D) < 71 nq>
q=n.p

This provides a single flexible generating potential from
which all finite-T thermodynamic quantities can be
derived analytically and consistently



An illustrative application:

[sothermal star

Normalized radius r/R
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[sothermal star Mass-Radius
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[sothermal star: f-mode
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oummary

e At T =0, the asymptotically causal MM provides a flexible, composition-aware cold EoS
generator constrained by nuclear and astrophysical information

e The thermal free energy is organized by the effective-mass-scaled degeneracy parameter
0, = T/E;E,q asfy, =T Z n,®n(0,)

q=n,p

e All thermal observables follow consistently from this potential; pressure provides the most
stringent derivative test.

e Global properties of isothermal star in f-equilibrium are only weakly sensitive to the thermal
sector of the EoS

e This analytical form could be explored in simulations as an alternative to interpolating finite-T
tables for the homogeneous hadronic sector.
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Limiting benhavior
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Exploratory RMF extension
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T-dependent m*
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Symmetry energy constraint rrom Indra-Fazia

collaporation

Ciampi et al
[PLB:139815]
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Sampling the symmetry energy
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Sampling the symmetry energy

Recalling the meta-model ansatz:

—— Posterior
---- (Gaussian fit

e(n,xe,xﬂ) = ek(n,xe,xﬂ) n [eo(n) 5262(n) 5 64(n)]

we are sampling directly ¢, which

coincides with e,,,, by construction

We can extract a prediction on the
isovector sector of the nuclear matter
oarameters




Nuclear structure inference with Skyrme

functional

— Gaussian Approximation

Kla usner et a | — Nuclear Posterior
larxiv:2604.11358]
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Mass-Radius impact of nuclear likelinoods

Low mass star radius distribution

is more affected 1.75}
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Radius changes respect to nuclear likelinoods
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Central proton fractions changes
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Proton fractions for each dataset
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Full nuclear predictions:

Symmetry energy
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Full nuclear predictions:

AEFT

Posterior predictive Epnyv/A vs chiral EFT band
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Full nuclear predictions:

NMP cornerplot
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Full nuclear predictions:

Skyrme Functional nuclear structure
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Asymptotically causal meta-modael:

FOS reconstruction

Energy Density Pressure
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