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What do we have?

Low energy Nuclear Phy

‘We have knowledge from Nuclear Physics in the laboratory and
ab-initio calculations at low densities.
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What do we have?

Low energy Nuclear Phy and Static propert

‘We have knowledge from Nuclear Physics in the laboratory and
ab-initio calculations at low densities.
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What do we have?

Low energy Nuclear Physics and Static proper

‘We have knowledge from Nuclear Physics in the laboratory and
ab-initio calculations at low densities.
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What do we have?

Low energy Nuclear Physics and Static properties of NS

‘We have knowledge from Nuclear Physics in the laboratory and
ab-initio calculations at low densities.

NICER + XMM
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What do we have?

Low energy Nuclear Phy and Static properties of NS

‘We have knowledge from Nuclear Physics in the laboratory and
ab-initio calculations at low densities.
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What do we have?

Low energy Nuclear Phy and Static proper

‘We have knowledge from Nuclear Physics in the laboratory and
ab-initio calculations at low densities.
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We can construct equation of state (EoS) with nuclear
models. (!!!!
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Connecting parameters to “observables”

Equation of state

9 The energy is given by (z =

Al = iy Ty O = L)
e(nn, np) =~ eSNM(n 0) + ebym(n)é2

eSNM(n) ~  FEst + Ksatm + - detm + 4Zsatm

esym(n) =~  Jsym + Legmx+ = Ksymm + = stma: + Zsymm4.
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Connecting parameters to “observables”

Equation of state

9 The energy

N—Tsat
3ngat

is given by (z =

p—Np )
n

y M= Ny + Np, 0=
e(1m, mp) =~ eSNM('n 0)+ ebym(n)é2

eSNM(n) ~ Esat“!‘ Ksatm + = detm + 4Zsatm

esym('n) ~ szm + Lsymm+ Ksymm + = stmm + Zsym $4.

Phys. Rev. Lett. 109, 092001 (2012)
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Connecting parameters to “observables”

Equation of state
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Fictitious correlations??

Equation of state

Correlation [Ar, , L (p)]
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Fictitious correlations??

Equation of state
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Fictitious correlations??

Equation of state
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@ Systematic exploration of a functional.

@ Exploring different forms of the functional.

@ Agnostic approach.

pproach




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

Features

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

@ Expansion in powers of the Fermi momentum or of the density.

9 Expansion around saturation: Parameter space = emp. par.

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

Features

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

@ Expansion in powers of the Fermi momentum or of the density.

9 Expansion around saturation: Parameter space = emp. par.

@ [-equilibrium!!!

@ The energy per particle can be rewritten as,

e(n'nv nP) = ESNM(’n, 0) + eSym(n)52
1 is v (e
KE(n,, ny) + Z o (va + va62) z™.
a>0
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Bayesian Study

Obtaining the filters

Prior = Nuclear physics informed prior with AME2016 fit.
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Bayesian Study

Obtaining the filters

Prior = Nuclear physics informed prior with AME2016 fit.

Filters in Bayesian Analysis
@ LD = EFT energy band at low density.
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Bayesian Study

Obtaining the filters

Prior = Nuclear physics informed prior with AME2016 fit.

@ LD = EFT energy band at low density.
© HD+LVC = HD ( causality, thermodynamic stability, Mmax
constraint) + LVC tidal deformability A PDF.
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Bayesian Study

Obtaining the filters

Prior = Nuclear physics informed prior with AME2016 fit.

@ LD = EFT energy band at low density.

@ HD+LVC = HD ( causality, thermodynamic stability, Mmax
constraint) + LVC tidal deformability A PDF.

@ All = EFT + HD + LVC + NICER.
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Impact of recent data
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Impact of recent data
Proton fraction
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The masquerading problem

pproach



The masquerading problem

EoS to composition

Solve Tolman-Oppenheimer-Volkoff (TOV) equations, we can
construct the unique M-R or A-M(R) relations.
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EoS to composition

Solve Tolman-Oppenheimer-Volkoff (TOV) equations, we can
construct the unique M-R or A-M(R) relations.

. Lattimer, ARNPS 62, 485-515 (2012)
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The masquerading problem

EoS to composition

Solve Tolman-Oppenheimer-Volkoff (TOV) equations, we can
construct the unique M-R or A-M(R) relations.
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The masquerading problem

EoS to composition

Solve Tolman-Oppenheimer-Volkoff (TOV) equations, we can
construct the unique M-R or A-M(R) relations.
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EoS to composition
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Masquerading in nucleonic hypothesis
FSU2 case

CM, FG Phys.Rev.D 105, 083016 (2022)
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Possible solution to the Masquerading
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Possible solution to the Masquerading

M-R relation
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Possible solution to the Masquerading

Laboratory data

M-R relation Proton fraction
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Possible solution to the Masquerading

Laboratory data

M-R relation + SNM Proton fraction
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Possible solution to the Masquerading

Laboratory data

M-R relation + SNM Proton fraction
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Possible solution to the Masquerading

Laboratory data

M-R relation + SNM + Symm Ener Proton fraction
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Possible solution to the Masquerading

Laboratory data

M-R relation + SNM + Symm Ener Proton fraction
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Remarks and Outlook:

@ We have established a semi-agnostic approach that handles
nuclear physics and astrophysics constraints at the same footing.

@ We obtained a null hypothesis to look for exotic matter. All
present constraints can be satisfied with this purely nucleonic
assumption.

@ We have observed that extracting information on the core
composition would need assistance from the laboratory
experiments.

@ With upcoming facilities there is possibility to find signatures of
deconfined phase transition.
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