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Unifying equation of state

Gogny interaction
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Finite range interaction has the
advantage of treating mean-field
and pairing with the same
interaction.

D1M* is the first Gogny
interaction which can reach 2
solar mass neutron star.
(Phys.Lett.B 779 (2018) 195)

Inner crust EoS based on Gogny
interaction

(CM et. al., PRC 102, 015802(2020))
Not big differences in EoS. But
composition is predicted.
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Equation of State

Nucleonic hypothesis
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Nucleonic meta-modelling
Founding aspects (Based on J. Margueron et. al., PRC 97, 025805 (2018))

9 Flexible functional e(pn, pp) 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. 7%

@ Beta-equilibrium!!!

Chiranjib Mondal A flexible model .... ob:



Nucleonic meta-modelling
Founding aspects (Based on J. Margueron et. al., PRC 97, 025805 (2018))

9 Flexible functional e(pn, pp) 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. 7%

@ Beta-equilibrium!!!

ny—ng

@ The energy per particle is given by (z = , Ny = Pn + Pp,

3ng
5 — Pn—Pp)
ny

e(pn,pp) =~  esnm(np,0) + esym(n5)5>

Chiranjib Mondal A flexible model .... ob:



Nucleonic meta-modelling
Founding aspects (Based on J. Margueron et. al., PRC 97, 025805 (2018))

9 Flexible functional e(pn, pp) 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. 7%

@ Beta-equilibrium!!!

ny—ng

@ The energy per particle is given by (z = , Ny = Pn + Pp,

3ng
5 — Pn—Pp)
ny

e(pnrpp) = esnna(m,0) + esym(my)8”
1 1 E 1
essm(mp) >~ &o+ §K01:2 + EQOJIJ + ﬂzofl
4

1 1 g 1
esym(my) =~ J+ Lx+ 5Ksymx2 + ngymxd + ﬂZsymx .

Chiranjib Mondal A flexible model .... o vations



Nucleonic meta-modelling
Founding aspects (Based on J. Margueron et. al., PRC 97, 025805 (2018))

9 Flexible functional e(pn, pp) 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. 7%

@ Beta-equilibrium!!!

@ The energy per particle is given by (z = ”g;:o’ Ty = P+ Ppy
§ = Lntr)
7Lb
e(pn: Pp) ~ eSNM(le, O) + esym(nb)52
1 1 . 1
€SNM(le) ~ & + §K01:2 + 6Q0$3 + ﬂzofl
1 1 . 1
eSym(nb) = S Lot §Ksymm2 + E stmxd + ﬂzsymfl.
1 is k) ey
eolpnpy) = KE(pupy)+ Y = (o +0i0%) o

a>0

Chiranjib Mondal A flexible model .... o vations



Obtaining static properties
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Prior = Nuclear physics informed prior with AME2016 fit.

Filters in Bayesian Analysis
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Impact of recent data on Meta-model

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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Impact of recent data on Meta-model

Obtaining the filters
Prior = Nuclear physics informed prior with AME2016 fit.

Filters in Bayesian Analysis
@ LD = EFT energy band at low density.
© HD+LVC = HD ( causality, thermodynamic stability, Mmax
constraint) + LVC tidal deformability A PDF.
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Impact of recent data on Meta-model

Distribution of parameters
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Impact of recent data on Meta-model

Distribution of parameters
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Impact of recent data on Meta-model

Correlation among paramet
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of recent data on Meta-model

Correlation between parameters and observables
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Impact of recent data on Meta-model

Correlation between observables
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Impact of recent data on Meta-model

SNM and symmetry energy
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Impact of recent data on Meta-model

Transition properties
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Impact of recent data on Meta-model

Rerust and xp
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Impact of recent data on Meta-model
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Conclusions and outlook

@ The description of neutron star static observables only need general
relativity + the nuclear EoS.

@ The correspondence between beta-equilibrated matter and the physics
of the nuclear energy functional is not precise.

@ Within nucleonic hypothesis, static properties of the neutron stars are
not enough to pin down the composition and behaviour of the high
density matter!

@ Nucleonic hypothesis is consistent with all the current data.

@ Other degrees of freedom?? We need data with much less uncertainties.
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