Can we decipher the composition of the
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What do we have?

Low energy Nuclear Phy

Finite nuclear properties % Drischler et. al. PRC 93, 05431 (2016)
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We can build models for nuclear interaction. (
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Miller et. al., ApJL 918 L28 (2021)
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What do we have?

Static properties of the Neutron Star

Miller et. al., ApJL 918 L28 (2021) Abbott et. al., PRX 9 011001 (2019)
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We can construct equation of state (EoS) with nuclear
models.
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What do we have?

EoS in S-equilibrium and static properties of NS
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What do we want to know?

Can we predict the
composition of the Neutron
star matter?

Log;op(MeV fm3)
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What are we asking?

If we are given M-R, can we predict composition?

A demonstration with FSU2 [Chen et. al. PRC 90, 044305]

Proton fraction x;
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What are we asking?

If we are given M-R, can we predict composition?

A demonstration with FSU2 [Chen et. al. PRC 90, 044305]

Mass-Radius relation

050 0.75 1.00 1.25 1.50 1.75 2.00
M[Mg]

We need an efficient mechanism to explore the M-R plane
Meta-Model
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Nucleonic meta-modelling
Founding aspects [J. Margueron et. al., PRC 97, 025805 (2018)]

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

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

9 Expansion around saturation: Parameter space = emp. par.
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Nucleonic meta-modelling
Founding aspects [J. Margueron et. al., PRC 97, 025805 (2018)]

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

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

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

9@ The energy per particle is given by (z = %, n= Ny + Ny,
Tp = n_:)
e(nn, np) =~  esnm(n,0) + esym(n)(1 — 23’1))2
1 1 : 1
eSNI\/l(n) - Esat 4 §Ksatm2 a4 6 Qsatmd + ﬂzsat:B4
1 1 1
esym(n) = szm + L$ + §Ksyrﬂ$2 + 6 stmw3 + ﬂzsymwALv
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Problem at hand with FSU2

If we are given M-R, can we predict composition?

M-R relation Proton fraction xp

CM & F. Gulminelli, arXiv:2111.04520

Chiranjib Mondal Can we decipher ...

a neutron star?




Problem at hand with FSU2

If we are given M-R, can we predict composition?

M-R relation +SNM Proton fraction xp

— FSU2
---- B-eq.
—-—- astro+lab
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CM & F. Gulminelli, arXiv:2111.04520
Can high density constraint on nuclear matter from
experiment help?
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Problem at hand with FSU2

If we are given M-R, can we predict composition?

M-R relation +SNM Proton fraction xp
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CM & F. Gulminelli, arXiv:2111.04520
Can high density constraint on nuclear matter from
experiment help?
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Problem at hand with FSU2

If we are given M-R, can we predict composition?

M-R relation +SNM Proton fraction xp

— FSU2
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CM & F. Gulminelli, arXiv:2111.04520
Can high density constraint on nuclear matter from
experiment help?
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Problem at hand with FSU2

If we are given M-R, can we predict composition?

M-R relation +SNM +Symm Ener Proton fraction xp

— FSU2
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If we are given M-R, can we predict composition?

M-R relation +SNM +Symm Ener Proton fraction xp
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Problem at hand with FSU2

If we are given M-R, can we predict composition?

M-R relation +SNM +S Proton fraction xp

FSu2 = Fsuz "post-2"
astro X . ] [ —-= B-eq.
astro+lab —-— B-eq.+lab
929% ClI ’ 99% ClI
95% ClI ! 95% CI

68% CI 68% ClI

"post-3"

CM & F. Gulminelli, arXiv:2111.04520
Can high density constraint on nuclear matter from
experiment help? YES
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What did we learn?

Afmosphers
Ouer Crust

lher Crust

OulétCore

Inner Core

L=
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What did we learn?

Meta-model

Almosphers
Ouer Crust

lher Crust

Outet Core.

Inner Core
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Back up

Why symm energy is more sensitive?

M-R relation +SNM +Symm Ener

"post-2"

Fsu2
——— astro
—-+— astro+lab
929% CI (b)
95% CI
68% CI

"post-3"
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Back up

Why symm energy is more sensitive?

M-R relation +SNM +Symm En Analytical error

—— FSU2
:——— B-eq.
—-— B-eq.+lab
99% ClI
95% ClI
68% CI

"post-2"

_ 12xp(Aeg + Aep)  12(1 — 2x;)?x, Aegym
fre|1 — 8xp| pre(4xp + 1)
CM & F. Gulminelli, arXiv:2111.04520
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What we can do from theoretical side?
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What we can do from theoretical sid:

@ Skyrme
400 m RMF
r=-095

1 1 n L n | n
-50 0 50 100

[3C;-L,1 (MeV)




