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Fundamental physics with NS

How nuclear matter behaves under extreme conditions?

Which are the features of  neutron stare cores ?



microscopic Equation of State…

(too) many models describing the NS interior

how do we identify the correct one?

p = p(✏, . . .)
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macroscopic observables (M,R, I, . . .)
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Inverse Stellar Problem

EM (pulsar, LMXB..)  
+  

Labs

GWs  
from binary NS



Piecewise polytropes

Spectral expansions

Two-step EoS at nuclear and higher densities

Polynomial fits

…

So far

Phenomenological EoS

Fit a large class of EoS with relatively small set of parameters

Best approach to combine NS observables in different wavebands

Useful to infer features of the EoS even if the true one is not within current 
models

[Read PRD 79 ’09]

[Lindblom PRD 82 ’10]

[Steiner ApJ 722 ’10]

[Burgio ’10]

p(✏) ' p(✏, ✓1, . . . , ✓n)
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EoS parametrised by polytropic segments 

p(⇢) = Ki⇢
�i

⇢0 < ⇢1 < ⇢2 < · · ·

Each piece specified by

continuity Ki+1 =
p(⇢i)

⇢�i+1

i

Fixing the initial density fixes the EoS to 

{Ki,�i, ⇢i}

Piecewise polytropes
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])If the EoS at low density is fixed

�1,�2,�3 p1 = p(⇢1)



Spectral representation
Expansion of the adiabatic index in terms of a basis

d✏

dp
=

✏+ p

p�(p)
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Accurate fit of realistic EoS

2 phenomenological EoS with 4 parameters to constrain

spectralpiecewise

{�0, �1, �2, �3}
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The observables: GWs
Measurements of the Love Numbers from GW170817

m
er
ge

r

Tidal interactions show up within 
GWs through the Love Number 

This parameter depends solely on 
the EoS

[LVC PRL 121 ’18]

⇤
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The observables: EM
Mass-radius measurements from thermonuclear burst in LMXB

[Ozel ApJ 220 ’16]



Stay united GWs+EM

GWs

EM

      and        share a common basis, i.e.                                or ⇤i
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Bayesian sample of the EoS parameters using MCMC simulations
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Piecewise parameters
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Local complementary information to integrated quantities as  
masses and radii



Use the inferred parameters (GW+EM) to reconstruct the mass-radius 
distributions of GW170817

Do we learn something?
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A new look at the radius
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piecewise

Final constraints on the GW170817 neutron stars
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Density matters
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Final measurement benefit from the multi-band analysis 

High-masses in the EM channel provide extra information on NS 
cores with larger densities 



Back up



Mapping realistic EoS

How it works in practise



Spectral parameters
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Best constraints for the high-density parameters



Radius: piecewise vs spectral 


