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Neutron Stars as probes for Dense Matter Physics

Limited understanding of strong interaction
e Non-perturbative nature of strong interaction
° is limited by
thermodynamic conditions

Dense matter properties are poorly know.
Thankfully, we have Neutron Stars (NSs)!
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Neutron Stars as probes for Dense Matter Physics

Limited understanding of strong interaction
Non-perturbative nature of strong interaction
is limited by
thermodynamic conditions

Dense matter properties are poorly know.
Thankfully, we have Neutron Stars (NSs)!

Highly compact objects M~Msol, R~10km
Matter in their interior is very dense (several
times p_ ) and neutron rich
Astro. parameters (M, R, A) are modeled with
o theory of gravitation, mostly GR
o theory for the (EoS)
i.e. P(p) or P(e), mostly T=0 and
B-equilibrium.

BNS merger quantities: mass/tidal deformation
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Neutron Stars as probes for Dense Matter Physics

Limited understanding of strong interaction

Non-perturbative nature of strong interaction
is limited by
thermodynamic conditions

Dense matter properties are poorly know.
Thankfully, we have Neutron Stars (NSs)!

Highly compact objects M~Msol, R~10km
Matter in their interior is very dense (several
times p_ ) and neutron rich
Astro. parameters (M, R, A) are modeled with
o theory of gravitation, mostly GR
o theory for the (EoS)
i.e. P(p) or P(e), mostly T=0 and
B-equilibrium.
Comparing modeling and observations, we
can probe dense matter Physics.

BNS merger quantities: mass/tidal deformation
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Equation of State inference from GW detections

Instead of testing EoS by EoS, we use Bayesian
approach for inference that relies on priors of EoSs.
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Equation of State inference from GW detections

Instead of testing EoS by EoS, we use Bayesian
approach for inference that relies on priors of EoSs.

Prior preferences:
- Large for astrophysicists
- Priors linked to nuclear physics quantities.

We have a solution to combine both:

Crust Unified Tool for Eos Reconstruction (CUTER)
Davis et al. 2024 (A&A, 687, Ad4)
° based on the meta-model
EoS based on nuclear parameters

o experimental/theory data dictate the prior
o describes npeuy matter only
° based on agnostic approach
o Piecewise Polytropes or Gaussian Processes

10%7

1036 4

<,

dyn/cm?]

A 1034 4

1033 4

1072

GW data paired with other astrophysical data

= Prior
—— PSRs
PSRs + GWs

T (w/ J0437+J0614)

PSRs + GWs + X-ray
PSRs + GWs + X-ray

\
\
A\ A
\ \
\ N
\ \
\ \
\ \!
\ \
\ \

\

P
Gpnu(‘

& S

10%
p [g/cm’]

Ng et al. 2025

Nuclear parameters only dictate the EoS

uptop

nuc



Neutron Star parameter extraction from GW detections

a measure of R using:
- quasi-universal relations vs direct EoS inference
- careful in the future [Suleiman & Read 2024]
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Going beyond the EoS: nuclear parameter inference

If nuclear parameters are used to build the prior, we can

design for them :
Challenge of semi-agnostic approach: Simulated data with injection study:

BSk24 EoS used to simulate NSs

e Sources must constrain low density EoS
n,=n_.=p,Jmn
nuc nuc

e Careful to have a large prior
e Not all parameters can be constrained
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——No tides (BH)
——Weak tides
——Strong tides
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Probability

CUTER
—CUTER/x-EFT
——CUTER+Radio
— CUTER+GW
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Nsat 0.15 0.17
Eqy -17.0 =150
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