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Neutron Stars characteristics
Introduction to Neutron Stars Elbereth

Compact objects :
m Mass = 1-2 Mg
m Radius = 10 — 14 km
m Density — 10'° g/cm3
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Neutron Stars characteristics
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Compact objects : m Magnetic field = up to 10'!
m Mass = 1-2 M Tesla
m Radius = 10 — 14 km
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Super precise clocks
— Pulsars > 2000 observed
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Neutron Stars characteristics

Introduction to Neutron Stars Elbereth

Compact objects : m Magnetic field = up to 10'!
m Mass = 1-2 Mg Tesla
m Radius = 10 — 14 km

m Density — 10'° g/cm3

Super precise clocks
— Pulsars > 2000 observed

Structure :
m Crust : lattice

m outer crust : well constrained
from laboratory measurements

m inner crust : free neutrons in
the gaz

m Core : still a mystery

m Outer core : npeu gaz
m Inner core : quarks 7 Confined

or deconfined ? Hyperons ? Figure: From Nasa website
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From microscopic to macroscopic to observations

Modelisation of macroscopic parameters Elbereth

Equations of state = description of the matter inside the star
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From microscopic to macroscopic to observations
Modelisation of macroscopic parameters Elbereth

Equations of state = description of the matter inside the star
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From microscopic to macroscopic to observations
Modelisation of macroscopic parameters Elbereth

Equations of state = description of the matter inside the star

Hydrodynamics equations = 5
Tolmann-Oppenheimer- 2.5
Volkoff
J0348+0432
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Core-Crust bound Equations of State
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Core-crust binding of EoS
Non unified EoS Elbereth

Dozens of EoS (CompOSE) in tables : calculations techniques (ab initio,
RMF, Skyrme functionnal etc.) + core composition
Analytical expressions = fits of EoS
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Core-crust binding of EoS

Non unified EOS Elbereth

Dozens of EoS (CompOSE) in tables : calculations techniques (ab initio,
RMF, Skyrme functionnal etc.) + core composition
Analytical expressions = fits of EoS
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Core-crust binding of EoS
Non unified EoS Elbereth

Dozens of EoS (CompOSE) in tables : calculations techniques (ab initio,
RMF, Skyrme functionnal etc.) + core composition
Analytical expressions = fits of EoS

10t

Construction flaws : DD2 core, DH crust
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m Piecewise polytropic L S

fits [Read et al. 2
2009] Q107
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m Spectral fits ng (fm=3)

[Lindbloom 2010] ~ 10
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Consequences on macroscopic parameters

Non unified EOS Elbereth
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m Mass measurement — eliminate
EoS under Myp.x

m NICER precision on the radius :
promise a few % 500 1
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m GW — eliminate too stiff EoSs 0
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Consequences on macroscopic parameters

Non unified EOS Elbereth
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Conclusion
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Importance of EoSs
m use unified EOS

We propose :

m if not, use intelligently bound EoS
m carefully consider universal relation
4

It = Z aCx
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m brand new fits of EoS made from unified EoS
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Suplementary material
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