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Main characteristics of Neutron Stars

Compact objects:

* Mass ~ Mg
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High magnetic field: pulsars
Structure: A i
*  Envelope: light elements
* Crust: lattice

» Quter crust Density (kg/m?)

» Inner crust: free neutrons —

* Core: homogeneous matter 1.3 %1018

> Outer core : npeu gas Credits: Allessandro Patruno
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Compact objects: How is their interior described ?
- Mass ~ Mg Equation of State
P(p) + composition = nuclear model of NS interior
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Main characteristics of Neutron Stars

Compact objects: How is their interior described ?

- Mass ~ Mg Equation of State

P(p) + composition = nuclear model of NS interior
Laboratories — 3n,

Inner core — 15n,
Structure: Mysterious core composition:

* Radius ~ 10kms

High magnetic field: pulsars

* Envelope: light elements *  Hyperons ?

, * Quark matter ?
*  Crust: lattice

* Etc.
> Outer crust Various calculation techniques:
» Inner crust: free neutrons - Microscopic: ab-initio
*  Core: homogeneous matter *  Phenomenologic: Skyrme, RMF...

» Quter core : npeu gas

> Inner core : ??7? So many EoS !!
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Modelisation of macroscopic parameters
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Multimessenger astronomy vs dense

matter exploration

Modelisation of macroscopic parameters

Input: P(p)
Output: M, R, A, |

*  Total mass M

T I T
GW170817b
GW170817a
PSRB1957+ 20
PSR 2215+5135
VelaX-1
J01326.7+ 303228
4U 1822-371
EXOQ1722-363
OAO1657-415

CygX-2
SAXJ1802.7-2017

XTE J1855-026
XTEJ2123-058
SMCX-

Her X-1
4U1538-52
J0348+ 0432
J2222-0137
Jo621+1002
J2053+ 4650
B2303+46
J1141-6545
J2045+ 3633

J1946+ 3417
J1012+ 5307
J1023+ 00381
J1903+ 03271
J0751+1807
J1950+ 2414
J1909-3744
J1738+ 0333
J0437-4715
J0337+1715
J2053+ 4650
J2043+1711
B1855+ 09
J22344+ 0611
J1713+ 0747
J1949+ 3106
J1910- 5958A
J1918- 0642
J1802-2124
J1741+1351
J1913+1102
J0453+ 1559
J0509+3801¢c
B1913+ 16

J1807-2500B
B2127+11C
B2127+11Cc*
B1534+12¢c
J1756- 2251
J0509+ 3801
J1757-1854
J0737-3039A
B1534+12
J1906+ 0746¢*
J1829+ 2456¢
J1829+ 2456
J1906+ 0746
J1913+1102¢c

J1807-2500Bc”
J0453+1559¢

GW

o
——
(R ——
—e— )
—eo—| =
e o
et O
Foy X
———
—e—
e ® ® cg)
e —
2 wn
W e
=

e
3 y
s >

r:-f-
[9)]
=
()]

¢’ '68.'3() |C‘L.‘ unlleslso |

0

1 2 3
NS mass [M o]




Multimessenger astronomy vs dense
matter exploration

Modelisation of macroscopic parameters
Input: P(p) Q
2.5
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Modelisation of macroscopic parameters
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Multimessenger astronomy vs dense
matter exploration

Modelisation of macroscopic parameters ~ F .o~ 7 T~ 7 T _
Input: P(p) Q '
2.5 y

Output: M, R, A, |
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Maximum mass requirement _ \ \\\‘l“ J1614-2230 |
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Multimessenger astronomy vs dense

matter exploration
Modelisation of macroscopic parameters ~ F o 7 " " T _
Input: P(p) ” _
Output: M, R, A, | 2:3 |

\\ \ !

*  Total mass M i 240 ‘Q“\\ \WE 10348+04324'
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Common treatment of the EoS

Equation of state:
Core — easy to compute

Usual practice: glue core to crust EoS
What'’s the problem:

* M, R, A, | = glued models = artificial

Crust — lattice = complicated

Bind anyway they want ...

Consequences oh macroscopic

parameters:

uncertainties
— GW170817
« Universal » relations + fits

2

GM .

C = R_C2= zak(lnA)
k=0

@ Need to be reevaluated...
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e Neutron stars are extraterrestrial laboratories for dense
matter

» Careful treatment of the core-crust binding density ! Use
unified EoS !

CO”CIUSlOnS e Impatiently waiting for radius and tidal deformability
measurements

Thank you for your attention !
Questions ?




