) Quantity of ejectae for
NS-BH mergers
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Neutron star composition

INSIDE A NEUTRON STAR

A NASA mission will use X-ray spectroscopy to gather clues about the
interior of neutron stars — the Universe’s densest forms of matter. Spectral EoS with M, > 1.97M, A(1.36M) < 800

Outercrust —4 ——2——
Atomic nuclei, free electrons 2

Inner crust
Heavier atomic nuclei, free
neutrons and electrons —

—~ ol \\
Outer core o 2 \
; ~ \
Quantum liquid where - \
neutrons, protons and "f’ )
electrons exist in a soup <
- & |
= 15F i

Inner core

Unknown ultra-dense
matter. Neutrons and
protons may remain as 1k
particles, break down into
their constituent quarks,

or even become ‘hyperons’. 9 1;]

Rxs (km)

Atmosphere
Hydrogen, helium, carbon

Beam of X-rays coming from the . . .
neutron star’s poles, which sweeps Size and maximum mass of neutron stars are important

around as the star rotates. observables to constrain the properties of dense nuclear
matter!




Neutron star masses

Mass distribution ot neutron stars in binary pulsar systems
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The lessimpact BH

FILLING THE MASS <—> GAP

with observations of compact binaries from gravitational waves

GW190425 8 |
(primary) (primary)

(2)

GW230529
(secondary) H® l

51 GW190814
AxA (Secondary)

Mass of compact object(M,) 1 o 3 4 5 6

Includes components of compact binary mergers detected with a False Alarm Rate (FAR) of less than 0.25 per year




Finite size effects in gravitational waves

2000
|

—— BBH: No Spin
BhNs: Spinning NS

: .IBhll\Isq No Spin

—— NsNs: No Spin




r-process: Importance of outflow composition

L e wooEm R a1 l
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s=10kp baryon ', 7 = 7.1ms :

_  Ye=Electron Fraction
= (#protons)/(#nucleons)

log Final number abundance
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NS disruption by the BH

On certain conditions (NS enough deformable, the ratio between the NS and the
BH, the spin of the BH), we may have tidal disruption of the NS

JEL GILSIYIUW SHISIVI \ATI @Y 3, UVUIN, nauivy
’ ) . . / Relativistic external shock in the ISM
Disc wind & viscous ejecta

Kilonova Radio Remnant

Dynamical ejecta Non-relativistic external shock in the ISM

Dynamical ejecta

Red Kilonova

NS tidal disruption nuclear-decay-powered, high opacity)

Blue Kilonova
(nuclear-decay-powered, low
opacity)

Angular momentum transport
Neutrino & magnetic pressure in the disc

MHD energy / .
Launching mechanism extraction process Thermal emission
- (Blandford-Znajek)

Salafia et al.,

Disk wind ejecta



Aspect Details
Source Properties of NS-BH Event
NS Mass 1.3 — 1.4M
BH Mass 3.0 - 5.0M
e BH Spin: Spinlzgu €
[—0.8,0.8]
e NS Spin: None
Spins
Equation of )
State of matter SLy
Compatness of
the binary C <0.14

Ejecta from the NS disruption (M,,",,)

Mass Range

| 0.001 - 0.15M,

Ejecta from the accretion disk (Md,-sk,u,.,-.,d)

Mass Range

0.001 — 0.15M,

Outflow

5% — 40% not accreted

Kilonova Light Curves

Models

e 2D model (blue and
red)

e 1D bolometric

Initial conditions

Dynamical ejecta

A'Iej.‘re-m = Mayn + Myind = Mayn + { X Myisk

where Mc; rem is the ejecta from the NS disruptjon by
the BH, mgy, the dynamical ejecta, mina the disk
wind ejecta, my;q the disk mass and & the propdrtion
of unbound material from the disk. In our study, wé cal-

Disk wind ejecta

Use of Foucart, 2018, Krugel 2020 and Raaijmakers

2020



Dynamical
Ejecta

Wind Ejecta

Total

Median Mejecta (Msun) for Spim,=-0.3

Primary mass (Msun) Primary mass (Msyn)

Primary mass (Msyn)
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What is happening next ? From ejectae quantities to Kilonova lightcurves!

Binary properties Outflow properties Light curves
T= {-\Iik.‘!o Mus, \BH- NS, - . - } ‘/ - {1\[«1-.1.- ~\lw|ml- Vvns Vwinds - - - }
s

e
black hole / \
Fit formulae to Yi Semi-analytical :

numerical simulations W light curve model

_i < > ylz \
Y13

-



What is happening next ? From ejectae quantities to Kilonova lightcurves!

42.0 T T T T T
a — Xhlzlo-;

— X, =10"*

— X =10""

41.0

Log,, bolometric luminosity (erg s')
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o
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bolometric light curve]
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Days since merger
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1.5}
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Specific luminosity (10" ergs™ ym™)

uv (l)ptical " infrared
b H spectrum at
t = 4.5 days
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Wavelength (micron)

See Bulla et al., as comparison
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Conclusions

Observations in multi-wavelength

|

Kilonova constraints

|

Ejecta masses

|

Binary system properties

l

Ultra-dense matter properties

This talk



