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Multi-messenger Astrophysics: GW
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Multi-messenger Astrophysics: v
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Gravitational Wave Astrophysics

100
Redshift

Evans et al. 2021
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Gravitational Wave Astrophysics: ET

BINARY NEUTRON-STAR MERGERS (BNS) BINARY BLACK-HOLE MERGERS (BBH)
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Credits: M. Branchesi

Redshift of detected signals Redshift of detected signals

Sampling astrophysical populations of binary system of compact objects
along the cosmic history of the Universe

104 BNS detections per year 10° BBH detections per year
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Multi-messenger astrophysics

Not only

EM and GW detection of the same “event”

out more globally

Exploring & Understanding the Universe
with the help of both messengers



Stellar evolution & formation of compact binaries

® How do massive stars evolve?
® \What are the channels bringing to compact binary mergers?

® \Vhat are the factors that impact the formation of compact binary mergers?

Rates Masses , Environment
Spins

Delay times Host galaxies
Eccentricity
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Stellar evolution & formation of compact binaries

® How do massive stars evolve?  ® \What are the channels bringing to compact binary mergers?

® \NVhat are the factors that impact the formation of compact binary mergers?

Metzger et al. 2024

Credits: Shanika Galaudage
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Multi-messenger astrophysics

® \What are the properties of primordial BH (mass, spin, evolution,...)?
® \What are the properties of Poplll stars?

® How was the Universe enriched of heavy elements?

® How do galaxies evolves?

® Cosmological constants
® 7
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Multi-messenger astrophysics

Not only

EM and GW detection of the same “event”

out more globally

Exploring & Understanding the Universe
with the help of both messengers



% EIM BNS (and NSBH) merger
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Red kilonova (equatorial) :
Yields A>130 (e.g Au) L aiae ISM
-Optical/IR spectroscopy and imaging ~ Wind

Ejecta
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\ -Late time optical/IR imaging
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viewing ang|e -Weak gamma-rays, X-rays, late time multiwavelength observations

Gamma-ray burst, Fast X-ray Transient, luminous afterglow
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Jets

® \What is the structure of BNS merger jets?

Off-axis GRB afterglow

® How do jets expand in the BNS environments?

® How are afterglows produced?
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Kilonova
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® \What are the elements produced by kilonovae?
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Kilonova

Feature zoom-in
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Kilonova

Lots of unknown !

line of sight

Post-merger ejecta high Ye K N p hYSiCS

medium Ye

Dynamical ejecta
low Ye

Atomic transitions

Oscillator sirengths

LTE vs Non-LTE models
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Kilonova

Lots of unknown !

Refereed papers whose abstract contains
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Host galaxy (or globular cluster)

Redshift
Environment properties

- hosting system
- BNS region (SF region? Oftset?)

® How do massive stars evolve?

® \What are the channels bringing to compact binary mergers?

® \Vhat are the factors that impact the formation of compact binary mergers?
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Cosmology : Hp

< 2% precision with ~50 events in total
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Branchesi et al. 2023
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Cosmology :

Host galaxy: \
Distance \

Merger environment  \
-offset, galaxy morphology, age

ET Blue book arXiv:2503.12263

Even 1 event at high-z can discriminate!
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Multi-messenger astrophysics

out more globally

Exploring & Understanding the Universe
with the help of both messengers



% EIM BNS (and NSBH) merger

eview = 30°

X GRB Prompt

Gravitational waves GRB After.
— Component masses, sizes - Kilonova

4 0 3 4 0
Blue kilonova (polar) 10 10 10 10

\ Yields A<130 (e.g. Xe) Flux [ph cm2s-1] Flux [ph cm2s-1]
Host galaxy: \\ | / -UV/optical spectroscopy and imaging

Distance \

Merger environment
-offset, galaxy morphology, age \

40

Central engine

Black hole, magnetar
-Isotropic X-ray’s, impact on kilonova —1

olo}
©
>
M
<
a,
a.
<

||1qn| 1 |||||||I \.‘“ Ll 11l LALLL L LAl
1 2

10° 10" 10° i 10
Time [days] Time [days]

—
)

Red kilonova (equatorial) :
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-Optical/IR spectroscopy and imaging ~ Wind

Ejecta
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GW & EM BNS (and NSBH) mergers

KILONOVA
SEARCH CHARACTERIZATION

Spectral /
Sensitivity Spectral Spatial Sensitivity Spectral  spectral ToO
FoV (AB) range (nm) Resolution (AB) range (nm) Res. delay

Ideally nightly monitoring
of the evolution for
>22mag | 1000-1800 | ~1000/~1" ~arcsec? | >24mag | 1000-1800 1day | comr o oaever o
counterparts will reach
exteremely faint
magnitudes (m~30 AB)

Ideally nightly monitoring
of the evolution for
500-900 ~1000 / ~ 1“ ~arcsec? 500-900 ~1week. However at
such late time most
counterparts will reach
exteremely faint
magnitudes (m~30 AB)

Ideally nightly monitoring

300-500 ~1000 / ~ 1" ~arcsec? 300-500 of the evolution for ~2-3
days.

ET Blue book arXiv:2503.12263
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GW & EM BNS (and NSBH) mergers

Sensitivity

ON-AXIS GRB and AFTERGLOW
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GW & EM BNS (and NSBH) mergers

FoV

SEARCH

Sensitivity
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OFF-AXIS AFTERGLOW
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GW & EM BNS (and NSBH) mergers
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GW & EM BNS (and NSBH) mergers

Loffredo et. al. 2025
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GW & EM BNS (and NSBH) mergers

Afterglows Kilonovae

Radio

Optical

0.5 1.0 1.5
log (Time [days])

ET Blue book arXiv:2503.12263 Bisero et al. 2026
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GW & EM BNS (and NSBH) mergers

Galaxy targeted searches

Sk\ localisation [deg”|

Bisero et al. 2026
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L offredo et. al. 2025
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Kilonova: Vera Rubin Observatory

Spectroscopy Is heeded to identifty and study!

WST MOS -t =12.29hrs

KN parent population

Vera Rubin Observatory detections
3<SNR <), detectable:31. 13(,.”&'
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Thank youl!
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