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Multi-messenger Astrophysics: GW
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Multi-messenger Astrophysics: 𝜈
Ackermann et al. 2022
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Gravitational Wave Astrophysics

Evans et al. 2021
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Gravitational Wave Astrophysics: ET
BINARY NEUTRON-STAR MERGERS (BNS)  BINARY BLACK-HOLE MERGERS (BBH)  

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

104 BNS detections per year                  105 BBH detections per year
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Gravitational Wave Astrophysics: ET

Adapted from ET Blue Book

ET B
lue book arX
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SNR > 1000
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Multi-messenger astrophysics
Not only 

EM and GW detection of the same “event”

but more globally 
 

Exploring & Understanding the Universe 
  

with the help of both messengers 
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What are the channels bringing to compact binary mergers?

What are the factors that impact the formation of compact binary mergers?

Stellar evolution & formation of compact binaries

Rates

Delay times

Masses

Eccentricity

Spins

Host galaxies

Environment

How do massive stars evolve?
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Stellar evolution & formation of compact binaries

Common envelope vs  
Chemical Homogeneous Evolution

Isolated  vs Dynamical channels

Fragmentation

ET Blue Book

Credits: Shanika Galaudage

Metzger et al. 2024

What are the channels bringing to compact binary mergers?

What are the factors that impact the formation of compact binary mergers?

How do massive stars evolve?
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What are the properties of primordial BH (mass, spin, evolution,…)?

What are the properties of PopIII stars?

Multi-messenger astrophysics 

How was the Universe enriched of heavy elements?

How do galaxies evolves?

Cosmological constants

…?



S.D. Vergani - ET Spain - November 2026

Multi-messenger astrophysics
Not only 

EM and GW detection of the same “event”

but more globally 
 

Exploring & Understanding the Universe 
  

with the help of both messengers 
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GW & EM BNS (and NSBH) mergers
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Salafia+22

Off-axis GRB afterglow

Ghirlanda et al.  2019

What is the structure of BNS merger jets? 

How do jets expand in the BNS environments? 

How are afterglows produced?

Jets
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What are the characteristics of the ejecta  
(neutron fraction, velocity,…)? 

What are the elements produced by kilonovae?

Kilonova
Sneppen et a
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Kilonova

Credits: NASA
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Kilonova
Lots of unknown !

Atomic transitions 
Oscillator strengthsAt
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LTE vs Non-LTE models

KN physics
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Kilonova
Lots of unknown !

Atomic transitions 
Oscillator strengthsAt
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LTE vs Non-LTE models

KN physics

Kilonova

GRB230307A

GRB211211A

GW170817
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Redshift 
Environment properties 
- hosting system 
- BNS region (SF region? Offset?)

Host galaxy (or globular cluster)

What are the channels bringing to compact binary mergers?
What are the factors that impact the formation of compact binary mergers?

How do massive stars evolve?
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< 2% precision with ~50 events in total

Cosmology : H0

~40 events per year 
with redshift

Branchesi et al. 2023
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Cosmology : modified gravity

Even 1 event at high-z can discriminate!

ET Blue book arXiv:2503.12263
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Multi-messenger astrophysics
Not only 

EM and GW detection of the same “event”

but more globally 
 

Exploring & Understanding the Universe 
  

with the help of both messengers 

EM will be the bottleneck!
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GW & EM BNS (and NSBH) mergers
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ET Blue book arXiv:2503.12263

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

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

GW & EM BNS (and NSBH) mergers



S.D. Vergani - ET Spain - November 2026

ET B
lue book arX

iv:2503.12263

GW & EM BNS (and NSBH) mergers
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GAMMAX-raysOPTICAL UVINFRAREDRADIO - MM

Today

2030

2040 ?

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

0.25 0.5 0.75 0.25 0.5 0.75
Redshift Redshift
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KilonovaeAfterglows

ET Blue book arXiv:2503.12263 Bisero et al. 2026

GW & EM BNS (and NSBH) mergers
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Bisero et al. 2026

GW & EM BNS (and NSBH) mergers
Galaxy targeted searches
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ET+VRO 8 – 50 KNe per year 
x 10 for ET-LVKI+VRO 
x 3 ET-CE+VROLo

ffr
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GW & EM BNS (and NSBH) mergers
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Kilonova: Vera Rubin Observatory

Bisero et al. 2026

Spectroscopy is needed to identify and study!
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Thank you!


