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Multi-wavelength Astrophysics
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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



Gravitational Wave Astrophysics: LISA
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Formation & evolutionary channels

How were MBHs born and Common envelope Vs
how did they grow? Chemical Homogeneous Evolution

High-z quasars
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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

out more globally

Exploring & Understanding the Universe
with the help of both messengers



EM counterparts

Can | potentially detect it?
Distance —> faintness sensitivity

Can | detect it?

, Telescope reaction Telescope time
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% EIM BNS (and NSBH) merger
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GW & EM BNS (and NSBH) mergers
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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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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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Cosmology : Hp

< 2% precision with ~50 events in total

i

~40 events per year
with redshift

o/ Ho
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A-15km 0.007
21-15kni-45° 0.006

Branchesi et al. 2023
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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
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GW & EM BNS (and NSBH) mergers

Galaxy targeted searches
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Afterglow: radio
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Kilonova: Vera Rubin Observatory

Loffredo et. al. 2025
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L offredo et. al. 2025

1 Injected
1 Detected

L1 Qg < 40 (|(‘gz L1 Qg <10 (lt‘g“)

. 9 2
(g < 20 deg” (g < 1 deg”

(2gg < 100 (l(‘j_’\‘2

Number of events

—
—
—_
-
-
.
-
-
(S
o~
-
-
-
R
-
—_—
-
p—
p—
—
r

umber of events

N

<

=
0 0.25 0.5 075 1.0. 0 025 05 0.75

ET-2L
-

FT-2L + LVKI
= T

ET-A + 1CE ET-2L + 1CE

S.D. Vergani - AG GDR OG - October 2026

ET+VRO 8 — 50 KNe per year
X 10 tor ET-LVKI+VRO
X 3 ET-CE+VRO



Mangiagli et al. 2022
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GW & EM MBH mergers

Mangiagli et al. 2022
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GW & EM MBH mergers

Mangiagli et al. 2022
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GW & EM MBH mergers

fIAGN-dom) = 0.0023 f(AGN-dom) =0.15
fart(AGN-dom) = 0.0023 fartf(AGN-dom) = 0.43
flobservable) =0 flobservable) = 0.048
fast(observable) =0 I fart(observable) = 0.1

Dong-Paéz et al. 2023

Zi28.5

Optimistic model

Pessimistic model

SKA1-MID, fops,1 = 0.008, fops,u = 0.03 ~~~ SKA1-MID, fobs, 10w = 0.008, fops,up = 0.047
ngVLA, fohs,l =0.014, fobs,u =0.051 === ngVLA, fobs,low =0.008, fobs, up = 0.155
SKA, fohs,l =0.024, fobs,u =0.113 -=-- SKA, fobs. low = 0.031, fohs, up = 0.295
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GW & EM MBH mergers

Dong-Paéz et al. 2023
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GW & EM MBH mergers

Dong-Paéz et al. 2023

All merger remnants
Observable
EM counterparts
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GW & EM MBH mergers

Yu et al. 2025
After Merger
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GW & EM MBH mergers

Yu et al. 2025

After Merger
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GW & EM MBH mergers

From ATHENA-LISA synergy Piro et al. 2023

M,=3x10°M,, q=1/3, z=0.5

M,=3x10%M,, q=1/3, z=1

M,=3x105M,, q=1/3, z=2

1 month
10 hours
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Platinum cases very well localized Athena, SKA

Most sensitive te\escopes on target LT/ MOSAIC?
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Dong-Paéz et al. 2023

M B H S f(AGN-dom) = 0.0023

fartf(AGN-dom) = 0.0023
flobservable) = 0
fart(observable) = 0

Mangiagli et al. 2022
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Stellar evolution & formation of compact binaries

Metzger et al. 2024

Credits: Shanika Galaudage
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ger science
with third generation
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adapted from Wang et al. 2023

Off-axis afterglow

Kilonova afterglow?
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Gravitational Wave Astrophysics: LI
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