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Einstein Telescope

Coupling constants

0.1 1/137 10 > 10 =

GW emission: very energetic events but almost no interaction

U In SN collapsewithstand 10 interactions before leaving the st&aW leave the core undisturbed
U GW Decoupling after Big Bang

C GW ~ 13 s (T ~ 1019 GeV)

C n~1s(T~1MeV)

C em.~1012s (T ~0.2eV)

Ideal information carrier
Universe transparent to GW all the way back to the Big Bang
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9 A v a fieRieqgnadien

In GeneraRelativity(GR) theelationshipbetweengravity masdistributionand curvature of
spacetime isexpressedy the fieldequation

Geometry 0O L|J~ Massenergydistribution
(effect of the deformation) W ‘ (causeghe deformation)

| Mattertellsthe spacetiméowto curve, andurvedspacedellsto matterhowto move(J. Whee/@

Nonlinearequations solvableonlyin case oparticularsymmetry

In 1916 Einstein publishes an article on the «linearization» of the field equatia
A Gravitational Waves
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9 A v a fieRieqgnadien

In GeneraRelativity(GR) thaelationshipbetweengravity masddistributionand curvature of
spacetime isexpressedy the fieldequation

o~ W0
O Q ——7Y
QP
Small perturbation "Q L p
g}uy H +' ]?fp:_y
Flat metric
Imposingthis condition, equationsreduce to:
2 2
_ia_ + 0 h.. =0 + polarization
2 Ot2 O KV
¢ Ot X; o
- A Polarization tensor . A
Planewavesolution 2 degrees of freedom in GR
hﬂl’ — SNVeXp [Z (wGWt - k- I‘)] polarization
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GWamplitude

The amplitude of gravitational waves is proportional to the quac_n!rl_J_poIe 3 IT _ 2G (a IE;T
moment of the source masses through the constanG/c4M - -1 jk

A Only astrophysical sources can produce for GW produced by huge astrophysical sources
_ dete.Ctable effects The distance between two frefalling masses
Binary compact objects (BBH, BNS, BENS), separated by ~km will change 8y m
pulsars, bursts, stochastic background / 2 VLI NI 6f Swidth2harige iftheh N

distance from the Sun to Alpha Centauri
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Michelson Interferometry to detect GW 50

Use an interferometer as a transducer: condisplacementito optical signals
5 = GSL

Suspended mirror® reproduce the fredall condition

N,
~ ’
______

Destructive '
interference PD
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Michelson Interferometry to detect GW; & D |

Enhance the Signal Credits to A. Allocca
—
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Michelson Interferometry to detect GW; & D |

Enhance the Signal Credits to A. Allocca

A

A Fabryt SNRP UG OF A& @ NJ af 2y IASNI |
presence of the optical cavities increases the
number of round trip of the light, therefore
enhancing the gain of the instrument

WHx g

E .- - P
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Michelson Interferometry to detect GW; & D |

Enhance the Signa| Credits to A. Allocca
; A Fabryt SNRP UG OF A& @ NJ af 2y IASNI |

presence of the optical cavities increases the

number of round trip of the light, therefore

enhancing the gain of the instrument

WH E

A Input and output mode cleaneto reject the

laser highorder modes
IMC

— R

OMC ]
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Michelson Interferometry to detect GW; & D |

Enhance the Signal Credits to A. Allocca

A Fabryt SNRP UG OF A& @ NJ af 2y IASNI |
presence of the optical cavities increases the
number of round trip of the light, therefore
enhancing the gain of the instrument

Wy £

A Input and output mode cleaneto reject the

laser highorder modes
IMC

Power
Recycling

= oiinA Power Recycling mirrotto recover the power
reflected from the arms and increase the optical

oMC | power PR

A Signal Recycling mirrdo reshape the detector
frequency response

E— EINSTEIN
BB TELESCOPE 12




Einstein Telescope

Michelson Interferometry to detect GW; & D |

Enhance the Signal Credits to A. Allocca

5. A Fabryt SNRP UG OF A& @ NJ af 2y IASNI |

presence of the optical cavities increases the
number of round trip of the light, therefore
enhancing the gain of the instrument

" A Input and output mode cleaneto reject the

” T laser highorder modes
_

A Power Recycling mirrotto recover the power

| reflected from the arms and increase the optical
. 1 power PR
S
A Signal Recycling mirrdo reshape the detector
| frequency response

Efs FINSTEN For agood sensitivitylimit effects preventing the perfect destructive interference betlveen

LESCOPE .. 13
recombining beams
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Cascina (Pisa) Livingston Hanford

Current GW detectors

The-EGO/Virgo-current-infrastructure =




Masses In the Stellar Graveyard
g

GW detectors today 223909 %00

Einstein Telescope

LIGO-Virgo-KAGRA Black Holes LIGO- EM Neutron Stars

L @ 1
®9} 06®1¢61%e
& 4 | @ ®e OCD ) 'QQOQOQOOQO

| -(D(;)@.%J L | T & @®

101+02+03 = 90 events [ENGUIIRICANCIELIS A RIRERE: iR ifirskitbin
U O4 = 201 public alerts
(as of March, 25 2025)

U All from the coalescence
of compact binaries.
Three events catalogs:

QOC)QOOOOOOOOO

LT
............
...................
®ee00o00000 ¢ ® 000000000
ooooooooooo
................

i GWTECL (2018)
i GWTE (2020)
i GWTE3 (2023)
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GW detectors today

U Compact object binaries that merge within a Hubble time exist in the Universe,
U Intermediate Mass Black Holes exist (GW190521);

U Neutron stars and black holes span a mass rangemf L g n 1 a

U The spins of the compact objects in the binaries are small;

U Binary neutron star mergers are the progenitors of some short gamaynaursts and an
astrophysical site of heavy element nucleosynthesis (GW170817);

U Multimessengepbservation campaigns are feasible and are paramount to exploit GW
events to their full science potential.

E_ EINSTEIN
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Whats next?

T R e Years After the Big Bang

50% detected

400 thousand 0.1 billion 1 billion 4 billion 8 billion ~14 billion

10 |

Redshift

10 . e{tiwzoo 0 061928 \. - o Astronbmiecal '+ -
j(mm-e e\ Objects Form™ * | I T
170809 © \ | D o e i : _

Gw1sledes 1708143? GWl?O?Z\f?OSl S— o —
10 =Gwmsgze e e e Ira Generation
GWIS0914 == alLIGO 10
N GW170608 — BT .
GW170817 CE 1 + Redshift (z
102 )
100 1¢ - 108 100 7=10013G GWD) Z~2 (2G GWD) |
Total sourcet NI YS Yl aa wa fb6

7=0,45 (GW17072¢
3G groundbased detectors will be required to access the high redshift Universe
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Towards the new generation era

~ 10 —23 _

lN

a

g 10 —-24 |

c

'
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2 |

Cosmic Einstein
10-25+ Explorer Telescope
10 100 1000
Frequency / Hz
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Einstein Telescope TELESCOPE

ET primary science target: low frequency

U One Qf the primary SCience targe 0 Massive binaries https /mww.sr.bham.ac.uk/~cplb/GWplotter/
of ET Is to access tHel10HzZ
frequency range

C Intermediate mass black holes

V Fill the gap between the stellar mass §
black holes (a la LIGO/Virgo) and th e
supermassive black holes (a la LISA

C Cosmology
Vhighreda KAFO b f 26
V Primordial BH and the Dark Matter 10

GW150914

ET

10 2 CE

Characteris tic Strain

Compact binary
inspirals

quest S
C Early warning imultimessenger puar
astronomywith GW emitted by BN "",-

Frequency / Hz
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Einstein Telescope

2 KFdQa UKS 9AYauSAy ¢!

U 39 generation GW observatorensitivity aims at least one order of
magnitude better with respect to the nominal sensitivity of advanced
detectors in all the detection frequency band

U Precision measurement and a new discovery proje&twide frequency
band observatory

U Special focus on massive (or intermediate mass) black hdiegraordinary
sensitivity at low frequency (few Hz)

U High reliability. High observation duty cycle

U Lifetime of several decade$50 years in the ET proposal). Capable to host
the evolution of the detectors, without limiting their sensitivity

E_ EINSTEIN
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ET Design: keglements
/ Requirements Design Specifications \

A Wide frequency range A Xylophone (multi
A Massive black holes (LF focu Interferometer)
A Localisation capability Design
A (more) Uniform sky coverage A Underground
A Polarisation disentanglement A Cryogenic
A High Reliability (high duty A Triangular shape
cycle) A Multi-detector design (=== 1064 nmbeam )
e |550 nm beam

[] fused silica optics

Q High SNR A Longer arms /

[] silicon optics

___.gl_____.

'
=l
%’

'

'

'

>

'

'

U

'

'

)

'

]

'

'

'

'

'

'
—~
—_~~

'

'

'

'

'

'

'

]

'

'

'
w—

==  E|NSTEIN
Ell TELESCOPE




Einstein Telescope

ETScience Case In a nutshell

ASTROPHYSICS

A Black hole properties
A origin (stellar vs. primordial)
A evolution, demography

A Neutron star properties
A interior structure (QCD at ultra-high densities,
exotic states of matter)
A demography

A Multi -band and -messenger astronomy
A joint GW/EM observations (GRB, kilonova,...)
A multiband GW detection (LISA)
A neutrinos

A Detection of new astrophysical sources
A core collapse supernovae

A isolated neutron stars
A__stochastic background of astrophysical origin

FUNDAMENTAL PHYSICS AND COSMOLOGY

A The nature of compact objects
A near-horizon physics
A tests of no-hair theorem
A exotic compact objects

A Tests of General Relativity
A post-Newtonian expansion
A strong field regime

A Dark matter
A primordial BHs
A axion clouds, dark matter accreting on
compact objects

A Dark energy and modifications of gravity on
cosmological scales
A dark energy equation of state
A modified GW propagation

Ta)

A Stochastic backgrounds of cosmological

ri
| |

m=  EINSTEIN
EII TELESCOPE

glll
A inflation, phase transitions, cosmic strings
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ETScience In a nutshell:

Detection horizon for black-hole binaries

d O u b I e n atu re : Years after the Big Bang : ; -
U ET will be a new discovery machine: I 400 tousand 1 bill | 1inIIion 4 billion 8 billon 13.8‘. billon
C GW emitted by black hole, back to thegg;l ey . FEinteinTeléscope | ggamed
ages after the Blg Bang 3 D " ) Secondgenentiong
102E y | e :E) 2;% ' “ | Present day
o iy 2y
Z ,
S =
R 105_ o —[r0* 8:) l?+Redshift
c o GW190521:
%’ '»0 O z=0.82
@ i = |
—_ —10 2y
© 1 @) . -
] = AET will be a precision measurement
S | |me—mm== observatory:
My | & A ET will detect, with high SNR, hundreds of
S uy ‘—}t’ thousands coalescences of binary systems of
; < Neutron Stars per year, revealing the most
1o S Intimate structure of the nuclear matter in their
VRV EVAVEVAV A BVEVaN < nuclel
10° 10 10% 10° :—E
MM,.) D

Credit:M.Branchesi
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ETScience In a nutshell: double nature

U GW science targets are almost equally distributed in
tthre%uency ran%e accessible by terrestrial GW
RS U ] USOKYAOI f

U We want to have access both to low and high

Ou 2N

frequency targets

C ]I_BBIj[ up to z~5200,10° BBH/year, Masses -0

03U¢

C BNS to z~2, PBNS/year, Possibly Of100)/year with

e.m. counterpart
C High SNR

AET will be a wide
band observatory
with a special focus
on (intermediate)
massive compact
object:

A Low frequency!
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. Memory
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Early-
warning
localization

IMBH
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high-z
BBH

Stochastic

Source-frame

Precessing BH spins

Eccentricity mass ra

tio

More detectors

Sky localization BNS
-

Tests of General relativity
v

Distance/ Inclination/
Cosmology EM modeling

Aligned BH spins
|}

Ringdown NS Equation of state

S. Vitale, 2019 I

Better low-frequency

2

Median source

Best 10% of sources
F = Oplimal source
T | L L —

== aLIGO

=== ET
CE

Redshift

10

100
Frequency [Hz|

M| . .
1000

100

10

Better bucket

Better high-frequency

Credit: Salvo Vitale
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ETO: ET Organization

ET Proto-Council

ESFRI BGR

Preparatory
Phase
Projects

Board of Government Representatives

Coordinators

Jorgen D‘Hondt BSR
A. Zoccoli

) |

| |
- External =

| |
m Advisory Bodies ®

UEEEEEEEEEEEENY (M. Martinez)

Admin. Offices

Engineering
Department
Office P. Wernecke

Communication

D. Rosinska

Board of Scientific Representatives

ET Project Directorate

u A.Freise, F.Ferroni

Infradev ET-PP

Implementationplan of
ET Observatory
M. Martinez
(Managed by Project
Directorate)

Design of ET

Vacuum Pipe
P. Chiggiato
(CERN Coordination)

Civil Engineering
(CERN advisory)

Project

Office
A. Variola

ET ProjectCurrentOrganization

ETC: ET Collaboration

Spokesperson: M. Punturo
Deputy: H.Lick
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Punturo, Liick
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Board
S. Hild, J. Harms
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Observational Science Board
M. Branchesi, A. Gosh,
M. Maggiore

National Host Teams

A Einstein
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EMR Host Team
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“ Collaboration Board

E. Coccia

Forum of National
Representatives

SSB
Standard & Services Board

EIB

E-Infrastructure Board
S. Bagnasco, P. Verdier

SPB/SCB
Site Preparation/
Characterization
D. D‘Urso, W. Walk
A. Rietbrock

Sardiniaa Host Team| Lusatia Host Team

Private Companies
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Activities on three fronts

U ETO (international projecbrganisation
w t NPr@jectRn@nagemeniand allengineering work o _ .
w 5SOfgoRemaey ueldJS Z2F  SIAFt SyuiuAlEngidesfiRg T
work and technical desigof the research infrastructure.
U ET Collaboration (international)

C Definescientific vision and detector requirement$-or example: science case for ET,
which are the key characteristics of a good ET site.

C Research and development the technolowquwed for ET. For example, silicon
mirrors, cryogenic suspension systems, .

U Local teams
C Sitecharacterisationwith seismic and geological studies.
C Deliver design and implementation plans that ar@que to the region
¢ Developeconomic casand deliver socieeconomic impact plan.
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ET Collaboration

:q & ‘gq

1822Members
Q 93 Research Units
9 264 Institutions Q

31 countries.

ETa S Y 0 Saffillition map
Jun 12th 2025
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ET Italy

i ~ 600 members a1 institutions for 27 RU O‘

U Site Characterization

U R&D enabling technologies

U Science case
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Current Main Activities

U Updating the ET science case @or 2L

U Define a feasible optical layout and the  key elements of the ET
detector

U Realizing a European network of R&D infrastructures

U Developing the design of the ET governance, civil and technical
Infrastructures, evaluating their costs

U Preparing the bidbook for the candidature of the sites
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ET science casp:or (two) L

U Since 2011 (CDS, triangle configuration) the situation
drastically changed:

C First detections, GTWEe OF GFf 23 TIh
new evolution models;

C Science case developed;

C Knowhow with advanced (L) detectors;

C International scenario (+ Cosmic Explorer in US);

G Two candidate sites strongly supported (and a pote
UKANR aAlUSX0O®D

U The Collaboration is analyzing both configurations:
optimizing science return, differential risk assessment.

The 2L 15 km geometry shows an improved science
U First results on the science return published in Marica  return in a relevant number of science targets,

Brancheset al JCAP07(2023)068: improving by factors 23 on the errors of relevant
U A preliminary differential risk analysis, provided by a parameters

specific committee, shown that for integration,

commissioning, data taking and upgrade activities, the L

geometry has a lower risk level

E_ EINSTEIN
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ET SCl ence Case https://arxiv.org/pdf/2503.12263 880 pages, >200 figures, > 4800 refs

Fundamental Physics
Cosmology

Population studies
Multimessenger

Synergy with other GW detectors
Subatomic Physics

Stellar collapse and rotating NS
Waveforms

. Tools

10.Data Analysis

OCONOOORAWNE
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Kilonovae at ET  Credits to M. Maggiore GRB prompt at ET

ETA 10 km ET2L 15 km i ETA 10 km ET2L 15 km
2 : — o [—p SO mmm sk — BNSR2 | | smmmscx — 0% BNS R22
005  90%
%” 99% 9%
=
2 2f
g [ BNSL24 BNS L24
< 30} <100de; Ao <100deg®
T e e el
32 .
— 0%
3 i Sl e BNS €22 s BNS €22
H . o
E, 45 oy
£ = L 4
= 40
s &
g 2350
& BNS C22 BNS C22 & 30
< 30} AQs0s<100deg® AQooz<100deg? -4
& band g band
32 -
20 — 0% — 50%
Enf i o o
&, P e BHNS(C23:| |:peeicy Gwir BHNS €23
2ot
2
i [ BHNS €23 BHNSC23
< 30} <100de; AL <100de;
%0 Q‘mﬁ ¢ g bm g’
T 00 10' 10° 10!
Post-merger time [days] Post-merger time [days]
Figure 4.6: Distribution of ET optical KNe as a function of time assuming the BNS popu- 52 ) 2 E IR T 2
lation from L24 (red, first row) and C22 (blue, central row). and the BHNS population from thg ok =50 Jog (Flex {gh cxe-ll)
C23 (green, last row). The left column assumes the ET-A configuration, the right column Figure 4.8: Observed spectral energy distribution peak photon eneray Ep g vs photon flux
is the 2L configuration. The plots represent the apparent AB magnitude versus post-merger for the GRB prompt BNS population presented in R22 (first row) and €22 (central row),

time (days) for our simulated KN light curves in the g (484 nm) band, restricting to ET
GW-detectable sources with Afgqy < 100deg®. The shaded regions contain 50%, 90%, and

and for the BHNS population from €23 (last row). The colored-filled regions contain 50%,
90%, and 99% of the binaries, both GRB Prompt and ET detectable. The black lines contain

99% of the KN light curves, 50%., 90%, and 99% (solid, dashed, and dotted, respectively) of the ET-detectable binaries.
10° Al e Al i
=== AQggy < 100deg? —=- AQgyy < 100deg?
BTN S Mg <40deg® 1 T 2l TG AQgoy < 40deg?
5
T (|| STV, i ‘z’ band
E g s
-] 2 [ =
% 10 % ]
2 ok BTA g
Q =— ET2L a
W0 E— ETA +2CE R E
— ET2L+2CE BNS C22 BHNS C23
i i " . i 10 N N " R .
30 28 26 24 22 20 32 30 28 26 24 22 20
Detection limit [AB mag] Detection limit [AB mag]

Figure 4.13: Detection rates as a function of the detection limit threshold for the KN BNS
population from C22 (left panel) and the BHNS population from C23 (right panel). The
different colors represent various ET configurations and detector networks: blue (or green) for
ET-A, red for ET2L, gray for ET-A+2CE, and black for ET2L+2CE. The lines correspond to
KN+GW (g-band) detectable binaries: solid lines indicate all BNSs (or BHNSs), dashed lines
represent events with AQggy < 100deg?, and dotted lines represent events with AQgpy, <
40deg?. The shaded region illustrates the uncertainty arising from the local merger rate.

ET requirement for EM facilities

s 1 e ,
|Fw Sensitivity Spectral range Resolution ToO? FoV Sensitivity ‘Spectral range Resolution (spectral / spatial) ToO? delays”
(spectral / spatial) delays?
>~1 deg2 <0.01 m¥y >1GHz ~ arcsec / — from few days |~ some arcsec’2 < 10*-3 mly > 1GHz - | ~arcsec logarithmic
1o years! monitoring fo
radio days, months,
years
1 deg2 >24 AB; < 10M-3) >1000 nm ~ arcsec / - from few days |~ arcsec*2 > 25; < 3x10M4) mJy 1000-2000 nm low-mud (spectroscopy) broad band  ToO at first
s mly to years! 7 asesec then
logarithmic
monitoring
-1 deg”2 >26 AB; < 10%4) 500-1000 nm  ~ arcsec/— from few days|~ arcsec*2 > 27 ; < 5x104(-5) 300-900 nm low-mid (spectroscopy) broad ~ ToO at first
mly to years! mly band / arcsec then
optical logarithmic
monitoring
>~1 deg*2 < 10%(-16) ergfcm"2/s; 0.2-10 keV few arcsec / — from few days |~ some arcsec’2 < 10%(-17) 0.2-10 keV - | few arcsec logarithmic
<10%-7) mly to years! erg/cm*2/s; < 104(-8) monitoring fo
X-rays mJly days, months.
years
~80% sky (~10 0.01-0.1 phicm2/s 3 keV-10 MeV  arcmin / — = 2 2 = = =
gamma-rays | )

Figure 4.18: Requirements to detect and study the EM counterparts of BNS and BHNS
detected by ET, for EM facilities working in different ranges of the EM spectrum, for off-axis
afterglow. Also available as an Excel table at https://apps.et-gw.eu/tds/ql/?7c=17771.
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Figure 4.15: Redshift distribution of the sky-localization uncertainty (given as 90% credible
region) for ET and ET+CE configurations. The panels show the BNS detections and the
corresponding sky-localizations as a function of the redshift 15, 5, and 1 minute(s) before the
merger. The blue histogram represents all detected sources, while the other colors indicate
sources with sky localizations more precise than 10 deg? (orange), 102 deg® (green), and
10 deg? (red). Adapted from [2293].



Discovery of sources with multiple messengers

A new paradigm for multi-messenger astronomy Credits to M. Maggiore

e ET-alone is capable of localizing a few hundreds of BNS and NSBH mergers with Focus in the current era has been on identifying multi-messenger signals in the rela-
a localization of tens to hundred of square degrees in size. Although these re- tively nearby Universe. In contrast, the cosmological reach of ET will identify them

gions may contain thousands of galaxies, they are sufficiently informative for the

: : : : across cosmic time. This dramatically changes the most likely electromagnetic coun-
electromagnetic observatories to discover an electromagnetic counterpart able to ¢ .

pinpoint the GW source on the sky, identify host galaxies and provide measure- terparts and the associated search techniques.
ments of the distance (redshift) to the source. . ) i .
e Our simulations suggest that the best route to growing the multi-messenger sam-

e There are many plausible electromagnetic signals that a merging compact object
binary may create during or after the merger, including high-energy transients
such as gamma-ray bursts (GRBs), multi-wavelength afterglows seen
from the TeV range through X-ray/Optical /NIR to the radio band, and radioac-
tively powered kilonovae emitting dominantly in the optical to mid-infrared. In
addition to these EM signals which are dealt with in this chapter, ET may also
open new science cases with the joint association of GW to high energy neutrino.

e The identification of these sources in the large gravitational wave sky-
localizations is not straightforward, and in this chapter we utilize two state of the
art approaches to provide self-consistent estimates of event rates and detectabil-
ity to the current and next generation of electromagnetic observatories for two
proposed configurations of the Einstein Telescope (triangle and 2L) and for ET in
a network of 3G detectors. These simulations show that, while ET may identify
> 10, 000 compact object mergers that create electromagnetic light, the majority
will remain undetectable to near-term electromagnetic facilities. However, tens
to hundreds of events per year will be accessible, providing the first opportu-
nity to build substantial samples of object detected both in gravitational
waves and electromagnetic light.

Enabling new science

Knowledge of the precise source locations offers a route to addressing a wealth of
astrophysical questions, many of which are described in other chapters of this book.
In particular, these observations will enable ET data, in concert with electromagnetic
observations to:

e Determine the contribution of compact object mergers to heavy element en-
richment via studies of their kilonovae.

e Study the launching, collimation and emission processes of relativistic jets
from the post-merger remnant.

e Use the properties of the associated electromagnetic signals to probe the equa-
tion of state of matter at nuclear densities (sce section 6).

e Combine electromagnetically determined redshifts with gravitational wave mea-

anred distances tao measnre kov cosmaological narameters («woe sectiom 2)

ples in the ET era will arise via the detection of coincident gamma-ray burst (or
assoclated high-energy transient) signals. Realising the scientific return of
ET will critically rely on the availability of high-energy instrumenta-
tion with good localisation capabilities.

Future observational facilities will play a crucial role in identifying and char-
acterizing EM counterparts. Photometric (e.g Vera Rubin) and spectroscopic
(e.g. WST) instruments will be pivotal for detecting KNe up to z ~ 0.5 while
large ground and space based telescopes (e.g. ELT, JWST) will be essential for
spectroscopic characterization.

Radio and X-ray follow-up will be critical for detecting off-axis afterglows
with facilities such as SKA, ngVLA, NewAthena and THESEUS. GW with on-
axis GRB counterparts, detected up z > 2, will provide valuable insights into
the cosmic star formation history of double compact systems.

The capability of ET' to provide several minutes of advanced warning prior to a
given merger raises the prospect of sensitive (but still wide field) electromagnetic
observations observing the merger in real-time. This opens new EM observa-
tional windows for studying precursor emission, kilonova shock physics
and VHE counterparts. The latter could be efficiently detected by CTAO
and other next-generation gamma-ray observatories.

The identification of EM-signals (e.g. gamma-ray bursts) may be crucial as a
route of identifying the GW signals of events of particular interest within the
ET data flow.

High-energy neutrino observatories such as IceCube-Gen2, KM3NeT', and
Baikal-GVD will play a key role in the multi-messenger network, enhancing the
probability of detecting coincident GW-neutrino—EM events.
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Why low frequency focus? LIGO-Virgo Black Hole Mergers
U Y u , U P UL

Intermediate Mass Black Holes

n 5T - -
GW190521 atx 1@ q5.3Gpc) 120 ‘
0

Remnant) PTC

100

U Very special event:

C My, a black hole
that should not

80 ‘
o000

60

Black Hole Masses (Mg,

exist 40 ° >
C M;, the first ‘X
IMBH ever seen 2° A £
. | |
a
o
o
O
Hanford Livingston Virgo
Whitened Data [ 1] . " Credits to MPunturo

<1 BayesWave i -~ -

: :,.M\N%_M‘M Where is the chirp?

_Phys. Rev. Lett. 125, 101102 (20
_Astrophys J.Lett. 900, L13 (2020)

—3 4 L

T L] | | L T L) | 1 T 1 L] 1 L) T L] L
030 035 040 045 050 055 060030 035 040 045 050 055 060030 035 040 045 050 055  0.60
Time [s] Michele PunturoTime [s] Time [s] 40




Why low frequency focus? Credits to MPURturo

GW190521: LIG®Irgo sensitivity to the BBH merger
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