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The LIGO, Virgo and KAGRA Collaborations (LVK)



Observing Runs

We are here!

Credit LVK
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GW170817 and VLBI 

See also Mooley+18
Ghirlanda et al. (2019)
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Abbott et al. (2020)

M2  1.12 - 1.68 M☉∈

A Second NSNS Merger  
No EM counterparts

M1  1.61 - 2.52 M☉∈GW190425
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The Multi-Messenger Challenge

Localization volume can be extremely 

large 

Many contaminant transients 

Kilonovae are fast, must be detected 

the first/second night 

No EM counterparts detected during 

O3 and no BNSs in O4a

We have to be prepared!

?



What are the number and the properties of future 
multi-messenger events?
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Possible radio emission!
Barbieri+19 
Hotokezaka+15
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BHNS candidates

LIGO-Virgo, Northwestern, Frank Elavsky, Aaron Geller

Neutron Stars

Black Holes
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Online in 2035 

Triangular or 2L shape  

10-15 km arms 

Underground 

Cryogenic 

Increase laser power 

Xylophone 

Sardinia or Nederlands?

Einstein Telescope

See Branchesi+23



What are the number and the properties of future 
multi-messenger events?
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Let’s start from a population of 
merging NSNS or BHNS 
• Mass distribution 
• Redshift distribution 
• BH spin 
• NS EoS

Compute ejecta and accretion disk 
properties using fitting formulae 
• Mdyn vdyn Mdisk

Compute Kilonova, GRB Prompt and 
GRB Afterglow properties with semi-
analytical models

1

3
4

Kilonova  
g,z,J

GRB Afterglow 
radio, optical, x 

GW  
S/N, ΔdL, ΔΩ

Our model

Radice+18
Kawaguchi+16

Breschi+21 
Barbieri+19 
Perego+17

Ghirlanda+19 
Salafia+19

GRB Prompt 
GBM, BAT 

Krüger+22
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The Einstein Telescope Era (2035): NSNS

Kilonova+GW

Afterglow+GW

Prompt+GW
The majority of short GRBs will have a GW counterpart!

~ 21 yr-1



All N
SNS

GW ET∆

The Einstein Telescope Era (2035): NSNS

Kilonova+GW

Afterglow+GW

Prompt+GW

z ~ 0.5

z ~ 1



All N
SNS

GW ET∆

The Einstein Telescope Era (2035): NSNS

Kilonova+GW

Afterglow+GW

Prompt+GW

Afterglow VHE+GW



All N
SNS

GW ET∆

Kilonova+GW

Afterglow+GW

Prompt+GW

Afterglow VHE+GW

The Einstein Telescope Era (2035): BHNS

GW ET∆

Afterglow+GW

Prompt+GW

Kilonova+GW

All B
HNS

~ 10000 yr-1

~ 10 yr -1

~ 10-1 yr -1



The Einstein Telescope Era (2035): BHNS
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Multi-messenger observations are pivotal for cosmology, high-energy 
phenomena, fundamental physics 

GW170817 is the only event so far 

Radio observations are fundamental for GRBs 

VLBI is fundamental for size and position 

Einstein Telescope will increase the rate of a factor 10 

Up to ~100 KNe detections per year for NSNS 

The majority of short GRBs will have a GW counterpart 

BHNS mergers can also be a promising multi-messenger source 

Our model can be applied to specific EM facilities

Summary: GWs Science Review

This work is supported by ERC grant GravitySirens 101163912. Funded by the European Union. Views and opinions expressed are however those of the author(s) only and 
do not necessarily reflect those of the European Union or the European Research Council Executive Agency. Neither the European Union nor the granting authority can be held 
responsible for them.
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