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So far
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GW170817
The First Multi-Messenger Observation
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GW170817
The First Multi-Messenger Observation
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The First Multi-Messenger Observation
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Apparent Magnitude

GW170817
The First Multi-Messenger Observation

Villar et al. (2017)
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GW170817 and VLBI
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Constraining Nuclear matter
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But...
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A Second NSNS Merger
No EM counterparts

GW190425 I\/I1 e 1.61-2.52Mo

I\/Ize1 12-1.68Mo

Abbott et al (2020)
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What are the number and the properties of future
multi-messenger events?



NSNS Merger and Kilonova Emission



NSNS Merger and Kilonova Emission
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NSNS Merger and Kilonova Emission

(Dynamical ejecta)

L
°. 0 09 o)

(Accretion Disk)

Wind Ejecta

oD PO
& Remnant x’

Accretion Disk

&

N N
Ejecta

Secular
Ejecta

Dynamical

Possible radio emission!
Barbieri+19
Hotokezaka+15



GRB Prompt and Afterglow Emissions
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GRB Prompt and Afterglow Emissions
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GRB Prompt and Afterglow Emissions
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VLBI on-axis view
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BHNS candidates
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BHNS merger




BHNS merger
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Low massive and/or rapidly spinning BH



BHNS merger

Low massive and/or rapidly spinning BH



BHNS Merger and Kilonova Emission
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Einstein Telescope

+ Online in 2035

+ Triangular or 2L shape
+ 10-15 km arms

+ Underground

+ Cryogenic

+ Increase laser power
+ Xylophone

4+ Sardinia or Nederlands?

See Branchesi+23



What are the number and the properties of future
multi-messenger events?
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Our model

2 Compute the GW signal using GWFAST
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Our model

2 Compute the GW signal using GWFAST

1 Let's start from a population of ® [MRPhenomNSBH
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Our model

1 Let's start from a population of
merging NSNS or BHNS
® Mass distribution

® Redshift distribution

BH spin
NS EoS
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2 Compute the GW signal using GWFAST
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The Einstein Telescope
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The Einstein Telescope Era (2035): NSNS
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The Einstein Telescope
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The Einstein Telescope Era (2035): NSNS

100 Mpc 1 Gpc 6 Gpc
 —— S/Nper>12 : 201 Kilonova ggz" '
5 (¢
- — g band (<26 E S -
10 g band ( mag) g 22 @ AT2017gfo at median distance 99%
— [ - AQ90%<100deg2 GW ETA ] gﬁ
" 4 § S 24t
' 10 F E £
> i i.. x
— i - - > < 26
= 10° L Kilonova+GW | g
‘é ~ 2000 yr1 2, 28]
'*::3 10°F (77 3)) S s < 30l
S - ~ 100 yr
PO 1 B 1 32 = L L 1 L L IO 1
g 10 E E 10 10 10
b= F ] Post-merger time [days]
:ES 100 E
= :
@ L
10 3 We must choose!
[ i S Y _
10 ° 10 10"

Redshift 2



The Einstein Telescope
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The Einstein Telescope
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The Einstein Telescope
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The Einstein Telescope
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{ «— The majority of short GRBs will have a GW counterpart!



The Einstein Telescope
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The Einstein Telescope
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The Einstein Telescope
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Summary: GWs Science Review

+ 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

+ Upto ~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

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 necessarly reflect those of the European Union or the European Research Councl Executive Agency. Neither the European Union nor the granting authority can be held
responsible for them.
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Figure 12. Fermi/GBM (Swift/BAT) observed inverse cumulative distribution
of 64 ms (20 ms) binned photon fluxes in the 10—-1000 (15-150) keV band (the
colored band shows the 90% confidence band due to Poisson and measurement
uncertainties) compared with our model (dashed line).
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