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astrophysics




GW State of the Art



GWs and photons provide complementary information about the physics of the transient

GW EM
o Mass ® Arcsec sky localization
o Spin o Host galaxy
® System orientation o Z
o d,; (2) o Emission process
o R(7) ® Acceleration mechanism

How?

CBCs CCSNe Isolated NS



Why is this so important?



GW170817: one event to rule them all
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But what about other CBCs?



GW190521

The primary falls in the mass
gap by (pulsational) pair-
instability SN

. Qg+21
m1: 857, Mo,

m2: 662% Mo




GW190521
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Preterred common origin of the two transients
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e First direct evidence that NS-NS mergers are

orogenitors of at least a fraction of short GRBs
e First evidence for a structured jet for GRBs

e First unambiguous observational evidence for a

<ilonova

e First observation of a kilonova in association with
both a short GRB and a GW event

e Evidence for NS-NS mergers as heavy element
factories

e Do all NS-NS mergers produce short GRBs?

e Are KNe associated to every short GRB?

e What is the GRB central engine/NS-NS
merger outcome?

e Do NS-BH and BBH mergers have EM
counterparts?

e ...and much more!



On the sky localization
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Snap into the present / near future
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3G detectors and Observational strategies

M. Mancarella, F. lacovelli, D. Gerosa
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Searching where nobody searches
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GRB weirdness
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GRB weirdness... can be useful

GRB211211A and GRB230307A: long GRBs from CBC?
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GRB weirdness... can be useful

The GeV emission is in EXCESS with respect to synchrotron emission
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GeV and (possibly) sub-TeV emission can be expected from CBC at even later times!

External
Inverse
Compton



e Detection of counterparts are dependent on MeV detectors but
Mev detectors (Fermi/GBM) have larger localization area

e Switt/BAT ~100 keV can localize better but has 30% less N EVV

detection than GBM OBSERVAT|ONAI_

e Requirement: detectors with large FoV (>10 sqg. deg.) ana ST RATEGY

better localization (~1-deqg)

e GeV/ TeV facilities can help in this regard!
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® Making grids of ~0.5 deg: pst of Fermi/LAT @ 1 GeV
® Search for GeV excess over the GW patch



3G detectors and Observational strategies

Detection horizon for black-hole binaries

Years after the Big Bang . "
|

0.1 billion 1 billion = billian : 8 billion 13.8 billion

' - - : — ‘_

| EinsteinTel&scope - -
I - ’ " Second:generation,
" -
I

400 thousand
[
The Big Bang

>

v

-~

The Dark Present day

J »
nL

193[qO Jesiwoucsyse
. 3811} 40 uonew.oy

I
I
I
I
I
I
'A .
I
I
I
I

e 3 . Reionization o
Fully ionized _‘w 4+—+———+——+» Fully ionized

o 10
Credit: ALMA collaboration i 1+Redshift

z=100

GW190521:
z=0.82

N
Il
N




GW pre-alert strategy
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e ET, CE, CTA synergy to help discovering prompt emission of GRBs in
VHE gamma-rays: about 20 VHE counterparts to be detected using
~5% of the CTA time.

t=-57.4s, freq = 30Hz, skymap freq = 29Hz, visible prob = 74%

e Pre-alert scheme can be applied during O5 with large FoV instruments




Cosmology with standard sirens

Is that really worth it?

(Spoiler: yes!)
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The big skeleton in the closet: 1 — d; degeneracy
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The big skeleton in the closet: 1 — d; degeneracy




Break : — d; degeneracy

® Polarization - Network of detectors

. Without
® Precession Precession

NSBH mergers can provide more precise Hubble

constant measurement if their astrophysical rate is constrained. With

Precession

80 100 120 140 160 180
Inclination [° ]

® EM counterpart > EM selection bias!

A factor of 5 to10 fewer events are required to reach the same
Hubble constant precision if the viewing angle is constrained.



65 -

60 -

Underestimated Overestimated

55 J | I | |
—30 —20 —10 0 10 20 30

Systematic bias in viewing angle (°)




78
~ Planck
70 -

74 1

712 -

70 -

If th
e
Sa /
QC{I'O” ;
S
un k
No
Wn

68 - If the selection is known

Stronger selection Weaker selection

66 ! ! I I I
10 20 30 10 50 60 JAS,

Maximum EM observable viewing angle (°)




Multi-probe cosmology is the key!



ModIC with Bright Sirens for 3G detectors
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New sources @ higher z
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