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Multi-Messenger: and light
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Multi-Messenger: gravitational waves and light
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170817 The dlscoverles
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170817 The dlscoverles
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170817 The dlscoverles
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170817 The dlscoverles
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170817 The dlscoverles
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Gamma Ray Bursts

1)Powerful transients
2)Highest redshift transients
3)Life /death of massive stars
4)Collimated / relativistic jets

5) Accretion / ejection physics

6) Counterparts of GW events

G. Ghirlanda @ EVN Symp. Bonn, 02-06 Sept. 2024



Gamma Ray Burst: a schematic scenario
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Gamma Ray Burst: a schematic scenario
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GRB170817 vs short GRBs ﬁ

.1. Under energetic in y-rays

2. y-rays are 2 sec delayed wrt GW
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X-ray Luminosity (ergs )

Fong+2020
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2. y-rays are 2 sec delayed wrt GW

3. Afterglow appears at late times
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View p()int matters M Under energetic in y-rays f

M Afterglow appears at late times
... shallow rise and 150d peak

I'(#) > 1'(t) > 1'(53)

Luminous/hard burst

Monotonic decaying afterglow

3
. 1
Faint/soft burst L(t, Hlview) = L(t,0)< 1 + F29%ew)
. * Afterglow appears at late times _—_ ~ ¢ .
T Ot Axis ['(2)
(and then decays)
Delay GW-EM

" G. Ghirlanda @ Gemma2, 16-19 Sept. 2024



View p()int matters Q’\_ M Under energetic in y-rays *
e e - y-rays are 2 sec delayed wrt GW

M Afterglow appears at late times
... shallow rise and 150d peak

I'(#) > 1'(t) > 1'(53)

Luminous/hard burst

Monotonic decaying afterglow
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A realisticjet

Jet - environment interaction

(stellar envelope - LGRB)

material

(merger ejecta - SGRB)
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A structured j@t M Under energetic in y-rays *
- Eww  ®™y-raysare2secdelayed wrt GW

Ek,iSO(H) — 1 — (0/0c0re)" M Afterglow appears at late times

... shallow rise and 150d peak

Luminous/hard burst

<

On Axis  Monotonic decaying afterglow

Transparency

<@ Faint/soft burst

Off Axis  Afterglow appears at late times + shallow rise in time

* Delay GW-EM

THM: A structured jet can account for

most observational proprieties of
170817 but there are alternative

models ...
— — G. Ghirlanda @ Gemma2, 16-19 Sept. 2024
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VLBA + VLA + GBT: 2/4 epochs (Sept 2017 — Apr.

2018, L,S,C,C) @ <75d> and <230d> (4.5 GHz)
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Is 170817 a typical GRB?
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Is 170817 a typical GRB?
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Universal jet structure
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Kilonova

#

® Luminous fast evolving emission
® Blue (more luminous) to red evolution
® Broad emission lines

Pian E., D’Avanzo P, etal. 2017
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Kilonova: a simplified model

Idea (Lattimer et al. 1974, 1976) and first BNS model (Li&Paczynski 1998)

1. Rapid neutron capture —> heavy nuclei isotopes (7,,,, Sp, Y,)
2. Nuclear decay (f, a) —> heating oy
Barnes 2020 (for an essential review) Enuc ~ 1
3. Dynamics (M,.,, v,.;, k,:)
’ jr N
1042 - Mg | 10% Vej

EOS

Vej/ C

: I
00 01 02 03

0 & 10 15 0 D 10 1
days

THM: KN light curves/spectra f

encode merger driven mass

ejection and nucleosynthesis.

G. Ghirlanda @ Gemma2, 16-19 Sept. 2024



Kilonova

Some open questions:

neutron-rich 1)Blue kilonova
udal ¢jecta . . . .
2)Contribution to Universe nucleosynthesis

3)NSBH Kilonovae diversity

Krobkin et al. 2021

* Red Kilonova L ~ 10% erg/s t, ~ 1 week (Lanthanide rich)

accretion disk
outflow

black hole

accretion disk

Blue Kilonova L ~ 10*! erg/s t, ~ I day (Lanthanide free)



AT2017gto & other Kilonovae

More than one KN ...
¢ 170817A /KN2017gfo (the “MM KN”) Initial sample proprieties
® 5 Short GRB with KN signatures (Ascenzi et al. 2019)

¢ 2 Long GRBs with KN signatures (211211A, 230307 A - see also A. Levan talk)

050709
060614
0.25 1306038
1608218
(@ o 170817A

>°7 0.15 : 200522A';\\
% Long GRBs with CBC
0.10 230307A _’ progenitor (see also A.
- J ‘w/ Levan talk)
0.05 ~ 230307A
AG 2
1073 1072 101
M ej (M o)

Rastinejad et al. 2024 ,
G. Ghirlanda @ EVN Symp. Bonn, 02-06 Sept. 2024



Cosmology DM —> Tue Session (talk G. Bertone)
: i — p(Ho | GW170817)
i i Planck!” Standard Sirens:
004 - ; ; T 1. Bright: EM —> z (+ i)
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Fund. Phys. —> Talk A. Gosh
(Review: Mastrogiovanni et al. 2022 - adapted from Abbott et al. 2017)
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ISM

ISM

Ak f

" shocked-ISM

\

ISM

Jet (faster) and ejecta (slower)
are not independent
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Balasubramanian et al. 2021

Bruni et al. 2021
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Multi-Messenger perspectives

Einstein Probe (CAS, ESA, CNRS) Hermes
HERMES Pathfinder & SpIRIT &
family picture

108 — T . T
—— Al BNS

107 p — ET _—
- Const. B

106 F = =" Const. A
- Const. B+ ET

+
_ 10° Const. A+ ET
—
k_
a . . : >
—— WXT 0.5-4 keV | —
. N
T v
2 o
% =
—— BAT 15350 keV
600}
IU')
@ 400} :
o !
Q
8 200
0 —is + + + ?1’|,-LIL|“1|-"]"|“-I’Ird.|. + 1 1 1 1 l
400¢ — Konus Wind 23-1618 keV | 100
i: 300} >
2 200} ! ! .
o i | GG et al. 2024
© 100} | .
o :
of ! ! J
Lrlﬂ A Mﬁﬂ I
400 4

325 350 375 25 450 475 500
T—To(s)

—> Talk L. Amati :
Liuy, ..., GG, et al. 2024 G. Ghirlanda @ Gemma2, 16-19 Sept. 2024



Conclusions

GW DATA ANALYSIS DIRECT EM OBSERVATIONS
Binary stellar evolution Inspiral and final phases Collimated and isotropic ejecta
Formation sites and channels Nature of the remnant(s)

oStill non detected EM Signas R
e Counterparts of BHNS
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* From individual sources to population studies
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