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Compact Objects binary mergers

Massive star Compact object

Neutron star (NS)

~1.4 Msun
Black hole (BH)
>~3 Msun
1. Binary system 2. Compact binary 3. Merger
. 4. Ringdown

®
5. Stationary BH

The Neutron Stars Merging Scenario

ESO PR Photo 32¢c/05 (October 6, 2005)
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The beginning of the GW era
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predicted by general relativity for the inspiral and merger of a pair of black holes and the ringdown of the
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GW150914: a pointless EM search?

600 deg? skymap from LIGO/Virgo
Huge observational effort, mainly with wide-field facilities

No EM counterpart found

=N NR No EM counterpart expected from BHBH merger
 STERANG Expected EM counterparts for NSNS/NSBH merger:
N R~ Short GRBs (beamed emission)

Kilonovae (isotropic emission)

Brocato et al. 2017

GW 3 & \

radio ta

AT optical/IR
: 24h X-ray

20h ~-ray (all-sky)

Abbott et al. 2016

Credit: G. Greco, Gwsky https://github.com/ggreco77/GWsky
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We have seen the light !!
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An impressive observational campaign

Earth Space

ESO ToO campaign

Ultraviolet Visible Infrared Millimetre

VST/OmegaCAM

VLT/VISIR

MPG/ESO 2.2-m/GROND

0.5 um
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1 mm
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Optical counterpartin NGC 4993

Coulter et al. (2017)

Valenti et al. (2017)

Tanvir et al. (2017)

1M2H Swope

|
10.86h i

DLT40

VISTA

h//11.24h YJK.
MASTER Las Cumbres |
» o »
'l
11.31h, w11.40h iz||11.57h w

Lipunov et al. (2017)

Allam et al. (2017)

Arcavi et al. (2017)

1000 km

NGC 4993, S0 galaxy @ D = 41 Mpc,
z=0.00968 (Hjorth et al. 2017)



GW170817 GW170817
Pan-STARRS observation REM observation
(archive, pre-merger) (0.5 days post merger)




GW170817 GW170817
Pan-STARRS observation REM observation
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NS mgrger Short GRB Radio afterglow

° t0  1.7s +10.87 hrs +9 days

LHV sky localization UV/Optical/NIR Kilonova

LVC + astronomers, AplL, 848, L12
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GRB 080503

Optical/NIR excess in the late afterglow
Broadly consistent with X-ray emission (flare?)

“Nickel powered mini-SN" ??

But....explained reasonably also by other afterglow models

Poorly sampled

Was KN170817 the first ?

Perley et al. (2009)
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GRB 080503

Optical/NIR excess in the late afterglow
Broadly consistent with X-ray emission (flare?)

“Nickel powered mini-SN" ??

But....explained reasonably also by other afterglow models

Poorly sampled

magnitude

Was KN170817 the first ?

Perley et al. (2009)
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GRB130603B (z=0.356)

IR excess in the late afterglow -> interpreted as

kilonova

Absolute Magnitude

Was KN170817 the first ?

Tanvir et al. (2013), see also Berger et al. 2013
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-> supported short GRBs - compact binary merger (GW) connection
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GRB 060614 (z=0.125)
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Vega magnitude

Vega magnitude

Was KN170817 the first ?

GRB 060614 (z=0.125)
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Flux density (erg cm™2 s~! Hz™1)

Lamb et al. (2019), see also Troja et al. (2019)
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Flux density (erg cm™2 s™! Hz™1)
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Summary

EM counterparts of GW signals are real !!!

& GW 170817/ GRB 170817A/ AT2017gfo results:

- Definition and consolidation of successful follow-up strategies

- First EM counterpart (at all wavelengths)

- First unambiguous observational evidence for a kilonova

- Evidence for kilonovae as a heavy elements factory

- "Smoking gun’ for short GRB progenitors

- Clues on short GRB outflow geometry and properties: first evidence for a structured jet

fesso B

Several short GRBs show optical/NIR excess (KN signature?)

The search for SGRB/KN events (old and new events) looks promising
VIN ROUGE

...and more

Many collaborations for follow-up observations



Summary

& Stilla number of open issues :

- how many KN types?

- what is the origin of the blue component?

- are KNe associated to every short GRB?

- can KNe unveil the nature of the NS-NS remnant?

& We are ready for fast/multi-wavelength coordinated follow-up observations
(we can do it)

& No good events in 03, waiting for 04 (higher rates of good events!!)

& "Reasonable” skymaps (<50 sqd) from BH-NS and NS-NS system are needed



Summary

Still a number of open issues :

- how many KN types?

- what is the origin of the blue component?

- are KNe associated to every short GRB?

- can KNe unveil the nature of the NS-NS remnant?

We are ready for fast/multi-wavelength coordinated follow-up observations
(we can do it)

No good events in 03, waiting for O4 (higher rates of good events!!)

& "Reasonable” skymaps (<50 sqd) from BH-NS and NS-NS system are needed



Thank you



