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waveforms

GW signals within 10-10000 Hz
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The beginning of the GW era

GW 150914



GW150914: a pointless EM search?

Abbott et al. 2016

Credit: G. Greco, Gwsky https://github.com/ggreco77/GWsky

Brocato et al. 2017

600 deg2 skymap from LIGO/Virgo

Huge observational effort, mainly with wide-field facilities


No EM counterpart found


No EM counterpart expected from BHBH merger

Expected EM counterparts for NSNS/NSBH merger:


Short GRBs (beamed emission)

Kilonovae (isotropic emission)




Groping in the dark
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Game changer

Groping in the dark



We have seen the light !!

12:41:04 UTC

12:41:06 UTC

GW170817 - GRB170817

NS-NS MERGER 

@ 40Mpc!!!
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We have seen the light !!

Grawity-wave chirp

Gamma-ray burst
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@ 40Mpc!!!



An impressive observational campaign

ESO ToO campaign
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Coulter et al. (2017) Valenti et al. (2017) Tanvir et al. (2017)

Lipunov et al. (2017) Allam et al. (2017) Arcavi et al. (2017)

Optical counterpart in NGC 4993

NGC 4993, S0 galaxy @ D = 41 Mpc, 

z = 0.00968 (Hjorth et al. 2017)



NGC 4993



After 12h and 44m

NGC 4993





Pian, D’Avanzo et al. (2017)

Tanvir et al. (2017)

Villar et al. (2018)

Multi-wavelength light curves 


best fitted with multi-component KN model
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see 

Granot’s talk



Was KN170817 the first ?
Perley et al. (2009)

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


GRB 080503  
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Was KN170817 the first ?
Tanvir et al. (2013), see also Berger et al. 2013

IR excess in the late afterglow  —>  interpreted as possible kilonova  —>  supported short GRBs - compact binary merger (GW) connection

Brighter than 

KN170817

GRB130603B  (z=0.356) 
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GRB 060614 (z=0.125) GRB 050709 (z=0.160)

Jin et al. (2016)
Jin et al. (2015), Yang et al. (2015)

Was KN170817 the first ?

NIR excess

X-ray flare at ~16 d


variability on a time scale of hours

NIR excess

X-ray flattening after ~12 d


underlying source?
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Was KN170817 the first ?

Lamb et al. (2019), see also Troja et al. (2019)

GRB160821B  (z=0.162) 
Optical/NIR excess


X-ray flattening and re-
brightening


Kilonova model seems 
to work

GRB150101B  (z=0.134) 

Only two optical points

No color information


Uncertain

Troja et al. (2018)
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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


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

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

   Many collaborations for follow-up observations 
…and more



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 O3, waiting for O4 (higher rates of good events!!) 

   “Reasonable” skymaps (<50 sqd) from BH-NS and NS-NS system are needed 
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And now, bring it on! 



Thank you


