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SN 1987A 1n the Large Magellanic Cloud at 50 kpc (~163 000 ly) distance
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Number of SNe discovered per year
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“Massive stars end their lives in supernova explosions

= leaving behind a collapsed star made of neutrons”
- Fritz Zwicky and Walter Baade (1934)
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Absolute V—band magnitude
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Mattila et al. 2008
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LIGO - A GIGANTIC INTERFEROMETER
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waves bounce
and return:

A “beam splitter” splits the
light and sends out two
identical beams along the

A gravitational wave affects the
interferometer’s arms differently;
when one extends the other contracts
as they are passed by the peaks and
troughs of the gravitational waves.
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LIGO - A GIGANTIC INTERFEROMETER
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Systematic search for electromagnetic counterparts

- Mergers of binary neutron star (NS) or black hole (BH) systems as angular momentum
removed through gravitational waves (GW)

- NS2 and NS+BH mergers expected to eject substantial amounts of extremely neutron-rich
material, consistent with being a major source of r-process elements.

- Predicted to eject material with heavy radioactive isotopes that can power electromagnetic
(EM) counterparts so called kilonovae
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Systematic search for electromagnetic counterparts

* In the GW-EM follow-up large and complex error boxes need to be searched over quickly
for rapidly evolving transients for rapid localization of viable candidates for spectroscopy

o

Gravitational-wave Optical Transient Observer
(GOTO) on La Palma, Canary Islands

Led by niversity of Warwick and Monash University

with Univ. of Turku a member of the consortium.
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Systematic search for electromagnetic counterparts

* In the GW-EM follow-up large and complex error boxes need to be searched over quickly
for rapidly evolving transients for rapid localization of viable candidates for spectroscopy
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Photometric and spectroscopic follow-up of the kilonova counterpart of GW170814
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GW170817: merger of two neutron stars

- NS2 mergers predicted to eject material with heavy elements formed in the r-process

- Detailed spectroscopic observations of their EM counterparts can allow direct identification
of the elements through their spectral signatures

* In the case of the kilonova counterpart of GW170817 the same absorption features
identified to originate from different elements by different authors
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GW170817: merger of two neutron stars

« NS2 mergers predicted to eject material with heavy elements formed in the r-process

 Detailed spectroscopic observations of their EM counterparts can allow direct identification
of the elements through their spectral signatures

* In the case of the kilonova counterpart of GW170817 the same absorption features
identified to originate from different elements by different authors
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GW170817: merger of two neutron stars

- NS2 mergers predicted to eject material with heavy elements formed in the r-process
- Detailed spectroscopic observations of their EM counterparts can allow direct identification

of the elements through their spectral signatures

* In the case of the kilonova counterpart of GW170817 the same absorption features
identified to originate from different elements by different authors
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max escape

mean binding _ Speed~10 kms'
energy~10 ¢’
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Rees (1988)



Extremely energetic tidal dlsruptlon event in a galaxy merger

Near—IR 2.2 um 1mag1ng revealed an extremely energet1e and slowly evolvmg transient event
| “that was coincident with a nucleus of a galaxy merger. The transients outshined the entire
| nueleus at IR and radio wavelengths but remalned eluswe in the optical.
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The Global VLBI - Array
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Summary

« Over the past two decades research of astrophysical transients has gone through a
rapid expansion from SN cosmology to TDEs and other rare stellar explosions

- Wide field telescopes now offer opportunities for the detection and study of the EM
counterparts to GW sources, e.g., the discovery of the KN counterpart of GW170814

« Opportunities to learn about range of (astro)physics from detailed observations of
transient events on time scales from hours to years

 Improved observational capabilities already offer completely new multi-wavelength
and multi-messenger approaches in transient research with exciting future !

James Webb S‘pa~c‘ef Tclcj,ls,‘éop'e;_ -




