
SCANNING THE SKIES FOR COSMIC EXPLOSIONS: FIRST SEARCH  

FOR OPTICAL COUNTERPARTS TO GRAVITATIONAL WAVES 

The joint observation of an astronomical event with both light and gravitational waves would certainly be 

one of the most exciting discoveries of modern astronomy. The two types of waves are quite different. 

Gravitational waves reveal insights into the inner workings of a system, whereas light provides 

information about a system from its surface and its interaction with the surroundings. Therefore the two 

carry complementary information. By observing a source in both ways we can compare the signals and 

gain a more complete picture of the astrophysical processes taking place.  

The stellar merger model for a gamma-ray burst.   
Image: NASA/ESA/A. Field (STScI) 

Some of the strongest sources of 

gravitational waves are also expected to 

produce enough light to be visible from 

Earth-based and space-based 

telescopes. For example, pairs of 

neutron stars release a great deal of 

gravitational-wave energy as they spiral 

together (panel 1 in image at right). As 

the two objects merge, they produce 

highly radioactive material (panel 2). An 

accompanying short gamma-ray burst 

(panel 3) is thought to come from 

narrow jets of high-energy radiation that 

blast from the merging stars for about 

one-tenth of a second. Much of the 

debris left over from the explosion forms 

a disk around the merged object, likely 

to be a black hole (panel 4). 

A gamma-ray burst would only be seen if one of the jets happens to be directed toward Earth. However, 

there are other possible signatures. In a scenario called a kilonova, additional kicked-out radioactive 

material glows as it decays, emitting optical and infrared light for a few days after the merger. While 

long-lived, the kilonova is 100 billion times dimmer than a gamma-ray burst. In addition to the light and 

gravitational waves, the process which produces the radioactive neutron-rich material could also be 

the source of gold and other heavy elements found on Earth. Most of the lighter elements in our bodies 

(like carbon and oxygen) were likely created in supernovae, but the source of heavier elements is still a 

mystery - one that could be solved by observing light and gravitational waves together. While it's true 

we are all made of star stuff, your gold ring may be made of neutron-star stuff! 

During two observing periods ('winter': December 2009 - January 2010 and 'autumn': September - 

October 2010) computer software quickly analysed data from the gravitational-wave detectors of LIGO 

and Virgo. Possible gravitational wave signals found in the data triggered alerts to optical telescopes 

(see http://www.ligo.org/science/Publication-S6EMFollowUpMethods) which included the Palomar Transient 

Factory, Pi of the Sky, QUEST, ROTSE III, SkyMapper, TAROT, Zadko Telescope, and the Liverpool 

Telescope. These telescopes responded by pointing in the likely direction of the possible gravitational-

wave signal. For each gravitational-wave event candidate, images were collected from the first night 

possible up to one month after the event took place. This technique gave us the best chance of catching 

a possible event at its brightest and then watching it slowly fade. 

http://science.nasa.gov/science-news/science-at-nasa/2013/03aug_kilonova
http://www.huffingtonpost.com/2013/07/18/gold-space-star-collisions-elements-earth-video_n_3612079.html


Visit our website at  
http://www.ligo.org/ 

FIGURES FROM THE PUBLICATION 

For more information on how the meaning of these 
figures, see the publication at arxiv.org/abs/1310.2314 

GLOSSARY 
 

Neutron star: Formed when an old massive star collapses 
under its own gravity. Neutron stars consist almost entirely 
of neutrons packed tightly together and are extremely 
dense. A teaspoon of neutron star material on Earth would 
weigh as much as the entire human race. 
 

Kilonova: A supernova-like transient, expected from the 
merger of two neutron stars or a neutron star and a black 
hole. Radioactively heated material glows, emitting light, 
though it may be mostly infrared and fairly faint. To 
date, only one such example has been reported. 
 

Gamma-ray burst: Extremely energetic explosion of 
gamma-ray light from an astrophysical source, generally 
very far away. The exact cause of these bursts is not known. 
Read more at  http://www.ligo.org/science/Publication-GRB051103/. 
 

Black hole: Formed from the collapse of an old massive star 
- more massive than those stars which create neutron stars. 
Black holes are so compact that not even light can escape 
their gravitational pull. 
 

Supernova (pl. supernovae): The violent explosion of a 
massive star's outer layers at the end of its life. This 
releases very bright light as the exploded material expands 
and can be observed on Earth as a "new star" in the sky 
that fades over weeks or months. 

READ MORE 

 

 

Freely readable preprint of this work: http://arxiv.org/abs/1309.6160 
 

Summary of related analysis of images gathered by the Swift  

satellite:   http://www.ligo.org/science/Publication-S6LVSwift 
 

 

More about Advanced LIGO:  https://www.advancedligo.mit.edu/ 
 

More about Advanced Virgo: https://wwwcascina.virgo.infn.it/advirgo/ 

The gravitational wave skymap for event G19377 which 
occurred on 16th September 2010. This event was later 
revealed to be a blind injection* The skymap shows the 
probability that each location is the true source location 
based upon data purely from the gravitational-wave 
detectors. The locations of the areas observed by telescopes 
for this gravitational-wave event are indicated. Each 
gravitational-wave event has a skymap similar to this. 
 

* See http://www.ligo.org/news/blind-injection.php for more details 

A timeline for event G19377 which shows when each telescope 
observed the requested regions as indicated in the previous 
figure. Time zero is the time of the gravitational-wave event 
candidate. Model light curves for several sources (at an assumed 
distance of 30 Mpc) are shown for comparison. 

Four event candidates were identified by the 

gravitational-wave detectors and sent to the TAROT 

and QUEST observatories during the winter run. 

Four more were identified during the autumn run 

and sent to all 8 observing partners, and imaged by 

multiple telescopes. In the images, we 

sought transient objects which looked like stars on 

one night, but then became dimmer until they 

disappeared. We don't know how long this dimming 

would take, so we considered a wide range of 

possible time scales. With all the other stars in the 

night sky, this is not just a search for a needle in a 

haystack, but a needle made of hay in a haystack.  
 

Unfortunately no optical transient was identified with 

a convincing association with any of the 

gravitational-wave event candidates, which were 

themselves consistent with noise fluctuations in the 

LIGO and Virgo detectors.  
 

Despite this null result, this search was the first of 

its kind, and lessons learned provide an important 

benchmark for future operations. This will be 

extremely valuable when Advanced 

LIGO and Advanced Virgo reach their design 

sensitivities by the end of this decade (see also 

http://arxiv.org/abs/1304.0670); when astrophysical 

searches triggered by gravitational-wave events are 

expected to be a regular occurrence. 
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