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Einstein’s general theory of relativity describes spacetime 
as being curved by matter and energy distributions. 
Matter tells space how to curve; curved space tells 
matter how to move.

On September 14th, 2015, 
LIGO discovered a 
gravitational wave from the 
merger of two binary black 
holes. They were observed 
by both detectors: one in 
Louisiana and the other in 
Washington.

The signal was named 
GW150914.

The black holes 
were 36 M

☉
 and 29 

M
☉

. The resulting 
merger was 62 M

☉
.

3 M
☉

 were emitted 
as gravitational 
waves.

Accelerated matter 
can produce waves 
in curved 
spacetime.

LIGO is an 
interferometer that 
uses lasers to 
measure changes in 
distances in its arms 
as gravitational 
waves pass through 
the detector.

Gravitational waves transmit energy very weakly. 
However, astrophysical sources of gravitational waves 
(like binary black hole mergers, supernovae, or binary 
neutron star mergers) permit detection of the waves as 
variations in measured distances.

There are many other sources of oscillations in the lengths 
of LIGO’s interferometer arms, and so the data can look 
quite noisy.

The louder a signal, the more likely it can be recovered 
amidst noisy data. However, quiet signals are difficult to 
recover from noisy data.

If there is a good prediction of what the morphology of a 
very quiet signal is, a matched-filter search with a 
theoretical model (template) of the signal can be used to 
recover the signal from the noisy data. LIGO carries out  
a matched-filter search with a bank of over 250,000 
templates of possible signals. LIGO also performs 
searches for unmodeled sources.

The statistical significance of the loudest (ρ̂ ) signal is 
tested for consistency with the search background under 
2 hypotheses:

1. The loudest signal is a gravitational wave (purple 
curve).

2. The loudest signal is not a gravitational wave 
(black curve)
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