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LIGO OBSERVERS  
Merging BLACK Holes

“Observation of Gravitational Waves from a Binary Black Hole Merger”	
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• What is a Gravitational Wave? 
• What is logo? 
• Event reconstruction and parameters 
• What did we learn?

https://www.ligo.caltech.edu/gallery

https://www.ligo.caltech.edu/page/detection-companion-
papers

references:

https://physics.aps.org/articles/v9/17

and other sources I shamelessly plundered  

https://www.ligo.caltech.edu/gallery
https://www.ligo.caltech.edu/page/detection-companion-papers
https://physics.aps.org/articles/v9/17
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Quadrupole transverse wave 
travels at speed of light  

 Hard to calculate energy of wave in GR, and therefore hard 
to know if this was a real effect.  

Consensus at Chapel Hill 1957 conference was yes.

Two polarizations: +,x 
this is +; x is rotated 450
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LIGO Interferometer, Hanford
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100 reflections of  
1064 nm laser

ΔL = h L =10-21 (4 km) = 
4x10-16 cm

Size of effect: h=strain
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4 element suspension provides inertial damping
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shot noise 



physics 492, Spring 2016Friday FeatureTM, M. Gold

Caves [5, 6] showed that replacing coherent vacuum fluctuations 
entering the antisymmetric port with correctly phased squeezed 
vacuum states decreases the “in- phase” quadrature uncertainty, and 
thus the shot noise, below the quantum limit.	



http://ligo.org/science/Publication-SqueezedVacuum/
index.php

http://journals.aps.org/prd/pdf/10.1103/PhysRevD.23.1693[6]

[☆]

http://ligo.org/science/Publication-SqueezedVacuum/index.php
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from Caves [6]
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[☆]
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masses & 
spins 
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Numerical modeling 
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AGW~1/DL
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The approximate location is shown on this sky map of the southern hemisphere. The colored lines represent 
different probabilities for where the signal originated: the purple line defines the region where the signal is 

predicted to have come from with a 90 percent confidence level; the inner yellow line defines the target region at 
a 10 percent confidence level. 

The gravitational waves were produced by a pair of merging black holes located 1.3 billion light-years away. 
A small galaxy near our own, called the Large Magellanic Cloud, can be seen as a fuzzy blob underneath the 

marked area, while an even smaller galaxy, called the Small Magellanic Cloud, is below it. 
Researchers were able to home in on the location of the gravitational-wave source using data from the LIGO 

observatories in Livingston, Louisiana, and Hanford, Washington. The gravitational waves arrived at Livingston 7 
milliseconds before arriving at Hanford. This time delay revealed a particular slice of sky, or ring, from which the 
signal must have arisen. Further analysis of the varying signal strength at both detectors ruled out portions of the 

ring, leaving the remaining patch shown on this map. 
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