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“The ultimate 
proof for 
Einstein’s 
waves” 



What would it look like 
if you were there?



GW150914:
“Observation of Gravitational waves 
From a binary black hole merger”

GW150914





O1 results





*Amplitude modulation comes from filtering of data (and template)
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Detection statistics
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Detection statistics

arXiv:1606.04856



50% and 90% credible regions 

Parameters of the BBH 
systems

arXiv:1606.04856



Known stellar-mass 
black holes



arXiv:1606.04856

Summary: Binary Black Hole Mergers in the first 
Advanced LIGO Observing Run



Target strain sensitivity

http://arxiv.org/abs/1304.0670



Strain sensitivity





arXiv:1604.00439



View onto test mass 'through' reaction mass
LIGO-T0900582

Squeezed film damping /
Gas damping

Main 
(test) 
Chain

Reaction 
Chain

LIGO-G1400964



Possible solutions

Or no reaction mass?
→ Radiation pressure actuation?
-- possibly too weak for lock acquisition LIGO-T0900582



LIGO
Hanford, WA

LIGO
Livingston, LA

From O1 to O2





LIGO
Hanford, WA

• Power increase from 25 to 50W
• Requires damping of parametric instabilities (5 or more modes)
• Requires work on alignment systems and thermal compensation
• New PDs for better readout efficiency
• Fixes

From O1 to O2



Higher power

Parametric instabilities: Need damping



• ITMY compensation plate exchanged
• Bounce-Roll mode dampers for suspension
• Installation of more baffles (BS, SR2)
• Improvement of output Faraday isolator
• Heater element to improve mode-matching (SR3)
• New PDs for better readout efficiency
• New ISS in-vacuum sensing array
• Fixes
• Laser problems, so only 25W for 
start of O2

From O1 to O2



Laser intensity noise

In-loop PDs from air to vacuum



Future observing runs

arXiv:1304.0670



GEO600, GermanyKagra, JapanVirgo, Italy

• The LIGO and Virgo Collaborations have observed 2 
merging binary black hole systems

• Confirmation of the existence of black holes
• Demonstration of existence of binary stellar-mass BHs
• No hints of violations of GR 
• O2 run scheduled to start this fall

Summary and outlook


