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The LIGO detectors 
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Hanford 

Livingston 



The ‘Event’ 

• Online burst analysis reported a 
loud simultaneous trigger in both 
LIGO detectors on 14th 
September 2015, consistent with 
a high-mass binary black hole 
(BBH) merger. 

 

• Instrument configuration frozen 
until 20th October to collect 16 
days-worth of coincident data 
from the two detectors (to 
compute a background) 

3 

Super Mario Galaxy 



GW150914 – a burst of gravitational 
waves… 
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arXiv:1602.03843 

 



Abbott, et al. ,LIGO Scientific Collaboration and Virgo Collaboration, ‘Observation of Gravitational Waves from a Binary Black Hole Merger’  
Phys. Rev. Lett. 116, 061102 (2016) 
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… matching a BBH inspiral and merger 
waveform from General Relativity 
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But does General Relativity really fit? 

Compton Wavelength of the Graviton Post-Newtonian Approximation to GR 

• GW150914 is the first observation of a binary black hole merger   

• Our best test of GR in the strong field, dynamical, nonlinear regime  

• Event better than the binary pulsar system PSR J0737-3039 

Abbott, et al. ,LIGO Scientific Collaboration and Virgo Collaboration, “Tests of general relativity with GW150914”, 

http://arxiv.org/abs/1602.03841 

http://arxiv.org/abs/1602.03841


LIGO detectors – first Adv. LIGO run (O1) 
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Phys. Rev. Lett. 116, 061102 (2016) 
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End-mirror quadruple-pendulum 
suspensions 

photon 
calibrator 

https://dcc.ligo.org/LIGO-P1500248/public/main 



Initial LIGO to Advanced LIGO 

9 

Better vibration 

isolation 

Lower thermal 

noise mirrors 

Higher power 

laser 



We have a brand-new astrophysical toolbox 

• GWs are generated coherently by large accelerated masses, so the amplitudes 
and phases of these waves are meaningful (i.e., many non-stochastic sources, cf. 
EM). 
 

• Precision timing observations possible (cf. pulsars) 
 

• Even at leading post-Newtonian order we can derive simple results, e.g. the ‘chirp 
mass’:  
 
 
 
and the full system parameters (masses, spins, distance…) appear at higher 
orders. 
  

• Chirp shape is sensitive to luminosity distance but not redshift (‘standard sirens’). 
 

• Fruitful test sites for GR (BH/BH), particle physics (BH/NS, NS/NS, spinning NSs). 
 

• Constraints on extreme equation-of-state, stellar evolution, cosmology …   
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Parameter posteriors 
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distance vs  

orbital inclination 

component mass_1  

vs mass_2 component spins  

wrt orbital plane 

final mass vs  

final spin 

arXiv:1602.03840 



12 

GW150914 results and parameters 

https://losc.ligo.org/events/GW150914/ 



Implications for progenitor stars 
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Astrophysical Implications of the Binary Black-Hole Merger GW150914 
ApJL, 818, L22, 2016 



Electromagnetic follow-up  
of the first LIGO event 

• Consortium agreement 
between LIGO and 63 teams 
using ground- and space-
based telescopes (gamma-
ray, X-ray, optical, IR and 
radio) to follow-up the alert. 
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http://arxiv.org/abs/1602.08492 
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Fermi GBM  
around the time of the event 

FAP=0.0022 

http://arxiv.org/abs/1602.03920 

LIGO map GBM map 



https://losc.ligo.org/events/GW150914/ 
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Detector array beam pattern 

• The sky localisation depends on  

• the individual detector beam patterns 

• time delay between signal arrival at spatially separated sites  
 

• vastly improved with more detectors: 
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(In-principle approval and MOU) 

Class.Quant.Grav.28:105021,2011 

LIGO and Virgo only Adding LIGO India 
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The advanced GW detector network 

GEO600 (HF)  

Advanced LIGO  

Hanford   

Advanced LIGO  

Livingston  

Advanced  

Virgo 

LIGO-India 

(IndIGO) 

KAGRA 
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Gravitational astronomy 

10-9 Hz 10-4 Hz 100 Hz 103 Hz 

Relic radiation 

Cosmic Strings 

Supermassive BH Binaries 

BH and NS Binaries 

Binary coalescences 

Extreme Mass Ratio 

Inspirals 

Supernovae 

Spinning NS 

10-16 Hz 

Inflation Probe Pulsar timing Space detectors Ground interferometers 



Summary 
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• LIGO will restart in the Autumn, and Virgo will join in 

• The first steps in gravitational-wave astronomy! 

• LIGO has made the first measurement of a gravitational waveform 

• Heavy stellar-mass black holes exist, singly and in binaries   

• LIGO has seen black holes up-close, and a merging binary black 

hole, both for the first time  

arXiv:1602.03842 http://relativity.livingreviews.org/Articles/lrr-2016-1/ 

(O1) (O2) (O3) 
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SUPA members of the LIGO roster (70) 
 

Alan Cumming, Alastair Grant, Andrew Spencer, Angus Bell, Borja 

Sorazu, Bryan Barr, Brynley Pearlstone, Chris Messenger, Christian 

Graef, Daniel Williams, Daniela Pascucci, David Vine, Des Gibson, 

Ewan Houston, Gareth Davies, Gavin Newton, Giles Hammond, Graham 

Woan, Hafizah Isa, Harry Ward, Husni Almoubayyed, Ian MacLaren, Ian 

Martin, Ignacio Santiago-Prieto, Siong Heng, Jade Powell, James 

Hough, Jamie Scott, Jan Devenson, Jan-Simon Hennig, Jennifer 

Wright, Jessica Steinlechner, Jonathan Gair, Joshua Logue, Karen 

Haughian, Karl Toland, Ken Strain, Kirill Tokmakov, Kyung-ha Lee, 

Liam Cunningham, ManLeong Chan, Margot Phelps, Mariela Masso-Reid, 

Marielle van Veggel, Mark Fletcher, Martin Hart, Martin Hendry, 

Martin Sinclair, Matthew Pitkin, Michael Perreur-Lloyd, Nick 

Lockerbie, Norna Robertson, Peter Murray, Raymond Robie, Rebecca 

Douglas, Ross Birney, Russell Jones, Sabina Huttner, Sean Leavey, 

Sean Macfoy, Sebastian Steinlechner, Sharat Jawahar, Sheena 

Barclay, Sheila Rowan, Stefan Danilishin, Stefan Hild, Stuart Reid, 

Teng Zhang, Valentina Mangano, Zeno Tornasi 



end 
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“Approximate integration of the field equations of gravitation”  
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First paper is “is disfigured by a regrettable calculation error”, leading 

Einstein to think, by 1918, that no energy is carried by GWs… 
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The second loudest event 

? 



Flux (in)sensitivity 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
… but looked at another way, GW sources are VERY bright! 
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Sathyaprakash and  Schutz 2009 

 


