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Gravitational Wave Observatories I:
History and Status

Neil J. Cornish



Gravitational Wave Astronomy
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Gravitational Wave Detection
Mechanical/Acoustic Time of flight



Early History

First description of using a 
Michelson interferometer

First description of using a 
mechanical (acoustic) detector

First experimental tests of a 
laser interferometer, with input 

from Chapman and Weiss



Rai Weiss, 1972 design for what became LIGO





Early claim of detection



LIGO Timeline
• Conceived in the early 70’s, Chapman, Forward, Weiss

• 1984, Caltech and MIT form LIGO collaboration, lead by 
Drever       Weiss      Thorne 

• 1989 proposal to the National Science Foundation

• 1994 construction approved, Barish       new PI

• 1998 facility construction complete

• 2002 first observing run for the first generation detectors

• 2015 first observing run for the second generation detectors



R. E. Vogt, R. W. P. Drever, K. S. Thorne, 
F. J. Raab and R. Weiss (Caltech & MIT), 
“Construction, operation, and supporting 

research and development of a Laser 
Interferometer Gravitational-wave 

Observatory”, proposal to NSF, 1989  



LIGO sensitivity over time



GW150914:  At last a signal!



Rai Weiss

GW150914:  A story 40+ years in the making

Kip Thorne Ron Drever



Rai Weiss Kip Thorne Ron Drever

GW150914:  A story 40+ years in the making



Triangulating the Source

2017LIGO H1

LIGO L1

GEO
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KAGRA

2023+

2017+

Next steps - a worldwide network



3rd and 4th generation ground-based instruments

A+:  aLIGO upgrade, freq. dep. squeezing, heavier mirrors, more powerful lasers   
Voyager: aLIGO upgrade, same facility, cryogenic, more powerful lasers   

Cosmic Explorer:  New facility, 40 km arms, squeezing etc 
Einstein Telescope:  Underground, 10 km, triangular, cryogenic  



Space Interferometers



1978 Design - 16.5 t, $49.5M. Shuttle Launched.  To be built in space. Aluminum extruding machine.

Gravitational Wave Interferometer:  1974

“LIGO in space”



The Weiss Report:  1975

Weiss Bender Pound Misner



The Weiss Report:  1975



Battelle Workshop, Seattle July 24-August 4, 1978



Faller & Bender 1981
Faller, Bender, Hall, Hils & Vincent 1985

Laser Antenna for Gravitational-radiation Observation in Space (LAGOS): 1981



ESA M3 candidate May1993

Laser Interferometer Space Antenna (LISA): 1993 

(Jim Hough came up with the LISA acronym in 1992)



 ESA M3 candidate (Hellings) 1993

Spaceborne Astronomical Gravitational-wave Interferometer To Test Aspects of 
Relativity and Investigate Unknown Sources (SAGITTARIUS): 1993



ESA Cornerstone candidate December 1993

Laser Interferometer Space Antenna for Gravity (LISAG): 1993 



NASA/ESA joint study1996,  Yellow Book 1998

LISA
Laser Interferometer Space Antenna

for the detection and observation of gravitational waves

An international project in the field of

Fundamental Physics in Space

Pre-Phase A Report
Second Edition

July 1998

MPQ 233 July 1998

Laser Interferometer Space Antenna (LISA) 



Orbiting Medium Explorer for Gravitational-wave Astrophysics (OMEGA):1998

1998 NASA MIDEX proposal (Hellings et al)



ESA/NASA LISA mission: official start 2001



For launch in 2002

Pathfinder: European LIsa TEchnology (ELITE): 1998



LISA/Darwin Pathfinder. For Launch in 2006

Small Missions for Advanced Research in Technology-2 (SMART-2): 2000



LISA Pathfinder - Space Technology Mission 7: Approved 2002 

SMART-2 Descoped to single spacecraft. For launch in 2006
2015



March 2011, The Divorce



eLISA - Descoped LISA proposed for ESA-lead mission (2011)

Shrink

e

Cosmic Visions L1 Candidate

Smaller mirrors



The Gravitational Universe selected as L3 science theme (2013)

eLISA as candidate mission concept: Launch in 2034



Near perfect free-fall demonstrated by 
the LISA Pathfinder mission in 2016



January 2017, LISA mission proposed for ESA L3 science theme



Pulsar Timing



The History and Future of Pulsar Timing

Bell & Hewish - discovered first radio pulsar PSR B1919+21 in 1967



1948-2016

Steve Detweiler - Inventor of Pulsar Timing Detection

Uses spacecraft doppler tracking GW response formula from Estabrook and Walhquist (1975)

Mentions earlier paper by Sazhin (1978) that considered a particular line-of-sight detection PTA geometry



�t ⇠ 100ms

1948-2016

Steve Detweiler - Inventor of Pulsar Timing Detection

Suggests cross-correlation of pulsar signals to detect GWs

The paper discusses possible sources and sets the first upper limits. Limits were weak 
since pulsars then were poorly timed



1982 - Discovery of the first milli-second Pulsar, PSR B1937+21



Milli-second Pulsars, 1982 to now

1982 Now

PSR B1937+21



�t ⇠ 10µs ! 2msBound used classic (un-recylced) pulsars

Hellings & Downs, 1983



Indirect Detection of Gravitational Waves (by mid ‘80s)

Hulse & Taylor 1993 Nobel Prize



Timing accuracy and number of good pulsars have been increasing with time

100 ns

Galactic Scale Detector



Improving upper bounds
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Hellings & Downs

Kaspi, Taylor & Ryba

Lommen & Baker

Thorselt & Dewey



Parkes Pulsar Timing Array



NANOGrav



European Pulsar 
Timing Array



The International Pulsar Timing Array



Next steps:   Chime, FAST, MeerKAT, and the SKA


