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We have detected Gravitational Waves!
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1004 Authors!

4



From 133 Institutions!
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General Relativity

„Matter curves
space, 
and

curved space
tells matter 

how to move.“

Einstein‘s Theory of Gravitation, 1915
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What are Gravitational Waves?
– Distortions of space and time 

moving at the speed of light



The Effect is Small!

Þ 1 km length changes by 1/1000 of a proton
(10-18 m = 1 Attometer)!

Þ For a few milliseconds!

• Supernova in local group of galaxies
Þ squeezes space by 10-21



LIGO

Virgo

LIGO

3 km

80m / 5 km

Source: A. Lazzarini, modified

World-Wide Laser Interferometric 
Gravitational Wave Detector Network

GEO600
(construction)

KAGRA

(future)
LIGO – India
approved
on 17.2.2016!
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Sensitivity until 2011

• 10 Msun - 10 Msun
BH - BH binaries

• Event rates 
– Based on population               

synthesis [Kalogera’s
summary of literature]

100 Mpc inspiral

merger

• Initial IFO event rates
– Range: 100 Mpc
– 1 / 600yrs  to  ~3/yr  



• Observable volume several thousand LIGO!

• Installation 2011-15

• GEO contributions:

• Mirror suspensions

• New optics

• 200 W laser

• Signal Recycling – Resonant Sideband Extraction

After 5 Years of Upgrading: 
Advanced LIGO



Advanced LIGO in September 2015
Factor-10 better than Initial LIGO
Factor 3 missing till design goal
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We are listening to Black Holes!
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The Source:
Two Merging Black Holes
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Black Hole Mergers every Month!

16Credit:  LIGO/Caltech/Sonoma State (Aurore Simonnet)



August 17th, 2017: Neutron Star 
Merger plus Gamma Ray Burst 



Optical Counterpart 
Gamma Ray Burst

The Astrophysical Journal Letters, 848:L12 (59pp), 2017 October 20



Where is all the Gold coming from?
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• Overall beam tube length ~ 30km
• Underground location
• Cryogenic
• Squeezing
• LF and HF Ifos

The Third Generation: 
The Einstein Gravitational Telescope

E.T.



Audioband
1 Hz – 10 kHz

Sources of Gravitational Waves

• Ground-based detectors: Audioband



22

LISA: 
Opens the low-frequency 
gravitational universe !

3 satellites
2.5 million km arms
50 million km behind Earth



LISA: A Mature Concept
• M3 proposal for 4 S/C ESA/NASA 

collaborative mission in 1993 

• LISA selected as ESA Cornerstone in 
1995

• 3 S/C ESA/NASA LISA
appears in 1997

• Joint ESA-NASA Mission Formulation 
study 2005-2011

• Reformulation 2012-13 as 
ESA-led eLISA (evolving LISA)
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• Now back to 3-arm LISA with NASA



LISA Pathfinder
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• Testing LISA technology in space!
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17 years later!
September 
2015:
Spacecraft is
completed!



100 Years since GR Publication: Dec. 2, 2015
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LISA Pathfinder shows: LISA Works!
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LISA Requirement

LISA
Pathfinder
Requirement

LISA Pathfinder Performance Feb 2017



ESA L2 and L3 Missions
• Call for Mission Concepts fall 2016
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LISA Mission Concept Document
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• Submitted on 
January 13th, 2017

• The LISA Consortium:
12 EU Member States 
plus the US !

https://www.lisamission.org/proposal/LISA.pdf

https://www.lisamission.org/proposal/LISA.pdf


NASA is
back in 
LISA!
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Mission Profile and Orbit
• Three arms of 2.5 Million km
• 2W lasers
• 30 cm telescopes
• Breathing angles ± 1 deg
• Doppler shifts ± 5 MHz
• Launch on dedicated Ariane 6.4
– Transfer time ~400 days
– Direct escape V∞ = 260 m/s
– Propulsion module and S/C composite
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ESA SPC selected LISA as L3 !
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LISA: LIGO Event Predicted 10 Years
in Advance!

• Accurate to seconds and within a square-degree!
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GW150914



ESA L2 and L3 Missions
• Call for Mission Concepts fall 2016
• Decision on L3 Adoption 2021
• Launch of L2 in 2028 
• Launch of L3 in 2034 
• LISA shall be ready for an early launch!
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