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Overview

• Gravitational-wave Astronomy now
• Future gravitational-wave science

• Near- and long-term upgrades
• LIGO A+ AdVirgo+, Kagra+
• Einstein Telescope, Cosmic Explorer

• Technical challenges
• Organization and timeline
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GW astronomy 
in full swing

• Three km-scale detectors operational
• LIGO Livingston ~140Mpc
• LIGO Hanford ~105Mpc
• Virgo ~  55Mpc

• O3 run since April 1 2019
• As of 4/24: 3 binary black hole merges



Just last week: BNS #2

Open alerts issued as GCN Circulars https://gcn.gsfc.nasa.gov
https://gracedb.ligo.org/superevents/S190425z/
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https://gracedb.ligo.org/superevents/S190425z/


Just last week: BNS #2

Open alerts issued as GCN Circulars https://gcn.gsfc.nasa.gov
https://gracedb.ligo.org/superevents/S190425z/

Pres
s R

ele
ase

 on fir
st 

month of O
3

Th
ursd

ay,
 2 M

ay 
2019

https://gcn.gsfc.nasa.gov/
https://gracedb.ligo.org/superevents/S190425z/


KAGRA

• Underground facility

• Cryogenic Sapphire test masses

• Locking full interferometer this 
summer

• Goal to join at the end of the O3 run 



Today’s 
detector 
network GEO600



A GW Interferometer in one slide
Quiet test mass Interferometric readout



Vacuum Squeezing is now in use

Binary Neutron Stars range from ~125MPc to ~140MPc

LIGO Livingston detector in O3



What current detectors can reach
(at design sensitivity)

• GW merger events in the local universe
• Black hole mergers: redshift z≲2
• Neutron star mergers:  redshift z≲0.1

• Most of the universe is still out-of-reach
• At design at most O(1000)/yr detections per year
• BH mergers: O(100 000)/yr in the universe

• Detected events relatively “noisy” 
• Typical Signal-to-noise ratio O(10)



What future detectors can reach

• High-redshift sources
• Population III remnants merging at redshift z≈10

• High-fidelity source
• Signal-to-noise ratio O(1000) for test of

relativity and neutron star physics

• Large number of sources
• Rare and exotic events
• Population studies (a black hole merger every 5 minutes)



Compact 
binaries 
throughout 
the Universe

Hall/Vitale
https://dcc.ligo.org/LIGO-G1900803/public

https://dcc.ligo.org/LIGO-G1900803/public




Early-
warning
capability



Future ground-based 
gravitational-wave detectors



The noise limits of Advanced LIGO



The Phase-Space of 
Detector Networks
https://dcc.ligo.org/LIGO-G1900660/public

https://dcc.ligo.org/LIGO-G1900660/public


Sensitivity of 
Future Detectors
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Two-step process…
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(technology)



Sensitivity of 
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Near-term upgrades:
A+ & AdVirgo+



Voyager: A Cryogenic Upgrade



OzGrav High-Frequency Detector



Einstein 
Telescope



Cosmic 
Explorer



Example location:
Bonneville Salt Flats, Utah, USA



Technical challenges



Facility challenges



Low frequencies



High Power + Strong Squeezing



New materials + Wavelength



Status

Organization

Timeline



Einstein Telescope

• European-led effort

• Design study 2008-2011

• Site studies in Limburg and 
Sardinia

• Maastricht Pathfinder Experiment 
(starting 7/2019)
• Cryogenics
• New wavelength

• Large-mass cryogenic prototyping 
at Virgo



Cosmic Explorer



Cosmic Explorer Timeline





Conclusion

Current detectors see local events

Terrestrial GW detectors that see the
entire universe are possible

Planning for new generation
detectors is underway



Thank you!


