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Gravitational waves (GW)
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Observing runs
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The detectors alternate periods of data taking and 
periods of upgrades to the machines *BNS range during O3

*Binary Neutron Star Range: average distance at which a fiducial 1.4 M⊙ + 
1.4 M⊙ BNS could be detected with a signal-to-noise ratio of 8

(Squeezer retune)
(Input power 18 W -> 26 W)

arXiv:2111.03606
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GW detectors during O3

4

Major upgrades of the detectors since O2:

• Increased laser power

• Squeezed light input

• New test masses and suspension wires

arXiv:2111.03606
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Pp
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O3a

O3b
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www.gwosc.org

http://www.gwosc.org
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Data releases for entire runs

9

www.gwosc.org/data

The GWOSC team is working on a release of O3 auxiliary channels (only for LIGO)

http://www.gwosc.org/data
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The Virgo O3 run and the impact of the environment (I)

10arXiv:2203.04014

Cumulative distribution of microseism in 
the frequency band 0.1-1 Hz

Average evolution on a weekly basis of the 
seismic anthropogenic noise (frequency band: 

1-5 Hz)
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The Virgo O3 run and the impact of the environment (II)
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The earthquakes that caused a 
Virgo control loss (did not 
cause a control loss) are

represented with red (green) 
dots.
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What happen next?
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Einstein Telescope
• 2026 - constructions starts

• 2035 - science run

10x sensitivity of today’s observatories 
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Conclusions

Observation of 90 gravitational wave signals from binary mergers


Identification of several exceptional GW events


Many additional results and analysis published


Fourth observing run, starting mid December 2022, will lead to further 
interesting and unexpected observations!!!
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GW190412: Unequal masses and higher 
GW harmonics
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Phys. Rev. D 102, 043015 (2020)
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GW190425: The heaviest BNS ever seen?
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Astrophys. J. Lett. 892, L3 (2020)
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GW190521: mass of the heavier binary 
component in the pair-instability supernova 
mass gap 
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GW190814: a 2.6 M⊙ compact object
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GW200105 and GW200115: First 
unambiguous observation of NS-BH system
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Astrophys. J. Lett. 915, L5 (2021)
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Population studies
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Merger rates
• BNS: 10 - 1700 Gpc-3 yr-1


• NSBH: 7.8 - 140 Gpc-3 yr-1


• BBH: 17.9 - 44 Gpc-3 yr-1 (z=0.2)

BBH merger rate grows with redshift

BNS mass distribution:

GW single-peak vs two-
peaks from pulsars

BBH primary mass distribution: 
• peaks at ~10 and 35 (maybe 

also at 18)

arXiv:2111.03634
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Plenty of additional results
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https://pnp.ligo.org/ppcomm/Papers.html


