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Gravitational wave astronomy today



Prelude on black holes
Cygnus X-1 – 21.2 Msun

Observé par Chandra

Event Horizon Telescope observes supermassive black holes

M ~ 106 – 109 Msun

Thank you Shiro!



Prelude on black holes
Cygnus X-1 – 21.2 Msun

Observé par Chandra

Event Horizon Telescope observes supermassive black holes

M ~ 106 – 109 Msun

Muse - Supermassive Black Hole Link to Youtube

https://youtu.be/Xsp3_a-PMTw?si=qZOVcfkm8woPQ-0p
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Prelude on black holes 
Gaia BH 3 – 32.7 Msun 

https://arxiv.org/abs/2404.10486 

https://arxiv.org/abs/2404.10486
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https://catalog.cardiffgravity.org/bhbubble 

How abundant are stellar mass black 
holes in the Universe?

How their mass is distributed?

How do black holes form?

https://catalog.cardiffgravity.org/bhbubble


https://catalog.cardiffgravity.org/bhbubble 

Muse - Starlight  Link to Youtube

Chorus

“Our hopes and expectations
Black holes and revelations”

https://catalog.cardiffgravity.org/bhbubble
https://youtu.be/Pgum6OT_VH8?si=26fbKKRHSJDGwFSr


Science run O4

101

Update:

O4b will end on Jun 9 2025
O5 expected to start in Jun 2027



https://gwosc.org/detector_status 

Good duty cycle > 80 %

Stable range ~ 55 Mpc

https://gwosc.org/detector_status


https://gracedb.ligo.org 

First preliminary alert with 20 to 60 sec latency

Significant detection candidates : 105
→ 3 significant alerts/week of operation

Low Significance Detection Candidates: ~2000

O4b: Virgo data used for localization

Example : SNR > 2.5 for V1

https://gracedb.ligo.org/superevents/S240530a/view/ 

https://gracedb.ligo.org/
https://gracedb.ligo.org/superevents/S240530a/view/


https://gracedb.ligo.org 

First preliminary alert with 20 to 60 sec latency

Significant detection candidates : 105
→ 3 significant alerts/week of operation

Low Significance Detection Candidates: ~2000

To be compared with an H1 L1 event 

https://gracedb.ligo.org/superevents/S231206ca/view
/
 

https://gracedb.ligo.org/
https://gracedb.ligo.org/superevents/S231206ca/view/
https://gracedb.ligo.org/superevents/S231206ca/view/


GW230529

Credits: I. Markin (Potsdam University), T. Dietrich (Potsdam University and Max Planck
Institute for Gravitational Physics), H. Pfeiffer, A. Buonanno (Max Planck Institute for
Gravitational Physics)




astro-colibri

https://astro-colibri.com/
https://play.google.com/store/apps/details?id=science.astro.colibri


Conclusions (1)

One more year of O4 till June 2025
● LIGO L1 = 180 Mpc, LIGO H1 = 160 Mpc, Virgo = 55 Mpc 
● 200 more detector sources eventually ?
● Mostly BBH (but not only)
● Much better view of the BH mass distribution
● 4-detector data with LVK end of the year?
● First signs of precessing binaries (next slide)



Conclusions (2)
Precession

GW200129 -- link 

Hannam et al, General-relativistic precession in a black-hole 
binary,  Nature 610 (2022) 7933, 652-655
https://arxiv.org/abs/2112.11300

“Here we report the measurement of strong-field precession in 
the LIGO–Virgo–Kagra gravitational-wave signal GW200129. 
The binary’s orbit precesses at a rate ten orders of magnitude 
faster than previous weak-field measurements from binary 
pulsars. We also find that the primary black hole is probably 
highly spinning.”

https://gwosc.org/eventapi/html/GWTC-3-confident/GW200129_065458/v1/
https://arxiv.org/abs/2112.11300

