
A decade of GW detections... 
and much more to come!

Giacomo Ciani
on behalf of the LIGO-Virgo-KAGRA Collaboration

giacomo.ciani@unitn.it

VIR-0852A-25

mailto:giacomo.ciani@unitn.it
https://tds.virgo-gw.eu/?r=25183
https://tds.virgo-gw.eu/?r=25183
https://tds.virgo-gw.eu/?r=25183
https://tds.virgo-gw.eu/?r=25183
https://tds.virgo-gw.eu/?r=25183


Happy 10th birthday, GW astronomy!

Phys. Rev. Lett. 116, 061102 (2016)
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.061102
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.061102
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.061102


Thank you, Rai, 
and goodbye!

We mourn the passing of 
Professor Rai Weiss, a 
brilliant physicist and 
founding figure of 
gravitational wave 
science. His vision, 
perseverance, and deep 
insight shaped the field 
and inspired generations.
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Not aging, improving. And it shows!

Phys. Rev. Lett. 135, 111405 (2025)
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https://journals.aps.org/prl/abstract/10.1103/kw5g-d732
https://journals.aps.org/prl/abstract/10.1103/kw5g-d732
https://journals.aps.org/prl/abstract/10.1103/kw5g-d732


A growing population
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A decade of observations and discoveries
https://catalog.cardiffgravity.org/

NTHEP 2025, Batumi, Georgia Giacomo CIani on behalf of the LVK collaboration 6

https://catalog.cardiffgravity.org/


A decade of observations and discoveries
https://catalog.cardiffgravity.org/

GW250114: Hawking and Kerr to the test

GW231123: heavier than ever

GW230529: sitting in the mass gap
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https://catalog.cardiffgravity.org/


GW250114: Hawking and Kerr to the test

ÅPost-merger Quasi-Normal-Modes spectrum 
consistent with Kerr BH
ÅPost-merger area < sum of pre-merger areas
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Phys. Rev. Lett. 135, 111405 (2025)

https://journals.aps.org/prl/abstract/10.1103/kw5g-d732
https://journals.aps.org/prl/abstract/10.1103/kw5g-d732
https://journals.aps.org/prl/abstract/10.1103/kw5g-d732


GW231123: heavier than ever

ÅHeaviest BH observed through GWs
ÅObserved secondary mass comfortably in the 
љÂċŔƖШfŰƚƣċĤŔũŔƣǃШÉ ШƨƓƓĲƖШůċƚƚШŊċƓњШыӈΣΜ-130 
solar masses)
ÅMerger of mergers?
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https://arxiv.org/abs/2507.08219


GW230529: sitting in the mass gap

ÅPrimary is the lightest BH detected 
to date (or the heavier NS?)
ÅSecondary is very probably a NS
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Astrophys. J. Lett. 970, L34 (2024)

https://iopscience.iop.org/article/10.3847/2041-8213/ad5beb
https://iopscience.iop.org/article/10.3847/2041-8213/ad5beb
https://iopscience.iop.org/article/10.3847/2041-8213/ad5beb
https://iopscience.iop.org/article/10.3847/2041-8213/ad5beb
https://iopscience.iop.org/article/10.3847/2041-8213/ad5beb
https://iopscience.iop.org/article/10.3847/2041-8213/ad5beb


https://pnp.ligo.org/ppcomm/Papers.html

GWTC-4.0 just released. And it is bringing more science.
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Sep 10, 2025

*Recent*

GW250114: Testing Hawking's area law and the Kerr nature of black holes (by LSC, 

Virgo and KAGRA)

O4 CBC GW25

0114 LVK
summary

Phys. Rev. Lett. 135, 

111405 (2025)
2509.08054 P2500421

Sep 10, 2025

*Recent*

Black Hole Spectroscopy and Tests of General Relativity with GW250114 (by LSC, 

Virgo and KAGRA)

O4 CBC GW25

0114 TGR LVK
summary - 2509.08099 P2500461

Sep 9, 2025

*Recent*

GW230814: investigation of a loud gravitational -wave signal observed with a single 

detector (by A. G. Abac et al. (LSC, Virgo and KAGRA))

O4 GW230814

LVK
summary - 2509.07348 P230814

Sep 9, 2025

*Recent*

Directed searches for gravitational waves from ultralight vector boson clouds around 

merger remnant and galactic black holes during the first part of the fourth LIGO -

Virgo -KAGRA observing run (by LSC, Virgo and KAGRA)

O4 CW LVK summary - 2509.07352 P2500256

Sep 4, 2025

*Recent*

GWTC-4.0: constraints on the cosmic expansion rate and modified gravitational -wave 

propagation (by LSC, Virgo and KAGRA)
O4 CBC LVK summary - 2509.04348 P2400152

Aug 28, 2025

*Recent*

Upper Limits on the Isotropic Gravitational -Wave Background from the first part of 

LIGO, Virgo and KAGRA's fourth Observing Run (by LSC, Virgo and KAGRA)

O4 Stochastic L

VK
summary Submitted to PRD 2508.20721 P2500349

Aug 25, 2025

*Recent*

Open Data from LIGO, Virgo, and KAGRA through the first part of the fourth 

observing run (by LSC, Virgo and KAGRA)
O4 data LVK summary Submitted to ApJS 2508.18079 P2500167

Aug 25, 2025

*Recent*

GWTC-4.0: An Introduction to Version 4.0 of the Gravitational -Wave Transient 

Catalog (by LSC, Virgo and KAGRA)

O4 CBC GWTC

LVK
summary Submitted to ApJL 2508.18080 P2400293

Aug 25, 2025

*Recent*

GWTC-4.0: Methods for identifying and characterizing gravitational -wave 

transients (by LSC, Virgo and KAGRA)

O4 CBC GWTC

LVK
summary Submitted to ApJL 2508.18081 P2400300

Aug 25, 2025

*Recent*

GWTC-4.0: Updating the Gravitational -Wave Transient Catalog with Observations 

from the First Part of the Fourth LIGO -Virgo -KAGRA Observing Run (by LSC, Virgo 

and KAGRA)

O4 CBC GWTC

LVK
summary Submitted to ApJL 2508.18082 P2400386

Aug 25, 2025

*Recent*

GWTC-4.0: Population Properties of Merging Compact Binaries (by LSC, Virgo and 

KAGRA)
O4 CBC LVK summary - 2508.18083 P2400004

Jul 16, 2025

*Recent*

All -sky search for long -duration gravitational -wave transients in the first part of the 

fourth LIGO -Virgo -KAGRA Observing run (by LSC, Virgo and KAGRA)
O4 Burst LVK summary Submitted to PRD 2507.12282 P2500090

Jul 16, 2025

*Recent*

All -sky search for short gravitational -wave bursts in the first part of the fourth LIGO -

Virgo -KAGRA observing run (by LSC, Virgo and KAGRA)
O4 Burst LVK summary Submitted to PRD 2507.12374 P2400601

Jul 14, 2025

*Recent*

GW231123: a Binary Black Hole Merger with Total Mass 190 -265 Msun (by LSC, Virgo 

and KAGRA)

O4 CBC GW23

1123 LVK
summary Submitted to ApJ 2507.08219 P2500026
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Ground based GW detectors



fĬĲċƚШċƖĲШƚŔůƓũĲЯШũŔŉĲШŔƚШĦŸůƓũŔĦċƣĲĬв
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Laser:
200W - 1064nm

LaserLaser

several km

several km

Power Recycling Mirror: 
reflects back light coming 

from the beam splitter, 
increasing power in the 

arm cavities

Arm cavities:
Fabry-Perrot 

cavities store light 
to effectively 

increase length

750kW

750kW

Input mode cleaner:
stabilizes frequency 

and cleans the laser mode

Output mode cleaner:
«cleans up» the output 

light signal

Photodetector

Signal Extraction Mirror:
enhances the response to GW

Complexcontrol 
systems and 

feedback loops 
neededto keep
the istrument

alighnedand at
the working

point
Squeezed vacuum injection:
Reduced quantum noise by 

shaping vacuum fluctuations

11
 m

et
er

s

Suspensions:
Isolate mirrors from 

ground motion

Main mirrors:
Test masses with 

superb optical quality



The global GW detector network

LIGO 
Hanford

LIGO 
Livingston

VIRGO

GEO600
KAGRA 

LIGO India

Coincident detection Localization
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Duty cycle



Observing run 4 at a glance



Current status

Approximate BNS ranges:
ÅLIGOs: ~150 Mpc
ÅVirgo: ~55 Mpc
ÅKagra: ~10 Mpc (currently offline)

About 1 candidate/3 days

Stay tuned: 
https://gwosc.org/detector_status/

https://gracedb.ligo.org/
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https://gwosc.org/detector_status/
https://gracedb.ligo.org/


Localization with and without Virgo
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The upgrade/observe tradeoff
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Towards observing run 5



Proposed main upgrades for 05

LIGO
Replace input and output test 

masses (better coatings)

Improved seismic isolation

Implementation of Balanced 
Homodyne Detection scheme

Virgo
Implement (folded) stable 
recycling cavities
иReplace part of the vacuum system 

(larger pipes and towers)
иRedesign optics suspensions
иReshuffle detection benches
иReplace optics

Replace input and output test 
masses (better coatings)

Increase laser power

Kagra

New test masses

Higher laser power

Signal extraction mirror
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ÂũċŰƚШŉŸƖШƣőĲШыƨŰĦĲƖƣċŔŰьШŉƨƣƨƖĲв

?
We live in
uncertain
ƣŔůĲƚв

?
We live in
uncertain
ƣŔůĲƚв
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LIGO plans may be heavily affected 
by current US administration 

funding cuts  (not confirmed yet)

Virgo is planning for a major 
infrastructure upgrade to allow for 

stable recycling cavities . Will 
require several years, but schedule 
and funding are not confirmed yet.

KAGRA is continuing commissioning 
and upgrades to improve sensitivity 

as planned



Looking further ahead



Expanding band and range
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Reaching the end of the observable universe
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We have only scratched the surface of the 
GW signal sea that we are navigatingвШ

By improving their sensitivity, we can increase:
ÅRate and number of detections
ÅDistance (in space and time) of detections
ÅUnderstating of populations as a function of redshift
ÅAccuracy of detections (SNR)
ÅAccuracy of GR tests
Åв
вШċŰĬШƨũƣŔůċƣĲũǃЯШŸƨƖШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШƣőĲШƨŰŔƻĲƖƚĲгШ

First stars formedFirst stars formed


