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from GWTC-5.0
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GWTC-5.0 / CBC Detections

arXiv:2605.27223 GWTC-5.0: An Introduction to Version 5.0 of the Gravitational-Wave Transient Catalog
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https://dcc.ligo.org/LIGO-G2302098/public

390 events
January 28, 2025

(+161 compared to GWTC-4.0)

236 of which are used for
cosmological analysis after
the cut iFAR > 4 years
(+94 compared to GWTC-4.0)

GWTC-5.0 / CBC Detections
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From CBCs to cosmology

Luminosity distance related to redshift and expansion rate. 

Chirp mass appear redshifted.
We measure       : if we can constrain            information on 

We measure       : information on          information on   
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From CBCs to cosmology

FULLPOP-4.0

Choice of structured model

DOI: https://doi.org/10.1103/PhysRevD.104.062009 S. Mastrogiovanni et al. 2021
https://arxiv.org/pdf/2605.27227 GWTC-5.0: Constraints on the Cosmic Expansion Rate and Modified Gravitational-wave Propagation

Power
Law

Notch
Peak1 Peak2

Inferred structures in source frame

 / Primary mass distribution
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From CBCs to cosmology
Mass: detector vs source frame

The mass spectrum has certain structures.

This knowledge helps us constrain the 
potential values of redshift and break the 
mass-redshift degeneracy.

This source of constraints is designated 
as the “spectral” information

DOI: https://doi.org/10.1103/PhysRevD.104.062009 S. Mastrogiovanni et al. 2021
https://arxiv.org/pdf/2605.27227 GWTC-5.0: Constraints on the Cosmic Expansion Rate and Modified Gravitational-wave Propagation

Detector

Source

 / Redshift inference from mass distribution
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Statistical Framework / Bayesian inference

arXiv:2308.02281v2 Joint cosmological and gravitational-wave population inference 2023

Individual CBC 
Likelihood of observed 
data given the hyper-

parameters
(cosmo, mass model 

parameters, etc)

Likelihood of 
observed data 
given the true 

parameters
(from PE)

Redshift prior
(galaxy distribution, 

merger rate)

Expansion Rate

Other population 
models

(masses, spins...)
Galaxy Catalog

information
Spectral

information
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Statistical Framework / Galaxy Catalogue

arXiv:2308.02281v2 Joint cosmological and gravitational-wave population inference 2023

We can take the redshift prior 
uninformative (uniform in 
comoving volume) and only use 
the spectral information, or 
assume regions with higher 
galaxy density are more likely 
to host CBCs.

This is designated as the 
“dark sirens” information

Luminosity weighting for galaxies:
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Results / analysis choices

https://arxiv.org/pdf/2605.27227 GWTC-5.0: Constraints on the Cosmic Expansion Rate and Modified Gravitational-wave Propagation

- MultiPeak (BBH Only)
Power law + 2 peaks
- FullPop-4.0 (All CBCs)
2 power laws + notch + 2 peaks
- FullPop-3Peaks (All CBCs)
2 power laws + notch + 3 peaks

Mass models

236 CBCs selected with  iFAR > 4 yr

Redshift prior

- GLADE+ Ks-band
90% sky coverage. Low depth.
(9.9e5 galaxies)
- DES r-band
13% sky coverage High depth.
(3.5e8 galaxies)

- None
Uniform in comoving volume

Analysis pipeline

- gwcosmo
Gray et al, JCAP 12 (2023) 023
Gray et al, MNRAS 512 (2022) 1127
- icarogw
Mastrogiovanni et al, A&A 682 (2024) 
A167
Mastrogiovanni et al, PRD, 104, 
062009

Information included in Information included in

Dark Sirens

Spectral Sirens
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Results / galaxy catalogs

https://arxiv.org/pdf/2605.27227 GWTC-5.0: Constraints on the Cosmic Expansion Rate and Modified Gravitational-wave Propagation

GLADE+ Ks-band
Better sky area coverage (90%), low depth. 
Spectroscopic and photometric measurements.

DES r-band
Small sky area coverage (13%), very deep.
Photometric measurements.
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Results / H0 posterior

https://arxiv.org/pdf/2605.27227 GWTC-5.0: Constraints on the Cosmic Expansion Rate and Modified Gravitational-wave Propagation
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Results / H0 posterior

https://arxiv.org/pdf/2605.27227 GWTC-5.0: Constraints on the Cosmic Expansion Rate and Modified Gravitational-wave Propagation

Bright siren
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Results / H0 posterior

https://arxiv.org/pdf/2605.27227 GWTC-5.0: Constraints on the Cosmic Expansion Rate and Modified Gravitational-wave Propagation

Spectral sirens

Bright siren
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Results / H0 posterior

https://arxiv.org/pdf/2605.27227 GWTC-5.0: Constraints on the Cosmic Expansion Rate and Modified Gravitational-wave Propagation

Dark sirens DES

Spectral sirens

Bright siren
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Results / H0 posterior

https://arxiv.org/pdf/2605.27227 GWTC-5.0: Constraints on the Cosmic Expansion Rate and Modified Gravitational-wave Propagation

km/s/Mpc
When combining the bright 
siren and the dark sirens with 
DES r-band galaxy catalogue

Dark sirens DES

Spectral sirens

Bright siren
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Results / H0 posterior

https://arxiv.org/pdf/2605.27227 GWTC-5.0: Constraints on the Cosmic Expansion Rate and Modified Gravitational-wave Propagation

22.0% improvement
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Results / modified gravity

https://arxiv.org/pdf/2605.27227 GWTC-5.0: Constraints on the Cosmic Expansion Rate and Modified Gravitational-wave Propagation

Modified gravity models predict different 
propagation for GW.

Therefore, GW do not propagate the same way 
than EM.

Belgacem, E., et al. 2019b, 
JCAP, 07, 024

2 models:

Horndeski, G. W. 1974, Int. 
J. Theor. Phys., 10, 363

GR GR
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Conclusions

● Fiducial mass model is  FULLPOP-4.0 (covering all CBCs, best constraint)

● Best constraint:                                          (22.0% improvement w.r.t. GWTC-4.0)

● No significant departure from General Relativity

● Next observing run: IR1 starting in November

km/s/Mpc
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Thank you



LIGO Scientific Collaboration

This material is in part based upon work supported by NSF’s LIGOLaboratory which is a major facility fully funded by the National Science Foundation
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Cosmo parameters / mass model

From GWTC-5.0: Constraints on 
the Cosmic Expansion Rate and 
Modified Gravitational-wave 
Propagation,
THE LIGO SCIENTIFIC COLLABORATION 
THE VIRGO COLLABORATION ,
THE KAGRA COLLABORATION,
2026
arXiv:2605.27227v2

https://arxiv.org/pdf/2605.27227 GWTC-5.0: Constraints on the Cosmic Expansion Rate and Modified Gravitational-wave Propagation
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Cosmo parameters / merger rate model

From GWTC-5.0: Constraints on 
the Cosmic Expansion Rate and 
Modified Gravitational-wave 
Propagation,
THE LIGO SCIENTIFIC COLLABORATION 
THE VIRGO COLLABORATION ,
THE KAGRA COLLABORATION,
2026
arXiv:2605.27227v2

https://arxiv.org/pdf/2605.27227 GWTC-5.0: Constraints on the Cosmic Expansion Rate and Modified Gravitational-wave Propagation



AG GdR Lyon 10/26
Maxime Bloch (Subatech, Nantes Univ.) for the LVK Collaboration 24

Statistical Framework / Bayesian inference

arXiv:2308.02281v2 Joint cosmological andgravitational-wave population inference 2023
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Statistical Framework / galaxy catalog

https://arxiv.org/pdf/2605.27227 GWTC-5.0: Constraints on the Cosmic Expansion Rate and Modified Gravitational-wave Propagation
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GWTC-5.0 / notable events

GW240615_113620 

Best GW-only sky localization so far

90% credible interval:
6.24deg²

https://dcc.ligo.org/LIGO-P2600152/public

50%

90%

Position Probability
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GWTC-5.0 / notable events

https://dcc.ligo.org/LIGO-P2600152/public

GW250114_082203: loudest event ever measured

GW241011_233834: unequal mass BH and closest event of O4b

DOI 10.3847/2041-8213/ae0d54 A. G. Abac et al 2025
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https://arxiv.org/pdf/2605.27227 GWTC-5.0: Constraints on the Cosmic Expansion Rate and Modified Gravitational-wave Propagation
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