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The GWTC-4.0 catalog

GWTC-4.0 combines approximately 3 yrs of data-taking, with 90 new GW events w.r.t. GWTC-3.

01+02+03+04a = 218, 04b* = 105, 04c* = 59, Total = 382
400+ *O4b and O4c entries are preliminary candidates found online.
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Standard sirens

GW cosmology is based on three main “‘sirens’” methods.

All try to associate a redshift information to a luminosity distance of GW sources, in order to constrain cosmology

Z P Universe’s expansion VA =: 0
’3 5
M.

GWS

M

Dy(2) = (14 2) /[j()

From the GW signals, we measure both the luminosity distance and redshifted masses: M, = M (1 + z )

Assumptions on the source mass distribution can then constrain the redshift, hence constrain

the cosmology!
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Standard sirens

GW cosmology is based on three main “‘sirens’” methods.

All try to associate a redshift information to a luminosity distance of GW sources, in order to constrain cosmology

Z P Universe’s expansion VA =: 0
’3 5
M.

GWS

M

DL<z>:<1+z>/OZc[jé,

From the GW signals, we measure both the luminosity distance and redshifted masses: M, = M (1 + z )

Assumptions on the source mass distribution can then constrain the redshift, hence constrain

the cosmology!

H(2)* = H3[Qm(1 + 2)% + Qpr (1 + 2)31Hw0)]
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Standard sirens

The inference is done within a Bayesian framework.

For a single GW event, we can write a likelithood:

Measured data from
LVK (e.g. M,,dyp,...)

|

p(GW data|A) ox e Nexp(A) / p(GW data|A, 0)p(0|A)do
What we want to Assumed population models
estimate (mass, rate, cosmo)

(e.g. Ho, Zo, g, --)

(This is a ““schematic’’ derivation of the real Bayesian inference
framework.)
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Standard sirens

Measured data from
LVK (e.g. M_,dg,...)

|

p(GW data|A) o e Nexe (A [ h(GW data|A, 0)p(6]|A)db
What we want to Assumed population models
estimate (mass, rate, cosmo)

(6‘9‘ H07 EO) Hg; )

The "sirens” methods
* Bright sirens: The redshift of the source is strongly constrained, via e.m. emission in the host galaxy.
e Spectral sirens: The redshift is extracted from the redshifted-mass relation using the population models.

» Dark sirens: Spectral + extra statistical redshift information from galaxy catalogs. NEW!
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Standard sirens measured fgn GWs oxrated

M, =M1+ =z
Spectral sirens, using population models. z ( + )
Cosmological information is extracted thanks to features in the mass distribution. T

assumed form
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arXiv:2508.18083
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Standard sirens

Dark sirens, adding galaxy catalogs. statistically associated
GLADE+: Full sky, 22 millions galaxies with z-estimates, 6 surveys. redshift of host galaxies
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Standard sirens

Dark sirens, adding galaxy catalogs.

GLADE-+: Full sky, 22 millions galaxies with z-estimates, 6 surveys.

—60°

GW230627_015337
GW230628_231200
GW230731.215307
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GW230922.020344

13.00

13.50
MMhr

14.00

GW230927_153832
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= GW231206_233901
GW231224_024321
= GW231226.101520
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Main O4a limitations with GLADE+

Limited to K-band here (~1M galaxies)
Low completeness above z ~ 1

Virgo was off = poor sky localizations

Dalva et al (2018)
Dalva et al (2022)
arxXiv:2509.04348
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Cosmology results

We analyze 141 dark sirens from GWTC-4.0 + bright siren GW170817.

The events are selected using a cut on the False Alarm Rate (FAR) < 0.25 yr™-.

Two independent codes are used, we present joint results: NEW!

[ GWcosmo 3.0 ]

Gray et al (2023)

[ icaroGW 2.0 ]

1

Mastrogiovanni et al (2024)

Explore three mass distributions

-1

M

p(ma|A) |

Powger LAaw + PEAK Murti PEAK FuLLPor-4.0
Power Power NEW! Power NEW!
Law Law

Peak 1 Dip peak 1 Peak 2
Peak
Peak 2
NSs
my [Me)] my [Mo)] my (M)
BHs only BHs only NSs + BHs
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Cosmology results

Jointly inferred population and cosmology with 142 CBCs from GWTC-4.0.

DATIT | o
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—0.030 Bright siren
5 —— Spectral sirens
= (0.025 — Dark sirens
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Cosmology results

Impact of mass modelling

0.025_"""" e
1 Planck
"270.020- o iEﬂES
= | —
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Significant impact from
the mass model.
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Modified Gravity results

Beside changing the population models, we can also test different cosmological models.
For example modified gravity, which predicts a modification of the GW propagation (friction).

DGW
Modification of the GW propagation —— modification of the estimated distance of the GW source > DEM #~ 1
Phenomenological Horndeski gravity
model
1 —=p GW EM 1 (% dz QA(Z/)
DY = DM (2 + D™ =D exp | 5 / ; CM
L L T 1+ 2)n 2Jo 1+2 Qap

Belgacem et al (2019)
Horndeski et al (1974)
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Modified Gravity results

Phenomenological
model

- B Wide Hy-prior
- I Narrow H-prior

NEW!

A 00 25 50 75
Y

merger rate model

R(z|v, Ky 2p) ~ (1 + 2)7

Horndeski gravity

B Wide Hy-prior
. B Narrow H-prior

. NEW!

GR

CMm

5
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v arXiv:2509.04348

Strong correlation with 7} as the GW detectability can be strongly impacted by either DEW or the merger rate.
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Modified Gravity results

We can also reconstruct the distance ratio (90% credible interval),
with both narrow and wide H,, priors.

General Relativity seems to work well so far!

o4 ---- GR =01 parametrization
- Wide Hy-prior
Eq [ Narrow Hy-prior
Q P (pa— 2—|—0.4
=~ I —0 — +-4_0.2
I .
G 1_
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~ Wide Hy-prior
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car = 0.3777%

T T T T T T L |
107! 10°
A arXiv:2509.04348
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Conclusions

* Dark sirens are now at the center of GW cosmology.
Coolest plot imo
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T
o : =0.010
* But, we highlight a 60% improvement w.r.t to GWTC-3
(better method, model, events) 0-005
0.000 . . . . . . .
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Hy [kms™" Mpe™]

No sign of modified gravity so far.
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GW cosmology so far

Bright siren mem=  Dark + bright sirens m=mm Spectral + bright sirens
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Flat-LCDM
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Modified gravity

-———- CR =o—n parametrization
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Modified gravity — Dark sirens
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Measurement of the mass spectrum

Dark sirens analysis with luminosity weights
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Measurement of the merger rate

0.61
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Systematics and stability checks
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Pipelines compatibility
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