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The GWTC-4.0 catalog

Some super-events from the O4a run

• 2 neutron-star/black-hole events 

• Object in the mass gap around 3.6 

• Extremely massive merger 190 - 265

<latexit sha1_base64="gNRgIp3A8xWle/0pL3l2naahWpk=">AAAB8HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BL16ECOYhyRJmZyfJkHksM71CWPIVXjwo4tXP8ebfOEn2oNGChqKqm+6uKBHcgu9/eYWV1bX1jeJmaWt7Z3evvH/Qsjo1lDWpFtp0ImKZ4Io1gYNgncQwIiPB2tH4eua3H5mxXKt7mCQslGSo+IBTAk56uO1nPR1rmPbLFb/qz4H/kiAnFZSj0S9/9mJNU8kUUEGs7QZ+AmFGDHAq2LTUSy1LCB2TIes6qohkNszmB0/xiVNiPNDGlQI8V39OZERaO5GR65QERnbZm4n/ed0UBpdhxlWSAlN0sWiQCgwaz77HMTeMgpg4Qqjh7lZMR8QQCi6jkgshWH75L2mdVYNatXZ3Xqlf5XEU0RE6RqcoQBeojm5QAzURRRI9oRf06hnv2Xvz3hetBS+fOUS/4H18AwltkJU=</latexit>

M→

<latexit sha1_base64="gNRgIp3A8xWle/0pL3l2naahWpk=">AAAB8HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BL16ECOYhyRJmZyfJkHksM71CWPIVXjwo4tXP8ebfOEn2oNGChqKqm+6uKBHcgu9/eYWV1bX1jeJmaWt7Z3evvH/Qsjo1lDWpFtp0ImKZ4Io1gYNgncQwIiPB2tH4eua3H5mxXKt7mCQslGSo+IBTAk56uO1nPR1rmPbLFb/qz4H/kiAnFZSj0S9/9mJNU8kUUEGs7QZ+AmFGDHAq2LTUSy1LCB2TIes6qohkNszmB0/xiVNiPNDGlQI8V39OZERaO5GR65QERnbZm4n/ed0UBpdhxlWSAlN0sWiQCgwaz77HMTeMgpg4Qqjh7lZMR8QQCi6jkgshWH75L2mdVYNatXZ3Xqlf5XEU0RE6RqcoQBeojm5QAzURRRI9oRf06hnv2Xvz3hetBS+fOUS/4H18AwltkJU=</latexit>

M→

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

arXiv:2404.04248
arXiv:2507.08219
arXiv:2508.18080
arXiv:2508.18082

https://arxiv.org/abs/2404.04248
https://arxiv.org/abs/2507.08219
https://arxiv.org/abs/2508.18080
https://arxiv.org/abs/2508.18082


Grégoire Pierra - TeVPA 2025 - Valencia, Spain 5

Table of
CONTENTS

The GWTC-4.0 catalog01

02

03

04

Standard sirens

Cosmology results

Modified Gravity results



Grégoire Pierra - TeVPA 2025 - Valencia, Spain 6

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 = 0𝑧 > 0 Universe’s expansion

<latexit sha1_base64="9VxcGp6Cs2ThRufDNGoxcNtLe6A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiBz1WsE2hDWWz3bRLdzdhdyOU0B/hxYMiXv093vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHHR2nitA2iXmsuiHWlDNJ24YZTruJoliEnPrh5Db3/SeqNIvlo5kmNBB4JFnECDZW8vtKoDtfD6o1t+7OgVaJV5AaFGgNql/9YUxSQaUhHGvd89zEBBlWhhFOZ5V+qmmCyQSPaM9SiQXVQTY/d4bOrDJEUaxsSYPm6u+JDAutpyK0nQKbsV72cvE/r5ea6DrImExSQyVZLIpSjkyM8t/RkClKDJ9agoli9lZExlhhYmxCFRuCt/zyKulc1L1GvfFwWWveFHGU4QRO4Rw8uIIm3EML2kBgAs/wCm9O4rw4787HorXkFDPH8AfO5w/EqI83</latexit>

GWs

<latexit sha1_base64="o3Ym0kOpkm6x/w5n86Cy6jvWX7w=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxo1QwT6gHUomzbShmWRMMoU69DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777aysrq1vbBa2its7u3v7pYPDppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywusn81pgqzaR4MJOY+hEeCBYygo2V/G6EzZBgnt5Ne0+9UtmtuDOgZeLlpAw56r3SV7cvSRJRYQjHWnc8NzZ+ipVhhNNpsZtoGmMywgPasVTgiGo/nYWeolOr9FEolX3CoJn6eyPFkdaTKLCTWUi96GXif14nMeGVnzIRJ4YKMj8UJhwZibIGUJ8pSgyfWIKJYjYrIkOsMDG2p6ItwVv88jJpnle8aqV6f1GuXed1FOAYTuAMPLiEGtxCHRpA4BGe4RXenLHz4rw7H/PRFSffOYI/cD5/ACJlkls=</latexit>

Mz
<latexit sha1_base64="Q6XaziKelLWqV3wp9E02j7LMcRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjRuhgn3AdCiZNNOGZpIhuSOUoZ/hxoUibv0ad/6NmXYW2nogcDjnXnLuCRPBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaNSTVmbKqF0LySGCS5ZGzgI1ks0I3EoWDec3OZ+94lpw5V8hGnCgpiMJI84JWAlvx8TGFMisvvZoFpz6+4ceJV4BamhAq1B9as/VDSNmQQqiDG+5yYQZEQDp4LNKv3UsITQCRkx31JJYmaCbB55hs+sMsSR0vZJwHP190ZGYmOmcWgn84hm2cvF/zw/heg6yLhMUmCSLj6KUoFB4fx+POSaURBTSwjV3GbFdEw0oWBbqtgSvOWTV0nnou416o2Hy1rzpqijjE7QKTpHHrpCTXSHWqiNKFLoGb2iNwecF+fd+ViMlpxi5xj9gfP5A4YckW4=</latexit>

M

Standard sirens 

From the GW signals, we measure both the luminosity distance and redshifted masses:

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

<latexit sha1_base64="p2FmvZqyh+Rt9oiQfqeaDboSLpk=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQEUoiUt0IRTduhAr2AW0Ik+mkHTqZhJmJ0Ibu3fgrblwo4tYfcOffOGmzqK0HLhzOuZd77/EiRqWyrB8jt7K6tr6R3yxsbe/s7pn7B00ZxgKTBg5ZKNoekoRRThqKKkbakSAo8BhpecOb1G89EiFpyB/UKCJOgPqc+hQjpSXXLHYDpAYYseRu4ibjCbyCc0rZPh2fuGbJqlhTwGViZ6QEMtRd87vbC3EcEK4wQ1J2bCtSToKEopiRSaEbSxIhPER90tGUo4BIJ5n+MoHHWulBPxS6uIJTdX4iQYGUo8DTnemdctFLxf+8Tqz8SyehPIoV4Xi2yI8ZVCFMg4E9KghWbKQJwoLqWyEeIIGw0vEVdAj24svLpHlWsauV6v15qXadxZEHR6AIysAGF6AGbkEdNAAGT+AFvIF349l4NT6Mz1lrzshmDsEfGF+/H/6adQ==</latexit>

Mz = M(1 + z)

<latexit sha1_base64="eWf+/8HYX2ZuFWissggoaMfKedY="></latexit>

DL(z) = (1 + z)

∫ z

0
c

dz
→

H(z→)
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GWs

<latexit sha1_base64="o3Ym0kOpkm6x/w5n86Cy6jvWX7w=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxo1QwT6gHUomzbShmWRMMoU69DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777aysrq1vbBa2its7u3v7pYPDppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywusn81pgqzaR4MJOY+hEeCBYygo2V/G6EzZBgnt5Ne0+9UtmtuDOgZeLlpAw56r3SV7cvSRJRYQjHWnc8NzZ+ipVhhNNpsZtoGmMywgPasVTgiGo/nYWeolOr9FEolX3CoJn6eyPFkdaTKLCTWUi96GXif14nMeGVnzIRJ4YKMj8UJhwZibIGUJ8pSgyfWIKJYjYrIkOsMDG2p6ItwVv88jJpnle8aqV6f1GuXed1FOAYTuAMPLiEGtxCHRpA4BGe4RXenLHz4rw7H/PRFSffOYI/cD5/ACJlkls=</latexit>

Mz
<latexit sha1_base64="Q6XaziKelLWqV3wp9E02j7LMcRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjRuhgn3AdCiZNNOGZpIhuSOUoZ/hxoUibv0ad/6NmXYW2nogcDjnXnLuCRPBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaNSTVmbKqF0LySGCS5ZGzgI1ks0I3EoWDec3OZ+94lpw5V8hGnCgpiMJI84JWAlvx8TGFMisvvZoFpz6+4ceJV4BamhAq1B9as/VDSNmQQqiDG+5yYQZEQDp4LNKv3UsITQCRkx31JJYmaCbB55hs+sMsSR0vZJwHP190ZGYmOmcWgn84hm2cvF/zw/heg6yLhMUmCSLj6KUoFB4fx+POSaURBTSwjV3GbFdEw0oWBbqtgSvOWTV0nnou416o2Hy1rzpqijjE7QKTpHHrpCTXSHWqiNKFLoGb2iNwecF+fd+ViMlpxi5xj9gfP5A4YckW4=</latexit>

M

Standard sirens 

From the GW signals, we measure both the luminosity distance and redshifted masses:

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

<latexit sha1_base64="GidRRrYtYCVAh2PzARz15jrDb5w="></latexit>

H(z)2 = H
2
0

[
!m(1 + z)3 + !DE(1 + z)3(1+w0)

]

<latexit sha1_base64="eWf+/8HYX2ZuFWissggoaMfKedY="></latexit>

DL(z) = (1 + z)

∫ z

0
c

dz
→

H(z→)

<latexit sha1_base64="p2FmvZqyh+Rt9oiQfqeaDboSLpk=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQEUoiUt0IRTduhAr2AW0Ik+mkHTqZhJmJ0Ibu3fgrblwo4tYfcOffOGmzqK0HLhzOuZd77/EiRqWyrB8jt7K6tr6R3yxsbe/s7pn7B00ZxgKTBg5ZKNoekoRRThqKKkbakSAo8BhpecOb1G89EiFpyB/UKCJOgPqc+hQjpSXXLHYDpAYYseRu4ibjCbyCc0rZPh2fuGbJqlhTwGViZ6QEMtRd87vbC3EcEK4wQ1J2bCtSToKEopiRSaEbSxIhPER90tGUo4BIJ5n+MoHHWulBPxS6uIJTdX4iQYGUo8DTnemdctFLxf+8Tqz8SyehPIoV4Xi2yI8ZVCFMg4E9KghWbKQJwoLqWyEeIIGw0vEVdAj24svLpHlWsauV6v15qXadxZEHR6AIysAGF6AGbkEdNAAGT+AFvIF349l4NT6Mz1lrzshmDsEfGF+/H/6adQ==</latexit>

Mz = M(1 + z)
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The inference is done within a Bayesian framework.

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

Standard sirens 

(This is a ‘‘schematic’’ derivation of the real Bayesian inference 
framework.)

What we want to 
estimate  

Parameters of the 
binaries 

Assumed population models 
(mass, rate, cosmo)

Measured data from 
LVK

Selection effects 
(sensitivity)

<latexit sha1_base64="HAQ7lMUk6ULXjW7Q8L9YRO9OW8w="></latexit>

p(GWdata|!) → e→Nexp(!)

∫
p(GWdata|!, ω)p(ω|!)dω

<latexit sha1_base64="ydpJdnMqgmoQ5YhMSntOHz6y9Ts="></latexit>

(e.g. H0,!0, µg, ...)

<latexit sha1_base64="i2YSlSzEMQ1rt/8LzCGHO6HUG4E="></latexit>

(e.g. Mz, dL, ...)
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The ’’sirens’’ methods 

• Bright sirens: The redshift of the source is strongly constrained, via e.m. emission in the host galaxy. 

• 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.

Standard sirens 

What we want to 
estimate  

Intrinsic parameters 
of the binaries 

Assumed population models 
(mass, rate, cosmo)

Measured data from 
LVK

Selection effects 
(sensitivity)

<latexit sha1_base64="HAQ7lMUk6ULXjW7Q8L9YRO9OW8w="></latexit>

p(GWdata|!) → e→Nexp(!)

∫
p(GWdata|!, ω)p(ω|!)dω

<latexit sha1_base64="ydpJdnMqgmoQ5YhMSntOHz6y9Ts="></latexit>

(e.g. H0,!0, µg, ...)

<latexit sha1_base64="i2YSlSzEMQ1rt/8LzCGHO6HUG4E="></latexit>

(e.g. Mz, dL, ...)

NEW!
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Standard sirens 
Spectral sirens, using population models. 
Cosmological information is extracted thanks to features in the mass distribution.
  

arXiv:2508.18083
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<latexit sha1_base64="rhf2Sbb3vYcqCXpPGVPQh4ATYpI=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4CkkrUW9FLz1WsB/QhrLZbtqlm03Y3Qgl9Dd48aCIV3+QN/+NmzaCij4YeLw3w8y8IOFMacf5sFZW19Y3Nktb5e2d3b39ysFhR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Cb3u/dUKhaLOz1LqB/hsWAhI1gbqd0cZs58WKk6tnfl1r06cmxngZy4Xs3xkFsoVSjQGlbeB6OYpBEVmnCsVN91Eu1nWGpGOJ2XB6miCSZTPKZ9QwWOqPKzxbFzdGqUEQpjaUpotFC/T2Q4UmoWBaYzwnqifnu5+JfXT3V46WdMJKmmgiwXhSlHOkb552jEJCWazwzBRDJzKyITLDHRJp+yCeHrU/Q/6dRs17O92/Nq47qIowTHcAJn4MIFNKAJLWgDAQYP8ATPlrAerRfrddm6YhUzR/AD1tsnx4OOsQ==</latexit>

H
0

<latexit sha1_base64="rhf2Sbb3vYcqCXpPGVPQh4ATYpI=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4CkkrUW9FLz1WsB/QhrLZbtqlm03Y3Qgl9Dd48aCIV3+QN/+NmzaCij4YeLw3w8y8IOFMacf5sFZW19Y3Nktb5e2d3b39ysFhR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Cb3u/dUKhaLOz1LqB/hsWAhI1gbqd0cZs58WKk6tnfl1r06cmxngZy4Xs3xkFsoVSjQGlbeB6OYpBEVmnCsVN91Eu1nWGpGOJ2XB6miCSZTPKZ9QwWOqPKzxbFzdGqUEQpjaUpotFC/T2Q4UmoWBaYzwnqifnu5+JfXT3V46WdMJKmmgiwXhSlHOkb552jEJCWazwzBRDJzKyITLDHRJp+yCeHrU/Q/6dRs17O92/Nq47qIowTHcAJn4MIFNKAJLWgDAQYP8ATPlrAerRfrddm6YhUzR/AD1tsnx4OOsQ==</latexit>

H
0

increase

<latexit sha1_base64="nzkV5sBkm3KJFZ6SEgAYZeWfCYQ=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQQcKuSPQY9OIxgnlAdgmzk9lkyMzuMg8hLPkNLx4U8erPePNvnCR70MSChqKqm+6uMOVMadf9dgpr6xubW8Xt0s7u3v5B+fCorRIjCW2RhCeyG2JFOYtpSzPNaTeVFIuQ0044vpv5nScqFUviRz1JaSDwMGYRI1hbya/6wlz4ig0FPu+XK27NnQOtEi8nFcjR7Je//EFCjKCxJhwr1fPcVAcZlpoRTqcl3yiaYjLGQ9qzNMaCqiCb3zxFZ1YZoCiRtmKN5urviQwLpSYitJ0C65Fa9mbif17P6OgmyFicGk1jslgUGY50gmYBoAGTlGg+sQQTyeytiIywxETbmEo2BG/55VXSvqx59Vr94arSuM3jKMIJnEIVPLiGBtxDE1pAIIVneIU3xzgvzrvzsWgtOPnMMfyB8/kDLbmRJQ==</latexit>

(µ,ω)

measured from GWs

assumed form

extracted
<latexit sha1_base64="p2FmvZqyh+Rt9oiQfqeaDboSLpk=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQEUoiUt0IRTduhAr2AW0Ik+mkHTqZhJmJ0Ibu3fgrblwo4tYfcOffOGmzqK0HLhzOuZd77/EiRqWyrB8jt7K6tr6R3yxsbe/s7pn7B00ZxgKTBg5ZKNoekoRRThqKKkbakSAo8BhpecOb1G89EiFpyB/UKCJOgPqc+hQjpSXXLHYDpAYYseRu4ibjCbyCc0rZPh2fuGbJqlhTwGViZ6QEMtRd87vbC3EcEK4wQ1J2bCtSToKEopiRSaEbSxIhPER90tGUo4BIJ5n+MoHHWulBPxS6uIJTdX4iQYGUo8DTnemdctFLxf+8Tqz8SyehPIoV4Xi2yI8ZVCFMg4E9KghWbKQJwoLqWyEeIIGw0vEVdAj24svLpHlWsauV6v15qXadxZEHR6AIysAGF6AGbkEdNAAGT+AFvIF349l4NT6Mz1lrzshmDsEfGF+/H/6adQ==</latexit>

Mz = M(1 + z)

https://arxiv.org/pdf/2508.18083
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Standard sirens 
Dark sirens, adding galaxy catalogs.
GLADE+: Full sky, 22 millions galaxies with z-estimates, 6 surveys.

statistically associated 
redshift of host galaxies

Dalya et al (2018)
Dalya et al (2022)
arXiv:2509.04348
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https://academic.oup.com/mnras/article/479/2/2374/5046493
https://academic.oup.com/mnras/article/514/1/1403/6595338
https://arxiv.org/abs/2509.04348
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0h 21h 18h 15h 12h 9h 6h 3h 0h

0±

30±

60±

30±

°30±

°60±

°30±

GW230627 015337
GW230628 231200
GW230731 215307
GW230919 215712
GW230922 020344

GW230927 153832
GW231110 040320
GW231206 233901
GW231224 024321
GW231226 101520

GW230927 153832
GW231110 040320
GW231206 233901
GW231224 024321
GW231226 101520

13.00 13.50 14.00
mthr

Main O4a limitations with  GLADE+ 

• Limited to K-band here (~1M galaxies)

• Low completeness above z ~ 1

• Virgo was off à poor sky localizations

Dalya et al (2018)
Dalya et al (2022)
arXiv:2509.04348

https://academic.oup.com/mnras/article/479/2/2374/5046493
https://academic.oup.com/mnras/article/514/1/1403/6595338
https://arxiv.org/abs/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:

• Explore three mass distributions

icaroGW 2.0 GWcosmo 3.0
Gray et al (2023) Mastrogiovanni et al (2024) 

BHs only BHs only NSs + BHs
arXiv:2509.04348m1 [MØ]
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Cosmology results
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H0 = 76.6+13.0
→9.5 km s→1 Mpc→1

(68% symmetric 
credible interval)

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

https://arxiv.org/abs/2509.04348
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Cosmology results
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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).

Modification of the GW propagation             modification of the estimated distance of the GW source 

<latexit sha1_base64="55Xn89vhEJDaRWu+odB+/GbKuOE=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rL4QBcKFewDmlgm00k7dDKJMxOhhPyJG3/FjQtFxF3/xmmahbYeuNzDOfcyc48XMSqVZY2NwsLi0vJKcbW0tr6xuWVu7zRlGAtMGjhkoWh7SBJGOWkoqhhpR4KgwGOk5Q3PJ37riQhJQ36vRhFxA9Tn1KcYKS11zarjC4STi27iiADepA9Zv2ql6ax2eZvCFDqcPEIbds2yVbEywHli56QMctS75rfTC3EcEK4wQ1J2bCtSboKEopiRtOTEkkQID1GfdDTlKCDSTbL7UniglR70Q6GLK5ipvzcSFEg5Cjw9GSA1kLPeRPzP68TKP3UTyqNYEY6nD/kxgyqEk7BgjwqCFRtpgrCg+q8QD5AOTOlISzoEe/bkedI8qtjVSvXuuFw7y+Mogj2wDw6BDU5ADVyDOmgADJ7BK3gHH8aL8WZ8Gl/T0YKR7+yCPzDGP78KoiE=</latexit>
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Horndeski et al (1974)
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https://arxiv.org/abs/1906.01593
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Modified Gravity results
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DGW
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<latexit sha1_base64="UdPUZAfG/w61vZEHw/yt8yS+6TM="></latexit>

R(z|ω,ε, zp) → (1 + z)ω

arXiv:2509.04348
<latexit sha1_base64="O1p53LjJ3q6gjVejodgHEx9gC5k=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZJqW5dFNy4r2Ae0oUymk3bsPMLMRCih/+DGhSJu/R93/o2TNoKKHrhwOOde7r0njBnVxvM+nMLK6tr6RnGztLW9s7tX3j/oaJkoTNpYMql6IdKEUUHahhpGerEiiIeMdMPpVeZ374nSVIpbM4tJwNFY0IhiZKzUGYwR52hYrnhurVqt1Xzoud4CGfH9xtkZ9HOlAnK0huX3wUjihBNhMENa930vNkGKlKGYkXlpkGgSIzxFY9K3VCBOdJAurp3DE6uMYCSVLWHgQv0+kSKu9YyHtpMjM9G/vUz8y+snJroIUirixBCBl4uihEEjYfY6HFFFsGEzSxBW1N4K8QQphI0NqGRD+PoU/k86Vdevu/Wb80rzMo+jCI7AMTgFPmiAJrgGLdAGGNyBB/AEnh3pPDovzuuyteDkM4fgB5y3T71Ij0M=</latexit>ω
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https://arxiv.org/abs/2509.04348
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Modified Gravity results
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We can also reconstruct the distance ratio (90% credible interval), 
with both narrow and wide 𝐻# priors. 

<latexit sha1_base64="RIgVKWfZbf0vc3K+4QXGKg0yF30=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEQQyJlupGKLpxI1SwD2hjmEwn7dDJJMxMhBKCG3/FjQtF3PoV7vwbp20WWj1w4XDOvdx7jx8zKpVtfxmFufmFxaXicmlldW19w9zcasooEZg0cMQi0faRJIxy0lBUMdKOBUGhz0jLH16O/dY9EZJG/FaNYuKGqM9pQDFSWvLMHeyl1xk8h7Z1cpceOlYl89Ijx7Izzyzblj0B/EucnJRBjrpnfnZ7EU5CwhVmSMqOY8fKTZFQFDOSlbqJJDHCQ9QnHU05Col008kLGdzXSg8GkdDFFZyoPydSFEo5Cn3dGSI1kLPeWPzP6yQqOHNTyuNEEY6ni4KEQRXBcR6wRwXBio00QVhQfSvEAyQQVjq1kg7BmX35L2keW07Vqt5UyrWLPI4i2AV74AA44BTUwBWogwbA4AE8gRfwajwaz8ab8T5tLRj5zDb4BePjG3VXlOw=</latexit>

cM = 0.3+1.4
→1.0

<latexit sha1_base64="NNQM4HiJ+Fve8QTBPi7kxSqH5TQ=">AAACBHicbVDLSsNAFJ3UV62vqMtuBosgiGFSSnUjFN24rGAf0MYwmU7aoZMHMxOhhCzc+CtuXCji1o9w5984bbPQ1gMXDufcy733eDFnUiH0bRRWVtfWN4qbpa3tnd09c/+gLaNEENoiEY9E18OSchbSlmKK024sKA48Tjve+Hrqdx6okCwK79Qkpk6AhyHzGcFKS65Z7neZm6IMXkLbqt6np8iqZW56hqxq5poVZKEZ4DKxc1IBOZqu+dUfRCQJaKgIx1L2bBQrJ8VCMcJpVuonksaYjPGQ9jQNcUClk86eyOCxVgbQj4SuUMGZ+nsixYGUk8DTnQFWI7noTcX/vF6i/AsnZWGcKBqS+SI/4VBFcJoIHDBBieITTTARTN8KyQgLTJTOraRDsBdfXibtqmXXrfptrdK4yuMogjI4AifABuegAW5AE7QAAY/gGbyCN+PJeDHejY95a8HIZw7BHxifP73YlZ0=</latexit>

!0 = 1.2+0.4
→0.2

General Relativity seems to work well so far!

https://arxiv.org/abs/2509.04348
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Conclusions
• Dark sirens are now at the center of GW cosmology.

• Best 𝐻!	 constraint with GWTC-4.0 is

• Not competitive for the “Hubble Tension”

 
• But, we highlight a 60% improvement w.r.t to GWTC-3 

(better method, model, events)

• No sign of modified gravity so far.

<latexit sha1_base64="7CbYhP3ewtnN006QZFykDlt3M4M="></latexit>

H0 = 76.6+13.0
→9.5 km s→1 Mpc→1
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Coolest plot imo

https://arxiv.org/abs/2509.04348
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GW cosmology so far
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Flat-LCDM 

arXiv:2509.04348
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Modified gravity

arXiv:2509.04348
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Measurement of the mass spectrum
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Measurement of the merger rate

arXiv:2509.04348
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Systematics and stability checks
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Pipelines compatibility
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