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arXiv:2605.27223 GWTC-5.0: An Introduction to Version 5.0 of the Gravitational-Wave Transient Catalog
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GWTC'S .0 / cBC Detections

01 (3) + 02 (8) + O3a (44) + O3b (35) + O4a (139) + 04b (161) = 390, O4c* = 68, Total = 458
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https://dcc.ligo.org/LIGO-G2302098/public

*04c entries are preliminary candidates found online.

January 28, 2025
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390 events
(+161 compared to GWTC-4.0)

236 of which are used for
cosmological analysis after
the cut iFAR > 4 years

(+94 compared to GWT(C-4.0)

LIGO-G2302098 (f244d4f6), updated on 25 May, 2026
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Om CBCs to cosmology
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From CBCs to cosmology

/ Primary mass distribution

Inferred structures in source frame - Choice of structured model
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From CBCs to cosmology
/ Redshift inference from mass distribution

Mass: detector vs source frame
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arXiv:2308.02281v2 Joint cosmological and gravitational-wave population inference 2023

StatiStical Framewo rk / Bayesian inference
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StatiStical Framework / Galaxy Catalogue

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
12.5 “dark sirens” information

Luminosity weighting for galaxies: p(CBC|L) o L*
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Results / analysis choices

236 CBCs selected with iFAR > 4 yr

Mass models Redshift prior Analysis pipeline
Dark Sirens
Power law + 2 peaks 90% sky coyerage. Low depth. Gray et al, JCAP 12 (2023) 023
i FullPop—4 .0 (All CBCs) (9].:)9E5Sgaf)_(/g5) g Gr_ay et al, MNRAS 512 (2022) 1127
2 power laws + notch + 2 peaks -13‘7 sky cove?age High depth ;\/I:;sira(‘)zg\%wnni et al, A&A 682 (2024)
(o] . ’
-FullPop—-3Peaks (il cBCs) (3.508 galaxies) AL67
2 power laws + notch + 3 peaks Spectral Sirens Mastrogiovanni et al, PRD, 104,
- None 062009

Uniform in comoving volume
Information included in p(6|A) Information included in p(z|A)
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Results , galaxy catalogs

GLADE+ K -band _ . Catalog Completeness
_ 5 ; 5
é 0.751
Eﬁ
€ 0.50]
T
3
2.0.25]
3
0.001 : : ‘ . .
0.0 0.1 0.2 0.3 0.4

Redshift z

GLADE+ K.-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 / H,posterior

0.051

Planck
SHOES
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Results / H,posterior

0.051

Planck
—— SHOES
Bright siren
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Results / H,posterior
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Results / H,posterior
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es ULES / Hoposterior

Planck
—— SHOES
Bright siren
—— Spectral sirens
—— Dark sirens
— Dark + Bright sirens

HO — 7]. 7+ 7 5 km/s/Mpc

When combining the bright
siren and the dark sirens with
DES r-band galaxy catalogue

Hy = 7O.lﬂg::1,) Dark sirens DES

Hy = 68.87152 Spectral sirens

7.
Hy =79.11278
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Results / H,posterior

Bright siren ~ === Dark + bright sirens ~ === Spectral + bright sirens
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This work (Updated) 1 I

Abbott et al. 2021 GWTC-2.0 [T CBCs]
ApJ, Vol. 909, No2

Abbott et al. 2023 1 L
ApJ, Val. 949, No2 = GWTC-3.0 [47 CBCs]

GWT C—4..(') [142 CBCs]

Abac et al. 2025 ; i
arxiv 2509.04348 GW TC—4..U [142 CBCs]

Planck -
Ade et al. 2016

e I oo . ABA, Vol. 594
i GWT( —-)..[] 236 CBCs| 22.0% Improvement SHOES I

This work GWTC-5.0 [236 CBCs| Riess et al. 2022
& ApJL, Vol. 934
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Results / modified gravity

Modified gravity models predict different

s — ' propagation for GW.
0N parametnzauon
Therefore, GW do not propagate the same way
than EM.
2 models:
1-%2 aw EM 1 (% d
GW _ pEM (o o — =0 D = D7Mex —/ a
— o = Df (0 i) | PEY = D p(2 o 1+
Olyg parametrlzaUOH i
e Zp=1< Gr ay =0« GR
o
1 \'é Horndeski, G. W. 1974, Int. Belgacem, E., et al. 2019b,
o GR S J. Theor. Phys., 10, 363 JCAP, 07,024
~ Wide Hy-prior
------- Narrow Hy-prior
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Conclusions

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

Best constraint: Hy = 71. 7+7 = km/s/Mpc (22.0% improvement w.r.t. GWTC-4.0)

No significant departure from General Relativity

Next observing run: IR1 starting in November

Maxime Bloch (Subatech, Nantes Univ.) for the LVK Collaboration
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FuLLPOP-4.0
Parameter Description Prior
a1 Spectral index of the power law before b U(—4,12)
as Spectral index of the power law after b U(—4,12)
51 Spectral index of the pairing function before mpreak U(—4,12)
B2 Spectral index of the pairing function after mpreak U(—4,12)
Mmin Minimum primary and secondary mass [Mg] U(0.4,1.4)
Mmax Maximum primary and secondary mass [Mg] U(50,200)
gmin Ist smoothing parameter of the low mass [ Mg ] LU(1072,1)
O 2nd smoothing parameter of the low mass [M¢] LU(107%,10)
e Location of the first peak [M] U(5, 150)
o Width of the first peak [M ] U(0.4,10)
ugigh Location of the second peak [M] U(5, 150)
ogieh Width of the second peak [M] U(0.4,15)
Ag Fraction of sources in peaks U(0,1)
AV Fraction of sources in the first peak U(0,1)
my™ Left side of the dip [M] U(1.5,3)
myE Right side of the dip [M] U(5,9)
gmin Smoothing of the left side of the dip [M ] LU(0.01,2)
o Smoothing of the right side of the dip [M] LU(0.01,2)
A Amplitude of the dip (A = 1, completely empty gap) u(o,1)
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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

Maxime Bloch (Subatech, Nantes Univ.) for the LVK Collaboration



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

parameters / merger rate model

From GWTC-5.0: Constraints on

Merger rate model the Cosmic Expansion Rate and
Parameter Description Prior Modified Gravitational-wave
v Slope of the power law before the point z;, U(0,12) Propagatlon,
: THE LIGO SCIENTIFIC COLLABORATION
K Slope of the power law after the point z,, U(0,6)
Zp Redshift turning point between the power laws ~ U(0, 4) THE VIRGO COLLABORATION,,

THE KAGRA COLLABORATION,

2026
arXiv:2605.27227v2
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Fra mewo rk / Bayesian inference

Clzew|A) / £ (zew!0. A) p(z| A)p(8]A)d=do
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Statistical Framework / gataxy catalog

GLADE+ K,-band i _ Catalog Completeness.
- e 145  zh
g 0.751
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GWTC'S.O / hotable events

GW240615_113620 90% credible interval.:

Best GW-only sky localization so far Position Probability

my = 34.0157 Mg, mo =264773 My Dy =1.56707% Gpc SNR=23.8%],

Maxime Bloch (Subatech, Nantes Univ.) for the LVK Collaboration
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GWTC'S.O / notable events

GW250114_082203: loudest event ever measured

my = 337611028 Mo my = 3226709 My Dy =400 Mpe SNR = 62.9710

GW241011_233834: unequal mass BH and closest event of O4b

my = 195750 Mo mo =5.967025 Mo Dy =21075 Mpc SNR = 358771

Maxime Bloch (Subatech, Nantes Univ.) for the LVK Collaboration
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Impact of analysis choices

Impact of mass modelling

Impact of spin modelling

L L 1 1 1 L 1

0035 1 1 1 1 1 1 1 1 'l
MLTP = Uniform spin
0.0304 -
2 —— FuLLPor-4.0 = Gaussian spin
o
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= 0.025 Tansiion spim
I
= 0.020 s
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—= 0.0104 F
=0.0054 F
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