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- Example Inspiral Gravitational Wave x 10° Example Burst Gravitational Wave
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UPdates from the
fitth release of
the Gravitational
Wave Transient
Catalog (GWTC-5)




GWTC-5: Methods

e Search is carried out In 2 stages:

O analyses - EM follow-up

0 analyses - more accuracy

Gravitational —
waves

e Two types of detection algorithms:
o Pipelines not relying on waveforms

o Pipelines relying on waveforms:

Hanfqrd
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GWTC-5: Methods

e Search is carried out In 2 stages:

Hanford, Washington (H1)

O analyses - EM follow-up | . . .
o analyses — more accuracy 5 1.0n ﬂ )
I
: : 0.5 5
e Two types of detection algorithms: = 0.0
o Pipelines not relying on waveforms % 0.5 F .
ST : : n -1L.0F | -
o Pipelines relying on waveforms: —

| | |
0.30 0.35 0.40 0.45
Time (s)

Strain data
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e Two types of detection algorithms: X5 €(-0.05,0.05)
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o Pipelines not relying on waveforms
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o Pipelines relying on waveforms: Template g
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LVK Collaboration, arXiv:2508.18081 (2025)



https://arxiv.org/abs/2508.18081
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GWTC-5: Methods
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e Search is carried out In 2 stages:
O analyses - EM follow-up
O analyses - more accuracy
e Two types of detection algorithms:

o Pipelines not relying on waveforms

o Pipelines relying on waveforms:
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GWTC-5: Methods

e Search is carried out In 2 stages:
O analyses - EM follow-up

O analyses — more accuracy
e Two types of detection algorithms:

o Pipelines not relying on waveforms

o Pipelines relying on waveforms:

fhigh h(f)u*(f|Oint) 24 ft
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GWTC-5: Methods

T EES
e Coherent WaveBurst ( ): minimally
modelled sources — coincident excess power
events
GStreamer LIGO Algorithm Library (
time-domain matched filtering
Multi-Band Template Analysis (
matched filtering

matched filtering

Summed Paralell Infinite Impulse Response

( ): time-domain matched filtering
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G WT C' 5 . M et h 0, d S  Lukcoliaboration, arxiv:2508.18081 (2025)

e Each pipeline assigns each candidate:

O . expected rate of non-astrophysical candidates produced with a rank (ranking

statistics) at least as high as the candidate under consideration

: probability that a candidate is of astrophysical origin rather than of terrestrial

(noise)

e Bayesian inference is performed on a 15D parameter space

MM

10 20 50 100 200 0.1

| | |

GW230518.125908 -
GW230529_181500 -
GW230601-224134 -
GW230605.065343 -

-
-

q Xeff
3 —1 0
——r— o

Xp DL [GPC]
0.5 1 0.103 1 3 10 30
1 1 | | | 1



https://arxiv.org/abs/2508.18081

GWTC-5: Catalog updates

e O4b duration: 10/04/2024 - 28/01/2025
e Number of CBC candidates in O4b
(detected by at least 1 pipeline):
o No BNS nor NSBHSs detected during
O4b
e No confident multimenssenger counterpart

e Total number of candidates in full catalog:
with
e Candidates with FAR < 1/ year and p_astro
>= (.5 are of high-purity




GWTC-5: Catalog updates

e |nteresting findings during O4b:
o Some signals detected with . The one with highest

GW250114_082203

o Event with most precise sky localization ( at 90% CL): GW240615 113620
signal is still one from O4a : GW231123 135430 (source frame total

mass: )
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LVK Collaboration, arXiv:2605.27225 (20206),



https://arxiv.org/abs/2508.18083
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GWTC-5: CBC population updates

e To update the CBC pops

Masses in the Stellar Graveyard

properties: candidates
have been used (FAR < 1 / year)
o Analysis supports presence of

multiple BBH subpopulations —»

e Analysis rules out a completely

empty gap between 3-5 Msol




GWTC-5: BBH population
properties - mass ratio

e The global BBH mass ratio distribution is
consistent with a peak atgq =1

e BHs with masses ~ 35 Msol preferentially

merge with BHs of = mass (favoured by

most formation channels)
e BHs with masses ~ 10 Msol preferentially

merge with lighter BHs

0.25 050 0.75
q

LVK Collaboration, arXiv:2605.27226 (2026) P
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GWTC-5: BBH population

properties - mass distribution

Global peak at ~10 Msol (predicted by

isolated binary evolution models)

—— PixeLPop, GWTC-5.0 |
— - DEFAVET-BEH- GWTC-4.0:
—— DEgrauLT BBH, GWTC-5.0

L Feature at ~ 35 Msol (also presént N
S m2 mass distributions) f
2 |
— ﬂ -t

4
7
|
:
| r
! |
"""" : Power law with , PowerElaw with
| spectralindex ~1.7 W spectralindex ~ 4.5
i E
! t
! i
| |
! |
10! 10°

my | Mo LVK Collaboration, arXiv:2605.27226 (2026) 13

No hints of peaks
around 20 and 60
Msol, as predicted
with GWTC-4 data



https://arxiv.org/abs/2508.18083
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https://arxiv.org/abs/2508.18083

GWTC-5: BBH population
properties - spin

e Most BHs have relatively small spins: about

69%-84% have spin magnitude x<0.5 — X2 .;101
(depending on the population model) |
e Evidence for a subpopulation with at least 1100 %
one rapidly spinning BH, with x~0.7 B
(corresponding to masses around 10-20 /X;lo—l
MO and m1 > 40MQ©®) - consistent with a | | | |
0.2 0.4 0.6 0.8 1.0

possible hierarchical-merger contribution ' v

LVK Collaboration, arXiv:2605.27226 (2026) NE!
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GWTC-5: BBH population

properties - merger rate

3
10 —— - PIXELPOP, GWTC=-5.0 2
BBH merger rate at z = 0.2: - Deraurt BBH, GWTC-5.0
_ |—— DerauLtT BBH, GwTC-4.0 l
| | ====_SEFR, Arbitrary norm b
. : -3 - = ) y -
30.4763 (32.8+107) Gpe 3 yr! £ |
;_jé}.. 102:‘ 7
BBH merger-rate = | |
evolution consistent .
with the cosmic star- i
formation history 00 02 04 06 08 10 12 14

<

LVK Collaboration, arXiv:2605.27226 (2026)
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Gravitational wave background

Superposition of random GW signals produced by a large number of
weak, independent and unresolved sources

P y Y é ;
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GWB characterization

o Statistically:
probability
distribution or
moments

e Large number of

iIndependent sources:
GWB is Gaussian

Assumptions

e |sotropic

e Stationary
e Unpolarized
e Gaussian

()
)
-
(@)
Q
=,
=
o
.
(0]
L
Q
O

Right ascension [hours]

(hab(t, %)), (hab(t, ¥)hca (', X)) (ha(f, )RS (f, 7)) = ésh(f )8(f — fand” @, A




GWB characterization

Fractional energy density

: 1 .
spectrum in GWSs | | .
| Astrometry } !
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LVK search for an isotropic GWB
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LVK search for an isotropic GWB

Cross correlation search

s1(2) =n1(t) + hy(2),
s2(t) =na(2) + ho(2) .

(51(f)s2(f"))
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LVK search for an isotropic GWB

Cross correlation estimator
and variance
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LVK search for an isotropic GWB

Cross correlation spectrum
(frequentist analysis)
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LVK search for an isotropic GWB

Cross correlation spectrum
(frequentist analysis)
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LVK search for an isotropic GWB

Overlap reduction function (ORF)

Cross correlation spectrum
(frequentist analysis)

0.21

102 10" 10° {10' 102  10%®  10%
Frequency (Hz)




LVK search for an isotropic GWB

Noise power spectra
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LVK search for an isotropic GWB

Gaussian likelihood

__1 (Q0(f) — AQcw(f;0))?
2

p($0|0, A) o< exp
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LVK search for an isotropic GWB

Gaussian likelihood

Frequentist results

P(Qo|@,A) X exp —% Z @O%J?)&V(f;@))
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LVK search for an isotropic GWB

Frequentist versus Bayesian
Gaussian likelihood analyses: Cross-correlation as an
approximate sufficient statistic for
LIGO-Virgo stochastic background
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LVK search for an isotropic GWB
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Current LVK results - data quality

New DQ issues not identified by standard tools:

Uniform

e Peak in the a-posterior (first observed during

Gaussian

QGW(f) — Qref (ﬁ)

O4a). Sources:
o Narrowband 30 Hz and 100 Hz combs at
Hanford (source identified: link)

Prm_..’

o Broadband artifact consistent with powerline
harmonics in the 600-850 Hz band -

o Possible coupling/transient features in the
/70-790 Hz range

o Frequency regions with the largest
contributions > 600 Hz

|

LVK Collaboration, arXiv:2508.20721 (2025)
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Current LVK results - data quality

e New DQ issues addressed with a method based on temporal variability of the PSD.

e Frequencies with excess temporal variability relative to nearby frequencies (by more
than a factor 1.5) are added to the notch list
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Current LVK results data quallty

L1 | 520-620 Hz | Ratio to medlan

This procedure led to:
e Widening of notches around 60 |
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Current LVK results

x10~°

e Total coincident
time ~ 140.99
days -

01-04cl
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| ~ 1o CL O4b-O4cl
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ik

of viable data
after DQ cuts
e Frequency range

lidl l
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f [Hz|
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e Pipeline:

(A.

R. et al 2023 ApJ

952 25)
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-f999"
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LVK Collaboration, arXiv:2608.23477 (2026)
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Current LVK results -
Bayesian

QGW(f) — Qref

Upper limits at 95% CL

Uniform prior

Uniform

Gaussian

Log-uniform prior
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Improvement
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Improvement

0
2/3
3
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LVK Collaboration, arXiv:2608.23477 (2026)
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Current LVK results -
constraints on non-GR pols

e Signal may include vector, scalar
and tensor polarizations

e No evidence for such a signal —»
ULs

e Model: mixed background




Current LVK results -
constraints on non-GR pols

e Signal may include vector, scalar * Ulsat 95% CL:

and tensor polarizations Polarization | O1—-04cl Improvement
P Tensor 2.7 x 1077 1.5

e No evidence for such a signal - Vector 2.7 <107 1.4
Scalar 6.9 x 10~ 1.3
ULs

e Signal versus noise Bayes factor:

e Model: mixed background

- logo B =—0.947% 0.004

Qew(f;0) = Zﬂ(p) () et For, (f)
e Non-GR vs GR Bayes factor:

log,y B = —0.498 + 0.010

LVK Collaboration, arXiv:2608.23477 (2026)
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Current LVK results -
magnetic budget

e Correlated magnetic noise:

o Electronic mains
% __
o Synchronisation to GPS <nz (f Uz — 52’9’

o Schumann resonances
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magnetic budget
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Current LVK results -
magnetic budget
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Current LVK results -
magnetic budget
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LVK Collaboration, arXiv:2608.23477 (2026)
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LVK results - astrophysical
iImplications

LVK Collaboration, arXiv:2608.23477 (2026)
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LVK results - astrophysical
iImplications

— 01-04b

Present-day merger rate is inferred to be: -

18.4155 Gpe 3yr~!

3815 Gpe Pyr!
22199 Gpe °yr~!

LVK Collaboration, arXiv:2608.23477 (2026)
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LVK results - astrophysical
iImplications

— 01-04b

Present-day merger rate is inferred to be: -

(18.4J_ri:% Gpc_?’yr_D

3815 Gpe Pyr!
22199 Gpe °yr~!

LVK Collaboration, arXiv:2608.23477 (2026)
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LVK results - astrophysical
iImplications

e Using rejection sampling: —— 01-04
01 O4a

—— (01-04cl 20 PI curve

p(Q, {d;}|ABBH) = pBBH({d; }|ABBH) xpstoch(Q0|ABBH)

e Upper bound is reduced by ~ x2 (improved
constraints on the BBH merger-rate

density)
e Estimated amplitude at 25 Hz:

QBBH(25 HZ) — 561_3? x 10~ 1¢

LVK Collaboration, arXiv:2608.23477 (2026)
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LVK results - astrophysical
iImplications

S BBH B NSBH

QBBH(25 HZ) = 561_2(1) x 1010

Qpns(25Hz) = 2.3775x107 1!

QNSBH(25 HZ) = 36__|_§g x 1011

LVK Collaboration, arXiv:2608.23477 (2026)
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| I BBH B NSBH
B BNS

— (01-04cl B Estimated GWB 01-04b
—_— (01-04a Estimated GWB O1-0O4a
05 target

102
f [Hz]

LVK Collaboration, arXiv:2608.23477 (2026)
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Detectable
In A+?

sical

Qcpc(25Hz) = 6.3759 x 10719

LVK results - astroph
iImplications

| I BBH B NSBH
B BNS

— (01-04cl B Estimated GWB 01-04b
—_— (01-04a Estimated GWB O1-0O4a
05 target

102
f [Hz]

LVK Collaboration, arXiv:2608.23477 (2026)
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e GWTC-5 and CBC population properties:
o 161 new CBC candidates, bringing the total to 390
o Several new events have high SNRs >30
o The BBH mass distribution shows significant structure, including mass-
dependent features
o The BBH merger-rate evolution with redshift is consistent with the
cosmic star-formation history
e |sotropic GWB search
o H1, L1 data. V1 data excluded because of marginal improvement in
sensitivity
New DQ challenges — solved with PSD variability
New notchlists for O4a, O4b and O4cl
No detected signal - we set updated ULs improved by x1.5
No correlated magnetic noise biasing our results
Feasible astrophysical foreground detection during O5
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