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ABSTRACT

Version 5.0 of the Gravitational-Wave Transient Catalog (GWTC-5.0) adds new candidates detected by the
LIGO-Virgo-KAGRA network of observatories through the second part of the fourth observing run (O4b:
2024 April 10 15:00:00 to 2025 January 28 17:00:00 UTC) and four days of the preceding engineering run
(2024 April 6 to 2024 April 10). We find 161 compact binary coalescence candidates that are identified by at
least one of our search algorithms with a probability of astrophysical origin pastro > 0.5 and that are not vetoed
during event validation. We also provide detailed source property measurements for 104 candidates that have
a false-alarm rate < 1 yr‘l. Based on the inferred component masses, all these candidates are consistent with
signals from binary black holes. Median inferred component masses in the new candidates range from 5.14 M,
(GW241109_115924) to 70M, (GW241116_151753). Improvements in detector sensitivity allow us to observe
compact binary coalescences with increasing clarity: 5 binary-black-hole signals have network signal-to-noise
ratio exceeding 30, with a maximum to date of 76.9 for GW250114_082203. Such loud signals enable more
precise studies of properties of their astrophysical sources and tests of general relativity. We also present updated
results up to the first part of the fourth observing run, identifying 229 candidates. This brings the total number
of transients in the cumulative GWTC having p,siro > 0.5 to 390, further expanding the size of the catalog and
our view of the gravitational-wave universe.

Keywords: Gravitational wave astronomy (675); Gravitational wave detectors (676); Gravitational wave sources
(677); Stellar mass black holes (1611); Neutron stars (1108)

1. INTRODUCTION

An ever-increasing population of gravitational-wave (GW)
sources in our Universe is now being uncovered by the Laser
Interferometer Gravitational-Wave Observatory (LIGO; Aasi
et al. 2015) and the Virgo (Acernese et al. 2015) and
KAGRA (Akutsu et al. 2021) observatories. In the past
decade, these detectors have made many observations of
black holes (BHs) and neutron stars (NSs), with detec-
tion of transient GWs from binary BHs (BBHs; Abbott
et al. 2016a), binary NSs (BNSs; Abbott et al. 2017a),
and NS-BH binaries (NSBHs; Abbott et al. 2021a) with
a significant impact on physics, astrophysics, and cos-
mology. The increasing number of detected GW candi-
dates has been summarized in the LIGO-Virgo-KAGRA
Collaboration (LVK) Gravitational-Wave Transient Cata-
logs; GWTC-1 (Abbott et al. 2019a), GWTC-2 (Abbott
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et al. 2021b, 2024), GWTC-3 (Abbott et al. 2023a) and
GWTC-4 (Abac et al. 2025)!. This work presents the ob-
servations and results of version 5.0 (GWTC-5.0) and is part
of a collection of articles which also includes an introduc-
tion (Abac et al. 2026a) and a description of the data-analysis
methods (Abac et al. 2026b); we refer readers to these arti-
cles for contextual information on the results presented here.

GWTC-5.0 updates the previous GWTC-4.0 (Abac et al.
2025) by including the results of searches for compact binary
coalescences (CBCs) in data collected through the end of the
second part of the fourth observing run (O4b). While the
overall structure and analysis framework of this paper closely
follow those used in the previous GWTC-4.0 paper (Abac
et al. 2025a), the results presented here include discoveries
from the new data-taking period, and hence, constitute the
most comprehensive set of GW observations to date. This pe-
riod consists of data collected by the three-detector network

!'n the catalog naming convention, GWTC-<major> can refer to any minor
version having the major version number. See Abac et al. (2026a) for more

details of the naming convention.
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of LIGO Hanford Observatory (LHO), LIGO Livingston Ob-
servatory (LLO) and Virgo between 2024 April 10 15:00:00
and 2025 January 28 17:00:00 UTC; the KAGRA detector
did not participate in O4b. Our analyses also include four
days of data (between 2024 April 6 and 2024 April 10) from
a pre-O4b engineering run, which was conducted between
2024 March 20 and 2024 April 10 UTC (Abac et al. 2026c¢).
During the data-taking period, the three (any combination of
two) detectors took data at science quality for about 30 %
(70 %) of the time, respectively. More details on the observed
data can be found in Abac et al. (2026a,c).

We identify 1886 candidates with a false-alarm rate (FAR)
< 2d~! in at least one of our four search pipelines. Of these
candidates, 161 have a probability of astrophysical CBC ori-
gin of P,stro > 0.5 in at least one pipeline, and are not ve-
toed during event validation (Abac et al. 2026b). In online,
low-latency analyses, there were 1820 candidates assigned a
FAR < 2d~! by at least one search pipeline. Of these can-
didates, 114 reached a FAR < 1 per 30d after applying a
trials factor to account for the number of simultaneously ob-
serving analyses and were reported as significant detection
candidates. No confident multimessenger counterparts have
been reported for any O4b candidates. Our offline analyses
recover 94 of the candidates identified as significant in online
searches in the subset of candidates with both p,stro > 0.5
and FAR < 1yr~!. We identify 23 new candidates with
Pastro > 0.5 which were not part of the 1820 candidates iden-
tified in online as either significant or of low significance; of
these 23 only 3 events have a FAR < 1yr—1.

We also update some of the results for candidates identi-
fied in the first part of the fourth observing run (O4a) and
published in Abac et al. (2025a), based on the reanalysis
by the two search pipelines PYCBC and GSTLAL with up-
dated configurations: Appendix A presents detailed results
of this reanalysis. To clarify that these O4a results supersede
those in GWTC-4.0, we name them GWTC-4.1. However,
as GWTC-5.0 is a cumulative catalog, all the results labeled
GWTC-4.1 are included in GWTC-5.0. Combined with these
updated 229 candidates up to O4a, GWTC-5.0 now contains
390 candidates with pastro > 0.5 and not vetoed during event
validation.

We analyze in detail the properties of a smaller, higher-
purity (= 0.879) subset of 104 candidates with a FAR <
1yr~! and which are not vetoed during event validation.
However, GW240406_062847 was excluded from this cur-
rent analysis, as detailed information about strain data cali-
bration during the pre-O4b engineering run was not available.
We find that all new candidates in GWTC-5.0 are entirely
consistent with being BBHs, and we do not find any new
BNS or NSBH candidates in O4b. The BBHs reported here
have properties that span a similar range of values as those
reported in previous GWTC versions (Abbott et al. 2019a,
2021b, 2024, 2023a; Abac et al. 2025); however, a number
of candidates exhibit new extremes.

Among the notable candidates, GW250114_082203 (Abac
et al. 2025b) was observed with a signal-to-noise ratio (SNR)
of 76.9 (along this paper, we define the SNR to be the

matched-filter network SNR), which is higher than any of
our previously detected GW candidates including the loud-
est one during O4a, GW230814_230901 (Abac et al. 2025).
Despite only the two LIGO detectors operating at the time
of GW250114_082203, this unprecedented SNR led to a rel-
atively precise localization of the source, with a 90% cred-
ible area of 42 degg. GW240925_005809 is another BBH
candidate with a high SNR of 31.9. Miscalibration of the
LHO detector around the time of this candidate allowed us to
use this high-SNR signal to make informative astrophysical
measurements of GW detector calibration, verifying in-situ
detector-based measurements, for the first time (Abac et al.
2026a).

As our catalog grows in parallel with the increasing sensi-
tivity of the GW detector network, we detect a larger number
of remarkable candidates and measure their source properties
more precisely. In particular, during O4b the three-detector
network drastically improved our ability to measure the sky
location of sources. For example, GW240615_113620 is the
best localized GW source observed to date, with a 90% cred-
ible area of 6 deg?. Several BBH sources reported here have
a well-measured effective inspiral spin g deviating from
zero with high probability. Here, x.g is a measure of the to-
tal spin angular momentum aligned with the orbital angular
momentum (see Abac et al. 2026a, for a definition). These
include GW241011_233834 and GW241110_124123 (Abac
et al. 2025¢) with xer = 0.507005 and yerr = —0.3170:3%,
respectively (here, and throughout this work, we present the
median value and uncertainties based on the 90% credible in-
terval). Both of these are also notable for having measured
masses that rule out equal component masses with mass ra-
tio ¢ = 0.3170:57 and 0.497 033, respectively. The source of
GW241011_233834 is also the closest among the new O4b
candidates, with a luminosity distance of 0.217)-0% Gpc. Ad-
ditionally, we highlight several other candidates with support
for non-negligible spins.

The remainder of this article is structured as follows. In
Section 2, we present the new candidates identified by search
pipelines and discuss similarities and differences with the set
identified by low-latency analyses. For a high-purity sub-
set of these candidates, we present measurements of the in-
ferred astrophysical source properties and discuss the impact
of systematic differences between waveform models in Sec-
tion 3. Finally, we summarize the results and discuss future
prospects for GW astronomy in Section 4. As appendices, we
provide detailed results of our O4a reanalysis in Appendix A;
additional details of search results for O4b candidates in Ap-
pendix B, and a list of O4b candidates for which a glitch
mitigation process was applied in Appendix C.

2. CANDIDATE LIST

Search pipelines operate in two different modes: online
(low latency) and offline. Online searches analyze data in
near real time as they are collected. The rapid identifica-
tion of candidate astrophysical transients in low latency en-
ables public alerts and facilitates searches for multimessen-
ger counterparts (Abbott et al. 2019b, 2023a; Abac et al.



2026b). Offline searches can be run at a higher latency us-
ing data that have undergone final calibration, and benefit
from additional noise subtraction (Vajente et al. 2020; Soni
et al. 2025) and the identification of transient noise artifacts,
known as glitches (Nuttall 2018; Glanzer et al. 2023; Soni
et al. 2025), based on detector-monitor channel informa-
tion (Essick et al. 2020; Huxford et al. 2024). Additionally,
online searches may be subject to occasional data dropout
due to network instability or computing outages, while of-
fline searches have access to the complete dataset. Together
with other methodological differences, these factors gener-
ally make offline searches more sensitive than their online
counterparts, which leads to differences between the final
candidate list and the initial online results. The majority of
low-FAR online candidates (e.g., with a FAR < 1yr—!) are
expected to remain significant in offline searches, but can-
didates that were initially identified with a higher FAR can
change in significance when later re-evaluated.

In this paper, we describe the offline search results in
0O4b data from four search pipelines: CWB-BBH (Klimenko
et al. 2005, 2008, 2016; Mishra et al. 2025), GSTLAL (Mes-
sick et al. 2017; Sachdev et al. 2019; Tsukada et al. 2023;
Sakon et al. 2024; Joshi et al. 2025), MBTA (Alléné et al.
2025), and PYCBC (Dal Canton et al. 2014; Usman et al.
2016; Nitz et al. 2017). Each of these searches also searched
for GW transients in low latency (Cannon et al. 2012; Adams
et al. 2016; Nitz et al. 2018), as did the SPIIR pipeline (Chu
et al. 2022); the online candidates are discussed more in Sec-
tion 2.1.1. The cCWB-BBH pipeline is a minimally modeled
search that coherently analyzes the data from the network
to identify transient signals, while GSTLAL, MBTA, Py-
CBC, and SPIIR use matched filtering to correlate the data
with CBC waveform templates. Additional differences are
detailed in Abac et al. (2026b).

2.1. Search results

While there are many potential sources of transient GWs,
all of the high-significance candidates identified to date by
the LVK analyses are consistent with being CBCs (Abbott
et al. 2017b, 2019c, 2021c; Abac et al. 2025d). We therefore
limit the GWTC-5.0 candidate list to search results for poten-
tial BBHs, NSBHs and BNSs. Following GWTC-4.0 (Abac
et al. 2025), we down-select candidates found by at least
one pipeline based on the probability of astrophysical ori-
gin p,stro and FAR, which is a measure of its detection sig-
nificance defined by the estimated rate of non-astrophysical
(noise) events found by a pipeline with a rank at least as high
as the candidate. Both p,gt;, and FAR depend on the specific
noise background seen by each pipeline, and also incorporate
assumptions on the (absolute or relative) astrophysical rates
of signals for different binary sources. The p,stro calculation
also depends on the sensitivity of the searches to CBC sig-
nals, which varies across the source parameter space. This,
coupled with methodological differences in estimating the
noise background, can lead to significant differences in esti-
mated FAR and p,gt1, across pipelines. Such differences are
more pronounced for candidates of marginal significance, as
well as those with inferred properties (under the assumption
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of astrophysical origin) lying outside the range of previously
observed sources (Abbott et al. 2023a; Abac et al. 2025a).

Given such systematic variability over pipelines, we sort
candidates into three disjoint sets. First, candidates with
both FAR < 1yr~! and pasro > 0.5 in one or more
pipelines. Second, candidates with p,stro > 0.5 in one or
more pipelines but FAR > 1yr—! in all pipelines. Third,
subthreshold candidates with p,s,o < 0.5 in all pipelines.
There is no GW candidate with a FAR < 1yr~' and pasiro
< 0.5 in all pipelines.

All candidates identified in GW data by the search
pipelines are named with a GW prefix (Abac et al. 2026a).
Those GW candidates found in O4b with a FAR < 1yr—!
in at least one pipeline, and for which p,stro > 0.5, can
be found in Table 1 alongside their FAR, SNR, and pastro-
Their individual detector SNRs are reported in Table 8 of
Appendix B. Of these, 75 candidates are found in periods
when all three detectors (HLV) were operating, and 29 dur-
ing any two-detector combination (HL, HV or LV). We carry
out event validation for this higher-purity subset of candi-
dates (Abac et al. 2026b), and for those that pass validation
we estimate their source properties, which we report in Sec-
tion 3. In O4b, all events in the higher-purity subset of candi-
dates passed the event validation. In addition, we list all other
candidates assigned pastro > 0.5 by at least one pipeline in
Table 2, and discuss the remaining subthreshold candidates
in Section 2.1.4.

2.1.1. Online candidates

As mentioned above, in O4b five pipelines conducted on-
line searches for CBCs. These searches distributed No-
tices via General Coordinates Network (GCN; NASA 2025)
and SCIMMA Hopskotch (SCIMMA 2025) for 1820 GW
candidates with a FAR < 2d~!'. Of these, 114 passed
a stricter threshold of FAR < 1 per 30d after apply-
ing a trials factor to account for the number of simultane-
ous searches (LIGO-Virgo—-KAGRA Collaboration 2025);
these candidates were reported as high-significance candi-
dates. The high-significance candidates underwent human
vetting (LIGO-Virgo-KAGRA Collaboration 2025; Soni
et al. 2025), and additional information was disseminated via
GCN Circulars. These alerts facilitated rapid searches for
potential electromagnetic counterparts to transient GWs.

The online searches run in near real time and are only able
to use data collected up to the current time. Data quality
can vary suddenly and noise transients in the detectors can
be mistakenly identified as astrophysical in origin. Of the
114 high-significance candidates identified in low latency, 9
were later retracted. Of these 9 retractions, 3 were due to
triggers from early-warning search pipelines (Sachdev et al.
2020; Alléné et al. 2025; Nitz et al. 2020a; Kovalam et al.
2022) that did not have corresponding triggers in the full-
bandwidth searches. The other 6 retracted candidates were
all found to be significant by only one pipeline. None of
the 9 retracted online candidates were recovered with a FAR
< 2d7! in the offline searches.



Table 1. Candidate GW signals from O4b with a FAR < 1 yrf1 in at least one pipeline and for which pastro > 0.5.

Candidate Inst, CWB-BBH GstLAL MBTA PyCBC

FAR SNR pastro FAR SNR  Pastro FAR SNR  pastro FAR SNR  pastro

yr ) (yr ) Gr ) yr )
GW240406_062847 HL| - - - <1.0x1075% 11.2 >099| 1.5x107° 11.1 >099| 62x107° 11.3 > 0.99
GW240413_022019 HLV| 0.028 12.9 >0.99|<1.0x107° 171 >0.99|<1.0x 1075 181 >0.99| 45x107° 175 > 0.99
GW240414_054515 HV| - - - 0.0026 10.7 > 0.99 0.0028 11.2 >0.99| 53x107% 10.8 > 0.99
GW240420_175625 H = = = 350 10.0  0.02 - - - 0.078 9.9  0.98
GW240426_031451 HL| 0.0046 10.3 > 0.99 0.0011 9.4 > 0.99 0.20 99 096 | 3.8x107% 9.8 >0.99
GW240428_225440 HV| - - - | <1.0x107® 155 >0.99|<1.0x107° 156 >0.99| 2.6 x 107> 155 > 0.99
GW240501_033534 HLV| 0.0035 10.4 > 0.99|< 1.0 x 107° 10.2 > 0.99 0.0029 10.6 >0.99| 3.2x107% 10.0 > 0.99
GW240505_133552 HLV| 0.45 9.2 097 0.13 8.7 0.98 4.8 9.4 0.59 0.97 8.0 094
GW240507_041632 HLV| - - - 57x107*  10.2 > 0.99 0.85 102 0.88 | 25x107* 94 >0.99
GW240511_031507 HLV| 0.0013 16.2 >0.99| < 1.0x 1075 15.9 >0.99|<1.0x 107> 16.3 >0.99| 49x10°° 157 > 0.99
GW240512_024139 HLV| - - - |<1.0x107% 11.1 >0.99|<1.0x107° 11.6 >099| 49x107° 105 > 0.99
GW240513_183302 HLV| 0.0013 13.8 >0.99|< 1.0x 1075 14.5 >0.99|<1.0x 107> 14.0 >0.99| 49x10°° 140 > 0.99
GW240514_121713 HLV| 0.0013 16.9 >0.99|<1.0x 107° 156 >0.99|<1.0x107° 162 >0.99| 49x107° 156 > 0.99
GW240515_005301 HLV| 8.1 12.8 0.55 |<1.0x107° 11.6 > 0.99 3.1 11.1 0.70 | 7.3x107* 104 > 0.99
GW240519_012815 LV | - - - 0.30 10.3  0.96 - - - 0.014 10.6 > 0.99
GW240520_213616 HLV| - = - |<1.0x107% 11.6 >0.99|<1.0x107° 11.9 >0.99| 6.8x 107> 11.2 > 0.99
GW240525_031210 HLV| - - - 0.29 9.1 097 15 9.0 0.84 1.4 8.2  0.90
GW240526_093944 HLV| — = = = = = 0.14 9.7 097 = = =
GW240527_183429 HLV| 0.0013 10.4 > 0.99 0.0012 9.4 > 0.99 0.18 9.7 097 | 1.7x107* 9.9 >0.99
GW240527 230910 HLV| 1.1 9.3 0.89 0.053 10.6 >0.99| 1.4x1075 11.0 > 0.99 0.0071 9.7 > 0.99
GW240530_012417 HLV| 88 9.4 0.06 | <1.0x107° 10.8 >0.99|<1.0x107° 106 >0.99| 84x10~%* 10.0 > 0.99
GW240531_040326 HLV| - = = 1.8 9.1  0.84 - - - 0.87 8.7 095
GW240531_075248 HLV| 19 8.9 0.29 0.012 9.0 >0.99 0.049 9.3 0.99 0.0039 9.2 >0.99
GW240601_061200 HL| 0.082 10.0 0.99 2.0 8.6 0.83 3.4 9.2  0.67 1.8 8.5 0.93
GW240601_231004 HLV| - - - 0.022 9.9 >0.99| 26x1075 104 >0.99 0.0032 10.1 > 0.99
GW240612_081540 HLV| 34 9.9 0.16 51 8.1 0.19 0.56 84 0.88 0.91 82  0.92
GW240615_113620 HLV| 0.0012 25.8 >0.99|<1.0x 107° 258 >0.99|<1.0x 1075 264 >0.99| 49x107° 264 > 0.99
GW240615_160735 HLV| 1.6 18.1 0.85 | 2.8x10~> 105 >0.99| 6.1x10~* 106 >0.99| 50x10~° 10.7 > 0.99
GW240618_071627 HL| 0.83 87 0.89 0.16 8.0 098 0.28 82 0.93 6.1 8.0 0.70
GW240621_195059 HLV| 0.0012 28.2 >0.99| < 1.0x 107° 272 >0.99|<1.0x 1075 279 >0.99| 25x107° 272 > 0.99
GW240621_200935 HLV| 0.0012 10.7 > 0.99 0.0022 9.7 > 0.99 0.11 10.3  0.97 0.011 9.9 > 0.99
GW240621_214041 HLV| 18 7.6 0.34 1.6 7.9  0.86 1.6 7.9 0.7 0.038 7.9 > 0.99
GW240622_004008 HLV| 0.37 9.9 096 |<1.0x107% 125 >099|<1.0x 1075 12.7 >0.99| 25x 107 12.6 > 0.99

Table 1 continued



Table 1 (continued)

Candidate Inst, CWB-BBH GstLAL MBTA PyCBC

FAR SNR pastro FAR SNR  Pastro FAR SNR  Pastro FAR SNR  Pastro

(yr ) Gr Gr ) Gr )
GW240627_131622 HLV| - - - 0.33 9.8  0.96 0.087 9.8  0.97 0.16 9.3  0.99
GW240629_145256 HLV| - - - <1.0x107% 126 >099|<1.0x107% 12.7 >0.99| 25x 107 12,5 > 0.99
GW240630_101703 HLV| 0.058 10.6 >0.99| 1.5x 10~°> 10.2 > 0.99 0.0017 10.1 >099| 41x1075 9.9 >0.99
GW240703_191355 LV | - - - |<1.0x107% 101 >0.99 - - - 0.38 9.8 >0.99
GW240705_053215 HLV| 0.0013 16.8 >0.99|<1.0x 10=® 14.0 >0.99|<1.0x 1075 153 >0.99| 79x10=° 152 > 0.99
GW240716_034900 LV | - - - |<1.0x107% 129 >0.99 - - - 3.5 11.7  0.80
GW240824_205609 HLV| 0.25 8.6  0.96 3.1 8.4 0.77 7.8 9.0 0.46 2.4 7.7 0.87
GW240825_055146 HLV| - - - 0.036 9.8 >0.99| 20x1075 10.3 > 0.99 0.0027 9.7 > 0.99
GW240830_211120 HLV| - = = 12x107% 11.1 >0.99|<1.0x 1075 11.1 >0.99| 6.5x 1075 10.8 > 0.99
GW240902_143306 HLV| 5.1 9.5 0.50 | <1.0x107° 10.6 > 0.99 0.0016 10.6 >0.99| 1.5x10~* 10.3 > 0.99
GW240907_153833 HLV| 0.0023 10.5 > 0.99 0.0082 9.4 >0.99 0.0026 10.0 >0.99| 80x10=°5 9.7 >0.99
GW240908_082628 HLV| 0.0069 9.8 >0.99| 1.2x10~> 11.1 >0.99| 82x10~* 109 >0.99| 44x107° 9.6 > 0.99
GW240908_125134 HLV| - - - 0.29 84 0.97 1.00 8.6 0.85 1.9 7.8 0.88
GW240910_103535 HL|0.0011 155 >0.99|<1.0x 107° 17.8 >0.99|<1.0x 107° 17.8 >0.99|<1.0x 107° 17.8 > 0.99
GW240915_001357 HLV| 0.0011 16.2 >0.99|<1.0x 1072 15.0 >0.99|< 1.0x 107 164 >0.99| 3.5x 10~ 159 > 0.99
GW240915_105151 HV| - - - |<1.0x107% 138 >0.99 - - - 0.12 13.9 > 0.99
GW240916_184352 HLV| - - - 0.54 9.5 0.94 0.028 9.8 > 0.99 0.53 9.1  0.96
GW240919_061559 HLV| 0.0011 16.2 >0.99|<1.0x 107® 16,5 >0.99|<1.0x 1075 16.9 >0.99| 3.9x 10~ 165 > 0.99
GW240920_073424 HLV| 0.0011 14.0 >0.99|<1.0x 10~® 126 >0.99|<1.0x 1075 13.1 >0.99| 39x10=° 129 > 0.99
GW240920_124024 HL|0.0011 374 >0.99|<1.0x107% 36.6 >0.99|<1.0x 1075 36.8 >099|<1.0x107% 369 > 0.99
GW240921_201835 LV | - = = 1.4x107% 11.0 >0.99|<1.0x107° 11.3 > 0.99 0.19 10.5 > 0.99
GW240922_142106 HLV| 10 11.3 0.47 |<1.0x107° 121 >0.99|<1.0x107° 125 >0.99| 39x107° 11.7 > 0.99
GW240923_204006 HLV| 0.0011 13.6 >0.99|< 1.0x 107° 11.5 >0.99| 35x 107> 124 >0.99| 9.1x107° 11.8 > 0.99
GW240924_000316 HLV| 0.0011 11.4 >0.99| 2.0x 107° 10.4 > 0.99 0.0076 10.2 > 0.99 0.0058 9.0 >0.99
GW240925_005809 HLV| 0.0011 29.6 >0.99|< 1.0 x 107 30.6 >0.99|<1.0x107°> 31.2 >0.99| 3.9x 10~ 31.0 > 0.99
GW240930_035959 HLV| 0.0011 156 >0.99|<1.0x 1075 153 >0.99|<1.0x107° 16.1 >0.99| 39x107° 154 > 0.99
GW240930_234614 HL| 0.24 11.3 0.98 - - - - - - — = =
GW241002_030559 LV | - - - |<1.0x107% 11.5 >0.99|<1.0x107% 11.9 > 0.99 0.064 11.4 > 0.99
GW241006_015333 HLV| 0.0016 17.6 >0.99|<1.0x 102 16.5 >0.99|< 1.0x 107 16.9 >0.99| 99 x 10=®> 16.5 > 0.99
GW241007_082943 HLV| 0.042 9.5 > 0.99 1.1 9.4 0.90 0.094 9.8  0.97 1.8 9.1  0.98
GW241009_022835 HLV| - - - 0.99 83 091 18 8.3 0.26 0.97 8.4 >0.99
GW241009_084816 HLV| - - - <1.0x107% 114 >099|<1.0x107% 121 >0.99| 99x 10~ 11.8 > 0.99
GW241009_220455 HLV| - = = 0.072 9.7 >0.99 0.023 10.0 > 0.99 0.54 10.0 > 0.99
GW241011_233834 HV| - - - | <1.0x107° 346 >0.99|<1.0x107° 356 >0.99| 24x107° 358 >0.99
GW241101_220523 LV | - = = 5.5x 10~% 10.6 > 0.99 = = = 12 10.4 0.85

Table 1 continued



Table 1 (continued)

Candidate Inst, CWB-BBH GstLAL MBTA PyCBC

FAR SNR pastro FAR SNR  Pastro FAR SNR  Pastro FAR SNR  Pastro

(yr ) Gr Gr ) Gr )
GW241102_124058 HLV| 0.0013 19.9 >0.99| <1.0x 1075 21.0 >099|<1.0x 107% 21.7 >0.99| 7.0x 107> 21.4 > 0.99
GW241102_144729 HLV| 0.0013 12.7 >0.99|<1.0x 1072 11.9 >0.99| 1.2x10~% 122 >099| 7.0x 10=®> 11.4 > 0.99
GW241109_033317 LV | - - - 0.0013 10.9 > 0.99 0.0020 11.3 > 0.99 0.30 10.9 > 0.99
GW241109_115924 HV| - = = 1.2x10=% 11.8 > 0.99 0.0011 11.9 > 0.99 0.16 11.7 > 0.99
GW241110_124123 HLV| - - - 0.10 10.1  0.99 0.10 102 0.97 | 63x107% 10.1 >0.99
GW241111_111552 HL|0.0013 16.3 >0.99|<1.0x 10=® 156 >0.99|<1.0x 1075 159 >0.99| 1.4x10=° 153 > 0.99
GW241113_163507 LV | - - - | <1.0x107% 125 >0.99 - - - 0.29 125 > 0.99
GW241114_024711 HLV| 0.0013 11.3 > 0.99| < 1.0 x 107° 10.7 > 0.99 1.4 10.4 0.78 | 1.1x10~* 10.2 > 0.99
GW241114_235258 LV | - - - | <1.0x107°% 124 >0.99 - - - 0.049 11.6 > 0.99
GW241116_151753 HLV| 0.025 9.9 > 0.99 0.45 9.8  0.95 0.023 10.5 > 0.99 0.0044 9.0 > 0.99
GW241124_024914 HLV| 14 8.5 0.46 5.5 8.5 0.65 7.1 8.7 0.48 0.78 85 094
GW241125_010116 HLV| 0.0013 11.0 >0.99| 1.1 x10~> 10.0 > 0.99 0.067 10.5 0.98 | 54x107° 9.9 >0.99
GW241127_061008 HLV| 0.0013 31.3 >0.99| < 1.0x 107° 29.8 >0.99|<1.0x107° 31.2 >0.99| 53x107° 30.7 > 0.99
GW241129_021832 HLV| 0.0013 16.7 >0.99| < 1.0 x 10=® 16.1 >0.99|<1.0x 1075 16.3 >0.99| 53 x10=° 157 > 0.99
GW241130_034908 HLV| 0.0013 13.2 >0.99|<1.0x 107° 134 >099|<1.0x107° 13.8 >0.99| 53x107° 129 > 0.99
GW241130_110422 HLV| - - - 0.26 9.7 097 | 55x107* 10.3 > 0.99 0.014 9.7 > 0.99
GW241201_055758 HLV| 7.7 8.9 0.59 0.83 87 0.92 27 9.0 0.19 4.9 7.5 0.73
GW241210_060606 HLV| 0.0012 13.4 >0.99|<1.0x 107° 124 >099|<1.0x 107% 126 >0.99| 51x10=° 124 > 0.99
GW241210_120900 HL| 1.9 8.9 0.86 0.28 85 0.97 44 9.0 0.65 6.3 8.3 0.70
GW241225_042553 LV | - - - |<10x107° 16,5 >0.99 = = = 0.034 16.4 > 0.99
GW241225_082815 HL|0.0012 19.5 >0.99|<1.0x 107° 175 >0.99| 3.0x 107> 179 >0.99|<1.0x 107° 17.8 > 0.99
GW241229_155844 HLV| 10 8.0 0.55 2.8 8.7 0.81 10.0 8.4 0.50 0.083 7.9 > 0.99
GW241230_084504 LV | - - - |<1.0x107% 11.1 >0.99 - - - - - -
GW241230_233618 HLV| 0.96 122 0.92 0.48 104 0.95 - - - = = =
GW241231_054133 HLV| 0.0012 16.8 >0.99|<1.0x 107° 172 >099|<1.0x 1075 174 >0.99| 28x107° 16.7 > 0.99
GW250101_011205 HLV| - = = 0.020 9.7 > 0.99 0.35 9.8 0.94 0.52 9.0 097
GW250104_015122 HLV| 0.0012 12.1 >0.99| < 1.0 x 10~% 11.3 > 0.99 0.0099 11.6 >0.99| 1.5x10~% 114 >0.99
GW250108_152221 HLV| 0.0012 11.8 >0.99| 1.5x10~% 11.2 >0.99| 24 x10~* 11.5 > 0.99 0.0016 11.1 > 0.99
GW250109_010541 HLV| 0.0012 13.1 > 0.99| < 1.0 x 1075 12.0 > 0.99 0.0018 12.3 > 0.99 0.013 11.0 > 0.99
GW250109_074552 HV| - - - 0.42 10.7  0.95 2.0 10.0 0.78 140 9.6 0.02
GW250114_082203 HL|0.0012 72.8 >0.99|<1.0x107% 76.6 >0.99|<1.0x 1075 786 >0.99| 2.0x10=® 77.7 > 0.99
GW250116_015318 HLV| - - - 87 8.0 0.11 240 7.9 0.03 0.12 7.8 > 0.99
GW250118_023225 HLV| 0.46 9.0 0.97 0.0035 9.0 >0.99 1.9 8.8 0.79 0.033 85 >0.99
GW250118_055802 HLV| 290 9.8 0.02 0.18 10.5  0.98 0.0089 10.2 > 0.99 0.95 9.6  0.93
GW250118_170523 HL|0.0012 13.9 >0.99|<1.0x 107° 133 >0.99|<1.0x 107° 135 >0.99|<1.0x 107° 13.0 > 0.99

Table 1 continued



Table 1 (continued)

Candidate Inst, CWB-BBH GstLAL MBTA PyCBC
FAR SNR pastro FAR SNR  pastro FAR SNR  Pastro FAR SNR  pastro
(r™H (yr™h Gr™h (r™h

GW250119_025138 HLV| 0.0012 14.3 >0.99|<1.0x 102 14.1 >0.99|<1.0x 107 145 >0.99| 57x 10~ 13.8 > 0.99

GW250119_190238 HLV| 0.0012 20.1 >0.99|<1.0x10~° 20.1 >0.99|<1.0x10"% 21.3 >099| 57x10"% 20.1 > 0.99

NOTE— The date and time of each candidate is encoded in the name as GWYYMMDD_hhmmss. The names of candidates not previously
reported in online are given in bold. The detectors that were observing at the time of each transient are denoted by a single-letter (e.g., H for
LIGO Hanford). This does not necessarily indicate that the same detectors contributed triggers for a given candidate. We include results from

search pipelines that observe a candidate with a FAR > 1yr~*

in italics. A dash (-) indicates that a candidate was not found by a pipeline.

FARs have been capped at 1 x 10~° yr~* to maintain a consistent limiting FAR across pipelines.

Out of the significant online candidates that were not re-
tracted, 11 were identified with a FAR > 1 yr—! in the offline
search:

e Candidates with p,stro > 0.5, shown in Table 2, are
likely of astrophysical origin: GW241210_023335,
GW240917_130237, GW240813_034548,
GW240807_214559, GW240430_093517  and
GW240421_052935.

Candidates with pasiro < 0.5:  S240426d1 and
S5240422ed. S240426d1 was found confidently only by
CWB with a FAR < 1.6yr~! in low latency, while
other pipelines reported it as a sub-threshold trigger.
Afterwards, this candidate was not recovered with a
FAR < 1yr~! in the offline search by any pipeline.
S5240422ed was found by GSTLAL with a FAR <
1 x 10~° yr~! in low latency, but later this was found
less significant with a FAR < 1 per 35d (LIGO Sci-
entific Collaboration et al. 2024) after collecting more
background data and reevaluating the significance be-
cause the additional background data in the SNR—¢2
histogram populated the parameter space near the can-
didate’s point estimates (Abac et al. 2026b).

Candidates with a FAR > 2d~! and hence not in-
cluded in this catalog: S241122a, S240813d and
S240514c. Similar to S240422ed, all of these events

were found by GSTLAL online but updated to be less
significant by its offline search with more accurate
background statistics.

One of the significant online candidates in Table 1,
GW240406_062847, was detected during the pre-O4b en-
gineering run with a FAR < 1yr~! as well as in the of-
fline searches by GSTLAL, MBTA, and PYCBC. Due to
the less detailed information available about detector calibra-
tion during the engineering run, we do not currently include
a estimate of the candidate’s source properties comparable to
that for other candidates in Section 3; based only on infor-
mation from search pipelines, point estimates of the primary
mass and the secondary for this candidate are 42.60 Mzand
17.71 Mg, respectively, which indicates the source would
likely be a BBH.

2.1.2. New offline candidates
There are 23 candidates identified with pastro > 0.5 by at

least one pipeline in the offline search that were not iden-
tified in low latency and not previously shared via GCN or
SCiMMA Hopskotch Notices or GCN Circulars. These new
candidates are indicated in bold in Tables | and 2.

The majority are of low significance (FAR > 1yr—!) and
are listed in Table 2. All of the new candidates have moderate
network SNRs (< 10). Of the 23 new candidates, 20 are
coincident triggers contributed from two or more of LHO,
LLO and Virgo, 12 events of which involve Virgo in their
coincident detections, while there is no event found only by
Virgo (see Tables | and 2).



Table 2. Candidate GW signals from O4b with p.siro > 0.5 in at least one pipeline and FAR > 1yr~* in all pipelines.

Candidate Inst. CWB-BBH GstLAL MBTA PyCBC
FAR SNR pastro FAR SNR pastro | FAR  SNR  pastro FAR SNR pastro
(yr ) (yr ) (yr™) (yr )
GW240407_040938 HLV - - - 18 7.8 0.36| 3.5 8.5 0.67 1.8 7.5 0.91
GW240407_061416 HLV - - - 2.7 8.8 0.78 25 8.7 0.24 3.6 7.9 0.78
GW240407_214946 HL — - - - - - - - - 4.2 7.5 0.79
GW240408_081753 HL - - - - - - 44 8.8 0.61 - - -
GW240411_074140 HL — - — 24 8.0 0.29| 3.4 8.2 0.68 - — -
GW240419_041206 HL 3.4 9.1 0.71 - - - - - - - - -
GW240421_052935 HL 2.7 8.5 0.77 8.5 7.5 0.55 — - — - — -
GW240426_085802 HLV - - - 180 8.0 0.05| 4.2 8.2 0.63 120 7.8 0.12
GW240430_093517 HL 2.7 8.7 0.77 1.8 8.1 0.88 - - - 150 8.2 0.10
GW240509_102351 HLV - - - - - - - - - 2.0 8.2 0.89
GW240512_051606 HLV - - - - - - 3.1 9.4 0.70 - - -
GW240516_041939 HLV — - — - - - 3.4 9.0 0.67 — — -
GW240525_201644 HLV — - — 2.8 9.0 0.81 — — — 8.0 8.9 0.69
GW240527_150907 HLV — - — 2.2 9.2 0.81 — — — — — -
GW240611_214835 LV - - - 170 7.9 0.05 50 8.2 0.09 1.7 8.9 0.61
GW240613_011503 HLV - - - 3.7 8.3 0.74 - - - - - -
GW240619_044535 HLV - - - 43 9.3 0.21 6.2 9.1 0.44 5.1 7.9 0.75
GW240619_212357 HLV | 800 8.5 0.01 10 8.4 0.51 - - - - - -
GW240620_094631 HLV| 5.4 8.6 0.61 30 8.8 0.26| 2.1 8.5 0.68 180 7.7 0.08
GW240621_103457 HLV 68 8.6 0.10 10 7.7 0.51 56 8.2 0.08 — — -
GW240625_073331 HL - - - - - - 2.5 10.1 0.64 - - -
GW240630_115348 HLV - - - 14 8.5 0.42 51 8.2 0.09 6.5 8.3 0.67
GW240630_212937 HLV - - - 600 8.2 0.01 - - - 4.9 7.8 0.75
GW240701_011640 HLV - - - - - - - - - 12 7.8 0.51
GW240701_013826 HLV - - - - - - 2.5 10.4 0.64 - - -
GW240701_203807 HLV - - - 8.6 7.8 0.55| 160 7.9 0.03 220 7.6 0.08
GW240806_043539 LV - - - 6.7 8.2 0.60 16 8.9 0.24 1.9 8.4 0.89
GW240807_214559 LV — - — 810 9.6 0.03 — — — 17 9.0 0.66
GW240813_034548 LV — - — 810 9.7 0.03 — — — 19 8.9 0.64
GW240814_145043 LV - - - 39 9.8 0.22| 2.1 9.4 0.74 23 9.4 0.13
GW240828_102340 HLV - - - 450 8.0 0.02] 3.8 8.0 0.62 690 7.7 0.08
GW240901_195332 HLV 24 9.4 0.27 7.8 8.4 0.57 | 730 8.6 <0.01| 9.6 7.7 0.62
GW240907_092521 HLV — - - 4.0 8.3 0.72| 120 7.9 0.05 15 7.6 0.55
GW240907_121650 HLV - - - - - - 6.0 9.8 0.52 - - -
GW240908_174149 HLV — - — - - - 8.1 9.0 0.67 - — -

Table 2 continued



Table 2 (continued)

Candidate Inst. CWB-BBH GstLAL MBTA PyCBC
FAR SNR  pastro | FAR SNR pasiro | FAR  SNR  pastro | FAR SNR  pastro
(yr™H (! (yr™) (r™H
GW240913_111216 HLV | - - - 6.2 7.8 0.62 - - - - - -
GW240915_045510 HLV| 36 8.1 0.23 3.5 82 075 22 81 0.24 240 7.0 0.06
GW240917_130237 HL - - - 1.8 7.7 085| 22 7.8 0.23 7.0 7.6 0.63
GW240919 215453 HL | 5.1 10.1 0.70 - - - - - - - - -
GW240923_000715 HLV | - - - - - - 1.6 11.0 0.78 - - -
GW240923_110846 H - - - - - - - - - 8.5 8.6 0.61
GW240925_000956 HLV | - - - 6.5 8.5 0.61 - - - - - -
GW240930_123408 HLV | - - - 590 7.9 0.01| 190 8.3 0.03 2.9 81 081
GW241018_ 235402 H - - - - - - - - - 1.8 9.6 0.98
GW241101_034726 HLV| - - - 13 8.2 0.45| 24 8.0 0.21 2.1 7.9 0.87
GW241106_110932 HLV | - - - 3.9 9.0 0.73| 8.7 9.2 0.43 - - -
GW241109_005349 HL | 7.4 10.5 0.56 - - - - - - - - -
GW241129_140416 HL - - - - - - - - - 16 8.2 0.51
GW241201_142737 HLV| - - - 56 7.3 0.18 - - - 7.6 7.5 0.66
GW241210_023335 HL | 710 7.8 <0.01| 1.9 7.8 0.84| 18 7.7 0.43 2.0 7.5 0.87
GW241219_222607 HL | 500 8.7 0.01 7.9 8.4 056 27 8.4 027 | 340 8.5 0.05
GW241220_062146 HL - - - - - - - - - 9.4 7.9 0.57
GW250105_134047 HLV | 160 8.7 0.04 10 8.0 0.51 - - - - - -
GW250109_083206 H - - - - - - - - - 1.4 10.5 > 0.99
GW250116_051426 HL - - - 15 7.0 040| 4.8 7.9 0.63 660 6.9 0.03
GW250120_042414 HLV | - - - 1.8 8.7 0.84| 23 8.4 0.30 1.6 8.1 0.89

NOTE— These candidates do not meet our criterion for source-property estimation, but are likely astrophysical in origin. The names of
candidates not previously reported in online are given in bold. The date and time of each candidate is encoded in the name as GWYYM-

MDD_hhmmss. The detectors that were observing at the time of each transient are denoted by a single-letter (e.g., H for LIGO Hanford).

This does not necessarily indicate that the same detectors contributed triggers for a given candidate. We include results from searches that
observe a candidate with pastro < 0.5. Italics denote that the candidate was found with a FAR > 1 yrfl. A dash (-) indicates that a candidate

was not found by an pipeline.

2.1.3. Pipeline consistency

The search algorithms, methods, and configurations used
differ between the search pipelines (Abac et al. 2026b),
which causes them to have different responses to both noise
and astrophysical transients. As a result, we expect candidate
lists to differ between pipelines. There is less disagreement
between pipelines for high-SNR candidates. Lower-SNR
candidates, however, may be identified by only a subset of
pipelines. Some candidates are observed in only one detec-
tor, which increases the uncertainty in significance estima-
tion and can lead to additional disagreement across pipelines
in both the estimated FAR and p,stro-

Not all of the 161 candidates with p,gstro > 0.5 were ob-
served with pastro > 0.5 by all pipelines. Of these 161 can-
didates, 64 were found by CWB-BBH, 121 were found by
GSTLAL, 100 were found by MBTA, and 126 were found
by PYCBC. Only 53 of these candidates were found by all
pipelines, while 82 were found by all matched filter-based
pipelines, 85 by three or more pipelines, and 112 by two or
more pipelines. Of the 161 candidates for which p,stro > 0.5
in any pipeline, several meet this criterion in only a single
pipeline:

» The cWB-BBH pipeline found 4 unique candidates,
one of which, GW240930_234614, was assigned FAR
< 1yr~!, but was also not detected by any other
pipeline. While this consideration might reduce our
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confidence in the astrophysical origin of the candidate,
CWB-BBH has the potential to detect BBH candidates
impacted by physical effects neglected by the matched-
filter searches, such as precession and eccentricity
(e.g., Abac et al. 2024; Mishra et al. 2025). We dis-
cuss the parameter inference for GW240930_234614
in more detail, assuming an astrophysical origin, in
Section 3.5.

The GSTLAL pipeline found 12 unique candidates,
one of which, GW241230_084504, was highly signifi-
cant with a FAR < 1 x 107° yrfl; the remaining can-
didates are listed in Table 2.

* The MBTA pipeline found 14 unique candidates, one
of which, GW240526_093944, was assigned a FAR <
1 yr_l, with the others summarized in Table 2.

The PYCBC pipeline found 19 unique candidates, one
of which, GW240420_175625, was assigned a FAR <
1yr~!; additional candidates appear in Table 2.

2.1.4. Subthreshold candidates

We have highlighted 161 GW candidates in O4b with
Pastro = 0.5 as listed in Tables 1 and 2. These candidates
are a subset of the O4b candidates in GWTC-5.0, which is
comprised of 1886 triggers. The remaining 1725 subthresh-
old candidates in O4b have a FAR < 2d~! and pagro < 0.5.
These candidates are made publicly available at Gravitational
Wave Open Science Center (GWOSC; Abac et al. 2026¢) for
completeness, but the possibility that these are of instrumen-
tal origin has not been examined. Following the formalism
outlined in Abbott et al. (2023a); Abac et al. (2026b), we
also estimate the number of astrophysical signals among the
set of 1725 subthreshold candidates. Using the p,siro values
in each pipeline and their relative sensitivities to simulated
signals, as described below, we expect approximately 32 true
signals among the subthreshold candidates in total. This im-
plies that the purity of this sample is expected to be low:
0.019 when considering all of the subthreshold candidates,
an estimate comparable to that obtained for O4a as discussed
in Appendix A.

2.2. Search sensitivity

Here we describe the estimated sensitivity of each search
pipeline, calculated by adding simulated CBC signals to the
data and running search pipelines to recover them. These
simulated signals are referred to as injections. We parame-
terize the sensitivity of the searches via the estimated time—
volume product or hypervolume (VT (Abac et al. 2026a).
As discussed further in Abac et al. (2026b), the number of
astrophysical signals, IV, that a pipeline is expected to detect
can be estimated as

N =(VT)R, (1)

where R is the volumetric rate of mergers per unit (source-
frame) time. To estimate (V'T") for each pipeline, we simu-
late a distribution of signals that approximates the detected

population of BBHs, NSBHs and BNSs (Essick et al. 2025).
To estimate the overall catalog sensitivity, each pipeline an-
alyzes the same set of simulated signals: the injections are
added into the collected data, and we record how many are
recovered significantly.

Asin Abbott et al. (2023a), several combinations of masses
are used to assess our sensitivity to BBH, NSBH, and BNS
systems. We thus estimate (V'T') at a set of fiducial points in
the component mass space:

* BHs at 35M. These correspond to GW150914-like
systems (Abbott et al. 2016b, 2024). This is also ap-
proximately where we see a feature in the BH mass
spectrum (Abac et al. 2026d).

e BHs at 5M@, 10M@, 20M@, 60M@, and 100M@
These lie within the range of previously detected BH
masses (Abbott et al. 2023a).

* NSsat 1.5M,, which is consistent with the distribution
of known NS masses (Antoniadis et al. 2016; Alsing
et al. 2018; Ozel & Freire 2016; Farrow et al. 2019;
Landry & Read 2021; Abbott et al. 2023b).

For each given point, injections are weighted so that they fol-
low a log-normal distribution about the central mass with a
width of 0.1 in logarithmic space (Essick et al. 2025). Fig-
ure | shows the resulting variation in the O4b (V'T') with a
detection threshold of FAR < 1yr~! across the component
mass parameter space for each search.

Similar to GWTC-4.0 (Abac et al. 2025a) and previous cat-
alogs, the results at the top-left panel of Figure 1, labelled as
04b Any, represent our overall sensitivity for the latest ob-
serving run (O4b) to CBCs in the specified region. Addition-
ally, at the top-right panel we include the sensitivity estimates
accumulated across all the observing runs to date, labelled as
All Cumulative. They are derived by taking the minimum
FAR for an injection from all of the pipelines or by consid-
ering a semi-analytic injection whose phase-maximized net-
work SNR larger than 10 for the first observing run (O1) and
the second observing run (O2). The sensitivity is greatest for
the Any pipeline (the top-left panel) for 100 M, + 100 M, bi-
naries, though different pipelines are more or less sensitive to
different regions of the binary parameter space. Only sensi-
tivity estimates that have an uncertainty smaller than 25% are
shown in Figure 1. The method of estimating (V'T') uncer-
tainty has been changed since GWTC-4.0, and the new upper
limit on relative uncertainty is set to be broadly consistent
with the GWTC-4.0’s estimates (Abac et al. 2026b). Com-
pared to the sensitivity estimates using the O4a data (Abac
et al. 2025a), we find that the sensitivity of O4b has improved
by approximately 20%, which can be attributed to several
factors: a longer duration for O4b; the addition of Virgo de-
tector; better noise sensitivity of individual detectors, and im-
provement of search pipelines. Furthermore, the sensitivity
of O4a and O4b combined accounts for approximately 75%
of the total sensitivity accumulated across all observing runs.
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Figure 1. The sensitive hypervolume (VT') for searches of O4b data applying a significance threshold FAR < 1yr™*, evaluated at points in
component mass space. The O4b Any results come from calculating the (V'T') for injections found by at least one search pipeline, while the
All Cumulative results refer to the (V'T') accumulated across all observing runs to date by applying an alternative threshold SNR > 10 on the

phase-minimized network SNR for the semi-analytic injections in O1 and O2. The color of each circle corresponds to the (V' T') value. The
plotted points correspond to the central points of log-normal distributions with widths 0.1 in logarithmic mass.
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3. SOURCE PROPERTIES

After identifying GW candidates, we coherently analyze
the data from the network of GW detectors to infer the prop-
erties of the source of each signal (Abac et al. 2026b). These
inferences are in turn used in companion papers to under-
stand the population of compact objects (Abac et al. 2026d),
measure cosmic expansion history (Abac et al. 2026e), and
as a baseline for analyses that extend beyond our standard
assumptions, such as for tests of general relativity carried
out on new candidates from O4b (Abac et al. 2026f). These
downstream analyses set stricter thresholds than used in Sec-
tion 2 in order to mitigate the impact of differing methods of
computing pastro across search pipelines and attain a higher-
purity subset of candidates. We restrict our estimation of
the source properties to those that have both pasio > 0.5
and FAR < 1yr~! at least one search pipeline. There is no
GW candidate with a FAR < 1yr~! and pastro < 0.5 in all
pipelines.

We use Bayesian parameter estimation in order to infer the
posterior probability distributions over the source parameters
given a segment of data around each candidate. The posteri-
ors are derived assuming models of GW emission and under
the assumption of stationary, Gaussian noise which is uncor-
related across detectors (e.g., Veitch et al. 2015; Abbott et al.
2016b; Thrane & Talbot 2019; Abbott et al. 2020; Chris-
tensen & Meyer 2022; Abac et al. 2026b). When we iden-
tify the presence of transient, non-Gaussian noise around the
time of a candidate, we exclude the affected frequency band
or model and coherently remove the noise transient using the
BAYESWAVE algorithm (Cornish & Littenberg 2015; Litten-
berg & Cornish 2015; Cornish et al. 2021; Hourihane et al.
2022; Gupta & Cornish 2024; Chatziioannou et al. 2021). We
discuss these cases further in Appendix C.

Our default priors are chosen to be agnostic and suffi-
ciently wide to cover the region of the parameter space where
the posteriors have support (Abac et al. 2026b). Specifically,
they are uniform in (redshifted) component masses, uniform
in spin magnitudes, isotropic in spin orientations, isotropic in
binary orientation, uniform in merger time and coalescence
phase, isotropic in sky location, and our distance prior cor-
responds to a uniform merger rate in comoving volume and
time. Our inferences are given in terms of samples from the
posteriors, from which we derive point estimates and uncer-
tainties for the binary parameters (in the form of median val-

ues and 90% credible intervals) after marginalizing over the
remaining parameters.

For all candidates, we assume quasi-circular orbits, and
we carry out inference using multiple waveform models
that all incorporate the effects of higher-order multipolar
emission and spin precession. We also use two indepen-
dent sampling codes, BILBY (Ashton et al. 2019; Romero-
Shaw et al. 2020) and RIFT (Pankow et al. 2015; Lange
et al. 2017; Wysocki et al. 2019). Details of the waveform
models and sampling algorithms are given in Abac et al.
(2026b). For each BBH candidate, we use the IMRPHE-
NOMXPHM_SPINTAYLOR (Pratten et al. 2021; Colleoni
et al. 2025) and IMRPHENOMXPNR (Hamilton et al. 2026)
waveform models together with the BILBY sampler, and
the SEOBNRVSPHM (Pompili et al. 2023; Ramos-Buades
et al. 2023; Estellés et al. 2026) waveform model with ei-
ther BILBY or RIFT sampler. In particular for SEOB-
NRV5PHM, we select results inferred with BILBY for can-
didates where further runs would be required to ensure the
convergence of the RIFT results.

Many BBH candidates lie within the parameter-space cov-
erage of the surrogate model NRSUR7DQ4 (Varma et al.
2019) which is built on numerical simulations of BBH co-
alescences, and in these cases we additionally use NR-
SUR7DQ4 for parameter estimation with BILBY. As an il-
lustrative result, we report our posterior samples in tables
or figures based on the IMRPHENOMXPHM _SPINTAYLOR
waveform model unless otherwise specified. More details
are provided in Section 3.5 on where analyses with different
models differ significantly.

Our key results for the O4b candidates passing our selec-
tion criteria with a FAR < 1yr~! are summarized in Ta-
ble 3 and shown in Figures 2, 3, and 4. As mentioned in
Section 2, GW240406_062847 in Table 1, which was de-
tected during the pre-O4b engineering run, lacks detailed in-
formation about the detector calibration, and hence, we do
not report its source properties here. Our default agnostic pri-
ors (Abac et al. 2026b) do not make strong assumptions about
the nature of the underlying astrophysical population. In ad-
dition to the default prior, we also reweight the inferred pos-
terior distribution of our BBH candidates using a population-
informed prior (default strongly-parameterised models, Ta-
ble 1 of Abac et al. 2026d), and show these population-
informed measurements in Figure 2.

Table 3. The properties of GW candidates from O4b with a FAR < 1yr~' and pasiro > 0.5, inferred with the default prior. For one-dimensional

distributions, we provide the median and 90% symmetric credible intervals, while for the localization area A2 we provide the 90% credible area.

Candidate M M mq ma Xeff Dy, z M Xf AQ SNR
[Mo] Mo [Mo] [Mo] [Gpq] [Mo] [deg?)

GW240413_022019 13.567 21 5747923 79728 5577096 go7t004 0577010 0.127902 12.92714% 0.70799% 37 17.3%02

GW240414_054515  65.075% 271735 38.871%' 259759  0.031022 1.5370%% 0.2070 00 62.2750 0.6907%7) 270 10.7%073

GW240420_175625 58.673%3 247725 3467100 238772 0001022 2.0%1% 0377022 56.079% 0.687979 28000 9.5702

Table 3 continued
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Table 3 (continued)
Candidate M

[Mo] [1\%] [Jy\Z;)] [ﬁé] et [c]§7 y : i X Lo SN

GW240426_031451  88T15  37.17%2 Y 3671y —0.05702% 4 of’j]6 e [M?l =
GW240428_225440  34.673% 14721072 19.8759 14.7_+122-2 0(~)3+591.§s 0&.;413:30 0'65;8152 84t123 it B
WSO 033534 664:13 28.04:2:1 38.64:;1.65 27.7;5:3 0'0418:23 ;17;;,38 0.17;8152 33.0t113 0‘69t8:gi 200 15.6tg:§
T —— e e M 0.74;81;,g 63.1%35;4 0.70t919 1700  9.7t0%
R T A e ) 074555 51.8711° 0.657015 2100 82707
GW240511_031507 72.6774  31.1+3:3 40.51';{ 32_2115?5 0‘0513.‘?3 1.9918.’32 028181?? BoTya 08570 620 977og
L T L 03655 1) 69.1i§'§ 0711997 120 15.6102
GW240513_183302  41.475% 174775 24.4t3-'g 16.9123;‘16 0.14;‘(’):?g 2'25;3j§§ 0.23131?2 19.7%:?) e
GW240514_121713  82.71;%:2 354152 46.8f2'§ 36.7;7%6 0-01;8:};1 245918.'33 0.401813 e v
GW240515_005301  56.373%°  22.47%°% 37.131;4 18.5:'18%6 0'47;8-&3 58;11"34 0'45;81;2 78'9%%4 S R
GW240519_012815  10471% 431783 6532 39;143-5 —6 04_43‘;;?6 1%411:23 0.63;82; 53.21#81%3 e e 4
GW240520_213616  19.673,  8.2810-92  11.4%3¢ 8.03-55 —040018% 144018:232’ 0.3218.'3; P s B
GW240525_031210 52.8T¢%* 221752 31.1221 21.4::7181 oif:og-gs ;15;;-30 0'27;8123 18.7%-}1 it B
GW240526_093944  23.273% 95712 14.5t§-}3 8.4+_2‘%8 0‘2218:3 1§4ﬁ:f° 0.72;81?2 50‘21#8487 N B
i SR e B T I 035538 22.1%%1‘% 0.7670:% 900 8.4792
GW240527_230910  37.5779  14.077078  27.67%9 10.0::45‘Q —6 03_3‘-’?3" 11‘9123132 0.96122?’2 80:72 B 1 B
GW240530_012417  22.675%  9.2610 78 14.1t§-§ 8.34:22'3 064+B?é§4 140118,‘2’3 023181?‘? ovEe e e
P I opts I B Lt Vi I i 020558 21.6i§1§ 0687997 640  10.6703
GW240531_075248 55.6173%°  23.475:9 33.045;0;4 22.6:71‘-2 0‘()4;82; 4'1;;2 0~52;8'_§§ 32.34:14; it O ©
GW240601_061200 85133 35.3797 52t§2 32*71654 —6 08236?;7 5.1;‘%:i 0.6718122 5341%%2 I A
GW240601_231004 18.673%  7.8079%%  10.671% 7.7115 0(')9+5(-]1421 12.7;3:23 0V79;8133 82:23 T
GW240612 081540 92+27  38.5+1%% 5572 58716 (07081 goril 0.25;8:‘13 17'7215:3 S R
GW240615_113620  60.475% 259717  34.075% 26.4;146'0 —6 07335;11 15;6:'3:;9 0.93;3132 88:37 T gt
GW240615_160735  48.578%  20.47%¢ 28.51’;:% 20.0;§:§ 058;0%(1’3 ;10;;)-35 0'29;8132 S s
GW240618 071627 105739 43%13 65+24 ©0FT  000r08 5 sisi 0.6518133 gt st g
GW240621_195059  66.075%  28.4722  36.8%52 29.71135-1 7(.) 002?‘4’%120 12.11326 0.84;8132 101%2 S e
GW240621_200935 73117 31.117S 41.61'1131;6 31.6;;: —0‘09;8:;(3) ;18;;-33 0'23;8225 62.9{2% et B
GWa0e21 214041 T6*Z 3211100 a5t 52013 (00t038  Ggtis 0.75;8122 70f;? B e
GW240622_004008  30.275% 12.50109% 18.61% 5 11.3;121-9 0'25;8:32 147;3:go 1'00;81‘1‘;‘ 73:4% T
GW240627 131622 201755 8087072 132757 67724 0001019 1 g5ro.sz 0~28;gl?§ 28.7%:2 Bt B
GW240629_145256  18.971F  8.0110-%1 11.1t§:‘; 7.83:Z 0-04;8:15‘) 1A28;8'§Z 0.26;8%8 POE s | B
v e ettt s e B e Rt 0'2513:3? 18.11?? 0.6975:93 260 123753
GW240703_191355  61.2755  26.2738 34.4t§-§ 26.4;;:3 0(3545102?7 1&;8;1::4 0.54;822 48.0%22 e a4
W05, 053215 81_94:;21-8 34V91rg-.g 47'14:2:; 35.312:3 7(‘) ng(fgo 57;?:55 0.34;8.}; 58.3{3:@ 0711“3:82 5500 10.1f31“°é
GW240716_034900 66.8755 281739 40.34_“3:?) 26.5;3:3 —0'02;8;‘; 16'36;1:29 0'61;8:?; 78'23:; L
GW240824_205609 107137 43117 7032 37+_Z%4 068*595?5 5313‘23 0.34;81‘%2 63'9%1?) i
GW240825_055146 21.375% 8771077 13.0%58 7.9;;-70 0'07;8_?;;’ 12.5;8:23 0.81;8133’ 103%2 e
GW240830_211120  19.8723  8.33+0-9¢ 11.9t:§§ 7.813—2 0‘07;(?;}3 1'14;(‘3;23 0.24122(1’3 20.3%:3 ottt
GW240902_143306  42.77%2  18.213¢ 24.4f3-§ 18.3114'79 —6 031]("9278 429;?-‘;19 0.2218132 e
GW240907_153833 67115 28.3155 ss.otglgs 28.3;;? 0(.)4+59520 4.;;? 0'49;8153 40.8%:2 SR
GW240908_082628 68112 28.613-¢ 39.8Jj€1,i48 27.7;2:Z 0‘14;8:2‘(15 3"1):;):é 0~71;g'§2 631“3 b o Bl
GW240908_125134 77113 32,5158 4545}? 32*7191’2 —6 Os;]‘fg4 4.7;?1’:; 0.5313123 65%3 e R
GW240910_103535 17.371%  7.16793%  10.973 ) 6.3117 oinfB(-]llgo 07.4;3:?7 0»74;813; 74:1?1 st
GW240915_001357 18.8073:19  7.9510-37 10.9?’1’:3 7.73:5’3‘ 0.13;8:% 0.92;8:(13; 0.15;8:32 16'6%:? L e
N R R L, TG owiy ool 018705 17.88%53% 0727008 16 16.2707
GW240916_184352  18.773%  7.897089 10.74:‘;:3 7.8;?:2 0'05;‘(’):?2 1'28'_*'3:23 OVBJS:?S 18.5%:? IOt R
GW240919_061559  67.8779  29.0732 38.3t§:‘; 29.6125'24 —6 027&’??5 1.8 +o's3 025183 e et
GW240920_073424  38.275%  15.671% 24‘7t§'g 134;;’_‘3 70.0918:}; 1.4;;8:(75;1 0.34;8&3 64.74:?12 et
GW240920_124024  68.8757  29.8717 37.13:2 31.9;;3 —0‘04;8:32 1'09;8j2§‘ 027:8:82 L
GW240921_201835  44.8775 15621979 34.9t3:i 9.8;3%9 060*5%29 0.9213:33 021181?2 it B | B
T R by vO0igl ool 0,18;8182 43.7%‘,2 052709 1800 11.1192
o 00 79.9té%2 34.1J:Z:§ 46.14:10:3 34.91;3 001;332 . If:go 0.247 g 18.4t1:g 0.70f8]8§ 200 12A4tg:i
7.9 —10.6 V1 _0.21 4.0077 0'654:8123 76‘3té?1‘1 0‘70t0‘08 440 117593
0.10 —0.4

Table 3 continued
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Table 3 (continued)

Candidate M M miy mo Xeff Dy, z M;¢ Xf A§12 SNR

[Mo] [Mo)] (Mo] [Mo] [Gpc] [Mo] [deg”]
GW240924_000316 807115 34.2%8%  46.073%° 34113 0.10792%  3.7%28 0.61793  76%1% 0737919 800 9.970%
GW240925_005809 16.0179°52 6.85102% 8871182 7.09797%  0.02%007  0.36739% 0.08790% 15.2670%% 0.697392 26 31.9%01
GW240930_035959  36.87%% 14507077 255150 112721 —0.05701% 0.95702% 0.19709% 355788 0.58709° 370 152702
+12.3 +4.9 E +14.0 +7.2 +0.27 o nt2.6 +0.33 +12.0 +0.11 +0.7
GW240930_234614 58.073%%  23.97%49  358F140 219772 0041027 36720 060703 5551130 071791l 1000 9.0157
GW241002_030559  67.275% 288739  37.3%31 299706 0107039 1.4670%5 0.287015 64.2737 0.66700%5 720 11.47073

+4.2 +1.8 +4.2 +2.8 +0.13 +0.65 +0.10 +4.0 +0.05 +0.2
GW241006_015333 449752 194718 246752  20.372%  0.07701% 1857090 0.347019 427730 0717905 240 16.4752
GW241007_082943  63.27¢%7  26.775%  36.671%°  26.675% 0111025 4.0%23 0.65792) 60.173%° 0.747%19 9s0  9.3703

—0.26 0 .29 —0.5
GW241009_022835 64119 27.1182  g7atiAt 26.811%%  0.097028 56738 0857005 61718 0737019 2400 7.8%0%
GW241009_084816  21.072%3 8781967  19.7%40 g 1t19 0,050 1% 1.137958 0.2270-19  20.172%  0.67799% 430 11.8703
GW241009_220455 58.97923 252739 33.2%% L 255759 0111022 20122 0507030 s6.0787, 0737999 90 92703
GW241011_233834 25.5722  9.0919-9%8 19,5126 5967058 507006 0.21709% 0.057007 244721 0847092 49 358701
GW241101_220523  60.273%7  23.675% 41713 193728 0157035 22%1% 039702 s57.771%° 0.707938 8700 10.6702
GW241102_124058 19.01759% 8121007 10.9%32  8.0%12  0.06100, 0.39799% 0.08799%, 18.1070 %% 0.70739% 23 21.67])
GW241102_144729  75.110%°% 315755 444722 31079, —0.097030 34120 0577035 72.075%7 0657092 880 11.3%03
GW241109_033317 7473 31.4%79 424712 317799 0.0179%2 27720 0467028 70T13 0707919 7200 104702
GW241109_115924 12.517350 5.2010-28  7.3+2.8 5941090 0.0110-1%  0.60702% 0.127009% 11.947758 0.6875:9% 12000 11.6702
GW241110_124123 245755  9.84705% 164751 80722  —0.317023 0747025 015799 237738 0527957 100 9.9793
GW241111_111552  45.4752 195727 253%3% 205739 0.10%915 1557035 0.20799% 43.2%75% 0727998 490 151702
GW241113_163507  33.97%9 144715  10.3%5% 144727 0507010 1.367957 0.26701] 31.7737  0.85709% 14000 12.0792
GW241114_024711 719752 29.27%7  47.0797,  25.07%2  0.12%02) 26715 0457022 68.97%% 0747999 200 11.17932
GW241114_235258  19.172%  8.047959 11.3%32 77805 0.067008 0797982 0.16799% 18.2730 0.697%%% 11000 12.2%02
GW241116_151753 99738 34.013%% 70757 24129 0.287031 57155 0877052 95715 0.787011 3300 8.470%
GW241124_024914 70738 28.4178¢ 427132 26111 0.047935 45129 0727048 6712 0.68707% 3900 7.970°
GW241125_010116 106123 45119 60112 47t2 0.09%027  47t39 0747050 101122 0.737979 2400 9.870%
GW241127_061008  85.37%9  30.873:%  63.8t37  20.87%° —0.16701% 1.087922 0.21700% 83.07%2 0567099 83 31.2701
GW241129 021832  53.37%1 227728 304758 230758 0171018 255707 0.45791L 506757 0757998 350 14.9702
GW241130_034908  54.27%7 233725 20.9%5% 24371 0.05101%  1.99709% 0.36701% 51.6153 0.717%9¢ 450 13.3%03
GW241130_110422  17.87%% 7311058 111152 6s5t5  0.041030 1327082 0.257097 17.0f32 0677002 1300 9.2703
GW241201_055758 80123 33.57107  47ti) 33t1% 0131935 7atyl 1.037053 76122 0747072 4100 7670
GW241210_060606 50.2722 213731 29.0t%2 214735 00470322 26%17 0457077 479788 0707009 900 11.7703
GW241210_120900 64115 26.375% 40718 23.6792  —0.07702% 36739 0597038  e2M1F  0.64791L 3500 8.370%
GW241225_042553  20.6717  8.651032 124130 8a1tld 0.12%009 0.667037 0.14790%  19.671%  0.72739% 3800 17.0%073
GW241225_082815 98111 41.87¢1 5577110 420784 0177020 1.88%19% 0341018 94713 0677098 960 17.770%
GW241229_155844 85727 35.07.%% 52722 33118 0.057930  6.8T52 1.007059  82%2%  0.69797% 3500 7.670%
GW241230_084504 75.6173%° 324757 424155 335707 —0.147032) 20715 0507059 72.471%' 0.65739% 12000 11.8%02
GW241230_233618 116722 49.311°:8 68t1" 49718 —0.147925 27721 0477029 112722 06470 1F 450 116703

+2.0 +0.43 +3.3 +2.0 +0.12 +0.
GW241231 054133  19.672°9 8081923 124733 71129 0.08%012 0.9179
GW250101_011205  50.87%% 215731 30.0t%% 211739  —0.057021 3.2t

@ ©

0.1879:2%  18.7F21 0.68709% 130 16.9752
0.54702% 487788  0.677919 530 9.170%

—0.31 —0.6

+18 +8.1 +11.0 +10.7 +0.22 +2. +0.31 +17 +0.09 +0.3

GW250104_015122 80713 33.9781 458700 34571%7 0117922 48725 076703, 76717 0.73709% 1800 11.070%
GW250108_152221 907117 37.6177 54110 36119 0.051928  3.8t2% 0.63793%  86tiT 0707912 770 10.3%03
+14.7 +6.4 +14.7 +8.0 +0.27 +1. +0.22 +14.0 +0.12 +0.3

GW250109_010541  64.973%7  27.4764 3757147 274780 0117027 34717 0567022 62.273%° 0.667912 520 11.2703

GW250109_074552  69.273%° 206747  30.07%3 302785 0.077920 2.3tT
GW250114_082203  66.0715 28.71103% 33.7670°2% 32267092 —0.0373%% 0.407C

0417929 65.97%%  0.727008 7500 10.9702
0.0979:02 62,9719 0.68T09 42 76.9709

D0 MO OO RN O WU TN G - RN
~ 0o

—1.2 —0.51 —0.90 —0.05 01 =il il 01 —0.1
GW250116_015318 56716 23.076% 3427105 213785 0157031 52739 o.80t0aT 53715 0737012 3000 7.670%
GW250118_023225 74735 31.178%5 44773 31T 0.04702% 58735 o0.88T)5s 71ty 0.707%1h 2400 8.870%
GW250118_055802 17.57%7% 7361035 103175 6.9%)% 0117023 0947090 019700 166712 072700 710 9.670%
GW250118_170523  67.87702  29.0%3:5  38.1t3l 296732 0.12%01% 1.917089 0.357012 64.477% 0737097 800 13.1792
GW250119_025138  59.978% 257729 338753  26.775%  0.06%018  3.at1l 0527015 57.1fE? 0 0727098 590 13.7102
GW250119_190238 21.6479-5% 9.381071% 11.5470-9° 9.957077  0.09750%  0.311029 0.071095 20.567057 0.71730%2 14 20.4703

NOTE—The columns show the source-frame total mass M, source-frame chirp mass M, source-frame component masses m, effective inspiral spin Xefr, luminosity distance Dy,,
redshift z, source-frame remnant mass M, remnant spin x ¢, localization area A2, and SNR.

Highlights from the new candidates in GWTC-5.0 include:



* GW240925_005809 is a BBH signal with a network
SNR of 31.9, enabling informative astrophysical mea-
surements of GW detector calibration (Abac et al.
2026a). The LHO calibration inferred from the as-
trophysical signal is consistent with in-situ measure-
ments, demonstrating the viability of the method as a
complement to standard calibration techniques.

GW241011_233834 is an unequal-mass BH merger,
where the primary mass is about twice as massive as
the secondary (Abac et al. 2025c). The primary object
has a well-measured spin magnitude and its orienta-
tions that are not aligned with its orbit. These observa-
tions suggest that the primary black hole might be an
outcome of a hierarchical merger and it points to the
possibility that the system formed in a dense environ-
ment (Abac et al. 2025c). However, given systematics
in contemporary astrophysical formation modeling, we
cannot rule out other scenarios. This BBH is probably
also the closest of the new O4b candidates, with a lu-

minosity distance of 0.217093 Gpe.

GW241110_124123 is another unequal-mass BH
merger, with a spinning primary about twice as mas-
sive as the secondary, and might also be a result of
a hierarchical merger in a dense environment (Abac
et al. 2025¢). However, as with GW241011_233834,
we cannot rule out other scenarios.

GW240615_113620 is the most precisely localized
GW source to date (Abbott et al. 2019a, 2024; Abac
et al. 2026a), with a 90% credible area of 6 degz.

GW250114_082203 is a BBH signal with the highest
network SNR ever observed, 76.9. This unprecedented
loud signal allows us to not just measure the source
properties with high precision, but also to perform de-
tailed tests of general relativity through the BH area
theorem and quasi-normal modes (Abac et al. 2025b,
2026Db).

In Sections 3.1-3.3 we give further details of our infer-
ences on masses, spins, and locations of the sources for our
higher-purity candidates from O4b, highlighting sources that
lie at the extremes of the parameter space. Unlike GWTC-
4.0, we do not discuss matter effects in this paper since we
do not find any probable new BNS or NSBH candidates in
O4b. In Section 3.4 we discuss the subset of candidates
which display multiple modes in their inferred source param-
eters. This multimodality complicates the interpretation of
sources where it is present (Abbott et al. 2023a), and it is not
usually possible to isolate the probable reason for multiple
modes. Systematic uncertainties in our modeling affect our
parameter inference for some candidates. In Section 3.5 we
discuss these cases in greater detail, and present an analysis
of the consistency between model-based and minimally mod-
eled waveform reconstructions for a number of candidates.

15

3.1. Masses

The masses of a compact binary source of GWs are often
the most well-constrained parameters as they are the primary
determinant of the phase evolution of the signal (Abac et al.
2026a,b). The component masses are of particular interest
since they indicate whether the compact objects are likely to
be BHs or NSs; however, combinations of the two masses
such as the chirp mass M or total mass M are often more
precisely measured than the individual masses (e.g., Abac
et al. 2026a). For example, the chirp mass is the dominant
parameter controlling the rate of binary inspiral, and so it
is measured well in lower-mass systems where many cycles
of inspiral can be observed (Kafka 1988; Finn & Chernoff
1993; Cutler et al. 1993; Cutler & Flanagan 1994). Mean-
while, the mass ratio ¢ = mg/m; < 1is generally less well
measured (Cutler et al. 1993; Cutler & Flanagan 1994; Pois-
son & Will 1995).

The detectors measure the redshifted masses (1 + z)m;,
where z is the source redshift (Krolak & Schutz 1987). To
recover the source-frame masses, we combine the measured
redshifted masses with the inferred luminosity distance using
an assumed cosmology (Ade et al. 2016). Due to the uncer-
tainties in our estimation of the luminosity distance, source-
frame mass parameters are generally less well constrained
than their redshifted values. By default we report source-
frame mass values, using agnostic priors as described above.
Figure 2 shows the marginalized one-dimensional posteriors
for the chirp mass M and mass ratio ¢ of each of the O4b can-
didates analyzed here. Figure 3 shows the marginalized two-
dimensional posteriors for the individual component masses,
my and my, as well as for the total mass M and mass ratio q.
Similarly, Figure 4 shows the marginalized two-dimensional
posteriors in M and effective inspiral spin ., described in
Section 3.2. These inferred source-mass distributions for our
newly added candidates span a wide range of total masses.

We use the inferred component masses to classify the prob-
able nature of the binary components. For example, if one
component has a mass above the maximum possible mass of
a NS, we infer it to be a BH, even in the absence of other
constraints on the presence of matter in the binary. Overall,
we find that of the new candidates in GWTC-5.0 with a FAR
<1 yr‘l, all are consistent with being a BBH, and we do
not identify any new significant BNS or NSBH candidates in
O4b.

For lower mass systems, the chirp mass is the best-
measured mass parameter, while for the most massive sys-
tems the total mass plays an important role. Since the chirp
mass is lower for asymmetric binaries at a fixed total mass,
the systems with the largest and smallest chirp masses do
not necessarily correspond to the most and least massive
binaries. Nevertheless, we find that the source binaries of
GW241230_233618 and GW241109_115924 lie at the ex-
tremes for both mass parameters.

GW241230_233618 probably has the largest chirp mass

of the candidates we analyze, with M = 49.3'_"5%8 Mg,
as well as the largest total mass with M = 116173 M
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Figure 2. The marginal probability distributions for the source frame chirp mass M, mass ratio g, effective inspiral spin x.s, effective
precession spin xp, and luminosity distance Dy, for O4b candidates with a FAR < 1yr~'. The height of each region is proportional to the
marginal posterior probability at that value for each candidate. In addition to the upper colored region of each posterior distribution derived from
the default agnostic prior (Abac et al. 2026b), we also reweight the inferred posterior distribution of our BBH candidates using a population-
informed prior (default strongly-parameterised models, Table 1 of Abac et al. 2026d), and show these population-informed measurements in
the lower unfilled region.
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Figure 3. Credible-region contours for the O4b candidates with a FAR < 1yr™

! using the default agnostic prior. Top: Credible-region

contours for the inferred primary and secondary component masses mi and mo. The upper shaded region denotes the area excluded by
the convention mi > mo. The lower shaded region denotes the most-extreme mass-ratio prior used by parameter-estimation analyses.
Bottom: Credible-region contours for the inferred total mass M and mass ratio q. Each contour indicates the 90% credible region for a
given candidate. We use colors to highlight candidates: GW240507_041632, GW240925_005809, GW241011_233834, GW241109_115924,
GW241110_124123, GW241116_151753, GW241230_233618 and GW250114_082203.

as highlighted in Figures 3 and 4. This is still less mas-
sive than the source of the most massive candidate in O4a,
GW231123_135430, with M = 236733 M (Abac et al.
2025¢). In addition to GW241230_233618, three addi-
tional signals, GW240519_012815, GW240618_071627 and
GW241125_010116, have sources with remnant mass M; >
100 My with a probability of more than 50%, and may
thus be considered intermediate-mass BHs. The source of
GW241109_115924 probably has the smallest chirp mass,

M = 5297038 M, as well as the smallest total mass with

M = 12,5113 Mo,

The individual components of our BBHs span masses
between 5.147990 M, and 7075 M, with primary
masses ranging from 7.372% M for GW241109_115924
to 70755 My for GW241116_151753, and secondary
masses ranging from 5.147990 My to 49115 M, for
GW241109_115924 and GW241230_233618, respectively.
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Figure 4.

Credible-region contours in the chirp mass M and effective inspiral spin x.g plane for the O4b candidates with a FAR <

1yr~", using the default agnostic prior. Each contour indicates the 90% credible region for a given candidate. We use colors to highlight
candidates GW240507_041632, GW240925_005809, GW241011_233834, GW241109_115924, GW241110_124123, GW241116_151753,

GW241230_233618 and GW250114_082203.

The BBH mass distribution inferred using all the candidates
in GWTC-5.0 is discussed in depth in Abac et al. (2026d).
The sources of several candidates have notable posterior
support for unequal masses relative to our default agnostic
prior. GW240507_041632 has the most support with a mass

ratio of ¢ = 0.2710:17. In addition, GW241116_151753

has mass ratio of ¢ = 0.37t8;3$; the apparent support

for unequal masses in this result could be attributed to the
uninformative nature of the posterior as well as the pres-
ence of non-negligible waveform systematics, as discussed
further in Section 3.5. Along with these two candidates
highlighted in Figures 3 and 4, other unequal-mass sys-
tems include GW240921_201835, GW240930_035959 and
GW241127_061008. Additionally, GW241110_124123 and
GW241011_233834, whose component spins will be dis-
cussed below, have support for asymmetric masses, with
q = 0.497033 and ¢ = 0.317057, respectively (Abac et al.

3.2. Spins

Compared to the masses, spins have a weaker impact on
the GW emission and are more difficult to measure from ob-
servations (Poisson & Will 1995; Baird et al. 2013; Pratten
et al. 2020; Chatziioannou et al. 2015; Vitale et al. 2014; Farr
et al. 2016; Vitale et al. 2017a; Abbott et al. 2016¢; Garcia-
Bellido et al. 2021; Green et al. 2021; Hoy et al. 2025). The
component spins of compact binaries, x; and Xy, are typ-
ically poorly constrained since the leading-order spin con-
tribution to the GW signal is determined by mass-weighted
combinations of the components (Damour 2001; Blanchet
2014; Piirrer et al. 2016; Ng et al. 2018; Zevin et al. 2020).
Here, we focus on two mass-weighted spin parameters: the

effective inspiral spin y.g and the effective precession spin
Xp (Abac et al. 2026a).

The effective inspiral spin y.g (Ajith et al. 2011; Santa-
maria et al. 2010) is a mass-weighted combination of the
components of the spin aligned with the Newtonian orbital
angular momentum. It appears in the leading-order spin term
due to spin-orbit coupling at 1.5 post-Newtonian order, and
is approximately conserved throughout the inspiral (Racine
2008). Positive and negative Y. indicate that there is net
spin aligned or anti-aligned, respectively, with the orbital an-
gular momentum.

The effective precession spin X, (Schmidt et al. 2015)
measures the mass-weighted in-plane spin component that
contributes to spin precession (Apostolatos et al. 1994; Kid-
der 1995). It is bounded between 0 and 1, with x, = 0 indi-
cating no spin precession. This parameter is typically weakly
constrained (Vitale et al. 2017a; Pratten et al. 2020; Green
et al. 2021; Krishnendu & Ohme 2022), and inferences on
Xp are often dominated by the prior.

The spin orientations 6; of a binary are of particular interest
for the insight they provide into its evolutionary history (Vi-
tale et al. 2017b; Fishbach et al. 2017; Stevenson et al. 2017;
Talbot & Thrane 2017; Wysocki et al. 2019; Zevin et al.
2021). Compact binaries form via a myriad of channels,
but can be broadly classified as either dynamically assembled
or formed via isolated binary evolution. Roughly speaking,
in dynamically formed binaries the spins are expected to be
isotropically oriented, while binaries formed in isolation are
expected to have spins preferentially aligned with the orbital
axis. Significant support for large x, or negative X, is there-
fore more consistent with dynamically formed binaries than
those formed in isolation. Further discussion of the connec-
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Figure 5.
(lower, white) probability distributions for the dimensionless ef-
fective precession spin xp for candidates GW240630_101703,
GW240921_201835, GW240930_035959, GW240930_234614,
GW241011_233834, GW241127_061008, GW241225_082815,
and GW250114_082203. Vertical lines mark the median and sym-
metric 90% credible interval for the distributions. These candidates
are those with the greatest deviation between the posterior distri-
bution and the effective prior over xp, out of the new candidates
presented here.

Posterior (upper, coloured); and the effective prior

tion between spin orientations and compact binary formation
channels is given in Abac et al. (2026d).

For most significant O4b candidates, the sources’ in-
ferred spins are consistent with x.g = 0, as seen in Fig-
ures 2 and 4. However, some candidates have sources
with xeg > 0 with greater than 90% probability. The
candidate with the highest and second highest y.g val-
ues are GW241113_163507 with xexr = 0.507071

and GW240515_005301 with g = 0.47f8:%, re-
spectively. Some other candidates with support for
Xef > 0 include GW240527_183429, GW240615_160735,
GW240622_004008, GW241011_233834 and
GW241116_151753. We find fewer candidates for which,
Xet < 0, with greater than 90% probability: the two
candidates with the most negative Y.g median values
are GW241110_124123 and GW241230_233618 with
Xet = —0.3170 3% and xesr = —0.1470 35, respectively.

Figure 5 shows the X, posterior probability distribution
compared to the prior distribution after conditioning on the
Xeft measurement (Abbott et al. 2019a), for a selection of
candidates. The x, posterior would be the same as the con-
ditioned prior if no information about the in-plane spin com-
ponents was extractable from the signal; the selected candi-
dates show the greatest differences between these two dis-
tributions. For most of the candidates, the ,, posteriors are
broad and uninformative. The two events with the highest
Xp values are GW241225_082815 and GW240630_101703
with values y, = 0.707033 and y, = 0.637039, respec-
tively.

Figure 6 shows the posterior distribution of the source
component spin magnitudes y; and tilt angles 6; inferred
for a subset of the analyzed candidates. These candidates
are highlighted due to their somewhat-constrained spin pos-
teriors, exceptional nature, or presence of systematic differ-
ences in the inferences made with different waveform mod-
els (Section 3.5). In particular, GW241011_233834 and
GW241127_061008 stand out as exhibiting significant spin
in the primary object, with the latter showing strong evidence
for an anti-aligned primary spin. In many other cases the
component spins of the sources are poorly measured and our
posteriors are similar to our priors. For those binaries where
Xeft 18 constrained to be relatively small, the posteriors of the
component spins may be concentrated in the equatorial plane
even without positive evidence for precession, due to ruling
out spins either relatively aligned or anti-aligned with the or-
bital angular momentum (Abbott et al. 2017c¢).

Of the sources analyzed from O4b, GW241113_163507
is inferred to have the highest primary spin magnitude,
x1 = 0.8075-27. Other systems that were inferred to have
a high primary spin are the source of GW241225_082815
and GW241011_233834 with primary spin magnitude of
x1 = 0.7675-22 and 0.76 7507, respectively.

The final spin x; of the remnant BH following coales-
cence has contributions from the orbital angular momentum
at merger and the spin angular momenta of the binary com-
ponents. It is determined for our BBH candidates from the
inferred component masses and spins, using fits to numeri-
cal relativity simulations (Abac et al. 2026b). The candidate
with the highest ¢ at 90% probability is GW241113_163507
with x; = 0.8570:07. This probability is quantified by draw-
ing samples many times from the posterior distributions of
events, and comparing how often each event has the highest
xt value.

3.3. Localization

As GW detectors continue to improve their sensitivity, we
are able to detect GW sources both in our cosmic neigh-
borhood and out to increasingly large distances. Never-
theless, during O4b, several nearby BBH signals were ob-
served. The source which is probably the closest of these
is GW241011_233834 (Abac et al. 2025c), with Dy, =
0.2170:93 Gpc.  However, this credible range of the lu-
minosity distance of the source overlaps with the credible
range for GW240925_005809 (Abac et al. 2026a), Dy, =

0.3670-%% Gpc. The latter candidate has a large network SNR
of 31.9 and is a lower mass BBH with M = 16.0115:52 M.
GW250114_082203, the highest-SNR GW candidate de-
tected in O4b, is inferred to be at Dy, = 0.4073-0% Gpc.

The farthest source of the candidates analyzed is proba-
bly for GW241201_055758, which is inferred to lie at Dy, =
7.175% Gpc. As there are several candidates with sources at
similar distances, GW241201_055758 has only a 14% proba-
bility of having the most-distant source. The next most prob-
able to have the most-distant source is GW241229_ 155844 at
Dy, = 6.875% Gpc, with a 14% probability of being the most
distant candidate. These distant candidates are at compara-
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Figure 6. Posterior probability distributions for the dimensionless component spins = ¢S1/(Gm?2) and = ¢S2/(Gm?2
1 1 2 2

(with S; and S» the spin vectors of the components) relative to the orbital plane, marginalized over azimuthal angles, for can-
didates GW240515_005301, GW240527_183429, GW240615_160735, GW240921_201835, GW240925_005809, GW241011_233834,
GW241127_061008, GW241225_082815, and GW250114_082203. In these plots, the histogram bins are constructed linearly in spin magni-
tude and the cosine of the tilt angles such that they contain equal prior probability.

ble luminosity distances to the farthest sources detected in the
O4a with a FAR < 1 yr‘l, for example GW230704_212616
and GW231119_075248 with Dy, = 7.2%5] Gpc and Dy, =
6.7152 Gpc, respectively (Abac et al. 2025a).

The inferred sky location of each candidate depends
largely on the number of observing GW detectors at the time
of the detection (Schutz 1986; Fairhurst 2009, 2011; Nis-
sanke et al. 2011; Veitch et al. 2012; Nissanke et al. 2013;
Kasliwal & Nissanke 2014; Grover et al. 2014; Singer et al.
2014; Berry et al. 2015; Abbott et al. 2020). Unlike O4a

where only the two LIGO detectors were operating, during
0O4b the Virgo detector was additionally operating with sig-
nificant sensitivity to CBC signals. As a result, 14 candidates
have a source localization covering 100 deg? or less (90%
credible level), 5 of which are constrained at least as narrowly
as GW170817 (AQ = 16 deg?; Abbott et al. 2019d). In par-
ticular, the best localized candidate is GW240615_113620
with AQ =6 deg2, which is the best localization of any GW
candidate to date (Abbott et al. 2019a, 2021b, 2023a; Abac
et al. 2025a, 2026a).
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The three-dimensional volume localization (Singer et al.
2016; Del Pozzo et al. 2018), like the sky localization, is dras-
tically improved in O4b as compared to O4a for candidates
observed by the three-detector network. Broadly speaking,
nearby candidates have the best volume localization, pro-
vided they are observed in multiple detectors. The two can-
didates with the tightest three-dimensional localization from
O4b, GW241011_233834 with a 90% credible volume of
59000 Mpc? and (GW250119_190238) with a 90% credible
volume of 170000 Mpc3, are the two closest. The highest
SNR candidate GW250114_082203 also has comparatively
small localization in volume, with a 90% credible volume of
430000 Mpc®.

3.4. Multimodality

A few candidates display multimodal posteriors in this re-
lease based on the default priors used, consistent with similar
behaviors noted in previous catalogs (Abbott et al. 2023a;
Abac et al. 2025a). Such multimodality often reflects the in-
trinsic complexity of the waveform likelihood surface, par-
ticularly in regions where signal models exhibit stronger ef-
fects of the higher-order multipole moments (Nitz et al. 2021;
Estellés et al. 2022; Mehta et al. 2022; Chia et al. 2022) or
spin precession effects (Abbott et al. 2019d, 2020). How-
ever, the presence of glitches (Powell 2018; Chatziioannou
et al. 2021; Ashton et al. 2022; Soni et al. 2025), noise fluc-
tuations at low SNR (Huang et al. 2018), or the overlap of
concurrent signals (Relton & Raymond 2021) can also give
rise to multiple posterior modes, though the last remains un-
likely at current detector sensitivities. Along with other pos-
sible factors, these diverse origins contribute to some degree
of multimodality across the catalog.

Most mass posterior distributions are unimodal, as shown
in Figure 2. GW240507_041632 and GW240916_184352
are notable exceptions, each exhibiting bimodality in the
luminosity distance Dy, and therefore the redshifted chirp
mass (1 + z)M posteriors. As redshift uncertainties tend
to broaden our mass estimates in the source frame, these
bimodalities are less apparent in the source chirp mass M
posterior. Additionally, while the measured redshifted chirp
masses of GW240925_005809 and GW250119_190238 are
unimodal, there is bimodality in the source frame chirp mass,
driven by the bimodality in the inferred redshift (Abac et al.
2026a).

Multimodality in mass parameters can correlate with
multiple modes in other parameters, particularly the spin
quantities xeg and x,. However, GW240507_041632,
GW240916_184352 and GW241116_151753 all have net-
work matched-filter SNRs below 10, and their x.g posteri-
ors are consequently too broad to clearly identify any such
correlation.

The degree of multimodality can depend on the waveform
model and sampler combination used in analysis. For ex-
ample, for GW241116_151753 in Figure 7 the bimodality
in total mass M and mass ratio ¢ is present with IMRPHE-
NOMXPHM _SPINTAYLOR, but is more subtle for the IMR -
PHENOMXPNR and absent with SEOBNRV5PHM.

3.5. Waveform systematics

In this subsection, we assess the impact of waveform-
model and sampler-related systematics on the inferred source
properties of the candidates in our catalog. Consistent with
previous analyses (Abbott et al. 2016d, 2019a,d, 2021b), we
find that differences between waveform models and sampling
methods are generally small compared to the statistical un-
certainties, and are often most noticeable in parameters re-
lated to the spin.

The results presented here are derived from parameter-
estimation analyses employing multiple waveform models
and two independent sampling codes, BILBY and RIFT, as
described in Abac et al. (2026b). For each BBH candidate,
the BILBY sampler is used to analyze the data with the IM-
RPHENOMXPHM_SPINTAYLOR and the IMRPHENOMX-
PNR waveform models. The NRSUR7DQ4 model is also
used with the BILBY sampler, but is only adopted for candi-
dates with source properties within the calibration domain of
the model. The SEOBNRVS5PHM model is used with either
BILBY or RIFT, depending on the configuration selected
for the analysis presented here. Additionally, DINGO (Dax
et al. 2021) and BILBY-MCMC (Ashton & Talbot 2021)
were used to cross-check results for a selection of candi-
dates. Consequently, variations between posterior distribu-
tions from different configurations generally reflect a com-
bination of waveform-model and sampler systematics. Be-
cause not all waveform models are used with both samplers
for all candidates, and only a single sampler configuration is
retained for each candidate in the reported results, it is not
possible, in general, to unambiguously disentangle these two
sources of systematic uncertainty.

For a small number of candidates, we observe more pro-
nounced differences between posterior distributions obtained
with different waveform models and analysis configurations.
Most importantly, we find that even in these cases the dif-
ferences in posteriors do not substantially alter our previous
statements about candidates of special interest that stand out
due to extreme values of masses, spins or distance.

The overall behavior observed for the O4b candidates is
qualitatively consistent with that reported for the O4a candi-
dates in GWTC-4.0 (Abac et al. 2025a), where waveform-
dependent differences were likewise generally small com-
pared to the statistical uncertainties, but became more no-
ticeable for high-mass, high-SNR, unequal-mass, or sys-
tems with strong spin precession. For new candidates re-
ported in GWTC-4.0, the most pronounced cases included
GW231123_135430 and GW231028_153006, both of which
combined high total masses with significant spin effects.
Similar trends are observed in the present GWTC-5.0 for new
0O4b candidates.

These systematic differences are expected from the cur-
rent state of waveform modeling. Numerical-relativity simu-
lations remain relatively sparse in regions of parameter space
involving large spins, large mass ratios, and generic spin ori-
entations, particularly for long inspirals. As a consequence
waveform models must extrapolate beyond the regions where
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Figure 7. The marginal probability distributions for the (source-frame) total mass M, mass ratio g, effective inspiral spin x.s, and effective
precession spin X for nine O4b candidates which show significant waveform systematics.

they are directly informed by simulations. Among the wave-
form models considered here, NRSUR7DQ4 is the only one
that is fully calibrated to numerical-relativity simulations
with spin precession, but its applicability is restricted to a
limited region of parameter space. The IMRPHENOMXPNR
and SEOBNRV5PHM waveform models employ a limited
calibration to numerical-relativity simulations with spin pre-
cession, and IMRPHENOMXPHM_SPINTAYLOR lacks any
such calibration, but employs a twisting-up approximation
together with the stationary-phase approximation to model
precession in the frequency domain.

A recent reanalysis of the new candidates first reported
in GWTC-4.0 using the IMRPHENOMXPNR waveform
model (Hamilton et al. 2026) also found broadly consis-
tent behavior, with the largest discrepancies between wave-
form models concentrated in high-mass, high-spin, or sys-
tems with strong spin precession.

We illustrate the differences we find by plotting selected
posterior distributions for all models in Figure 7. In Table 4,
we also show the median values and 90% credible intervals
for these source parameters as inferred by each waveform
model used in our analysis, and each parenthesis indicates

which sampler has been used with a given waveform model.
The candidates identified as exhibiting the most significant
differences in posteriors between analyses are:

e GW240915_105151 is a lower total mass candidate
with detector frame mass 21.547535 M. The anal-
yses with three waveform models differ in their sup-
port for high x,, with SEOBNRV5PHM showing
the least support and IMRPHENOMXPNR the most.
Several other quantities also show mild deviations be-
tween analyses; in particular the analysis with SEOB-

NRV5PHM shows less support for unequal masses.

GW240920_073424 was observed with all three detec-
tors. The analyses with three waveform models show
only mild systematics in several quantities, the prin-
cipal discrepancy is that the analysis with IMRPHE-
NOMXPNR supports higher values of x,.

* GW240920_124024 was observed in the two LIGO
detectors, with the second highest SNR in O4b,
37.0f8:%, and consequently has generally well-
constrained parameters. Glitch mitigation was per-
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formed for the LLO detector (Table 10). The total mass
and chirp mass are consistent across waveform mod-
els. The effective inspiral spin Xeg is constrained to be
close to zero by all models, although IMRPHENOMX -
PNR favors more negative values. More noticeable
differences appear in the effective precession spin xy,
but all x,, posteriors are broad.

GW240930_234614 was detected only in the two
LIGO detectors, and only by the C(WB-BBH pipeline,
with a relatively low SNR of 9.070-7 In this case,
parameter-estimation results have been obtained with
all four waveform models. Pronounced deviations can
be observed in masses, mass ratio, and X, where
the frequency-domain models show more support for
unequal masses while the time-domain models show
more support for equal masses. The frequency-domain
models also exhibit differences in the inclination, with
less support for close to face-on or face-off viewing
angle, and correspondingly smaller distance.

GW241011_233834 was observed in the LHO and
Virgo detectors with a high SNR of 35.870 ], and was
previously presented in Abac et al. (2025¢), emphasiz-
ing the large and well-measured primary spins, non-
negligible spin-orbit misalignment with a well con-
strained xp, and unequal mass ratio. As already dis-
cussed in Abac et al. (2025c¢), due to the large SNR,
high spins, and unequal masses, posteriors show evi-
dence for waveform systematics, as expected, although
different waveform models yield qualitatively simi-
lar conclusions. The analysis with SEOBNRV5PHM
picks up even more unequal masses than the analy-
ses with the frequency-domain models, and finds a
broader posterior for the total mass, which extends to
higher masses. For the chirp mass, the analysis with
IMRPHENOMXPNR prefers smaller values, and the
one with IMRPHENOMXPHM_SPINTAYLOR larger
ones. The effective inspiral spin x.g is well mea-
sured by all waveform and sampler combinations with
broadly consistent results, however, the posterior dis-
tributions vary significantly in shape. The posterior for
Xp With SEOBNRV5PHM is broader and extends to
higher values.

« GW241116_151753 is a low SNR (8.470%) candi-
date observed in all three detectors, with weakly con-

strained posterior distributions, which has been high-
lighted above as showing the heaviest component mass
in O4b, m; = 70757 M. Multimodality for this can-
didate has already been discussed above in Sec. 3.4.
The candidate has been highlighted above for its sup-
port for highly asymmetric masses; however, the pos-
terior for the mass ratio ¢ is broad, and almost flat
with IMRPHENOMXPHM_SPINTAYLOR, as illus-
trated in Figure 3. The total mass is poorly constrained;
again the analysis with IMRPHENOMXPHM_SPIN-
TAYLOR disagrees with other results and has support
for larger total mass. The inferred luminosity distance
also shows variation, and the analysis with IMRPHE-
NOMXPNR favors somewhat larger distances. These
differences are consistent with the limited information
content of the signal.

GW241127_061008 was observed in all three detec-
tors, with a high network SNR of 31.270:3. As il-
lustrated in Figures 2 and 5 for x, and in Figure 6
for the component spins, this candidate has well mea-
sured spin misalignment with the orbital angular mo-
mentum. While the posteriors for different analyses
show significant variations, the Xes and X, results
do agree qualitatively. Similarly, the source is confi-
dently identified as having asymmetric masses. Anal-
yses with the frequency-domain waveforms measure
negative Y.g, while for the time-domain models Xeg
is higher and not constrained to be negative. Different
analyses agree well on the high total mass.

GW241225_082815 was observed with the LHO and
Virgo detectors and has previously been highlighted as
having high X, and high primary spin x;. The can-
didate also shows support for unequal masses, in par-
ticular with NRSUR7DQ4, while the two frequency-
domain models show the largest support for equal
masses. The analysis with SEOBNRV5PHM shows
reduced support for high X, compared to the other
analyses.

GW250114_082203 has the largest SNR ever ob-
served and has already been discussed in Abac et al.
(2025b). As expected from the high SNR, the analy-
ses for this candidate do show systematic differences,
which are most apparent in its spin parameters.

Table 4. Median and 90% symmetric credible interval for selected source properties as inferred by different waveform models and

samplers.

Candidate Model M q Xeff Xp Dy,
[Mo] [Gpd]
GW240915_105151 IMRPHENOMXPHM_SPINTAYLOR (BILBY) 8.0770:35 0.657032 0.077022 0.407055 0.63752S

Table 4 continued
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Table 4 (continued)
Candidate Model M q Xeff Xp Dy,
[Mo)] [Gpc]
10.40 10.32 T0.22 10.41 10.26
NRSUR7DQ4 (BILBY) 8.07 g5, 0.657 555 0.077555 0407555 0.637 52
+0.40 +0.25 +0.15 +0.40 +0.27
SEOBNRV5PHM (RIFT) 8.037049 0.72752%  0.057515  0.317539 0.6570:2%
IMRPHENOMXPNR (BILBY) 8.077039 0.637532  0.067525 0.46703 0.627022

GW240920_073424 IMRPHENOMXPHM_SPINTAYLOR (BILBY)

NRSUR7DQ4 (BILBY)

+1.5 +0.31 +0.19 +0.44 +0.62
156115 0547031 —0.09151% 0.47F548 1.447062
+1.5 +0.31 +0.19 +0.44 +0.62
156115 0547031 —0.09%51% 0.47F548 1.447052

SEOBNRV5PHM (RIFT) 150711 0577033 —0.147817 0.431531 1.697550

IMRPHENOMXPNR (BILBY) 155713 0577030 —0.141515 0.5510:37 1.4415-80

(GW240920_124024 IMRPHENOMXPHM_SPINTAYLOR (BILBY) 29.8717  0.867012 —0.0470-98 0.4770:3% 1.0975-22
NRSUR7DQ4 (BILBY) 30.0719 0.887512 —0.04795% 0.557522 1.087022

SEOBNRV5PHM (BILBY) 29.7715 0.89751% —0.08705% 0.54753% 1.0675:25

IMRPHENOMXPNR (BILBY) 294718 0857513 —0.117035 0.38755% 1.067022

GW240930_234614 IMRPHENOMXPHM_SPINTAYLOR (BILBY) 23.9732 0.617032  0.047037 0597037 3.6735
NRSUR7DQ4 (BILBY) 23.6759 0777520 0.067925 0.497939 44721

SEOBNRV5PHM (RIFT) 24.0750 0747023 0071520 0497030 4.2722

IMRPHENOMXPNR (BILBY) 24.575:0 0.60703% 0.031522 0631030 34773

GW241011_233834 IMRPHENOMXPHM_SPINTAYLOR (BILBY)

NRSUR7DQ4 (BILBY)
SEOBNRV5PHM (BILBY)

+0.08 +0.07 +0.06 +0.13 +0.04
9.0973%8  0.3175:97  0.5075-0¢  0.38%913 0.2170:04

+0.08 +0.07 +0.06 +0.13 +0.04
9.0973%8  0.3175:97  0.5075:0¢  0.38%513 0.2170:54

+0.07 +0.13 +0.05 +0.23 +0.04
9050007 0275000 0502007 045557 0-227504

IMRPHENOMXPNR (BILBY) 9.08705% 0.327592  0.477505 0.397515 0.2070:0%

GW241116_151753 IMRPHENOMXPHM_SPINTAYLOR (BILBY) 34.070%% 0.377052 0.28703% 0531530 57750
NRSUR7DQ4 (BILBY) 34.017388 0.377935 0.28703% 0537035 57156

SEOBNRVSPHM (RIFT) 3271348 05510395 0.271028 0481038 55152

IMRPHENOMXPNR (BILBY) 33.708%7 0547032 0.3070457 0481958 7.2750

GW241127_061008 IMRPHENOMXPHM_SPINTAYLOR (BILBY) 30.8738 0.33700% —0.167013 0577037 1.087522

NRSUR7DQ4 (BILBY)

+3.1 +0.17 +0.14 +0.26 +0.23
3337500 044109 —0.13%5716 0.56Z075 1.18 79759

+4.1 +0.25 +0.17 +0.30 +0.28

SEOBNRV5PHM (BILBY) 335741 0457020 0137017 0.587030 117702

+2.9 +0.15 +0.14 +0.35 +0.23

IMRPHENOMXPNR (BILBY) 32.372% 0417005 —0.22%514 0.487035 1.117028

GW241225_082815 IMRPHENOMXPHM_SPINTAYLOR (BILBY) 41.87%3 0.761035 —0.171032) 0.701535 1.887.%%

NRSUR7DQ4 (BILBY)

+6.3 +0.26 +0.21 +0.19 +1.17
39.378% 0627026 —0.23t92 0747019 1977117

+4.9 +0.23 +0.20 +0.26 +1.01
SEOBNRV5PHM (RIFT) 406717 0727028 —0.197020 0.6570:2% 1.8075%
IMRPHENOMXPNR (BILBY) 40.3752 0721033 —0.15703% 0727022 1.9275 3%

GW250114_082203 IMRPHENOMXPHM_SPINTAYLOR (BILBY)

NRSUR7DQ4 (BILBY)
SEOBNRV5PHM (BILBY)
IMRPHENOMXPNR (BILBY)

BTI000 0967000 0087501 014702 0.407008
28707043 0.967000 —0.0270.92 0107388 041709
28637020 0.967000 —0.047001 012705 039709
2849705 0.96700¢ 0,070 0177021 0307002

NOTE—Values are given for a subset of the GW event candidates from O4b with FAR < 1yr—! which show significant waveform systematics. The
columns show chirp mass M, mass ratio g, effective inspiral spin x.f, effective precession spin xp, and luminosity distance Dy,. Results are shown
for different waveform models in each row, where the parenthesis indicates the used sampler.

One possible source of systematic uncertainty in our infer-
ences is signal content that may be absent from our default
CBC models. A method for testing for any missing signal
content, or even to discover unexpected phenomena, is to es-
timate the overlap between the modeled reconstructions of
our GW signals and the minimally modeled waveform re-
constructions (Abac et al. 2026b). We test for missing signal
content by selecting a subset of our O4b GW candidates and
comparing their signal waveforms generated with the IM-

RPHENOMXPHM_SPINTAYLOR waveform (Pratten et al.
2021; Colleoni et al. 2025) using the inferred source parame-
ters to reconstructions made with minimal assumptions about
the waveform morphology. We select 43 candidates using
criteria to optimize performance of the minimally modeled
reconstruction methods (Abac et al. 2026b).

To assess the statistical significance of the overlap be-
tween these reconstructions, we perform systematic injec-
tion studies (Abbott et al. 2019a; Salemi et al. 2019; Ghonge
et al. 2020; Abbott et al. 2021b; Johnson-McDaniel et al.
2022). We inject simulated signals with parameters drawn
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from the posterior distributions obtained with the IMR-
PHENOMXPHM_SPINTAYLOR waveform model (LIGO-
Virgo-KAGRA Collaboration 2026a,b) into nearby detector
data not overlapping the candidate time. These off-source
waveforms are then reconstructed using minimally modeled
methods. By comparing the overlaps between the on-source
reconstruction of the actual candidate and the distribution
of off-source overlaps, we compute a p-value indicating the
fraction of off-source overlaps smaller than or equal to the
on-source overlap.

We use three methods for reconstructing the sig-
nals with minimal assumptions about their morphology:

BAYESWAVE (Cornish & Littenberg 2015; Littenberg &
Cornish 2015; Cornish et al. 2021; Gupta & Cornish 2024)
and CWB-2G (Klimenko et al. 2016; Drago et al. 2021),
which are designed for generic GW transients, and CWB-
BBH (Klimenko 2022), which is optimized specifically for
CBC signals. The results, summarized in Table 5 and shown
in Figure 8, show no statistically significant deviations be-
tween the on-source and off-source reconstructions across all
three methods. However, as noted in Abac et al. (2026b), all
three pipelines still show some level of biases in their respec-
tive tests to assess the p-values.

Table 5. Results of the minimally-modeled waveform consistency tests.

Candidate BAYESWAVE

CWB-2G CWB-BBH

On-source Off-source p-value SNR IFOs On-source Off-source p-value SNR IFOs On-source Off-source p-value SNR IFOs
GW240414_054515  0.73  0.71704% 053 990 HV  0.86 078700 092 993 HV 086 0817097 085 1085 HV
GW240501_033534 - - - - - 0.84 0.85739% 044 908 HL 092 085759 095 1039 HL
GW240511_031507  0.94  0.887095 092 1510 HLV ~ 0.79  0.847085 019 17.16 HLV ~ 0.93 0917003 083 1645 HL
GW240513_183302 - - - - - 079 078739 056 1324 HLV  0.87 0.837095 083 1379 HL
GW240514_121713  0.96 092709 096 1549 HLV 093 0.917303 079 17.14 HLV 094 093755 070 17.03 HL
GW240515_005301  0.73  0.67703) 062 749 HL 075 0.74731% 055 11.00 HLV 074 0827997 0.8 1274 HL
GW240519_012815  0.82 0817037 052 988 LV 083 080799 065 1152 Lv 088 0847097 078 13.01 LV
GW240615_113620  0.97 0967002 078 2345 HLV 094 0.937302 083 268 HLV 097 0957052 098 2638 HL
GW240615_160735 = - = - = 0.79  0.737315 080 1031 HLV  0.70 0.80%99% 0.16 13.08 HL
GW240621_195059  0.96 0967002 046 27.63 HLV ~ 0.95 0.95700% 046 2875 HLV  0.93 096705, 003 29.04 HL
GW240621_200935 - - = - = 0.78 0787392 050 922 HLV  0.93 0847097 099 1078 HL
GW240630_101703  0.76  0.66752) 069 875 HLV 075 0767019 049 968 HLV 084 0827597 067 1062 HL
GW240703_191355  0.81  0.6775919 084 701 LV 086 0747020 097 954 Lv 086 0.82799% 080 1150 LV
GW240705_053215  0.94 090709 085 1433 HLV 093 0.90730% 079 1549 HLV 090 093159 017 1682 HL
GW240716_034900  0.87  0.8270%2 073 1133 LV 086 0.79709 092 1343 LV = = = = =
GW240902_143306 - - - - - 0.74 0747311 051 812 HL 068 0771919 019 956 HL
GW240908_082628  0.81  0.73701% 069 678 HLV 0.89 0.79739 098 98 HLV 092 083759 098 98 HL
GW240919_061559  0.92  0.907395 066 1560 HLV ~ 0.88 0.887057 039 1664 HLV 093 0917003 076 1623 HL
GW240920_124024  0.99  0.98700) 094 3758 HL 096 0977081 017 3774 HL 097 0987007 006 3890 HL
GW240923_204006  0.94  0.857097 098 1092 HLV 093 0857097 097 1221 HLV  0.87 0.90700% 026 1414 HL
GW240924_000316 - - = = = 0.83 0.82739% 063 1069 HLV 085 0.85799 049 1134 HL
GW240930_234614 - - - - - 072 0787099 022 1100 HL 086 081759 081 1141 HL
GW241002_030559  0.80  0.8070:3F 053 924 LV 086 0797009 090 1128 LV 091 0857095 094 1193 LV
GW241006_015333 - - - - - 0.85 0.867095 042 1800 HLV  0.87 0897051 029 17.64 HL
GW241101_220523  0.76  0.63702% 078 895 LV 071 0.737331 040 1155 LV 081 0807992 058 11.06 LV
GW241102_144729  0.89  0.857057 076 1011 HLV ~ 0.86 0.867095 053 1155 HLV ~ 0.89 0897097 045 1269 HL
GW241109_033317  0.75  0.79703% 043 1069 LV 076 0787599 043 1062 LV  0.84 0827095 065 1284 LV
GW241111_111552 - - - - - 091  0.887397 087 1597 HL 091 0.88%95: 088 17.00 HL
GW241114_024711  0.83  0.797072 060 9.3 HLV ~ 0.87 0.827397 087 1051 HLV 091 0867995 091 1125 HL
GW241127_061008  0.98 0987051 070 3147 HLV ~ 0.96  0.96700, 070 3033 HLV 096 097705} 024 3150 HL
GW241129_021832  0.88  0.88759 055 1369 HLV 091 087700 092 1657 HLV 093 0.9075%% 087 1683 HL

Table 5 continued
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Table 5 (continued)

Candidate BAYESWAVE CWB-2G CWB-BBH

On-source Off-source p-value SNR IFOs On-source Off-source p-value SNR IFOs On-source Off-source p-value SNR IFOs
GW241130_034908  0.67  0.7870:15 028 1221 HLV ~ 0.86 0817095 084 1321 HLV 088 0.867095 073 1325 HL
GW241210_060606  0.88  0.69T047 098 982 HLV  0.83 0787092 082 1217 HLV  0.89  0.84709% 089 1339 HL
GW241225_082815  0.95 094709 057 1771 HL 094 0947392 055 1973 HL 096 0957952 086 19.60 HL
GW241230_084504  0.94 0827022 098 985 LV 089 081739 096 1169 LV - - - = =
GW241230_233618  0.92 091709 060 11.15 HLV ~ 0.84  0.887395 025 1145 HLV 090 0917955 038 1233 HL
GW250104_015122  0.89  0.8470%% 084 964 HLV 088 0.847397 076 1192 HLV 094 0897995 096 12.10 HL
GW250108_152221  0.92 085709 081 953 HLV 089 087739 067 1118 HLV 091 0907995 059 11.78 HL
GW250109_010541  0.89  0.8470%9 073 11.04 HLV 089 0.837397 092 1234 HLV  0.89 0.88799% 062 13.10 HL
GW250109_074552  0.85  0.8170¢2 071 819 HV 083 0.81739% 068 1121 HV - - - - -
GW250114_082203  0.99  1.0075%% 047 79.09 HL 097 0977001 066 7354 HL 098 0.997599 009 7870 HL
GW250118_170523  0.88  0.87759% 063 1221 HL 087 0867005 066 1346 HL 086 0877505 045 1393 HL
GW250119_025138  0.91  0.86759% 085 1264 HLV 090 0.86709% 087 13.84 HLV 094 090759 096 1438 HL

NOTE—The three minimally-modeled waveform reconstruction methods used were BAYESWAVE, CWB-2G (both designed for generic GW bursts), and CWB-
BBH (specifically optimized for CBC signals with tailored frequency bands and time-frequency resolutions). The p-values are calculated by comparing the

on-source value with the off-source distribution of overlaps.

Because of their differences, due at least in part to the dif-
ferent detector networks used in their processing, the tests
carried out by the three pipelines can be considered to be in-
dependent studies. Both C(WB-BBH and cCWB-2G injected
2000 waveform samples drawn from the posterior distribu-
tions, while BAYESWAVE processed 200 samples, and this
accounts for the different error bars in Figure 8. The interfer-
ometer networks used by CWB-BBH and cWB-2G some-
times differ: while CWB-2G uses three detectors whenever
possible, the version of CWB-BBH used to produce the re-
sults in this catalog is limited to two detectors. Finally, the
three pipelines use different versions of the posterior sam-
ples to construct the injections. Taken together, these stud-
ies show that while a few of the new candidates added to
GWTC-5.0 show noticeable systematic uncertainties in our
inferences of their source properties, there is as yet no strong
evidence for missing signal content in our models. In partic-
ular, this also applies to GW240930_234614, which is dis-
cussed above as one of the events detected only by CWB-
BBH and exhibiting the most significant differences in pos-
teriors between analyses, with p-values 0.22 and 0.81 from
CWB-2G and CWB-BBH, respectively.

4. CONCLUSION

We present GWTC-5.0 which contains 390 CBC events.
The criteria for inclusion in the catalog are that events have
Pastro = 0.5 and have passed further event validation checks,
making them unlikely to be of instrumental origin. Analyz-
ing data from O4b, this version of the catalog adds 161 GW
candidates consistent with BBHs to the cumulative catalog
of events, further expanding the census of CBCs from the
first three observing runs (Abbott et al. 2023a). For high-

significance candidates with FAR < 1yr’1, we also esti-

mate the source properties. Some particularly notable can-
didates are: GW250114_082203 (Abac et al. 2025b), the
highest SNR observed to date; GW240615_113620, the best
localized GW source observed to date; GW241011_233834
and GW241110_124123 (Abac et al. 2025¢), which have
well-measured, non-zero effective inspiral spins y.g; and
GW240925_005809, whose high SNR enabled an informa-
tive astrophysical measurements of GW detector calibra-
tion (Abac et al. 2026a)

Additional results related to candidates in the catalog
are interpreted in other papers of the GWTC-5.0 focus is-
sue (Abac et al. 2026g). This includes inferring the mass
and spin distributions of the CBCs we have observed (Abac
et al. 2026d), testing general relativity in the strong-field
regime (Abac et al. 2026f), providing independent measures
of local cosmology (Abac et al. 2026e), and searching for
gravitationally lensed counterparts to our candidates (Abac
et al. 2026h).

The data products associated with the results described
here, as well as a larger list of candidates satisfying the
weaker selection criterion with a FAR < 2d~! and the un-
derlying strain data are publicly available through GWOSC
and are described in detail in Abac et al. (2026c). Past re-
leases of the public strain data have led to additional GW can-
didates (Nitz et al. 2019; Venumadhav et al. 2020, 2019; Za-
ckay et al. 2021, 2019; Magee et al. 2019; Nitz et al. 2020b,
2021, 2023; Olsen et al. 2022; Kumar & Dent 2024; Mishra
et al. 2025; Koloniari et al. 2025), and the data products have
enabled numerous studies probing the nature of individual
detections, population properties, and other astrophysical in-
ferences.
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Figure 8. A comparison of the overlap between the on-source and off-so

urce (with 90% confidence intervals) reconstructions for three different

minimally modeled pipelines, BAYESWAVE, CWB-2G, and CWB-BBH where the IMRPHENOMXPHM_SPINTAYLOR waveform was used

in parameter estimation, the network SNR was greater than 10, and the
uncertainties are drawn with a gray level corresponding to the network

redshifted chirp mass (1 4+ z)M > 15M. The data points and their
SNR detected by each pipeline; the gray scale is non linear to fit the

large dynamic range of SNR values. The blue line denotes equal overlap between the on- and off-source reconstructions, indicating that there

is no significant difference between the two.

The data-taking period reported here ended on 2025 Jan-
vary 28. Data recorded subsequently fall into the third part
of the fourth observing run (O4c), which is presently be-
ing analyzed. O4c included a commissioning break between
2025 April 1 and 2025 June 11, and eventually ended on
2025 November 18. The candidate list and associated param-
eter inference for O4c data will be published in GWTC-6.0.

Regarding the next data taking, LVK plan an interim
observing run, designated intermediate run 1 whose de-
tails can be found and will be regularly updated in LIGO-
Virgo—-KAGRA Collaboration (2026¢). Both LIGO detec-
tors are expected to be observing, and Virgo and KAGRA
will join as they are available. Furthermore, in the coming
years, the LVK network will undergo additional upgrades

to further improve its sensitivity (Abbott et al. 2020) in or-
der to enable the improved uncertainties of binary popula-
tion (Abac et al. 2026d) and cosmological (Abac et al. 2026e)
properties, and more stringent constraints on tests of general
relativity (Abac et al. 2026f) and searches for gravitational
lensing (Abac et al. 2026h), as well as the long-awaited next
multimessenger observations since GW170817 (Abbott et al.
2017a). Future GW transients could include not only novel
CBC sources, such as subsolar-mass compact binaries (Ab-
bott et al. 2018, 2019e, 2022a, 2023c; Nitz & Wang 2021a,b)
or other exotica, but also new classes of GW transients such
as supernovae (Abbott et al. 2021d), cosmic strings (Ab-
bott et al. 2021e), and bursts of unknown origin (Abac et al.
2025d,d; Abbott et al. 2021c). We additionally anticipate



detections of gravitationally lensed GW signals (Abac et al.
2025) as well as long-lived GW signals from rapidly rotating
NSs (Abac et al. 2025d; Abbott et al. 2022b) and the stochas-
tic background (Abbott et al. 2021f,g) of the Universe. As the
detectors improve in sensitivity, we therefore expect to con-
tinue to deepen our understanding of the Universe.

DATA AVAILABILITY

All strain data analysed as part of GWTC-5.0 are pub-
licly availably through GWOSC. The details of this data re-
lease and information about the digital version of the GWTC
are described in detail in Abac et al. (2026c). We also
provide data releases of the search pipeline results and ini-
tial source localization; see LIGO-Virgo-KAGRA Collab-
oration (2026d) for GWTC-5.0 and LIGO-Virgo-KAGRA
Collaboration (2026e) for GWTC-4.1, as well as parameter-
estimation samples; see LIGO-Virgo-KAGRA Collabora-
tion (2026a,b) for GWTC-5.0 and LIGO-Virgo-KAGRA
Collaboration (2026f) for GWTC-4.1. Additionally, data for
the glitch modelling (LIGO-Virgo-KAGRA Collaboration
2026g), and data-quality products (LIGO-Virgo-KAGRA
Collaboration 2026h) are included as part of this release. Fi-
nally, the search sensitivity estimates are also publicly avail-
able (LIGO-Virgo-KAGRA Collaboration 2026i,j).
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Software: Calibration of the LIGO strain data was
performed with a GSTLAL-based calibration software

significance evaluations in this catalog were performed with
the GSTLAL-based inspiral software pipeline (Messick et al.
2017; Sachdev et al. 2019; Hanna et al. 2020; Cannon et al.
2021), with the MBTA pipeline (Adams et al. 2016; Aubin
et al. 2021), and with the PYCBC (Usman et al. 2016;
Nitz et al. 2017; Davies et al. 2020) and the CWB (Kli-
menko & Mitselmakher 2004; Klimenko et al. 2011, 2016)

pipeline (Viets et al. 2018). Data-quality products and
event-validation results were computed using the BRIS-
TOL (Di Renzo et al. 2024), DMT (Zweizig 2006), DQR-
BuiLD (Davis et al. 2026), DQSEGDB (Fisher et al.
2021), GLITCHFIND (Vazsonyi & Davis 2023), GSPYNET-
TREE (Alvarez-Lépez et al. 2024), GWDETCHAR (Ur-
ban et al. 2021), HVETO (Smith et al. 2011), 1IDQ (Es-
sick et al. 2020), LIGODV-WEB (Areeda et al. 2017),
OMEGAOVERLAP (Areeda et al. 2017) OMICRON (Robinet
et al. 2020), PEMCHECK (Helmling-Cornell et al. 2024),
PYTHONVIRGOTOOLS (Virgo Collaboration 2021) STA-
TIONARITY (Mozzon et al. 2020), and VIRGO DQR (Acer-
nese et al. 2023) software packages and contributing software
tools. Analyses in this catalog relied upon the LALSUITE
software library (LIGO-Virgo-KAGRA Collaboration 2018;
Wette 2020). The detection of the signals and subsequent

packages. Estimates of the noise spectra and glitch mod-
els were obtained using BAYESWAVE (Cornish & Littenberg
2015; Littenberg et al. 2016; Cornish et al. 2021; Gupta &
Cornish 2024). Source-parameter estimation was performed
with the BILBY library (Ashton et al. 2019; Romero-Shaw
et al. 2020) using the DYNESTY nested sampling pack-
age (Speagle 2020). PESUMMARY was used to postpro-
cess and collate parameter-estimation results (Hoy & Ray-
mond 2021). The various stages of the parameter-estimation
analysis were managed with the ASIMOV library (Williams
et al. 2023). Plots were prepared with MATPLOTLIB (Hunter
2007), SEABORN (Waskom 2021) and GWPY (Macleod et al.
2021). NUMPY (Harris et al. 2020) and ScCIPY (Virtanen
et al. 2020) were used in the preparation of the manuscript.

APPENDIX

A. UPDATE ON O4A CANDIDATES

In this section we update some of the results for those identified in O4a after the reanalysis by the two search pipelines,
PYCBC and GSTLAL, with updated configurations (Abac et al. 2026b). Specifically, this includes the updated information for
the Oda candidates with a FAR < 1yr~! and p.s.o > 0.5 as well as the source properties of additional two candidates in the
following. To clarify that these O4a results supersede those in GWTC-4.0, we name them GWTC-4.1. However, as GWTC-5.0
is a cumulative catalog, all the results labeled GWTC-4.1 are included in GWTC-5.0 by definition. The candidates with a FAR
< 2d~! that do not meet these criteria are also included in the data release (LIGO—Virgo-KAGRA Collaboration 2026¢).

For PYCBC, the updated O4a reanalysis incorporates corrections to the ranking statistics: single-detector triggers are down-
weighted by a constant correction to improve the overall search sensitivity, as described in Section 3.4 of Abac et al. (2026b).
With the new statistics, 77 events are identified with a FAR < 1yr~—! as compared to 71 in the previous GWTC-4.0 catalog. Two
of these events are not identified with a FAR < 1yr~! by any other pipeline: GW231026_130704 and GW231113_150041.

For GSTLAL, the updated O4a reanalysis includes a set of methodological corrections that affect both ranking statistics and
the computation of p,stro (Abac et al. 2026b). First, we revised the handling of horizon-distance information, which encodes the
time-dependent detector sensitivity in the ranking statistic. Second, GW events detected online are excluded from the background
estimation during re-ranking. Finally, the normalization used to map ranking information to past;o Was corrected. As a result, the
0dds, Pastro/ (1 — Dastro ), are increased by a factor of ~ 3.6 in O4a. The net effect of these changes is to increase pastro, Which
in our previous publication had been systematically underestimated. All of these corrections have also been applied to the O4b
results presented in this paper.

The significant candidates resulting from these reanalyses, together with the candidates produced by MBTA and CWB (which
are unchanged from GWTC-4.0), are summarized in Table 6, containing all candidates detected with pastro > 0.5 and FAR
< 1yr~! in at least one of the four pipelines during O4a and the pre-Od4a engineering run. Consequently, we identify 1456
candidates with a FAR < 2d~! in at least one pipeline, and 139 candidates with p,stro > 0.5 in at least one pipeline and not
vetoed during event validation (Abac et al. 2026b). These updated candidate lists also imply changes in the purity of the set
of subthreshold candidates with p,st,o < 0.5. We recompute this for the updated O4a candidates, using the refined formalism
described in Abbott et al. (2023a); Abac et al. (2026b), and find that the purity of the subthreshold candidate set is now 0.022, as
compared to the estimate of 0.013 obtained from a simplified method for the previous release of O4a candidates.

A detailed analysis of source properties was carried out for the two new candidates identified by PyCBC with a FAR < 1yr—1!,
whose results are summarized in Table 7 and Figure 9. Similar to Figure 2, the lower region of each posterior distribution
in Figure 9 shows the population-informed measurements based on the BBH population inferred in Abac et al. (2026d). This
analysis was run using four waveform models. Unless otherwise noted, BILBY was used to perform inference. The two mod-
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els IMRPHENOMXPHM_SPINTAYLOR and NRSUR7DQ4 were operated precisely as in GWTC-4.0 (Abac et al. 2025). The
NRSUR7DQ4 model is used where the posteriors of the source are within the model validity parameter range, in this case only
for GW231026_130704. The SEOBNRV5PHM model has been updated to also include asymmetries between negative and
positive multipoles (Abac et al. 2026b; Estellés et al. 2026), and was run with the RIFT sampler. Finally, the waveform model
IMRPHENOMXPNR replaces IMRPHENOMXO4A. Similar to the O4b results presented in Section 3, the posteriors derived
from the IMRPHENOMXPHM _SPINTAYLOR are shown in Table 7 and Figure 9. We find that the inferred component masses
of these two candidates are consistent with BBHs sources. All of the posterior samples from O4a, including the two new events
above, are available in the data release (LIGO-Virgo—-KAGRA Collaboration 2026f).

Table 6. Candidate GW signals from the O4a reanalysis with a FAR < 1yr~! in at least one pipeline and for which pastro > 0.5.

Candidate Inst| CWB-BBH GstLAL MBTA PyCBC

FAR SNR  pastro FAR SNR  pastro FAR SNR  pastro FAR SNR  pastro

(yr™H (yr™h (yr™H r™h
GW230518_125908 HL - - - <1.0x107% 13.7 >0.99|<1.0x107% 141 >099| 7.1 x10~%* 13.6 > 0.99
GW230529_181500 L - - - 0.0056 11.8 0.93 | 22x107* 114 >099| 1.0 x 10—3 11.7 > 0.99
GW230601_224134 HL| 0.0013 134 >0.99 < 1.0x 10~° 11.8 > 0.99 0.0082 124 >099| 2.8 x10~% 12.2 > 0.99
GW230605_065343 HL 560 7.5 <0.01| 2.3x107°% 10.7 >0.99|<1.0x107° 11.1 >0.99| 1.3x10~°% 11.4 > 0.99
GW230606_004305 HL| 0.0067 11.1 > 0.99 0.0013 10.9 > 0.99 1.9 10.9 0.8 | 4.1 x10~% 10.7 > 0.99
GW230608_205047 HL| 0.032 9.9 >0.99 0.0011 10.2 > 0.99 0.27 10.2  0.96 = = =
GW230609_064958 HL| 0.0013 106 >0.99| 1.3 x 10—% 10.0 > 0.99 3.6 10.5 0.73 | 1.0x10~% 9.6 > 0.99
GW230624_113103 HL| 0.0022 114 >0.99| 1.7 x 10~% 10.0 > 0.99 0.018 10.3 > 0.99 0.0011 10.2 > 0.99
GW230627_015337 HL| 0.0011 27.8 >0.99 |<1.0x 10~°% 28.3 >0.99|<1.0x107° 284 >099 |< 1.0 x 1075 28.7 > 0.99
GW230628_231200 HL| 0.0011 164 >0.99 |<1.0x 10~° 15.3 >0.99|<1.0x10~% 159 >099 |< 1.0 X 10~® 15.9 > 0.99
GW230630_070659* HL - - - 0.47 9.8 0.96 - - - - - -
GW230630_125806 HL 0.16 9.0 0.97 0.24 8.1 0.98 1.3 8.2 0.87 0.048 8.1 > 0.99
GW230630_234532 HL - - - 0.029 9.8 >0.99| 42x107* 99 >099 0.023 9.8 > 0.99
GW230702_185453 HL| 0.0089 10.1 >0.99 |<1.0x 10> 9.8 > 0.99 0.21 9.9 097 0.0020 9.2 > 0.99
GW230704_021211 HL - - - 0.20 9.4 0.98 2.7 9.2  0.78 0.037 9.2 > 0.99
GW230704_212616 HL 43 8.3 0.1 10 8.3 0.57 0.51 8.7  0.93 = = -
GW230706_104333  HL - - - 0.22 9.2 0.98 - - - 0.25 8.8  0.99
GW230707_124047 HL| 0.0011  11.9 > 0.99 0.0026 10.1 > 0.99 0.072 10.3  0.99 | 4.2x10~% 10.5 > 0.99
GW230708_053705 HL - - - 2.4 8.6 0.84 54 8.9 0.15 0.028 8.9 > 0.99
GW230708_230935 HL 1.2 10.0 0.80 0.0036 9.6 > 0.99 0.26 9.7  0.96 0.0010 9.4 > 0.99
GW230709_122727 HL| 0.071 10.2 > 0.99 0.16 9.9 0.98 12 10.1  0.48 | 9.7 x 104 10.0 > 0.99
GW230712_090405 HL| 0.018 9.5 >0.99 98 8.2 0.14 - = = 67 8.2 0.17
GW230723_101834 HL - - - 0.0052 9.9 > 0.99 0.0034 10.0 >0.99| 2.2x10~% 10.1 > 0.99
GW230726_002940 L = = = <1.0x10~° 10.5 > 0.99 - - = 4.5 10.0 0.68
GW230729_082317 HL - - - 0.17 9.5 0.98 - - - 4.7 9.4 0.78
GW230731_215307 HL = = = <1.0Xx107°% 12.2 >0.99(<1.0x10~%° 11.9 >099 | < 1.0 X 10—° 11.9 > 0.99
GW230803_033412 HL 3.0 9.4 0.68 2.9 8.0 0.81 19 8.6 0.35 0.044 8.2 > 0.99

Table 6 continued
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Table 6 (continued)

Candidate Inst. CWB-BBH GstLAL MBTA PyCBC

FAR SNR  pastro FAR SNR  pastro FAR SNR  pastro FAR SNR  pastro

Gr ) Gr Gr ) Gr )
GW230805_034249 HL 7.5 9.5 049 0.0063 9.3 > 0.99 6.4 9.4 0.62 | 2.9x10=% 9.4 > 0.99
GW230806_204041 HL| 0.0065 9.4 > 0.99 0.0035 9.1 > 0.99 0.20 94 097 0.0035 9.1 > 0.99
GW230811_032116 HL| 0.0013 13.6 >0.99 |< 1.0 x 10~° 12.9 > 0.99| 86 x10~° 133 >099|< 1.0 x 10~> 12.4 > 0.99
GW230814_061920 HL| 0.0039 11.2 >0.99 | 5.9 x 10—% 10.2 > 0.99 0.041 10.0 >0.99| 7.0x10~% 9.6 > 0.99
GW230814_230901 L - - - < 1.0 x 10~% 42.3 > 0.99 - - - 1.0 x 102 43.0 > 0.99
GW230819_171910 HL| 0.011 9.9 >0.99 0.013 9.0 > 0.99 - - - 3.5 8.9 0.82
GW230820_212515 HL 68 7.9 0.10 0.24 9.1 0.98 0.30 9.3  0.96 0.28 9.0 0.97
GW230824_033047 HL| 0.0035 11.1 >0.99 |< 1.0 x 10~° 10.5 > 0.99 0.017 10.6 >0.99 | < 1.0 X 10~°% 10.7 > 0.99
GW230825_041334 HL 1.3 8.8 0.83 0.093 8.7 0.99 1.8 8.5 0.84 0.24 8.7  0.98
GW230831_015414 HL 27 7.8  0.20 0.61 8.6 0.95 1.4 8.6 0.87 0.036 8.5 > 0.99
GW230904_051013 HL = = = 3.7x10~% 10.5 >0.99| 43x107> 104 >0.99| 2.9x 104 10.2 > 0.99
GW230911_195324 H - - - 0.014 10.7 > 0.99 - - - 1.0 x 10~3 11.1 > 0.99
GW230914_111401 HL| 0.0012 17.2 >0.99 |< 1.0 X 10~°® 15.9 >0.99|<1.0x 107® 16.6 >0.99 | < 1.0 X 10~% 16.0 > 0.99
GW230919_215712 HL| 0.0012 16.8 >0.99 | < 1.0 x 10~° 16.3 > 0.99|<1.0x10~% 161 >099 | < 1.0 x 10~% 16.5 > 0.99
GW230920_071124 HL| 0.0012 11.1 >0.99 | < 1.0 x 10~° 10.1 > 0.99 0.11 102 098 | 3.3x10=%* 9.6 > 0.99
GW230922_020344 HL| 0.013 134 >099 (< 1.0x 1075 12.3 >0.99| 41x1075 122 >099| 3.4x10~% 11.9 > 0.99
GW230922 040658 HL| 0.0012 125 >0.99 |<1.0x 10~° 11.6 > 0.99| 3.0x10~% 116 >099| 5.3 x10~% 11.6 > 0.99
GW230924_124453 HL| 0.0012 135 >099 [<1.0x 10~% 13.3 >0.99|<1.0x107° 133 >099 |< 1.0 x 10~% 13.0 > 0.99
GW230927_043729 HL| 0.0012 121 >0.99 |<1.0x 10~° 11.3 > 0.99| 86x10~* 11.1 >099 |< 1.0 X 10~% 11.1 > 0.99
GW230927_153832 HL| 0.0012 20.3 >0.99 |<1.0x 10~°% 19.8 >0.99|<1.0x107° 202 >099 |< 1.0 X 1075 19.6 > 0.99
GW230928_215827 HL| 0.0035 10.5 >0.99 | 1.4 x 10~ 9.5 > 0.99 1.3 9.3 0.88 | 6.0x10~%* 9.5 > 0.99
GW230930_110730 HL 5.4 9.0 0.58 0.17 8.5 0.98 1.1 8.6 0.89 0.095 8.3 > 0.99
GW231001_140220 HL| 0.0012 11.5 >0.99 | 1.5 x 10~°> 10.3 >0.99| 1.8x10~* 106 >099| 2.1x10~4 9.9 > 0.99
GW231004_232346 HL 0.16 89  0.97 6.4 7.9 0.68 - - - - - -
GW231005_021030 HL| 0.010 10.4 > 0.99 0.16 9.3 0.98 0.019 9.7 >0.99 0.023 9.8 > 0.99
GW231005_091549 HL 54 11.0 0.13 0.040 8.9 > 0.99 2.6 8.6 0.79 0.59 8.5 0.96
GW231008_142521 HL - - - 0.0015 9.3 > 0.99 1.6 9.1 0.86 0.017 8.7 > 0.99
GW231014_040532 HL 29 8.6 0.23 0.21 9.0 0.98 1.2 8.8 0.88 0.55 8.7  0.96
GW231018_233037 HL - - - 130 8.7 0.11 0.68 9.1  0.93 42 8.6 0.29
GW231020_142947 HL - - - <1.0x1075% 11.9 >0.99|<1.0x107° 120 >099 |< 1.0 X 10~% 11.8 > 0.99
GW231026_130704 HL = s - 1.6 8.1 0.88 340 8.8 0.02 0.76 81 0.95
GW231028_153006 HL| 0.0012 224 >099 [<1.0x 10~% 21.0 >0.99|<1.0x107° 219 >099 |< 1.0 x 10~% 21.9 > 0.99
GW231029_111508 L = = = 5.1 x 10~° 10.8 > 0.99 = = = = = =
GW231102_071736 HL| 0.0012 156 >0.99 |< 1.0 x 10~° 13.8 > 0.99|<1.0x107° 148 >099 |< 1.0 x 1075 13.4 > 0.99
GW231104_133418 HL = = = <1.0x107% 11.3 >0.99|<1.0x107° 114 >099|< 1.0 X 10~% 11.8 > 0.99

Table 6 continued
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Table 6 (continued)

Candidate Inst. CWB-BBH GstLAL MBTA PyCBC

FAR SNR  pastro FAR SNR  pastro FAR SNR  pastro FAR SNR  pastro

Gr ) Gr Gr ) Gr )
GW231108_125142 HL|[2.1x 10~% 126 >099 [<1.0x 10~% 12.6 > 0.99| 7.5x107%° 125 >099 |< 1.0 x 10~% 12.3 > 0.99
GW231110_040320 HL = = = <1.0x10~°% 11.4 >0.99| 87x10=* 11.5 >099 |< 1.0 X 10~% 11.1 > 0.99
GW231113_122623 HL - - - 0.73 8.3 0.94 38 8.6 0.16 0.063 8.6 > 0.99
GW231113_150041 HL 2.4 8.7 0.81 4.5 7.9  0.74 130 8.0 0.04 0.50 7.9  0.97
GW231113_200417 HL - - - 7.4x 104 10.3 >0.99| 38x107° 101 >099| 2.7x10~% 10.5 > 0.99
GW231114_043211 HL = = = 1.2x10~% 10.0 >0.99| 20x10~* 9.9 >099| 6.2x10~% 9.6 > 0.99
GW231118_005626 HL - - - 1.1 x107% 104 >0.99|<1.0x107° 10.7 >0.99| 1.1 x10~% 10.5 > 0.99
GW231118_071402 HL| 0.078 9.2 >0.99 0.0046 9.2 > 0.99 0.50 9.2  0.93 2.2x 104 9.2 > 0.99
GW231118_090602 HL - - - <1.0x 1075 10.8 >0.99|<1.0x10° 11.0 >099| 1.0x 10~5 10.8 > 0.99
GW231119_075248 HL 22 7.9  0.30 0.50 8.1 0.96 1.9 8.0 0.83 0.0029 8.3 > 0.99
GW231123_135430 HL|1.0 x 107% 21.8 >0.99 | < 1.0 x 10~% 20.1 > 0.99 0.016 19.0 > 0.99 0.0020 19.9 > 0.99
GW231127_165300 HL| 0.010 9.9 > 0.99 0.030 9.8 > 0.99 0.24 9.5  0.96 0.23 9.6  0.98
GW231129_081745 HL| 0.056 9.4 > 0.99 0.22 8.5 0.98 2.3 8.4 0.80 0.35 8.5  0.97
GW231206_233134 HL| 0.0012 12.8 >0.99 | < 1.0 x 10~° 11.9 > 0.99 0.074 11.7  0.98 1.6 x 10~5 11.5 > 0.99
GW231206_233901 HL| 0.0012 21.9 >0.99 | < 1.0x 10~% 20.7 >0.99|<1.0x107% 214 >099| 1.6 x10~° 21.0 > 0.99
GW231213_111417 HL| 0.0046 10.0 >0.99 | < 1.0 x 10~° 10.2 > 0.99 0.029 104 >0.99| 4.9 x10~% 10.1 > 0.99
GW231221_135041 HL 0.54 10.0  0.96 8.5 8.4 0.62 520 8.1 < 0.01 110 8.3 0.11
GW231223 032836 HL| 0.0046 10.2 >0.99 | 3.6 x 10=* 9.4 > 0.99 18 9.1 042 | 44x10=%* 9.0 > 0.99
GW231223_075055 HL - - - 9.4 9.3 0.59 1.6 9.4  0.85 0.23 9.4  0.98
GW231223_202619 H = = = 3.2 10.1  0.80 = = = 0.0020 10.0 > 0.99
GW231224_024321 HL - - - <1.0x 1075 13.0 >0.99|<1.0x1075% 140 >0.99 | < 1.0x 1075 13.3 > 0.99
GW231226_101520 HL| 0.0012 347 >0.99 |< 1.0 X 10~° 34.2 > 0.99|<1.0x10™® 336 >099|< 1.0 x 10~% 33.2 > 0.99
GW231230_170116  HL 0.42 82  0.96 72 8.0 0.19 - - - - - -
GW231231_154016 H = - - < 1.0 x 10~% 13.4 > 0.99 = = = 1.0 x 10~3% 13.4 > 0.99
GW240104_164932 H - - - < 1.0 X 10~°% 14.8 > 0.99 - - - 0.042 12.2 > 0.99
GW240107_013215 HL 0.37 94  0.95 0.23 9.1 0.98 0.24 9.6  0.96 0.0094 9.1 > 0.99
GW240109_050431 H - - - 2.2 x 104 10.4 > 0.99 - - - 1.0 x 103 10.0 > 0.99

NOTE— The date and time of each candidate is encoded in the name as GWYYMMDD_hhmmss. The candidate properties produced by
PYCBC and GSTLAL pipelines are given in bold. The detectors that were observing at the time of each transient are denoted by a single-

letter (e.g., H for LIGO Hanford). This does not necessarily indicate that the same detectors contributed triggers for a given candidate. We
include results from pipelines that observe a candidate with FAR > 1yr~? in italics. A dash (<) indicates that a candidate was not found by an

analysis. There is evidence that the candidate labeled with an asterisk (*) is of instrumental origin. FARs have been capped at 1 x 1075 yr™

to maintain a consistent limiting FAR across pipelines.

1
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Figure 9. The marginal probability distributions for the source frame chirp mass M, mass ratio g, effective inspiral spin x.s, effective
precession spin xp, and luminosity distance Dy, for the two O4a candidates with a FAR < 1yr~'. The vertical thickness of each region is
proportional to the marginal posterior probability at that value for each candidate.

Table 7. The inferred properties of new GW candidates from O4a with a FAR < 1 yrf1 and pastro > 0.5. For one-dimensional
distributions, we provide the median and 90% symmetric credible intervals, while for the localization area AQ2 we provide the 90%

credible area.

Candidate M M mq ma Xeff Dy, z My Xt AQ2 SNR
(Mol  [Mo]  [Mg] [Mo] [Gpd] [Mo] [deg”]

+29 +10.3 +27 +9.8 1+0.36 +4.0 +0.49 F28 F0.14 $0.4

GW231026_130704 551329 22.8T10:3 34427 908198 ,0370:36 44110 711019 53428 79011 3500 7.3%01

+46 +18 +38 +18 +0.39 +5.1 +0.60 +44 +0.16 +0.6

GW231113_150041 85726 34118 56438  99F18  gq+0-39 59451 got0-00 gatdl 707010 4800 7.4709

NOTE—The columns show the source-frame total mass M, source-frame chirp mass M, source-frame component masses m;, effective inspiral spin xeff, luminosity
distance Dr,, redshift z, source-frame remnant mass My, remnant spin x¢, localization area A2, and SNR.

B. ADDITIONAL SEARCH RESULTS

We present the individual-detector SNRs for all O4b candidates with a FAR < 1yr~! in Table 8, extending the information
provided in Table 1 and offering additional context on the search pipeline responses to the signals observed in data from individual
detectors.

Table 8. Individual-detector SNRs for all candidates with a FAR < 1yr~—!.

Candidate CWB-BBH GSTLAL MBTA PyCBC

H L A% H L A% H L v H L v
GW240406_062847 - - - 84 7.4 - 85 7.1 - 8.4 7.5 -
GW240413_022019 7.5 105 - 9.0 140 - 9.5 148 43 94 1438 -
GW240414_054515 - - - 91 - 56 9.5 - 5.9 89 - 6.2
GW240420_175625 - - - 10.0 - - - - - 9.9 - -
GW240426_031451 56 86 - 5.8 7.3 - 6.4 7.6 - 6.3 7.6 -
GW240428_225440 - - - 141 — 6.5 14.1 = 6.7 14.0 = 6.6
GW240501_033534 74 74 - 6.7 7.0 - 7.0 73 29 6.6 7.4 -
GW240505_133552 5.7 7.2 - 5.8 6.1 - 6.5 6.4 2.8 55 5.8 -
GW240507_041632 - - - 6.3 7.3 - 6.3 72 35 64 6.9 -
GW240511_031507 9.7 129 - 88 123 50 9.0 128 47 82 124 5.2
GW240512_024139 - - - 6.9 8.1 - 70 84 3.7 6.9 7.9 -
GW240513_183302 104 9.1 - 89 104 46 89 98 46 9.0 9.6 4.8
GW240514_121713 13,5 102 - 123 9.3 - 125 100 20 120 99 -
GW240515_005301 8.2 9.8 - 6.8 8.9 - 6.6 8.7 2.1 62 8.4 -
GW240519_012815 - - - - 9.2 4.7 - - - - 9.4 4.9
GW240520_213616 - - - 7.3 8.4 - 70 89 37 7.1 8.7 -

Table 8 continued



Table 8 (continued)

Candidate CWB-BBH GSTLAL MBTA PyCBC

H L H L A\ H L A\ H L A%
GW240525_031210 - - 5.9 6.3 - 56 6.2 3.4 57 5.8 -
GW240526_093944 - - - - - 8.1 4.6 2.8 - - -
GW240527_183429 8.2 6.3 7.2 5.6 - 7.7 5.8 1.6 7.8 6.1 -
GW240527_230910 6.8 6.5 7.6 5.7 48 7.7 6.2 4.8 7.6 5.9 -
GW240530_012417 6.4 6.8 5.7 8.9 - 5.2 9.1 1.7 5.4 8.4 -
GW240531_040326 - - 7.5 44 - - - - 7.2 5.0 -
GW240531_075248 5.8 6.8 4.8 7.3 - 5.1 7.6 1.6 5.1 7.7 -
GW240601_061200 6.5 7.5 4.7 6.8 - 4.9 7.5 2.2 4.4 7.3 -
GW240601_231004 - - 5.8 7.6 - 6.2 7.9 2.6 6.1 8.1 -
GW240612_081540 7.7 6.1 6.6 4.1 - 6.7 4.8 1.8 6.8 4.6 -
GW240615_113620 16.6 19.7 16.2 19.3 53 16.5 199 5.4 158 20.5 5.6
GW240615_160735 9.1 9.4 7.2 7.3 - 7.3 7.5 2.0 7.4 7.7 -
GW240618_071627 5.4 6.9 5.1 6.1 - 5.4 6.2 - 5.2 6.2 -
GW240621_195059 22.8 16.6 223 152 - 224 16.1 38 224 154 -
GW240621_200935 6.4 8.6 5.2 7.9 - 5.2 8.7 1.5 4.7 8.7 -
GW240621_214041 5.1 5.6 4.6 6.1 - 4.6 6.8 1.4 47 64 -
GW240622_004008 7.6 6.4 9.4 7.9 - 9.7 8.0 2.1 9.8 7.9 -
GW240627_131622 - - 6.7 6.3 - 6.6 6.4 34 6.8 6.3 -
GW240629_145256 - - 6.8 10.2 - 7.3 10.2 23 7.1 10.2 -
GW240630_101703 8.1 6.8 7.8 6.3 - 7.5 6.4 2.0 7.7 6.2 -
GW240703_191355 - - - 9.3 4.0 - - - - 9.8 -
GW240705_053215 11.2 125 8.9 10.5 - 9.2 120 23 9.2 12.1 -
GW240716_034900 - - - 124 - - - - - 11.7 -
GW240824_205609 6.4 5.7 5.7 5.5 - 56 58 4.6 5.5 5.8 -
GW240825_055146 - - 7.2 6.2 - 7.6 6.4 2.6 7.0 6.7 -
GW240830_211120 - - 7.8 7.5 - 7.9 7.3 2.6 7.7 7.6 -
GW240902_143306 7.2 6.3 7.9 6.5 - 8.3 6.3 1.9 8.2 6.1 -
GW240907_153833 7.0 7.8 6.1 6.8 - 6.5 7.4 1.8 6.4 7.2 -
GW240908_082628 7.4 6.5 7.1 6.5 56 6.6 6.8 5.3 7.0 6.7 -
GW240908_125134 - - 4.7 6.5 - 4.5 6.9 2.3 4.2 6.5 -
GW240910_103535 11.7 10.2 119 133 - 12.1  13.1 - 11.9 13.2 -
GW240915_001357 11.3 11.6 8.8 11.7 - 104 12,1 3.8 10.2 12.2 -
GW240915_105151 - - 13.3 - - - - - 13.9 - -
GW240916_184352 - - 5.7 7.1 - 5.9 7.3 2.8 5.9 6.9 -
GW240919_061559 9.7 129 9.4 123 5.7 96 128 5.6 9.5 12.3 5.3
GW240920_073424 10.1 9.6 9.5 8.1 - 9.9 8.3 2.0 10.0 8.2 -
GW240920_124024 23.5 29.1 229 285 - 23.0 28.8 - 22.7  29.1 -
GW240921_201835 - - - 10.0 4.7 — 10.2 4.9 — 10.5 -
GW240922_142106 7.2 8.7 7.3 9.2 - 7.6 9.6 29 8.1 8.4 -
GW240923_204006 8.1 10.9 6.9 8.9 - 6.8 10.0 2.5 6.4 9.8 -
GW240924_000316 8.8 7.3 7.9 6.3 - 7.7 6.3 2.1 6.9 5.8 -
GW240925_005809 17.2 24.0 16.8 255 - 17.3 258 24 173 25.7 -
GW240930_035959 10.4 11.6 8.8 12.0 - 9.0 12.7 4.2 9.0 12.5 -
GW240930_234614 6.6 9.1 - - - - - - - - -
GW241002_030559 - - - 104 4.9 - 10.7 5.2 - 10.2 5.3
GW241006_015333 13.3 11.6 12.1  10.9 - 125 11.1 24 12.7 10.5 -
GW241007_082943 7.5 5.9 8.2 4.2 - 8.2 4.6 26 8.0 4.4 -
GW241009_022835  — - 41 70 - 44 6.9 1.4 45 71 -

Table 8 continued
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Table 8 (continued)

Candidate CWB-BBH GSTLAL MBTA PyCBC

H L \% H L A% H L A% H L A%
GW241009_084816 - - - 8.1 6.9 4.0 88 77 32 8.7 7.9 -
GW241009_220455 - - - 6.0 6.3 44 6.2 6.4 45 6.1 6.3 4.7
GW241011_233834 - - - 335 - 8.5 345 - 9.1 34.7 - 8.7
GW241101_220523 - - - - 9.9 - - - - - 10.4 -
GW241102_124058 14.8 13.3 - 14.7 146 - 153 150 3.7 154 148 -
GW241102_144729 8.6 9.3 - 8.3 7.9 - 87 78 33 84 7.7 -
GW241109_033317 - - - - 10.2 - - 104 4.5 - 10.0 4.3
GW241109_115924 - - - 116 - - 117 - 2.2 11.7 - -
GW241110_124123 - - - 7.2 6.5 - 7.1 6.9 22 73 7.0 -
GW241111_111552 134 93 - 135 79 - 136 8.1 - 132 7.6 -
GW241113_163507 - - - - 12.3 - - - - - 12.5 -
GW241114_024711 8.7 72 - 7.5 6.9 - 74 6.9 2.5 15 7.0 -
GW241114_235258 - - - - 12.1 - - - - - 11.6 -
GW241116_151753 7.4 6.6 - 7.8 5.4 - 8.5 55 2.5 6.9 5.8 -
GW241124_024914 5.7 6.2 - 5.7 5.6 - 57 6.1 2.4 55 6.4 -
GW241125_010116 ~ 8.1 74 - 7.0 6.6 - 7.1 73 24 73 6.7 -
GW241127_061008 24.7 192 - 241 171 - 251 18.0 4.6 248 18.1 -
GW241129_021832 12.7 109 - 121 10.2 - 123 106 2.2 11.8 104 -
GW241130_034908 10.7 7.7 - 115 6.1 - 117 65 32 11.3 6.3 -
GW241130_110422 - - - 7.6 5.4 - 8.0 58 2.7 79 5.6 -
GW241201_055758 7.4 4.9 - 7.0 4.2 - 6.8 4.8 3.5 6.2 4.2 -
GW241210_060606 8.3 10.6 - 8.1 8.9 - 8.1 9.2 26 83 9.3 -
GW241210_120900 5.6 6.9 - 4.8 7.0 - 54 7.2 - 4.9 6.7 -
GW241225_042553 - - - - 16.2 - - - - - 16.4 -
GW241225_082815 11.9 154 - 11.1 135 - 109 14.2 - 104 145 -
GW241229_155844 5.2 6.0 - 5.5 6.1 - 5.0 6.1 2.9 54 5.8 -
GW241230_084504 - - - - 109 - - - - - - -
GW241230_233618 6.2 104 - 4.1 9.3 - - - - - - -
GW241231_054133 12.7 110 - 126 115 - 13.0 11.2 26 12.6 11.0 -
GW250101_011205 - - - 5.0 7.7 - 4.5 82 2.7 4.7 7.7 -
GW250104_015122 8.1 9.0 - 6.9 8.6 - 7.2 88 22 74 8.7 -
GW250108_152221 9.9 6.5 - 9.2 6.1 - 9.6 6.0 2.1 95 5.7 -
GW250109_010541 8.6 9.8 - 6.2 9.9 - 6.0 102 32 59 9.2 -
GW250109_074552 - - - 9.9 - 4.0 8.9 - 4.5 8.5 - 4.4
GW250114_082203 49.3 53,5 - 514 568 - 520 59.0 - 51.4 58.2 -
GW250116_015318 - - - 58 4.8 - 5.5 5.2 20 57 5.4 -
GW250118_023225 6.2 6.5 - 5.7 6.5 - 58 6.8 1.9 56 6.3 -
GW250118_055802 6.1 7.6 - 6.8 6.8 43 6.9 6.8 32 6.6 7.0 -
GW250118_170523 8.5 11.0 - 8.9 9.9 - 9.0 10.1 - 8.8 9.6 -
GW250119_025138 9.3 109 - 9.8 9.8 - 104 99 20 96 9.9 -
GW250119_190238 12.5 15.7 - 12.7 146 5.1 134 159 47 13.0 154 -

NOTE—LIGO Hanford, LIGO Livingston, and Virgo are denoted by H, L, and V, respectively. Entries in italics

indicate candidates that were recovered with a FAR > 1yr—! by a given analysis. Dashes (-) indicate that a

candidate was not found by an analysis.

In Table 9 we provide the calculated probabilities that a candidate comes from a BBH (pgpy), an NSBH (pnsp), or a BNS

(pBns) for some new candidates in GWTC-5.0 with the maximum p,gsr0 > 0.5 and minimum FARs > 1yr~

1

across pipelines.

We only show systems where pnspu + pans > 0.001; the remaining marginal candidates are consistent with BBHs. GSTLAL
estimates the relative probabilities of different astrophysical source types using the component masses of the matching template,
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and the SNR of the signal (Ray et al. 2023); MBTA uses the chirp mass and mass ratio of the identifying template (Andres et al.
2022), and PYCBC only uses the chirp mass, along with an estimate of the source luminosity distance (Dal Canton et al. 2021;
Villa-Ortega et al. 2022). Neglecting mass ratio information can systematically impact the source categorization (Villa-Ortega

et al. 2022). The full details of the pa.s¢ro calculations are described in Abac et al. (2026b).

Table 9. Multicomponent pastro for all candidates with FAR > 1 yr_l, Pastro = 0.5 and pns + pnsea > 0.001.

Candidate CWB-BBH GstLAL MBTA PyCBC

Pastro PBBH PNSBH PBNS  Pastro | PBBH PNSBH  PBNS  Pastro | PBBH PNSBH  PBNS Pastro
GW240512_051606 - - - - - 0.68 0.02 <0.01 0.70 - - - -
GW240807_214559 - 0.08 <0.01 <0.01 0.03 - - - - 0.57 0.09 <0.01 0.66
GW240813_034548 - 0.0 <0.01 <0.01 0.08 - - - - 0.57 0.07 <0.01 0.64
GW240907_121650 - - - - - < 0.01 0.34 0.18 0.52 - - = =
GW241129_140416 - - - - - - - - - 0.48 0.08 <0.01 0.51
GW250109_083206 - - - - - - - - - 0.80 0.20 <0.01 >0.99

NoOTE—These candidates do not meet the criterion for source property estimation. Entries in ifalics indicate candidates that were recovered witha FAR > 1yr—

1

by a given analysis. Dashes () indicate that a candidate was not found by an analysis. The BBH, BNS, and NSBH categories are defined by the masses of the
search template that recovered the candidate and are not necessarily indicative of true astrophysical population.

C. GLITCH MITIGATION

When a glitch is identified around the time of a candidate, we carry out further procedures to mitigate its impact on our
inferences described in Section 4 of Abac et al. (2026b). For the candidates identified in O4b, we can model and coherently
subtract the glitch with the BAYESWAVE algorithm (Cornish & Littenberg 2015; Littenberg & Cornish 2015; Cornish et al. 2021;
Hourihane et al. 2022; Abac et al. 2026b); integrate the parameter-estimation likelihood in a narrower frequency band to exclude
the effect of the glitch by increasing the low-frequency cutoff fj.y,, or do both. For cases where we applied BAYESWAVE, Table 10
shows input parameters for the algorithm: the reference trigger time of the CBC candidate as determined by GW searches, and
the bands in time and frequency space where the glitch is a priori identified to have power. For cases where we narrow the
frequency band, we give the fi, value used to set the lower bound; the upper bound fhsn is the Nyquist frequency multiplied

by a roll-off factor as described in Abac et al. (2026b).

Table 10. List of O4b candidates with FAR < 1 yr~", for which glitch mitigation was performed.

Candidate GPS time [s] Detector Time window [s]  Frequency range [Hz]  fiow [Hz]
GW240413_022019 - L - - 30
GW240514_121713  1399724251.72 L [0.70, 2.00] [20, 35] -
GW240515_005301  1399769599.11 L [—4.01,—-3.01] [10, 50] -
GW240520_213616  1400276194.97 L [—0.28, —0.04] [60, 90] -
GW240525_031210  1400641948.64 L [—4.64, —4.24] [10, 30] -
GW240531_075248 1401177186.46 v [—0.30,—0.20] [120, 200] -
GW240601_061200 1401257538.36 L [0.52,0.73] [200, 300] -
GW240601_231004 1401318622.03 L [—5.30, —4.55] [20, 30] -
GW240612_081540 - L - - 30
GW240615_160735 1402502873.33 L [—0.05,—0.01] [100, 300] -
GW240621_200935 1403035793.53 L [0.30,0.40] [200, 300] -
GW240621_200935 1403035793.53 \Y% [—1.80, —1.60] [100, 200] -
GW240629_145256  1403707994.86 H [—3.10, —2.90] [250, 400] 20.88
GW240629_145256 - L - - 20.88
GW240629_145256 - A% - - 20.88

Table 10 continued



Table 10 (continued)

Candidate GPS time [s] Detector Time window [s]  Frequency range [Hz]  fiow [Hz]
GW240705_053215 1404192753.92 \% [0.90, 1.10] [50, 100] -
GW240902_143306 1409322804.76 v [=0.10,0.10] [300, 400] -
GW240908_082628  1409819206.41 \Y% [—0.18,0.03] [164,210] -
GW240908_082628 - L - - 30
GW240908_125134  1409835112.27 L [0.60, 1.20] [20, 30] -
GW240919_061559 1410761777.19 H [0.20, 0.80] [20, 30] -
GW240920_124024 1410871242.88 L [0.002, 0.30] [20, 35] -
GW240921_201835 1410985133.79 L [—4.60, —4.20] [10, 30] -
GW240922_142106 1411050084.39 H [—0.40, —0.20] [150, 250] -
GW240923_204006 - H - - 21.28
GW240923_204006 - L - - 21.28
GW240923_204006 - \Y% - - 21.28
GW240930_035959 1411704017.96 L [1.00,1.80] [10, 800] -
GW241009_220455 1412546713.52 L [—0.22,0.58] [10, 30] -
GW241102_144729  1414594067.73 L [—2.58,—1.63] [10, 30] -
GW241109_033317 1415158416.00 L [0.60, 1.00] [10, 50] -
GW241110_124123 - L - - 30
GW241111_111552 - L - - 30
GW241113_163507 - L - - 30
GW241114_024711 - L - - 30
GW241114_235258 - L - - 30
GW241125_010116  1416531694.78 H [—0.60, —0.30] [20, 40] -
GW241127_061008 - L - - 30
GW241130_034908 - \% - - 70
GW241201_055758 - \% - - 50
GW250108_152221 - L - - 30
GW250109_010541 - L - - 30
GW250109_010541 - v - - 60
GW250119_190238 - L - - 30

NOTE— For each candidate, we show the GPS time, and the interferometer(s) where glitch subtraction was applied
(H, L and V indicate LIGO Hanford, LIGO Livingston and Virgo respectively). For candidates where glitch sub-
traction was performed using BAYESWAVE, we provide the time and frequency windows used for subtraction. For
candidates where the low-frequency cutoff, fiow, was changed (from the standard 20 Hz) to excise contaminate
data, we quote the cutoff used.
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