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Abstract

Version 4.0 of the Gravitational-Wave Transient Catalog (GWTC-4.0) adds new candidates detected by the
LIGO, Virgo, and KAGRA observatories through the first part of the fourth observing run (O4a: 2023 May 24
15:00:00 to 2024 January 16 16:00:00 UTC) and a preceding engineering run. In these new data, we find 128
compact binary coalescence candidates that are identified by at least one of our search algorithms with a
probability of astrophysical origin p,s, = 0.5 and that are not vetoed during event validation. We also provide
detailed source property measurements for 86 of these that have a false-alarm rate <1 yr~'. Based on the inferred
component masses, these candidates are consistent with signals from binary black holes (BBHs) and neutron star—
black hole binaries (GW230518_125908 and GW230529_181500). Median-inferred component masses of BBHs
in the catalog now range from 5.79MG (GW230627_015337) to 137M, (GW231123_135430), while
GW231123_135430 was probably produced by the most massive binary observed in the catalog. For the first
time, we have discovered BBH signals with network signal-to-noise ratio exceeding 30, GW230814_230901 and
GW231226_101520, enabling high-fidelity studies of the waveforms and astrophysical properties of these
systems. Combined with the 90 candidates included in GWTC-3.0, the catalog now contains 218 candidates with
Pastro = 0.5 and not otherwise vetoed, more than doubling the size of the catalog and further opening our view of
the gravitational-wave Universe.

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

1. Introduction

An increasingly diverse population of gravitational-wave
(GW) sources in our Universe is now being uncovered by the
Laser Interferometer Gravitational-Wave Observatory (LIGO;
J. Aasi et al. 2015) and the Virgo (F. Acernese et al. 2015) and
KAGRA (B. P. Abbott et al. 2020a) observatories. In the past
decade, these detectors have seen transient GWs from binary
black holes (BBHs; B. P. Abbott et al. 2016a), binary neutron
stars (BNSs; B. P. Abbott et al. 2017a), and neutron star
(NS)-black hole (BH) binaries (NSBHs; R. Abbott et al.
2021a) with a significant impact on physics, astrophysics, and
cosmology. This work presents the observations and results of
version 4.0 of the LIGO-Virgo-KAGRA Collaboration (LVK)
Gravitational-Wave Transient Catalog (GWTC-4.0) and is part
of a collection of articles that also includes an introduction
(A. G. Abac et al. 2025a) and a description of the data-analysis
methods (A. G. Abac et al. 2026a); we refer readers to these
articles for contextual information on the results pre-
sented here.

GWTC-4.0 updates the previous GWTC-3.0 (R. Abbott
et al. 2023a) by including the results of searches for compact
binary coalescences (CBCs) in data collected through to the
end of the first part of the fourth observing run (O4a). This
period consists of data collected by the two-detector network
of LIGO Hanford Observatory (LHO) and LIGO Livingston
Observatory (LLO) between 2023 May 24 15:00:00 and 2024
January 16 16:00:00 UTC. In the analysis, we also include 5
days of data (between 2023 May 15 and 2023 May 19) from a
pre-O4a engineering run that was conducted between 2023
April 26 and 2023 May 24 UTC (A. G. Abac et al. 2026b). The
KAGRA detector joined the beginning of O4a, collecting data
until 2023 June 20; however, we do not include this data in the
analyses presented in this Letter as it is substantially less
sensitive than the data from LHO and LLO.

We identify 1382 candidates with false-alarm rate
(FAR) < 2day ' in at least one of our four search pipelines.
Of these candidates, 128 have a probability of astrophysical
CBC origin of p .50 = 0.5 in at least one of our four search
pipelines and are not vetoed during event validation
(A. G. Abac et al. 2026a), bringing the total number of
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transients in the cumulative GWTC fulfilling these criteria
to 218.

We analyze in detail the properties of a smaller, higher-
purity subset of 86 candidates with FAR < 1 yr~' and which
pass our event-validation criteria. The bulk of new candidates
reported here have properties that span a similar range of
values as those reported in previous GWTC versions
(B. P. Abbott et al. 2019a, 2021b, 2023a, 2024); however, a
number of candidates exhibit new extremes.

The source of GW231123_135430 (A. G. Abac et al. 2025b)
is probably more massive than that of any of our previously
detected BBH candidates, with an inferred total mass
M = 236733 M. GWTC-4.0 also includes the highest signal-
to-noise ratio (SNR; throughout, we define the SNR to be the
matched-filter network SNR) signal detected through to the
end of O4a, GW230814_230901 (A. G. Abac et al. 2026c).
With an SNR of 42.1, it is significantly louder than the
previous record-holder, GW170817, which had an SNR of
32.4 (B. P. Abbott et al. 2017a).

In addition, the catalog update includes two NSBH
candidates: GW230529_181500 (A. G. Abac et al. 2024b)
and GW230518_125908, observed during the pre-O4a engi-
neering run. All other O4a candidates have inferred component
masses above the theoretical upper limit of the NS maximum
mass (C. E. Rhoades & R. Ruffini 1974; V. Kalogera &
G. Baym 1996) and are thus consistent with BBH systems.

As our catalog grows in tandem with the increasing sensitivity
of the GW detector network, we detect a larger number of
remarkable candidates as well as a larger number of candidates
whose source properties we measure well. Several BBH sources
reported here have total masses above 100 M, including the
source of GW231028_153006, which has a total mass
152422 M (here, and throughout this work, we present the
median value and uncertainties based on the 90% credible
interval). This BBH probably has a large, positive effective
inspiral spin x o = 0.447015, a measure of the total spin angular
momentum aligned with the orbital angular momentum (see
A. G. Abac et al. 2025a for a definition). Other BBH sources are
notable for having measured masses that rule out equal
component masses, for example, that of GW231114_043211
which has mass ratio ¢ < 0.55 with 90% probability. We also
add a number of candidates with support for nonnegligible spins
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to GWTC-4.0. One such example is GW231118_005626, whose

source has asymmetric masses, with a mass ratio ¢ = 0.55%033

and a large Y., with a primary spin magnitude y ; = 0.65702s.

As in past observing runs (B. P. Abbott et al. 2019b,
2021b, 2023a), GW candidates identified by initial analysis of
the data were publicly announced to enable searches for
multimessenger counterparts. In O4a, these announcements
were in the form of Notices distributed via General
Coordinates Network (GCN; NASA 2025) and SCiMMA
Hopskotch (SCiMMA 2025) and through GCN Circulars.
There were 1702 candidates assigned an FAR < 2 day ' by at
least one analysis in low latency. Of these candidates, 93 had
an FAR < 1 per 30days after applying a trials factor to
account for the number of simultaneously observing analyses
and were reported as significant detection candidates. No
confident multimessenger counterparts have been reported for
any O4a candidates. Our offline analyses recover 77 of the
candidates identified as significant in online search analyses in
our higher-purity subset with both p .5, = 0.5 and FAR < 1
yr_l. We identify eight new candidates with p .4, = 0.5 and
which were not part of the 1702 candidates identified online as
either significant or of low significance; of these, only one has
FAR < 1 yr ' GWTC-4.0 is the most comprehensive set of
GW observations to date.

The remainder of this Letter 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 subset of
these candidates, we present measurements of the inferred
astrophysical source properties and discuss the impact of
systematic differences between waveform models in Section 3.
Finally, we summarize the results and discuss future prospects
for GW astronomy in Section 4.

2. Candidate List

Search algorithms operate in two different modes: online
(low latency) and offline. Online searches analyze data in near-
real time as they are collected. The rapid identification of
candidate astrophysical transients in low latency enables
public alerts and facilitates searches for multimessenger
counterparts. Offline analyses can be run at a higher latency
using data that have undergone final calibration and benefit
from noise subtraction (G. Vajente et al. 2020; S. Soni et al.
2025) and the identification of transient noise artifacts, known
as glitches (L. K. Nuttall 2018; J. Glanzer et al. 2023; S. Soni
et al. 2025), based on detector-monitor channel information
(R. Essick et al. 2020; R. Huxford et al. 2024). Additionally,
online analyses may be subject to occasional data dropout due
to network instability or computing outages, while offline
analyses have access to the complete dataset. For these
reasons, offline analyses are 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 FAR < lyrfl) are
expected to remain significant in offline analyses, but
candidates that were initially identified with a higher FAR
can change in significance when later reevaluated.

In this Letter, we describe the offline search results in O4a
data from four search pipelines: Coherent WaveBurst (cWB)-
BBH (S. Klimenko et al. 2005, 2008, 2016; T. Mishra et al.
2025), GSTLAL (C. Messick et al. 2017; S. Sachdev et al. 2019;
L. Tsukada et al. 2023; S. Sakon et al. 2024; P. Joshi et al. 2025),
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MBTA (C. Alléné et al. 2025), and PYCBC (T. Dal Canton
et al. 2014; S. A. Usman et al. 2016; A. H. Nitz et al. 2017).
Each of these analyses also searched for GW transients in low
latency (K. Cannon et al. 2012; T. Adams et al. 2016; A. H. Nitz
et al. 2018), as did the SPIIR analysis (Q. Chu et al. 2022); the
online candidates are discussed more in Section 2.1.1. The
CWB-BBH analysis is a minimally modeled search that
coherently analyzes the data from the network to identify
transient signals, while GSTLAL, MBTA, PYCBC, and SPIIR
use matched filtering to correlate the data with CBC waveform
templates. Additional differences are detailed in A. G. Abac
et al. (2026a).

2.1. Search Results

While there are many potential sources of transient GWs,
only CBCs have been confidently identified (B. P. Abbott
et al. 2017b, 2019c, 2021g; A. G. Abac et al. 2025¢) to date.
We therefore limit the GWTC-4.0 candidate list to potential
BBHs, NSBHs, and BNSs. In GWTC-3.0 (R. Abbott et al.
2023a), candidates found by at least one pipeline with a
probability of astrophysical origin p . = 0.5 were selected
for detailed analysis. Here, we additionally impose a threshold
on the FAR of a given candidate, which is a measure of its
detection significance defined by the estimated rate of
nonastrophysical (noise) events found by a pipeline with a
rank at least as high as the candidate. Both p .4, 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 aswo calculation also depends on the sensitivity of the
analyses to CBC signals, which varies across the source-
parameter space as seen in Figure 1. This, coupled with
methodological differences in estimating the noise back-
ground, can lead to significant differences in estimated FAR
and p o across pipelines. Such differences are more
pronounced for candidates of marginal significance, as well
as those with inferred properties (under the assumption of
astrophysical origin) lying outside the range of previously
observed sources.

Given such systematic variability over pipelines, we sort
candidates into three disjoint sets. First, candidates with both
FAR < 1y1r71 and p .00 0.5 in one or more pipelines.
Second, candidates with p ;o = 0.5 in one or more pipelines
but FAR>1yr~' in all pipelines. Third, subthreshold
candidates with p .40 < 0.5 in all pipelines. There are no
candidates with FAR < lyr_1 for which p .40 <0. 5 in all
pipelines.

All candidates identified in GW data by the search pipelines
are named with a GW prefix (see also A. G. Abac et al. 2025a).
Those GW candidates found in O4a with an FAR < 1 yr~' in
at least one analysis, and for which p ., > 0.5, can be found
in Table 1 alongside their FAR, SNR, and p 4. Their
individual-detector SNRs are reported in Table 6 of
Appendix A. We carry out event validation for this high-
purity subset of candidates (A. G. Abac et al. 2026a), and for
those that pass validation, we estimate their source properties,
which we report in Section 3. In addition, we list all other
candidates assigned p .0 = 0.5 by at least one pipeline in
Table 2 and discuss the remaining subthreshold candidates in
Section 2.1.4 below.
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Figure 1. The sensitive hypervolume (VT) for searches of O4a data applying a significance threshold FAR < 1 yr~', evaluated at points in component mass space.
The results labeled “Any,” presented in the upper left-hand panel, come from calculating the (VT) for injections found by at least one search analysis. The color of
each circle corresponds to the (VT) value. The plotted points correspond to the central points of log-normal distributions with width 0.1 used to estimate (V7).

2.1.1. Online Candidates

In O4a, five pipelines conducted online searches for CBCs:
CWB-BBH (T. Mishra et al. 2022), GSTLAL (B. Ewing et al.
2024), MBTA (C. Alléné et al. 2025), PYCBC (T. Dal Canton
et al. 2021), and SPIIR (Q. Chu et al. 2022). These searches
distributed Notices via GCN (NASA 2025) and SCIMMA
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Hopskotch (SCiMMA 2025) for 1702 GW candidates with
FAR < 2 day_l. Of these, 93 passed a stricter threshold of
FAR < 1 per 30 days after applying a trials factor to account
for the number of simultaneous searches (LIGO-Virgo—
KAGRA Collaboration 2025a); these candidates were reported
as high-significance candidates. The high-significance
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Table 1
Candidate GW Signals from O4a with an FAR < 1 yr ' in at Least One Analysis and for Which p,go > 0.5

Candidate Inst. CWB-BBH GstLAL MBTA PyCBC

FAR SNR Pastro FAR SNR Pastro FAR SNR Pastro FAR SNR Pastro

orh orh orh o
GW230518_125908 HL <1.0 x 107° 13.7 >0.99 <1.0 x 107° 14.1 >0.99 7.1 x 107 13.6 >0.99
GW230529_181500 L 0.0058 11.8 0.85 22 % 107 114 >0.99 1.0 x 1073 11.7 >0.99
GW230601_224134 HL 0.0013 13.4 >0.99 <10 x 107° 11.8 >0.99 0.0082 12.4 >0.99 0.001 12.2 >0.99
GW230605_065343 HL 560 7.5 <0.01 24 % 107° 10.7 >0.99 <1.0 x 107° 11.1 >0.99 13 x 1073 114 >0.99
GW230606_004305 HL 0.0067 11.1 >0.99 0.0013 10.9 >0.99 1.9 10.9 0.83 4.1 %x 1074 10.7 >0.99
GW230608_205047 HL 0.032 9.9 >0.99 0.0012 102 >0.99 0.27 102 0.96
GW230609_064958 HL 0.0013 10.6 >0.99 14 x 107* 10.0 >0.99 36 10.5 0.73 0.0011 9.6 >0.99
GW230624_113103 HL 0.0022 11.4 >0.99 1.8 x 107* 10.0 >0.99 0.018 103 >0.99 0.017 102 >0.99
GW230627_015337 HL 0.0011 27.8 >0.99 <1.0 x 107° 283 >0.99 <1.0 x 107° 28.4 >0.99 <1.0 x 107° 28.7 >0.99
GW230628_231200 HL 0.0011 164 >0.99 <1.0 x 1073 15.3 >0.99 <1.0 x 107° 159 >0.99 <1.0 x 107° 159 >0.99
GW230630_070659* HL 0.47 9.8 0.88
GW230630_125806 HL 0.16 9.0 0.97 0.25 8.1 0.93 13 8.2 0.87 0.48 8.1 >0.99
GW230630_234532 HL 0.028 9.8 0.99 42 x 1074 9.9 >0.99 0.25 9.8 >0.99
GW230702_185453 HL 0.0089 10.1 >0.99 <1.0 x 1073 9.8 >0.99 0.21 9.9 0.97 0.031 9.2 >0.99
GW230704_021211 HL 0.21 9.4 0.94 2.7 9.2 0.78 0.38 9.2 >0.99
GW230704_212616 HL 43 8.3 0.14 11 8.3 0.30 0.51 8.7 0.93
GW230706_104333 HL 0.23 9.2 0.94 1.5 8.8 0.98
GW230707_124047 HL 0.0011 11.9 >0.99 0.0026 10.1 >0.99 0.072 103 0.99 0.0055 105 >0.99
GW230708_053705 HL e e 2.5 8.6 0.63 54 8.9 0.15 0.22 8.9 >0.99
GW?230708_230935 HL 12 10.0 0.80 0.0037 9.6 >0.99 0.26 9.7 0.96 0.012 9.4 >0.99
GW230709_122727 HL 0.071 10.2 >0.99 0.16 9.9 0.95 12 10.1 0.48 0.011 10.0 >0.99
GW230712_090405 HL 0.018 95 >0.99 99 8.2 0.05 o o 260 8.2 0.19
GW230723_101834 HL 0.0053 9.9 >0.99 0.0034 10.0 >0.99 0.0038 10.1 >0.99
GW230726_002940 L <1.0 x 1073 105 >0.99 4.5 10.0 0.58
GW230729_082317 HL 0.18 9.5 0.95 31 9.4 0.77
GW230731_215307 HL <1.0 x 1073 122 >0.99 <1.0 x 107° 11.9 >0.99 <1.0 x 107° 11.9 >0.99
GW230803_033412 HL 3.0 9.4 0.68 3.0 8.0 0.59 19 8.6 0.35 0.31 8.2 >0.99
GW230805_034249 HL 7.5 9.5 0.49 0.0065 9.3 >0.99 6.4 9.4 0.62 0.0037 9.4 >0.99
GW230806_204041 HL 0.0065 9.4 >0.99 0.0037 9.1 >0.99 0.20 9.4 0.97 0.035 9.1 >0.99
GW230811_032116 HL 0.0013 136 >0.99 <1.0 x 1073 12.9 >0.99 8.6 x 107° 133 >0.99 <1.0 x 107° 124 >0.99
GW230814_061920 HL 0.0039 11.2 >0.99 6.3 x 107 10.2 >0.99 0.041 10.0 >0.99 0.0081 9.6 >0.99
GW230814_230901 L <1.0 x 1073 423 >0.99 1.0 x 1073 43,0 >0.99
GW230819_171910 HL 0.011 9.9 >0.99 0.013 9.0 >0.99 11 8.9 0.81
GW230820_212515 HL 68 7.9 0.10 0.24 9.1 0.93 0.30 9.3 0.96 0.96 9.0 0.97
GW230824_033047 HL 0.0035 11.1 >0.99 <1.0 x 107° 105 >0.99 0.017 10.6 >0.99 <1.0 x 107° 10.7 >0.99
GW230825_041334 HL 13 8.8 0.83 0.10 8.7 0.97 1.8 8.5 0.84 0.83 8.7 0.98
GW230831_015414 HL 27 7.8 0.20 0.63 8.6 0.86 14 8.6 0.87 0.29 8.5 >0.99
GW230904_051013 HL 3.9 x 107° 105 >0.99 43 % 107° 104 >0.99 0.0042 102 >0.99
GW230911_195324 H 0.014 10.7 >0.99 1.0 x 1073 11.1 >0.99
GW230914_111401 HL 0.0012 17.2 >0.99 <1.0 x 1073 15.9 >0.99 <1.0 x 107° 16.6 >0.99 <1.0 x 107° 16.0 >0.99
GW230919_215712 HL 0.0012 16.8 >0.99 <1.0 x 1073 163 >0.99 <1.0 x 107° 16.1 >0.99 <1.0 x 107° 165 >0.99
GW230920_071124 HL 0.0012 11.1 >0.99 <10 x 107° 10.1 >0.99 0.11 10.2 0.98 34 x 107 9.6 >0.99
GW230922_020344 HL 0.013 13.4 >0.99 <1.0 x 1073 123 >0.99 41 x107° 12.2 >0.99 3.6 x 107* 11.9 >0.99
GW230922_040658 HL 0.0012 125 >0.99 <1.0 x 1073 116 >0.99 3.0 x 107* 116 >0.99 6.3 x 107* 11.6 >0.99
GW230924_124453 HL 0.0012 135 >0.99 <1.0 x 1073 133 >0.99 <1.0 x 107° 13.3 >0.99 <1.0 x 107° 13.0 >0.99
GW230927_043729 HL 0.0012 12.1 >0.99 <1.0 x 107° 113 >0.99 8.6 x 107 11.1 >0.99 1.1 x 1074 11.1 >0.99
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Table 1
(Continued)

Candidate Inst. CWB-BBH GstLAL MBTA PyCBC

FAR SNR Pastro FAR SNR Pastro FAR SNR Pastro FAR SNR Pastro

orh orh orh o
GW230927_153832 HL 0.0012 20.3 >0.99 <1.0 x 107° 19.8 >0.99 <10 x 107° 20.2 >0.99 <1.0 x 107° 19.6 >0.99
GW230928_215827 HL 0.0035 10.5 >0.99 1.5 x 1072 9.5 >0.99 1.3 9.3 0.88 0.0092 95 >0.99
GW230930_110730 HL 5.4 9.0 0.58 0.17 8.5 0.95 1.1 8.6 0.89 0.73 8.3 >0.99
GW231001_140220 HL 0.0012 11.5 >0.99 1.6 x 107° 103 >0.99 1.8 x 1074 10.6 >0.99 0.0031 9.9 >0.99
GW231004_232346 HL 0.16 8.9 0.97 6.5 7.9 0.41 e B 420 7.0 0.01
GW231005_021030 HL 0.010 10.4 >0.99 0.17 9.3 0.95 0.019 9.7 >0.99 0.21 9.8 >0.99
GW231005_091549 HL 54 11.0 0.13 0.040 8.9 0.99 2.6 8.6 0.79 3.6 85 0.97
GW231008_142521 HL 0.0016 9.3 >0.99 1.6 9.1 0.86 0.17 8.7 >0.99
GW231014_040532 HL 29 8.6 0.23 0.21 9.0 0.94 1.2 8.8 0.88 32 8.7 0.96
GW231018_233037 HL 130 8.7 0.04 0.68 9.1 0.93 170 8.6 0.29
GW231020_142947 HL <1.0 x 107° 11.8 >0.99 <1.0 x 1073 12.0 >0.99 <1.0 x 1073 11.8 >0.99
GW231028_153006 HL 0.0012 22.4 >0.99 <1.0 x 1072 21.0 >0.99 <10 x 107° 21.9 >0.99 <1.0 x 107° 21.9 >0.99
GW231029_111508 L 52 % 107° 10.8 >0.99
GW231102_071736 HL 0.0012 15.6 >0.99 <1.0 x 107° 13.8 >0.99 <1.0x 107° 14.8 >0.99 <1.0 x 107 13.4 >0.99
GW231104_133418 HL <1.0 x 107° 11.3 >0.99 <1.0 x 1073 11.4 >0.99 <1.0 x 107° 11.8 >0.99
GW231108_125142 HL 2.1 x 107 12.6 >0.99 <1.0 x 107> 12.6 >0.99 75 % 107° 12.5 >0.99 <1.0 x 107° 123 >0.99
GW231110_040320 HL <1.0 x 107° 11.4 >0.99 8.7 x 107* 11.5 >0.99 <1.0 x 107° 11.1 >0.99
GW231113_122623 HL 0.75 8.3 0.83 38 8.6 0.16 0.28 8.6 >0.99
GW231113_200417 HL 8.0 x 107* 10.3 >0.99 3.8 x 107° 10.1 >0.99 37 x 107 10.5 >0.99
GW231114_043211 HL 13 x 1074 10.0 >0.99 20 x 107* 9.9 >0.99 0.0059 9.6 >0.99
GW231118_005626 HL 12 % 107° 10.4 >0.99 <1.0 x 1073 10.7 >0.99 84 x 107° 10.5 >0.99
GW231118_071402 HL 0.078 9.2 >0.99 0.0047 9.2 >0.99 0.5 9.2 0.93 0.0028 9.2 >0.99
GW231118_090602 HL <1.0 x 107> 10.8 >0.99 <1.0 x 107 11.0 >0.99 7.1 x 107° 10.8 >0.99
GW231119_075248 HL 22 7.9 0.30 0.51 8.1 0.88 1.9 8.0 0.83 0.019 8.3 >0.99
GW231123_135430 HL 1.0 x 107* 21.8 >0.99 <1.0 x 107° 20.1 >0.99 0.016 19.0 >0.99 0.0063 19.9 >0.99
GW231127_165300 HL 0.010 9.9 0.99 0.032 9.8 0.99 0.24 9.5 0.96 0.73 9.6 0.98
GW231129_081745 HL 0.056 9.4 >0.99 0.23 8.5 0.93 2.3 8.4 0.80 1.1 85 0.97
GW231206_233134 HL 0.0012 12.8 >0.99 <10 x 107° 11.9 >0.99 0.074 11.7 0.98 1.6 x 107° 115 >0.99
GW231206_233901 HL 0.0012 21.9 >0.99 <1.0 x 1073 20.7 >0.99 <1.0 x 1073 21.4 >0.99 1.6 x 107° 21.0 >0.99
GW231213_111417 HL 0.0046 10.0 >0.99 <1.0 x 1073 10.2 >0.99 0.029 10.4 >0.99 77 x 1073 10.1 >0.99
GW231221_135041 HL 0.54 10.0 0.96 8.7 8.4 0.34 520 8.1 <0.01 240 8.3 0.11
GW231223_032836 HL 0.0046 10.2 >0.99 3.8 x 107 9.4 >0.99 13 9.1 0.42 0.0015 9.0 >0.99
GW231223_075055 HL 9.7 9.3 0.32 1.6 9.4 0.85 0.55 9.4 0.98
GW231223_202619 H 7.1 10.0 0.39 0.0020 10.0 >0.99
GW231224_024321 HL <1.0 x 107° 13.0 >0.99 <1.0 x 107° 14.0 >0.99 <1.0 x 107 13.3 >0.99
GW231226_101520 HL 0.0012 347 >0.99 <10 x 107° 342 >0.99 <10 x 107° 33.6 >0.99 <1.0 x 107° 332 >0.99
GW231230_170116 HL 042 8.2 0.96 70 8.0 0.07
GW231231_154016 H <1.0 x 107° 13.4 >0.99 1.0 x 1073 13.4 >0.99
GW240104_164932 H <1.0 x 107> 14.8 >0.99 0.042 12.2 0.99
GW240107_013215 HL 0.37 9.4 0.95 0.24 9.1 0.93 0.24 9.6 0.96 0.028 9.1 >0.99
GW240109_050431 H 23 x 107 10.4 >0.99 1.0 x 1073 10.0 >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 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, L for LIGO Livingston). This does not necessarily indicate that the same detectors contributed triggers for a given candidate. We include results from
analyses that observe a candidate with FAR > 1 yr~! 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 107> yr~! to maintain a consistent limiting FAR across pipelines.
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Table 2
Candidate GW Signals from O4a with p,go = 0.5 in at Least One Analysis and an FAR > 1 yr’1

Candidate Inst. CWB-BBH GstLAL MBTA PyCBC

FAR SNR PDastro FAR SNR Pastro FAR SNR Pastro FAR SNR PDastro

r orH GorH orh
GW230531 141100 L 3.5 8.0 0.69
GW230603 174756 HL .o = e 210 8.0 0.03 84 7.9 0.73
GW230606 024545 HL e 450 7.4 <0.01 e e ‘e 3.2 7.5 0.88
GW230609_010824 HL 46 8.0 0.16 2.8 7.9 0.60 16 7.9 0.40 14 7.7 0.81
GW230615_160825 HL 320 8.9 0.02 4.3 8.3 0.50
GW230618_102550 HL 190 7.8 0.03 49 7.6 0.59
GW230624_214944 H 570 10.1 <0.01 2.2 10.6 0.69
GW230625_211655 HL ‘e - ‘e 42 7.9 0.11 280 8.1 0.02 50 7.9 0.61
GW230702_ 162025 HL e 640 8.5 <0.01 6.5 9.2 0.60 “e
GW230708_071859 HL 5.3 9.1 0.54 1.5 8.1 0.73 74 7.8 0.10 470 7.0 0.11
GW230709_063445 HL 310 7.9 0.02 40 7.3 0.11 91 7.3 0.08 15 7.5 0.83
GW230717_102139 HL 130 7.8 0.04 67 8.2 0.12 29 8.3 0.70
GW230721_222634 HL 290 7.9 0.02 = e 4.1 7.6 0.73 “e
GW230723_084820 HL 3.9 84 0.65 210 6.9 0.01
GW230728_083628 HL 1.5 13.1 0.73
GW230807_205045 HL 30 7.9 0.20 2.9 8.1 0.59 1.8 x 10° 8.7 <0.01
GW230817_212349 HL 130 7.6 0.04 590 7.4 <0.01 6.2 7.8 0.86
GW230822_230337 HL 95 8.3 0.07 1.5 8.2 0.72 85 7.5 0.08 6.1 8.0 0.86
GW230823_142524 HL 1.6 8.8 0.86 400 8.6 0.10
GW230824_135331 HL 6.2 9.7 0.58
GW230830_064744 HL 3.5 8.5 0.55
GW230831_134621 HL 42 8.8 0.11 20 8.8 0.34 12 8.5 0.80
GW230902 122814 HL 220 8.1 0.03 = e 2.0 8.1 0.84 “e
GW230902_172430 HL ‘e .o ‘e 280 84 0.02 98 84 0.07 39 8.5 0.59
GW230902_224555 HL “e 82 7.4 0.06 e = “e 51 7.5 0.52
GW230904_152545 HL 37 9.2 0.19 18 9.0 0.74
GW230920_064709 HL “e “e e 490 9.5 <0.01 200 9.2 0.03 4.8 9.2 0.81
GW230925_143957 HL 35 8.0 0.20 8.2 7.4 0.55
GW231002_143916 HL 78 8.8 0.06 1.0 94 0.90
GW231005 144455 HL 60 7.3 0.55
GW231013_135504 HL 64 84 0.54
GW231026_130704 HL 1.7 8.1 0.70 340 8.3 0.02 1.8 8.1 0.93
GW231102_052214 HL 75 7.7 0.11 4.0 7.9 0.72
GW231102_232433 HL 2.5 7.6 0.80
GW231113_150041 HL 2.4 8.7 0.81 4.7 7.9 0.48 130 8.0 0.04 1.8 7.9 0.96
GW231120_022103 HL 3.8 9.6 0.53 12 10.0 0.45 54 9.6 0.90
GW231126_010928 HL 4.6 9.1 0.67 8.7 85 0.34 4.2 84 0.71 6.2 8.6 0.86
GW231204_090648 HL 3.6 84 0.54
GW231206_010629 HL 17 9.7 0.46 59 7.9 0.08 6.9 8.2 0.58 65 7.6 0.30
GW231220_173406 HL 68 7.9 0.16 35 7.6 0.13 6.2 7.4 0.77
GW231231_120147 HL 7.5 11.3 0.61 61 9.0 0.08 150 8.6 0.03 4.5 9.2 0.86
GW240105 151143 H 3.3 25.9 0.70

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 are given in bold. The date and time of each candidate are encoded in the name as GWYYMMDD_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 analyses that observe a candidate with p,y, < 0.5. Italics denote that the candidate was found with FAR > 1 yrfl. A dash (-)
indicates that a candidate was not found by an analysis.

candidates underwent human vetting (LIGO-Virgo-KAGRA S. Sachdev et al. 2020; M. Kovalam et al. 2022; C. Alléné
Collaboration 2025a), and additional information was dissemi- et al. 2025) that did not have corresponding triggers in the full-
nated via GCN Circulars. These alerts facilitated rapid searches bandwidth analyses. The other 7 retracted candidates were all

for potential electromagnetic counterparts to transient GWs. found to be significant by only one analysis. None of the 11
The online searches run in near-real time and are only able retracted online candidates were recovered with an FAR < 2

to use data collected up to the current time. Data quality can day " in the offline analy Ses. . . .
vary suddenly and noise transients in the detectors can be There were five candidates identified as significant online
mistakenly identified as astrophysical in origin. Of the 93 high- cgndldates that Were_I}OF retracteq but are alsf) not recovered
significance candidates identified in low latency, 11 were later with an FAR < 1 yr™" in the offline analyses:

retracted. Of these 11 retractions, 4 were due to triggers from 1. S230708z, S230807f, and S230822bm were all found in
early-warning search pipelines (A. H. Nitz et al. 2020b; low latency by GSTLAL in both LHO and LLO. All of
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these candidates were found with an SNR < 10. These
BBH candidates were all identified offline by multiple
pipelines with an FAR > 1 yr~'. They each have
Dasro = 0.5 and are reported in Table 2 as GW230708_
071859, GW230807_205045, and GW230822_230337.
2. S230802aq was a single-detector BBH candidate in LHO
found by GSTLAL with SNR < 10. No pipelines recover
an offline trigger at this time with an FAR < 2 day .
3. S231020bw was identified by GSTLAL, while both LHO
and LLO were observing, but with disparate SNRs in
each detector. No pipelines recover an offline trigger at

this time with an FAR < 2 day .

2.1.2. New O4a Candidates

There are eight candidates identified with p,s ., > 0.5 by at
least one offline analysis that were not identified 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 1 and 2.

The eight new candidates were all identified by a single
pipeline. The majority are of low significance (FAR > 1 yr_l)
and are listed in Table 2. All of the new candidates have
moderate network SNRs (<10), with the exception of
GW240105_151143, which has an SNR > 25. However, there
are multiple regions of significant excess power inconsistent
with a CBC signal in the time—frequency spectrogram of
GW240105_151143, as shown in Appendix C, which may
contribute to its identification by only one pipeline despite its
large SNR. Of the eight new candidates, six are coincident
triggers involving both LHO and LLO. Only GW230531_
141100 and GW240105_151143 are observed using data from a
single detector.

GW230630_070659 is the only new candidate found with
FAR < 1 yr'. However, offline follow-up (S. Soni et al.
2025) of the data quality for this event indicated evidence of
instrumental origin. Specifically, excess power in strain data in
both detectors was found to be inconsistent with a CBC signal.
This conclusion was based on both calculating the residual
power in the strain data (L. Vazsonyi & D. Davis 2023) and
machine learning—based image classification (S. Alvarez-L6-
pez et al. 2024). A spectrogram for this event is shown in
Appendix C. In contrast to GWTC-3.0 (R. Abbott et al.
2023a), here, we do not remove the GW prefix for candidates
where there is evidence of terrestrial or instrumental noise
origin; we instead assign the prefix to all candidates identified
by a search pipeline. We thus report GW230630_070659 with
the other candidates with FAR < 1 yr7l and pagio = 0.5
(Table 1) according to the search pipelines. We do not estimate
source properties for GW230630_070659.

2.1.3. Pipeline Consistency

The search algorithms, methods, and configurations used
differ between our analyses (A. G. Abac et al. 2026a), which
cause 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 detector,
which increases the uncertainty in significance estimation and
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can lead to additional disagreement across pipelines in both the
estimated FAR and p ..

Not all of the 129 candidates with p,q., = 0.5 were observed
with p.so = 0.5 by all pipelines. Of these candidates, 54 were
found by CWB-BBH, 89 were found by GSTLAL, 76 were
found by MBTA, and 103 were found by PYCBC. Only 39 of
these candidates were found by all pipelines, while 62 were
found by all matched-filter-based pipelines, 68 by three or
more pipelines, and 86 by two or more pipelines. Of the 129
candidates for which p,q., = 0.5 in any pipeline, several meet
this criterion uniquely in only a single pipeline:

1. The CWB-BBH analysis found six unique candidates, four
of which were assigned an FAR < 1 yr~': GW230712_
090405, GW231004_232346, GW231221_135041, and
GW231230_170116. In each case, the coherent SNR
reported by CWB-BBH is higher than the matched-filter
SNR obtained by the other analyses. If these candidates
are astrophysical in origin, this disagreement in SNRs
could result from physics not captured by the matched-
filter templates, such as spin effects or orbital eccentricity
(T. Mishra et al. 2025) or the difference in SNR definition
(A. G. Abac et al. 2026a). GW230824_135331 has no
triggers from any other pipeline. Here, we do not require
independent support from a matched-filter based pipeline
for a CWB-BBH-only candidate to remain in the candidate
list. Further discussion and a spectrogram of GW230824_
135331 can be found in Appendix C.

2. The GSTLAL analysis found seven unique candidates, all
of which are classified by the GSTLAL p,q, estimate as
BBH candidates. GW230807_205045 and GW231029_
111508 were both identified with FAR < 1 per 30 days
in low latency; the former was demoted in significance
after offline analysis and can be found in Table 2.
GW231029_111508 is a single-detector candidate found
by a high-mass template. MBTA and PYCBC do not
produce single-detector triggers for candidates with
detector-frame chirp masses (1 + z).M > 7M., or dura-
tions <0.3 s, respectively (A. G. Abac et al. 2026a).

3. The MBTA analysis found 11 unique candidates. These
candidates are all inferred to be from BBHs via the
multicomponent p,q,, measurement. GW230704_212616
and GW231018 233037 were found with a lower
significance in low latency by multiple pipelines. These
are found offline by MBTA with FAR < 1 yr~' and are
listed in Table 1. The remaining unique MBTA candidates
can be found in Table 2.

4. The PYCBC analysis found 19 unique candidates.
GW230904_152545, GW230920_064709, GW231013_
135504, and GW240105_151143 have greater support
from PYCBC for being NSBH candidates, more than that
of GSTLAL or MBTA; their multicomponent p,,, can be
found in Table 7 in Appendix A. The remaining candidates
are inferred to be from BBHs. GW231223_202619 was
identified in low latency with a lower significance. This
candidate is found offline by PYCBC with FAR < 1 yr '
and is listed in Table 1. The other unique PYCBC
candidates are all listed in Table 2.

2.1.4. Subthreshold Candidates

We have highlighted 129 GW candidates in O4a with p,go
> 0.5. Of those, 42 with FAR > 1 yr ! are listed in Table 2.
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The 87 candidates assigned an FAR < 1 yr_l, listed in Table 1,
underwent additional analyses (excluding GW230630_070659)
and are discussed in more detail in Section 3. These
candidates are a subset of the O4a candidates in GWTC-
4.0, which is comprised of 1382 triggers. The remainin%
1253 subthreshold candidates in O4a have an FAR < 2 day™

and pugro < 0.5. These candidates are made publicly
available at Gravitational Wave Open Science Center
(GWOSC; A. G. Abac et al. 2026b) for completeness, but
they have not been examined for possibly being instrumental
in origin. The purity of this sample is expected to be low:
0.013 when considering all of the subthreshold candidates as
estimated in Section 2.2.

2.2. Search Sensitivity

Here, we describe the estimated sensitivity of each analysis,
calculated by simulating astrophysical signals in the data and
running search pipelines to recover them. These simulated
signals are referred to as injections. We parameterize the
sensitivity of the search analyses via the estimated time—
volume product or hypervolume (VT) (A. G. Abac et al.
2025a). As discussed further in A. G. Abac et al. (2026a), the
number of astrophysical signals, N, 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 (VT) for each pipeline, we simulate a
distribution of signals that approximates the detected popula-
tion of BBHs, NSBHs, and BNSs (R. Essick et al. 2025). To
estimate the overall catalog sensitivity, each pipeline analyzes
the same set of simulated signals: the injections are added into
the collected data, and we record how many are recovered
significantly.

As in R. Abbott et al. (2023a), several combinations of
masses are used to assess our sensitivity to BBH, NSBH, and
BNS systems. We thus estimate (VT) at a set of fiducial points
in the component mass space:

1. BHs at 35M,. These correspond to GW150914-like
systems (B. P. Abbott et al. 2016b, 2024). This is also
approximately where we see a peak in the BH mass
spectrum (A. G. Abac et al. 2026d).

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

3. NSs at 1.5 M, which is consistent with the distribution
of known NS masses (J. Antoniadis et al. 2016; F. Ozel &
P. Freire 2016; J. Alsing et al. 2018; N. Farrow et al. 2019;
P. Landry & J. S. Read 2021; R. Abbott et al. 2023b).

For each given point, injections are weighted so that they
follow a log-normal distribution about the central mass with a
width of 0.1 (R. Essick et al. 2025). Figure 1 shows the
resulting variation in the O4a (VT) with a detection threshold
of FAR < 1 yr~' across the component mass parameter space
for each search.

The results at the top of Figure 1, labeled as “Any,”
represent our overall sensitivity to CBCs in the specified
region. They come from taking the minimum FAR for an
injection from all of the analyses. The sensitivity is greatest for
the “Any” pipeline for 100M, + 100M. binaries, though
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different pipelines are more or less sensitive to different
regions of the binary parameter space. Only sensitivity
estimates that have an uncertainty smaller than 50% are
shown in Figure 1.%

We also estimate the number of astrophysical signals among
the set of 1253 subthreshold candidates. If the source
population distribution assumed for p,,, calculations is close
to the true astrophysical distribution, then for each individual
pipeline, the sum of p,y, values provides the expected number
of true signals. The expected signal count for a given pipeline
is also proportional to that pipeline’s (VT) for the true signal
population; thus, if we knew the true (VT), we could scale the
sum of p,o values accordingly to obtain an estimate of the
signal count for the “Any” pipeline (R. Abbott et al. 2023a).
Due to the larger differences in (VT) across pipelines in
GWTC-4.0 relative to GWTC-3.0, we compute the sum of
Pastro Of subthreshold candidates and take the average over the
number of pipelines as a conservative lower bound on the
expected signal count. From this bound, we estimate =16
signals among the subthreshold candidates.

3. Source Properties

After identifying GW candidates, we coherently analyze the
data from the network of GW detectors to infer the properties
of the source of each signal (A. G. Abac et al. 2026a). These
inferences are in turn used in companion papers to understand
the population of compact objects (A. G. Abac et al. 2026d),
measure cosmic expansion history (A. G. 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 O4a (A. G. Abac et al. 2026f,
2026g, 2026h). These downstream analyses set stricter
thresholds than used in Section 2 in order to mitigate the
impact of differing methods of computing p,q., across search
pipelines and attain a higher-purity subset of candidates. We
restrict our estimation of the source properties to those that
have both p.g .o = 0.5 and FARs < 1 yr_l. Additionally, we
exclude from consideration GW230630_070659, which we
find likely to be of instrumental origin (Section 2.1.2 and
Appendix C).

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 posteriors
are derived assuming models of GW emission and under the
assumption of stationary, Gaussian noise that is uncorrelated
across detectors (e.g., J. Veitch et al. 2015; B. P. Abbott et al.
2016b, 2020b; E. Thrane & C. Talbot 2019; N. Christensen &
R. Meyer 2022; A. G. Abac et al. 2026a). When we identify
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 (N. J. Cornish & T. B. Littenberg
2015; T. B. Littenberg & N. J. Cornish 2015; N. J. Cornish
et al. 2021; S. Hourihane et al. 2022; T. Gupta & N. J. Cornish
2024). We discuss these cases further in Appendix B. Our
default priors are chosen to be agnostic and sufficiently wide to
cover the region of the parameter space where the posteriors
have support (A. G. Abac et al. 2026a). Specifically, they are

330 Earlier versions of this work (vl and v2), made available on the arXiv at

https://arxiv.org/abs/2508.18082v1 and https://arxiv.org/abs/2508.18082v2,
contained a version of this plot produced using an incorrect calculation, which
resulted in the inflation of sensitive hypervolumes.
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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 corresponds 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 uncertainties for the
binary parameters (in the form of median values 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. Fuller
details of these models and their development are given in
A. G. Abac et al. (2026a). For each BBH candidate, we use the
IMRPHENOMXPHM_SPINTAYLOR (G. Pratten et al. 2021;
M. Colleoni et al. 2025) and SEOBNRV5PHM (L. Pompili
et al. 2023; A. Ramos-Buades et al. 2023) waveform models,
each of which incorporates the effects of higher-order
multipolar emission and spin precession. Depending on the
inferred intrinsic parameters of these candidates, we use one to
three additional waveform models. Many BBH candidates lie
within the parameter-space coverage of the surrogate model
NRSUR7DQ4 (V. Varma et al. 2019), which is built directly on
numerical simulations of BBH coalescences, and in these
cases, we use NRSUR7DQ4 for parameter estimation. For
candidates with asymmetric masses or evidence of precession,
we also use IMRPHENOMXO4A (E. Hamilton et al. 2021;
J. E. Thompson et al. 2024) because this waveform model
includes a more complete physical description of precession
effects (A. G. Abac et al. 2026a). For our BBH candidates, we
report our posteriors by combining equal numbers of samples
from each waveform model in order to mitigate uncertainties
associated with our theoretical models (B. P. Abbott et al.
2016b). For the NSBH candidate GW230518_125908, we use
IMRPHENOMXPHM_SPINTAYLOR to produce our fiducial
posteriors, while for GW230529_181500 (A. G. Abac et al.
2024b) we combine equal numbers of samples produced using
IMRPHENOMXPHM_SPINTAYLOR and SEOBNRV5PHM.
Although these models incorporate key physical effects, they
do not include the imprint of matter. Therefore, for both NSBH
candidates, we use the IMRPHENOMPvV2_NRTIDALV2
(T. Dietrich et al. 2019), IMRPHENOMNSBH (J. E. Thompson
et al. 2020), and SEOBNRV4_ROM_NRTIDALV2_NSBH
(A. Matas et al. 2020) models to constrain the tidal
deformability of the NSs. The three tidal models do not
include the effect of higher multipolar emission, and the latter
two neglect the effects of spin precession on the waveform.

Our key results for O4a candidates with FAR < 1 yr ' are
summarized in Table 3 and shown in Figures 2—4. Our default
agnostic priors (A. G. Abac et al. 2026a) do not make strong
assumptions about the nature of the underlying astrophysical
population. In addition to the default prior, we also reweight
the inferred posterior distribution of our BBH candidates using
a population-informed prior (default model, Table 1 of
A. G. Abac et al. 2026d), and show these population-informed
measurements in Figure 2.

Highlights from the new candidates in GWTC-4.0 include
the following:

1. GW230518_125908 is one of two high-significance
candidates added to GWTC-4.0 whose sources have
masses consistent with an NSBH binary. This candidate
was previously reported as a probable online NSBH
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candidate, although no unambiguous multimessenger
counterpart was identified in follow-up electromagnetic
searches.*®! Its source properties are reported here for the
first time. In addition to having more asymmetric masses
than GW230529_181500, with mass ratio ¢ = 0.187303
and larger total mass M = 9.61f8:;g M., , the spin of its
primary is constrained to be relatively small y; < 0.16
(90% credible level), and we infer Yo = —0.0170.

2. GW230529_181500 (A. G. Abac et al. 2024b) is the
second high-significance candidate whose sources have
masses consistent with an NSBH binary. Its component
masses mean that the primary probably lies in the putative
lower mass gap between 3 and 5 M, (C. D. Bailyn et al.
1998; F. Ozel et al. 2010; W. M. Farr et al. 2011;
L. Kreidberg et al. 2012). Relative to our previous results,
we have corrected the implementation of calibration
marginalization for this event (A. G. Abac et al. 2026a),
corrected the normalization of the noise-weighted inner
product used in the likelihood (A. G. Abac et al. 2026a;
C. Talbot et al. 2025), and reweighted our priors to the
reference cosmology used throughout GWTC-4.0. Our
inferences of this candidate’s source properties remain
nearly identical to those previously presented (A. G. Abac
et al. 2024b).

3. While GW230814_230901 (A. G. Abac et al. 2026c) is
the highest-SNR candidate, with an SNR 42.1, its source
properties are relatively common, with m; = 33.6f%j§ M.,
my = 28.3%3) M., , and spins consistent with zero, with
effective inspiral spin Yerr = —0.0170%. Due to its high
SNR, it is a promising signal for tests of relativity
(A. G. Abac et al. 2026¢).

4. The source of GW231028_153006 is a massive BBH,
with total mass M = 15272 M, . It has a large effective
inspiral spin Yer = 0.447038 and unequal masses, with
mass ratio ¢ = my/m; = 0.63703%. Similar to
GW231123_135430 (A. G. Abac et al. 2025b), this
event displays significant systematic modeling uncer-
tainties and multimodal posteriors.

5. GW231118_005626 is another candidate whose source
has unequal masses and signatures of large spins. The
binary has total mass M = 30.9733 M., g = 0.55793],
and large spins, with yerr = 0.37°519 and y, = 0.651)3%.

6. The source of GW231123_135430 (A. G. Abac et al.
2025b) is, with high probability, the most massive BBH
in our catalog of those with FAR < 1 yr~'. We infer it to
have total mass M = 23613 M., and large spins. It also
displays significant systematic differences between
inferences made with different waveform models.

In what follows, we give further detail about our inferences
of masses, spins, matter effects, and locations of the sources of
our high-purity candidates from O4a, highlighting additional
sources that lie at the extremes of the parameter space
(Sections 3.1-3.4). Some of our candidates display multiple
modes in their inferred source parameters. This multimodality
complicates the interpretation of sources where it is present
(R. Abbott et al. 2023a), and it is not usually possible to isolate

Bl As reported in  GCN Circulars (https://gen.nasa.gov /circulars?

query=S230518h) related to this event; see also G. S. H. Paek et al. (2025),
M. Pillas et al. (2025), and the references therein.


https://gcn.nasa.gov/circulars?query=S230518h
https://gcn.nasa.gov/circulars?query=S230518h
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Figure 2. The marginal probability distributions for the source frame chirp mass M, mass ratio g, effective inspiral spin ., effective precession spin x,, and
luminosity distance D, for O4a candidates with FAR < 1 yr™'. The colored upper halves of the plots shows the marginal posterior distributions using our default
agnostic priors (A. G. Abac et al. 2026a), while the white lower halves show these marginal distributions after reweighting according to the inferred population
model (A. G. Abac et al. 2026d) for each BBH. The two NSBH candidates have only the non-reweighted posterior distributions. The vertical thickness of each region
is proportional to the marginal posterior probability at that value for each candidate.
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Table 3
(Continued)
Candidate M M m ny Xeff Dy z My Xt AQ SNR
M) M) M) M) (Gpe) M) (deg®)

GW231004_232346 100728 40143 653 35+ —0.05%939 43138 0.69%03} 9642 0.647014 3500 82703
GW231005_021030 132431 54417 83731 49122 0.10%93 6.41%4] 0.951033 126433 0.72+314 5600 9.4503
GW231005_091549 50.254%53 21.374% 28.8710! 21.278¢ —-0.0359%3 3.87%§ 0.627933 48.011%8 0.68919 2900 8.003
GW231008_142521 7148 28.97%% 45%17 25.5307 —0.0192¢ 3.0°33 0.51+33 6913 0.66+313 3000 8.9704
GW231014_040532 35.5770 15.07%] 20.6°78 147533 0.17:932¢ 23414 0.427920 33.8%5¢ 0.755319 1800 8.7504
GW231018_233037 19.1433 7.907988 11.6742 72449 0.01+917 1.53747¢ 0.29%12 18.2433 0.67003 1600 82703
GW231020_142947 19.8789 8.061981 12,1491 73734 0.1559% 123403 024709} 18.9783 0.7250:08 1500 105493
GW231028_153006 15243 63113 95433 58731 0.447518 4171 0.67+0:18 144427 0.84+99 1300 21.0793
GW231029_111508 106432 442119 65417 EL AR 0.14793% 3.3 0.531932 10143 0.72519 29,000 11.2793
GW231102_071736 10242} 43.4%93 61714 43113 0.06103 3.8 0.63102% 98+13 0.70+3%- 3000 13.34%
GW231104_133418 21.07}8 8.847087 123743 8.651% 0.147942 1.4740:3% 0.28+9% 20.07%8 0.725%3 1100 11.0592
GW231108_125142 40.6134 17.37%} 23.2733 17.4732 —0.087512 206405 0.37°91} 38.87%5 0.66998 1000 12,4792
GW231110_040320 322443 13.4517 19.543% 12,5534 0.17:313 1.891087 0.351512 306442 0.7475%¢ 800 110493
GW231113_122623 67718 27.9783 39.750%3 26.4759 0.33790% 3479 0.57793} 6313 0.811:98 2800 78704
GW231113_200417 19.2+34 8017058 11543 74%48 013494 116434 023918 18.3432 072750 1600 10.1+93
GW231114_043211 310778 1.6} 22,7728 8.272% 0.0870%2 1.38708] 026731} 30.078 0.6150:08 1700 9.8703
GW231118_005626 3097373 12.651¢ 19.874§ 10.9733 0.37019 2.1970%3 0.3991¢ 29.333 0.80700¢ 1100 10.5503
GW231118_071402 72+1% 304770 43+ 2941} 0.11+03 4333 0.69°0% 69111 0.72914 3600 8.5103
GW231118_090602 20.7+302 8.374018 131557 73423 0.08+93% 1.3540:38 0.2679% 19.7+106 0.705508 1100 10.9594
GW231119_075248 8272 34.471%4 497% 333 0.001938 6.7°33 0.9979¢2 794 0.68%91% 5900 77593
GW231123_135430 23613 101733 13778 10172 031103 22739 0.39+938 22243 0.84+99% 1700 207493
GW231127_165300 74722 30.503 45418 29*12 0.05%039 4.573¢ 0.71+0:4 7143 0.697013 4400 8.3103
GW231129_081745 69718 27.717 4513 23.84%° 0.021937 3.830 0.63°0% 66717 0.67-012 3700 75503
GW231206_233134 63.555%* 27.233 35.67¢4 28.1473 —0.09+932 32518 0.5470%3 60.614%7 0.67-0% 2400 110753
GW231206_233901 66.0133 28.14%7 37.6:§¢ 28.4738 —0.0501% 1491034 0.289% 63.1139 0.67-00% 350 21.0°93
GW231213_111417 62.5744° 26.7163 35.550%° 272781 0.0693 4.0%33 0.65+039 59,5713 0.71+499 2600 9.7432
GW231221_135041 7673 30.7°23 47+ 28413 0.01+9:32 46731 0.7350% 7258 0.697913 3700 7.850¢
GW231223_032836 76718 31.878¢ 46116 31H13 —0.15793 4273 0.67°0% 73*1] 0.63°13 4200 8.8%03
GW231223_075055 19.0438 7797938 119458 6.8739 0.067013 0.9793% 0.1913:39 18.1448 0.69+3:0¢ 1500 8.870¢
GW231223_202619 19.6122 8.3670<S 111738 8314 0107013 0897949 0.187008 187122 071799 27,000 9.8102
GW231224_024321 16.6615% 7135038 9.3132 73519 —0.0150:08 0.955039 0.1975% 15.89743¢ 0.68=004 390 12.9793
GW231226_101520 74.8+4] 324418 40.1744 35.0%3% —0.09+39% 118503 0.23+9% 714738 0.6740:04 190 33.74%1
GW231230_170116 8940 36.974%3 54732 35t —0.19%93¢ 5743 0.8793% 85+ 0.625%3 6700 74154
GW231231_154016 39.9441 171518 22537 17.2%35 —0.03:912 10799 0.21*19 38.17%9 0.6790¢ 27,000 13.1443
GW240104_164932 743+ 31.8434 42,3424 32.15%3 0.09+313 191482 0.35+01¢ 70.6+3%7 0.73+0:08 28,000 14.1593
GW240107_013215 91733 3624540 59+ 3272 0.307939 5.874% 0.8703% 87438 0.79+319 4800 8.5+04
GW240109_050431 471487 19.6137 28.8773 18.1+43 —0.07933 1517569 0.29°914% 451783 0.649% 27,000 10.4192

Note. 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. The columns show the source-frame total
mass M, source-frame chirp mass M, source-frame component masses m;, effective inspiral spin y.g, luminosity distance Dy, redshift z, source-frame remnant mass My, remnant spin X, localization area A,
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Figure 3. Credible-region contours for O4a candidates with FAR < 1 yr~'. Top: credible-region contours for the inferred primary and secondary component masses
my and m,. The upper shaded region denotes the area excluded by the convention m; > m,. 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 ¢g. The dotted lines separate regions where the
primary and secondary component masses are below 3 M. Each contour indicates the 90% credible region for a given candidate. We use colors to highlight
candidates: GW230518_125908, which is an NSBH candidate; GW230529_181500, which is also an NSBH candidate with an inferred y.¢ < 0 at 92% credibility;
GW231114_043211, which has the largest support for the most unequal inferred mass ratio of the unambiguous BBHs; GW231118_005626, which has inferred
Xefr > 0; GW230814_230901, which is the highest-SNR candidate observed in O4a; and GW231123_135430, which we infer to have the most massive source

observed in O4a.

the probable reason for multiple modes. In Section 3.5, we
discuss candidates that display multiple modes.

Systematic uncertainties in our modeling affect our para-
meter inference for some candidates. In Section 3.6, we
discuss these cases in greater detail and present an analysis of
the consistency between model-based and minimally modeled
waveform reconstructions for a number of candidates.

3.1. Masses

The masses of a compact binary source of GWs are often
the most well-constrained parameters as they are the pri-
mary determinant of the phase evolution of the signal

23

(A. G. Abac et al. 2025a, 2026a). 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.,
A. G. Abac et al. 2025a). 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 (P. Kafka 1988; L. S. Finn &
D. F. Chernoff 1993; C. Cutler et al. 1993; C. Cutler & E. E.
Flanagan 1994). Meanwhile, the mass ratio g =my/m; <1 is
generally less well measured (C. Cutler et al. 1993; C. Cutler &
E. E. Flanagan 1994; E. Poisson & C. M. Will 1995).
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The detectors measure the redshifted masses (1 + z)m;,
where z is the source redshift (A. Krolak & B. F. Schutz 1987).
To recover the source-frame masses, we combine the
measured redshifted masses with the inferred luminosity
distance using an assumed cosmology (P. A. R. Ade et al.
2016). Due to the uncertainties in our estimation of the
luminosity distance, source-frame mass parameters are gen-
erally less well constrained than their redshifted values. By
default, we report source-frame mass values, using default
agnostic priors as described above. Figure 2 shows the
marginalized one-dimensional posteriors for the chirp mass
M and mass ratio g of each of the O4a candidates analyzed
here. Figure 3 shows the marginalized two-dimensional
posteriors for the individual component masses, m; and m,,
as well as for the total mass M and mass ratio g. Similarly,
Figure 4 shows the marginalized two-dimensional posteriors in
M and effective inspiral spin Y., described in Section 3.2.
These representations of the inferred source masses of our
newly added candidates display a large range, with total
masses spanning nearly 2 orders of magnitude.

We use the inferred component masses to classify the
probable nature of the binary components. For example, if one
component has a mass above the maximum possible mass of an
NS, we infer it to be a BH, even in the absence of other
constraints on the presence of matter in the binary (see
Section 3.3). The maximum possible nonspinning NS mass is
unknown, although data from terrestrial experiments, electro-
magnetic observations of NSs, and GW detections have been
used to bound this mass to ~2.2-2.5 M, (e.g., M. C. Miller
et al. 2019, 2021; T. E. Riley et al. 2019, 2021; T. Dietrich et al.
2020; P. Landry et al. 2020; I. Legred et al. 2021; Y. Lim et al.
2021; G. Raaijmakers et al. 2021; S. Huth et al. 2022; Y. -Z. Fan
et al. 2024; N. Rutherford et al. 2024; B. Biswas & S. Rosswog
2025; L. Brandes & W. Weise 2025; J. Golomb et al. 2025).

The electromagnetic counterpart to GW170817 (B. P. Abbott
et al. 2017a, 2017c) has been used together with models of the
emission to place more stringent limits on the maximum mass

24

of nonspinning NSs (e.g., B. Margalit & B. D. Metzger 2017;
L. Rezzolla et al. 2018; M. Ruiz et al. 2018; B. P. Abbott et al.
2020c; A. Nathanail et al. 2021). On the other hand, spin
increases the upper limit of possible NS masses. To account for
the remaining uncertainty, we very conservatively select 3 M,
as a robust upper limit on the maximum NS mass (C. E. Rhoa-
des & R. Ruffini 1974; V. Kalogera & G. Baym 1996). As in
GWTC-3.0 (R. Abbott et al. 2023a), we divide our candidates
into two categories: unambiguous BBHs, where both compo-
nents are BHs (m; > 3 M, at 99% probability), and potential-NS
binaries where at least one component mass could have
been an NS.

GWTC-4.0 also contains candidates with FAR > 1 yr' for
which at least one detection pipeline assigns a probability of
astrophysical origin p,g, = 0.5. Since we do not infer the source
properties of these candidates, the classification of the sources of
these candidates is provided through their multicomponent p
values. All such candidates with nonzero probability for
containing an NS, as determined by pgns + PNSBH > 0.001,
are given in Table 7 in Appendix A.

3.1.1. Candidates with m, > 3M.,: Unambiguous BBHs

Our unambiguous BBH candidates span more than an order
of magnitude in their inferred masses. 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. Never-
theless, we find that the same two transients, GW231123_
135430 and GW230627_015337, lie at the extremes for both
mass parameters. GW231123_135430 (A. G. Abac et al.
2025b) probably has the largest chirp mass of the candidates
we analyze, with M = 101713 M., , as well as the largest total
mass with M = 236739 M_... It is the most massive source in our
catalog of those with FAR < 1 yr~'. GW230627_015337 is
the unambiguous BBH with the smallest chirp mass,
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M = 6.027005 M.
with M = 14. 19*37@

The individual components of our BBHs span masses
between 5.797093 M., and 13733 M., with primary masses
ranging from 8. 4“7M for GW230627 _015337 to 137123
for GW231 123_135430 and secondary masses ranging from
579709 M., to 101727 M., for GW230627_015337 and
GW231123_135430, respectively. The BBH mass distribution
inferred using all the candidates in GWTC-4.0 is discussed in
depth in A. G. Abac et al. (2026d).

GW231123_135430 is probably more massive than the
source of the less significant candidate GW190426_190642,
Wthh is inferred to have M = 182.37323 M, and an FAR > 1
yro although with paso = 0.5 (R. Abbott etal. 2024). With a
94% probability of m; being greater than 120 M.,
GW231123_135430 has a component mass above the
approximate upper boundary of the pair-instability supernova
mass gap (W. A. Fowler & F. Hoyle 1964; Z. Barkat et al.
1967; C. L. Fryer et al. 2001; K. Belczynski et al. 2016;
M. Spera & M. Mapelli 2017; S. Stevenson et al. 2019;
S. E. Woosley & A. Heger 2021; A. K. Mehta et al. 2022).

In addition to GW231123_135430, several transients have
remnant mass My > 100 M., satisfying a conventional
threshold to be considered intermediate-mass BHs. The
remnants of GW230704_212616, GW230922_040658,
GW231005_021030, and GW231028_153006 all have > 90%
probability of My > 100 M.

At masses below 5 M, there is a putative lower mass gap,
hypothesized based on X-ray binary observations (C. D. Bailyn
et al. 1998; F. Ozel et al. 2010; W. M. Farr et al. 2011;
L. Kreidberg et al. 2012). We identify several unambiguous BBH
transients whose secondary components could possibly fall into
this mass gap: GW230627_015337, GW231020_142947,
GW231118_090602, and GW?231223_075055. The sources of
GW231020_142947 and GW231118_090602 are inferred to
have m, < 5 M, with 12% and 14% probability, respectively.
Both GW230627_ 015337 and GW231223_075055 have similar
and slightly smaller probabilities of having secondary source
mass m, < 5 M., 8% and 9% respectively. No unambiguous
BBH candidate had significant posterior support for a primary
mass value in the lower mass gap.

The sources of several candidates have notable posterior
support for unequal masses. GW231114_043211 has the most
support of the unambiguous BBHs, with a mass ratio of
g = 0.3610%7. In addition, GW230702_185453, GW230712_
090405, GW230928_215827, GW231001_140220, GW231004_
232346, GW231118_005626, and GW231129_081745 all have
mass ratios < 0.85 at the 90% credible level.

as well as the smallest total mass

3.1.2. Candidates with m, < 3 M

Two candidates are consistent with sources containing a
secondary mass m, < 3 M., GW230518_125908 and
GW230529_181500 (A. G. Abac et al. 2024b). We infer that
these two candidates have negligible posterior support for m,
> 3 M. No confident multimessenger counterparts were
reported for either of these candidates or any other O4a
candidate. Without an electromagnetic counterpart, we can
only infer the presence of matter in a CBC via its impact on the
GW signal. Matter can leave an imprint on the waveform
during inspiral through tidal effects or modify the merger and
postmerger dynamics, as discussed in Section 3.3.
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The secondary of each system is consistent with the
observed Galactic NS population (J. Antoniadis et al. 2016;
J. Alsing et al. 2018; N. Farrow et al. 2019; K. El-Badry et al.
2024). Further, the mass of the primary of GW230518_125908
is well above 3 M., with m; = 8.17f8_‘§3 M., , leading us to
conclude that this system is likely an NSBH. Further, the
source of GW230518_125908 has clearly asymmetric
masses, with a mass ratio of ¢ = 0.1870:03. The source of
GW230529_181500 is most probably another NSBH, since its
primary mass m; = 3.66103% M, is consistent with a low-mass
BH (A. G. Abac et al. 2024b).

3.2. Spins

Compared to the masses, spins have a weaker impact on the
GW emission and are more difficult to measure from
observations (E. Poisson & C. M. Will 1995; E. Baird et al.
2013; S. Vitale et al. 2014; K. Chatziioannou et al. 2015;
B. P. Abbott et al. 2016¢c; B. Farr et al. 2016; S. Vitale et al.
2017a; G. Pratten et al. 2020; J. Garcia-Bellido et al. 2021).
The component spins of compact binaries, x; and x,, are
typically poorly constrained since the leading-order spin
contribution to the GW signal is determined by mass-weighted
combinations of the components (T. Damour 2001; L. Blanchet
2014; M. Piirrer et al. 2016; K. K. Y. Ng et al. 2018; M. Zevin
et al. 2020). Here, we focus on two specific mass-weighted spin
parameters: the effective inspiral spin Y.y and the effective
precession spin X, (A. G. Abac et al. 2025a).

The effective inspiral spin x.¢ (L. Santamaria et al. 2010;
P. Ajith et al. 2011) 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 (E. Racine
2008). Positive and negative . indicate that there is net spin
aligned and antialigned, respectively, with the orbital angular
momentum.

The effective precession spin X, (P. Schmidt et al. 2015)
measures the mass-weighted in-plane spin component that
contributes to spin precession (T. A. Apostolatos et al. 1994;
L. E. Kidder 1995). It is bounded between 0 and 1, with x, = 0
indicating no spin precession and X, = 1 indicating maximal
precession. This parameter is typically weakly constrained,
and posterior measurements of X, are often dominated by the
prior.

The spin orientations §; of a binary are of particular interest
for the insight they provide to its evolutionary history
(M. Fishbach et al. 2017; S. Stevenson et al. 2017; C. Talbot
& E. Thrane 2017; S. Vitale et al. 2017b; D. Wysocki et al.
2019; M. 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 evol-
ution. Roughly speaking, in dynamically formed binaries, the
spins are expected to be isotropically oriented, while binaries
formed in isolation are expected to have spins more nearly
aligned with the orbital axis. Nonzero x,, or negative X, are
therefore more consistent with dynamically formed binaries
than those formed in isolation. Further discussion of the
connection between spin orientations and compact binary
formation channels is given in A. G. Abac et al. (2026d).

Most of the candidates analyzed from O4a are consistent
with having sources with x.¢ = 0, as seen in Figures 2 and 4.
However, 16 candidates have sources with Y. > 0 with
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Figure 5. Posterior (upper, colored) and the effective prior (lower, white)
probability distributions for the dimensionless effective precession spin x;, for
candidates GW230518_125908, GW230627_015337, GW230712_090405,
GW230814_230901, GW231028_153006, GW231114_043211, and
GW231123_135430. Vertical lines mark the median and symmetric 90%
interval for the distributions. These candidates are the ones that show the
greatest deviation between the posterior distribution and the effective prior
over the x, parameter from the set of new candidates presented in this work.

greater than 90% probability. Two sources with notably large
Yetr values are that of GW231028_153006 with yegr = 0.447035
and that of GW231118_005626 with Yo = 0.377010.
GW231123_135430 is inferred to have large component spins
(A. G. Abac et al. 2025b) and has a 88% probability of y.¢ > O.
We find fewer candidates that probably have negative effective
inspiral spins, with only three sources having Y.; < O with
greater than 90% probability. Of these, GW231226_101520 is
remarkable. This candidate has the second largest SNR of those
in GWTC-4.0, with an SNR of 33.7%)1. Its source has ye =
—0.0970% and yerr < O with 93% probability. Another is the
NSBH candidate GW230529_181500 (A. G. Abac et al.
2024b), whose source has Y < 0 with 92% probability when
analyzed with our fiducial set of waveforms (A. G. Abac et al.
2026a).

Figure 5 shows the X, posterior probability distribution
compared to the prior distribution after conditioning on the g
measurement (B. P. Abbott et al. 2019a), for a selection of
candidates. These distributions would be the same if no
information about the in-plane spin components had been
extracted from the signal, and the selected candidates have the
greatest difference between the two distributions. For most of
the candidates, the ;, posteriors are broad and uninformative.

Figure 6 shows the posterior distribution of the source
component spin magnitudes x; and tilt angles 6; inferred for a
subset of the analyzed candidates. These are the candidates
highlighted in Figure 5 (whose ,, posteriors show the greatest
deviation from their conditioned priors) or candidates that
display systematic differences between inferences made with
different waveform models (Section 3.6). We exclude excep-
tional candidates whose spin magnitudes and tilt angles have
been reported elsewhere (A. G. Abac et al. 2025b, 2026¢), and
we additionally show the results for the high-SNR candidate
GW231226_101520. 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 g iS
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
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out spins either relatively aligned or antialigned with the
orbital angular momentum (B. P. Abbott et al. 2017d).

Of the sources analyzed from O4a, GW231123_135430 is
inferred to have the highest primary spin magnitude, x;
=0.9075% (A. G. Abac et al. 2025b). Two other systems that
are inferred to have high primary spins are the sources of
GW230928_215827 and GW231028_153006, for which x;,
> 0.8 with 44% and 47% probabilities, respectively.

The final spin x; of the remnant BH following coalescence
has contributions from the orbital angular momentum at
merger and the spin angular momenta of the binary
components. It is determined for our BBH candidates from
the inferred component masses and spins, using fits to
numerical relativity simulations (A. G. Abac et al. 2026a).
The candidates with xy > 0.75 at 90% probability are
GW231028_153006 and GW231118_005626.

3.3. Tidal Effects

Binary systems with at least one NS component display
modifications to their gravitational waveform due to the
presence of matter in the system. During the inspiral, tidal
deformations of the NS constituents are imprinted on the
waveform (E. E. Flanagan & T. Hinderer 2008; F. Pannarale
et al. 2011; J. Vines et al. 2011). Tidal effects are quantified by
the tidal deformability parameter of each component A;, which
are larger for stiffer NS equations of state and smaller for
softer ones. Matter effects also modify the final merger and
postmerger phases of the GW signal at relatively high
frequencies (e.g., B. P. Abbott et al. 2017e, 2019d). For
example, the GW emission from these phases may be
truncated in NSBH systems if the NS is tidally disrupted
before merger (K. Kyutoku et al. 2021). At the sensitive
frequencies of current detectors, tidal effects are the dominant
source of information about matter effects in GW signals.

For the new candidates detected in O4a, only two sources have
component masses consistent with one of the two components
being an NS, GW230518_125908 and GW230529_181500 (see
Section 3.1.2). We have analyzed the GW signal from
GW230518_125908 with three waveform models that include
tidal effects, and in all cases, the data do not constrain A,, as
expected, given the signal’s SNR and our mass inferences.
Similarly, when analyzing GW230529_181500 with NSBH
waveform models, the data do not constrain the tidal deform-
ability A, of the NS (A. G. Abac et al. 2024b).

3.4. Localization

As GW detectors continue to improve their sensitivity, we are
able to observe GW sources from a greater range of cosmic
distances. The closest source observed in O4a is probably that
of the NSBH candidate GW230529_181500, inferred to be at a
luminosity distance D; = 0.207019 Gpc. The more massive
NSBH source of GW230518_125908 was also inferred to be
nearby, and probably closer than any BBH candidate (D; =
0.247513 Gpe).

During O4a, a number of relatively nearby BBH signals
were also observed. The source that is probably the closest of
these is also the source of the highest-SNR GW candidate
detected through O4a, GW230814_230901 (A. G. Abac et al.
2026¢), with D, = 0.287317 Gpc. However, GW230627_
015337 (D, = 0.31799% Gpc), which has a large network SNR

of 28.5 and is also the lightest BBH with M = 14.1970:7 M,
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Figure 6. Posterior probability distributions for the dimensionless component spins x; = ¢S;/ (Gmlz) and x» = ¢S,/ (Gm%) (with §; and S, the spin vectors of the
components) relative to the orbital plane, marginalized over azimuthal angles, for candidates GW230518_125908, GW230624_113103, GW230627_015337,
GW230712_090405, GW231028_153006, GW231114_043211, GW231118_005626, GW231118_090602, and GW231226_101520. In these plots, the histogram
bins are constructed linearly in spin magnitude and the cosine of the tilt angles, such that they contain equal prior probability.

may be closer; both events have considerable overlap between
the credible ranges of their luminosity distances.

The farthest source of the candidates analyzed is probably for
GW230704_212616, which is inferred to lie at D, = 7.2751
Gpc. As there are several candidates with sources at similar
distances, GW230704_212616 has only a 22% probability of
having the most distant source. The next most probable to have
the most distant source is GW231119_075248 at D, = 6.7°33
Gpc, with a 15% probability of being the most distant candidate.
These distant candidates are at comparable, but probably larger,
luminosity distances than the farthest sources detected in the
third observing run (O3) with FAR < 1 yr !, for example,
GW190805_211137 with D, 6.1737 Gpc (R. Abbott
et al. 2024).

27

The inferred sky location of each candidate depends
largely on the number of observing GW detectors at the time
of the detection (B. F. Schutz 1986; S. Fairhurst 2009, 2011;
S. Nissanke et al. 2011, 2013; J. Veitch et al. 2012; K. Grover
et al. 2014; M. M. Kasliwal & S. Nissanke 2014; L. P. Singer
et al. 2014; C. P. L. Berry et al. 2015; B. P. Abbott et al.
2020a). During O4a, only the two LIGO detectors were
operating with significant sensitivity to CBC signals. As a
result, even the best localized new candidates in GWTC-4.0
have greater uncertainties in their sky location than many
candidates detected previously with a network that included
the Virgo detector (B. P. Abbott et al. 2019a, 2019d, 2021b,
2023a, 2024). While the NSBH candidate GW230529_181500
is inferred to be nearby, it was only detected in the Livingston
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Figure 7. The marginal probability distributions for the (source-frame) total mass M, mass ratio ¢, effective inspiral spin x.¢; and effective precession spin x;, for

five O4a candidates that show significant waveform systematics.

detector, and as such, it is poorly localized in the sky
(A. G. Abac et al. 2024b). Meanwhile, GW230518_125908
was observed with both LIGO detectors, and it is constrained
to a sky area of 490 deg® (90% credible level). The best
localized candidate in terms of sky area is the lowest-mass
BBH candidate GW230627_015337, which is inferred to lie in
a region of sky of 110 deg® (90% credible level).

The highest-SNR candidate GW230814_230901 was
detected in only the Livingston detector. In common with
other candidates identified in only a single observatory, it is
only weakly localized by the antenna pattern of the detector.
This is true also of the NSBH candidate GW230529_181500
despite it being inferred to be nearby.

The three-dimensional volume localization of each candidate
depends on both its inferred distance and sky localization
(L. P. Singer et al. 2016; W. Del Pozzo et al. 2018). Broadly
speaking, nearby candidates have the best volume localization,
provided they are observed in multiple detectors. The NSBH
candidate GW230518_125908 is well localized as compared to
the other candidates in O4a, to a volume 0.0019 Gpc3 (90%
credible level). The candidate with the best three-dimensional
localization from O4a is GW230627_015337, which has a 90%
credible volume of 0.00062 Gpc®. The next best localized BBH is
probably the second-highest-SNR candidate GW231226_101520,
which has an SNR of 33.7 and is constrained to a comparatively
much larger 90% credible volume of 0. 056 Gpc®.
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3.5. Multimodality

As with some of the candidates reported in GWTC-3.0
(R. Abbott et al. 2023a), a few of our candidates display
multimodal posteriors. Multimodality can be an indication that
the inferred parameters of a candidate lie in a region where our
waveform models have a complex structure and where subtle
changes in modeling may be important. This is especially true
when models incorporate higher-order multipole moments
(A. H. Nitz et al. 2021; H. S. Chia et al. 2022; H. Estellés
et al. 2022b; A. K. Mehta et al. 2022) or precession (B. P. Abbott
et al. 2019d, 2020d). Multiple modes can also arise from noise
fluctuations in low-SNR signals (Y. Huang et al. 2018) due to the
presence of glitches (J. Powell 2018; K. Chatziioannou et al.
2021; G. Ashton et al. 2022; S. Soni et al. 2025), or through the
overlap of multiple signals (P. Relton & V. Raymond 2021),
although this final possibility is unlikely at current sensitivities.
As a result, multimodality is expected in at least some cases. In
addition, if the inferences drawn using different waveform
models display significant systematic differences for a given
candidate, multimodality can be produced upon combining
samples across each model for our final inferences.

Most mass posterior distributions are unimodal, as shown in
Figure 2. Candidates that display multiple modes in the
distributions of their inferred source masses are GW230712_
090405, GW230723_101834, and GW231118_090602. The
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Table 4
Median and 90% Symmetric Confidence Intervals (ClIs) for Selected Source Properties as Inferred by Different Waveform Models
Candidate Model M q Xeff Xp Dy
M) (Gpe)
GW230624_113103 MIXED 18.0732 0.59+93 0.17+0% 0.3910%2 194403
IMRPHENOMXPHM_SPINTAYLOR 17.7%33 0.63+932 0.1593 0.3470%3 2,012
SEOBNRvV5PHM 18.4733 0.55+937 0.2493 0.4410%0 19443
GW231028_153006 MIXED 63713 0.637032 0.4410:18 0.52939 4171
IMRPHENOMXPHM_SPINTAYLOR 643713 0.7179% 0.5%1 0.4910% 45732
SEOBNRvV5PHM 63.51134 0.57%93% 0.5%91 0.537028 40413
NRSUR7DQ4 59.8+3%0 0.53+042 0.4193 0.50+922 4171
IMRPHENOMXO4A 62113 0.61193 04703 0.547932 4.041¢
GW231118_005626 MIXED 12.671¢ 0.55%03] 0.37+319 0.44793% 2197983
IMRPHENOMXPHM_SPINTAYLOR 127414 0.50+937 0.4791 0.48+93! 2149
SEOBNRv5PHM 12.5116 0.582033 04791 0.407936 23408
IMRPHENOMXO04A 12.671¢ 0.567933 0.440 0.45031 22593
GW231118_090602 MIXED 8.37+018 0.567038 0.0819:3¢ 0.36°0% 1354038
IMRPHENOMXPHM_SPINTAYLOR 8.3770:1 0.5179%2 0.1594 0.35+042 14403
SEOBNRV5PHM 8.3870:1 0.607334 0.07924 0.381943 13598
GW231123_135430 MIXED 101733 0.7479%2 031793 0.72+318 22129
IMRPHENOMXPHM_SPINTAYLOR 100*13 0.61°013 0.01:947 0.75794% 0.89793%
SEOBNRvSPHM 105413 0.82101 04703 0.6410% 224148
NRSUR7DQ4 10319 0.857¢13 0303 0.72+933 1.8718
IMRPHENOMXO4A 75%13 0.3919%7 0.3193 0.827914 3.503

Note. Values are given for a subset of the GW event candidates from O4a with FAR < 1 yr~" that show significant waveform systematics. The columns show chirp
mass M, mass ratio g, effective inspiral spin x.g, effective precession spin X, and luminosity distance Dy . The MIXED row gives our fiducial estimates, derived
from combining samples from all available models equally (A. G. Abac et al. 2026a). For the exceptional event GW231123_135430, we include samples from an
additional model IMRPHENOMTPHM (H. Estellés et al. 2022a) in the MIXED samples (A. G. Abac et al. 2025b). We also evolve the spin quantities for all
waveforms in GW231123_135430 to a large binary separation (A. G. Abac et al. 2026a).

sources of GW230712_090405 and GW230723_101834 are
inferred to have bimodal chirp masses. Since the uncertainty in
redshift tends to broaden our mass inferences in the source
frame, the bimodalities for these two candidates are
more easily seen in the redshifted chirp mass (1 + z) M
posteriors. Additionally, GW231118_090602, a system with
M = 837518 M., shows multimodality in ms.

Multimodality in posterior distributions for mass parameters
often correlates with multiple modes in other parameters,
especially the spin quantities, Xi and xp. This is true of
GW230723_101834, whose multiple modes are prominently
seen in the two-dimensional marginalized distribution of the
detector-frame chirp mass (1 4 z)M and effective inspiral spin
Xefr- Similarly, for GW231118_090602, the mode at smaller m,
values correlates with a mode of higher . values.

The degree of multimodality can depend on the wave-
form model. For example, the bimodality in (1 + z)Mfor
GW230712_090405 is present for all models, but for
IMRPHENOMXO4A, the multimodality in this parameter is
more prominent, with additional modes present. For
GW231118_090602, m, is unimodal when analyzed using
SEOBNRV5PHM and bimodal when using IMRPHE-
NOMXPHM_SPINTAYLOR. The two high-mass candidates
GW231028_153006 and GW231123_135430 display both
multimodal mass inferences for some waveform models and
systematic differences between models that generate further
multimodality upon combining samples. More detailed
discussion of this multimodality for GW231123_135430 may
be found in A. G. Abac et al. (2025b).

The candidate GW231001_140220 displayed bimodal
posteriors for M in our preliminary analysis using the default
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lower-frequency cutoff (20 Hz) for our likelihood integration
and the IMRPHENOMXPHM_SPINTAYLOR waveform model.
While our initial data-quality checks did not indicate a glitch
coincident with this candidate, i.e., a glitch with support in
time and frequency overlapping the candidate signal, further
parameter-estimation analysis using data from individual
detectors indicated possible non-Gaussian noise in the
Livingston detector at the time of the detection. When
analyzed with a lower-frequency cutoff of fi,,, = 40 Hz in
the likelihood integral for the Livingston data, we obtain
unimodal posteriors while losing only a small amount of the
total SNR for this candidate. We present our parameter
inferences for this candidate using this narrower frequency
range.

3.6. Waveform Systematics and Consistency

The results presented in this Letter are the combined
samples from a number of parameter-estimation analyses that
use different waveform models (A. G. Abac et al. 2026a). The
combined samples include results obtained with IMRPHE-
NOMXPHM_SPINTAYLOR and SEOBNRVSPHM for all
candidates. Additionally, for candidates with source properties
within the model’s calibration region, we also include results
obtained with NRSUR7DQ4, and where analyses were
conducted using the IMRPHENOMXO4A model for an
event, these are also shown. For the high-mass candidate
GW231123_135430, we additionally use the time-domain
phenomenological model IMRPHENOMTPHM (H. Estellés
et al. 2022a), and samples are combined across the five models
(A. G. Abac et al. 2025b). Here we focus on systematic
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The On-source and the Median Off-source Overlap (with 90% Confidence Intervals) Values and p-values for Three Minimally Modeled Waveform Reconstruction
Methods on a Selection of Candidates

Candidate BAYESWAVE cWB-2G CWB-BBH
On-source Off-source p-value On-source Off-source p-value On-source Off-source p-value

GW230601_224134 0.85 0.89759¢ 0.34 0.91 0.91:0% 0.43 0.93 0.917003 0.83
GW230606_004305 0.91 0.78+3:48 0.97 0.92 0.85700% 0.99 0.94 0.86709% 0.99
GW230608_205047 0.80 0.8370% 0.39 0.89 0.8610% 0.73 0.91 0.8679% 091
GW230609_064958 0.75 0.71504% 0.60 0.79 0.827°9%7 0.28 0.92 0.8470%7 0.99
GW230628_231200 0.93 0.8973% 0.84 0.92 0907993 0.79 0.92 0.9175% 0.64
GW230702_185453 0.60 0.64702 0.40 0.82 0.78+3:9% 0.73 0.88 0.8175% 0.90
GW230707_124047 0.88 0.85+0:9% 0.67 0.90 0.88%993 0.69 091 0.89°9% 0.72
GW230708_230935 0.80 0.78+343 0.56 0.89 0.8673% 0.80 0.93 0.87+3% 0.95
GW230814_061920 0.77 0.8204 0.26 0.85 0.88+0:9¢ 0.31 0.87 0.89°9% 0.30
GW230824_033047 0.89 0.84709% 0.74 0.91 0.88+0:9¢ 0.71 0.96 0.8979% 1.00
GW230914_111401 0.95 0.9370%3 0.85 0.92 0.9370:92 0.29 0.95 0.943002 0.76
GW230920_071124 0.83 0.76+344 0.65 0.80 0.8079% 0.48 0.84 0.83+391 0.58
GW230922_020344 0.79 0.86799% 0.22 0.73 0.80°3% 0.16 0.84 0.8470%3 0.52
GW230922_040658 0.87 0.8910% 0.41 0.92 0.9175008 0.75 0.94 0.9279% 0.74
GW230924_124453 0.84 0.8170% 0.67 0.86 0.8409% 0.71 0.87 0.86:0% 0.55
GW230927_043729 0.83 0.7934 0.72 0.88 0.83+39 0.89 0.90 0.85799% 0.88
GW231028_153006 0.99 0.97+9%2 0.99 0.97 0.96199) 0.74 0.97 0.97:391 0.42
GW231102_071736 0.91 0.923% 0.43 0.95 0.93+9:93 0.88 0.96 0.943092 0.97
GW231123_135430 0.97 0.96°3:92 0.74 0.96 0.96°39) 0.57 0.98 0.96°33) 0.92
GW231206_233134 0.89 0.87097 0.69 0.84 0.86799% 0.36 0.88 0.88700 0.48
GW231206_233901 0.96 0.95%0:02 0.63 0.94 0931002 0.76 0.96 0.957003 0.78
GW231213_111417 0.84 0.74708 0.82 0.85 0.8370%7 0.66 0.90 0.85159% 0.89
GW231226_101520 0.99 0.98+0:01 0.88 0.96 0.97+3:0! 0.19 0.97 0.97+33! 0.34

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.

differences among the two to four fiducial models used to
analyze the bulk of our BBH candidates.

We find that for almost all the signals analyzed here, the
differences between results obtained using different models are
small compared to their statistical uncertainties. As for
previous observations, differences are typically small and
most noticeable for parameters like the spins (B. P. Abbott
et al. 2016d, 2019a, 2019d, 2021b). For candidates that show
significant differences between waveform models, potentially
due to systematic uncertainties from waveform modeling, we
plot a selection of the posteriors for all models in Figure 7.
Additionally, in Table 4, we show the median and 90%
credible intervals for these source parameters as inferred by
each waveform model used in our analysis, along with our
fiducial inferences from combining the samples across models
(A. G. Abac et al. 2026a). The candidates we identified with
significant systematics between waveform models are the
following:

1. GW230624_113103, a BBH candidate, whose source has
a total mass M = 43.87 %! M. The inferred values of its
mass ratio ¢ show visible differences between IMRPHE-
NOMXPHM_SPINTAYLOR and SEOBNRV5PHM results,
with SEOB-NRvV5PHM favoring more asymmetric
masses. This results in systematic differences in the
inferred component masses. These differences are corre-
lated with our knowledge of the spin parameters of the
source, and we favor larger values of both X and X,
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when analyzing this candidate with SEOBNRV5PHM as
compared to IMRPHENOMXPHM_SPINTAYLOR.

. GW231028_153006, which displays significant systema-

tic variations in its source mass and spin inferences
across waveform models. For this candidate, no data-
quality issues requiring mitigation were identified. We
apply all four of our BBH waveform models in our
inferences for GW231028 153006, and none of the
models show close agreement with each other across
component masses. Systematic differences in our
inferences of X.g are also visible, and a subdominant,
second mode at high x,, values is visible in the samples
drawn with IMRPHENOMXO04A. These systematic differ-
ences broaden our uncertainties in our overall combined
results for this candidate, but it is clear that its source is
massive, with M = 152420 M., and m, = 95733 M., . The
source of this candidate probably has a large y.¢r and has
support for a large primary spin x;.

. GW231118_005626, a BBH candidate, whose source has

M = 309732 M. and credibly unequal masses q =
0.5537. The source has a large and well-measured
effective inspiral spin, e = 0.371%. For this candidate,
the inferences drawn with SEOBNRV5PHM and
IMRPHENOMXO04A are in good agreement but display
some differences with those drawn using the IMRPHE-
NOMXPHM_SPINTAYLOR model. The total mass and
chirp mass posteriors display a heavier tail toward larger
values for IMRPHENOMXPHM_SPINTAYLOR. More
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Figure 8. A comparison of the overlap between the on-source and off-source (with 90% confidence intervals) reconstructions for three different minimally modeled
pipelines, BAYESWAVE, CWB-2G, and CWB-BBH for candidates that had data from both interferometers and where the NRSUR7DQ4 waveform was used in
parameter estimation, the network SNR was greater than 10, and the redshifted chirp mass (1 + z) M > 15M.,. The gray line denotes equal overlap between the on-
and off-source reconstructions, indicating that there is no significant difference between the two.

apparent are the differences in the x; and ;, posteriors,
which for IMRPHENOMXPHM_SPINTAYLOR extend
toward higher values than those obtained with the other
two models.

4. GW231118_090602, whose source is a relatively low-
mass BBH with M = 20.73%’2 M., and mass ratio
g = 0.5670:33. This candidate displays multimodal source
mass and spin posteriors, as discussed in Section 3.5.
This multimodality is present only in the posterior
samples drawn using the IMRPHENOMXPHM_SPIN-
TAYLOR model, which includes a distinct high-like-
lihood mode at g ~ 0.15, which correlates with larger
values of e ~ 0.4. This mode at asymmetric masses
also correlates with systematically larger x, values
than the broader mode at more equal masses, which
has 0.3 < ¢ < 1. Meanwhile the samples drawn using
SEOBNRV5PHM are unimodal in masses and spins and
largely agree with the higher-g mode from IMRPHE-
NOMXPHM_SPINTAYLOR, although they favor a larger
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median Y, than the IMRPHENOMXPHM_SPINTAYLOR
results.

5. GW231123_135430 displays significant systematic dif-
ferences in its inferred source mass and spins, depending
on the waveform model (A. G. Abac et al. 2025b).

One possible source of systematic differences in our
inferences 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 estimate the overlap between the modeled reconstructions of
our GW signals and the minimally modeled waveform
reconstructions (A. G. Abac et al. 2026a). We test for missing
signal content by selecting a subset of our O4a GW candidates
and comparing their source inferences generated with the
NRSUR7DQ4 waveform (V. Varma et al. 2019) to reconstruc-
tions made with minimal assumptions about the waveform
morphology. We select 23 candidates using criteria to optimize
performance of the minimally modeled reconstruction methods
(A. G. Abac et al. 2026a).
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To assess the statistical significance of the overlap between
these reconstructions, we perform systematic injection studies
(B. P. Abbott et al. 2019a; F. Salemi et al. 2019; S. Ghonge
et al. 2020; R. Abbott et al. 2021b; N. K. Johnson-McDaniel
et al. 2022).

We inject simulated signals with parameters drawn from the
inferred posterior distributions  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 greater than or equal to the on-source overlap.

We use three methods for reconstructing the signals with
minimal assumptions about their morphology: BAYESWAVE
(N. J. Cornish & T. B. Littenberg 2015; T. B. Littenberg &
N. J. Cornish 2015; N. J. Cornish et al. 2021; T. Gupta &
N. J. Cornish 2024) and CWB-2G (S. Klimenko et al. 2016;
M. Drago et al. 2021), which are designed for generic GW
transients, and CWB-BBH (S. Klimenko 2022), which is
optimized specifically for CBC signals. The results, summar-
ized in Table 5 and shown in Figure 8, show no significant
deviations between the on-source and off-source reconstruc-
tions across all three methods. However, as noted in
A. G. Abac et al. (2026a), all three pipelines show some level
of bias in their respective tests to assess the p-values.

Taken together, these studies show that while a few of the
new candidates added to GWTC-4.0 show noticeable systema-
tic uncertainties in our inferences of their source properties,
there is as yet no strong evidence for missing signal content in
our models.

4. Conclusion

We present GWTC-4.0, which contains 218 CBC events
with p.swo = 0.5 and which we find unlikely to be of
instrumental origin after further event validation. Analyzing
data from Od4a, this version of the catalog adds 128 GW
candidates consistent with BBHs and NSBHs to the cumula-
tive catalog of events, more than doubling the census of CBCs
passing these criteria from the first three observing runs
(R. Abbott et al. 2023a). For high-significance candidates with
FARs < 1 yr~', we also estimate their source properties. These
include GW230518_125908, a new NSBH signal observed
during the engineering run preceding O4a with detailed
analysis presented for the first time in this catalog;
GW230529_181500, which most likely originates from an
NSBH binary with a primary mass < 5M,, (A. G. Abac et al.
2024b); GW230814_061920, the highest-SNR event observed
so far (A. G. Abac et al. 2026c¢); and GW231123_135430, the
most massive BBH in the catalog (A. G. Abac et al. 2025b)
with an FAR < 1 yr ",

Additional results related to candidates in the catalog are
interpreted in other papers of the The LIGO-Virgo-KAGRA
Gravitational Wave Transient Catalog (GWTC): Release 4
focus issue. This includes inferring the mass and spin

332 These results were generated prior to a correction to the likelihood used
for inference (A. G. Abac et al. 2026a, Section 5.10), using the posterior
distributions published in version 1 of this work’s data release (LIGO
Scientific Collaboration et al. 2025b). We recomputed overlaps and p-values
for a subset of events using the corrected posteriors and found no significant
changes; the differences in the posteriors are small enough that they do not
affect the conclusions of this analysis.
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distributions of the CBCs we have observed (A. G. Abac
et al. 2026d), testing general relativity in the strong-field
regime (A. G. Abac et al. 2026f, 2026g, 2026h), providing
independent measures of local cosmology (A. G. Abac et al.
2026e), and searching for gravitationally lensed counterparts
to our candidates (A. G. Abac et al. 20261i).

The data products associated with the results described here,
as well as a complete list of all candidates with FARs < 2
day ' and the underlying strain data, are publicly available
through GWOSC and are described in detail in A. G. Abac
et al. (2026b). Past releases of the public strain data have led to
additional GW candidates (R. Magee et al. 2019; A. H. Nitz
et al. 2019, 2020a, 2021, 2023; T. Venumadhav et al.
2019, 2020; B. Zackay et al. 2019, 2021; S. Olsen et al.
2022; P. Kumar & T. Dent 2024; A. E. Koloniari et al. 2025;
T. Mishra et al. 2025), and the data products have enabled
myriad studies probing the nature of individual detections,
population properties, and other astrophysical inferences.

On 2024 January 16, the LIGO interferometers paused
operations to begin a commissioning break to further improve
sensitivity. The second part of the fourth observing run (O4b)
began on 2024 April 10 during which the LIGO detectors were
joined by the Virgo detector (F. Acernese et al. 2015). Then,
on 2025 January 28 the third part of the fourth observing run
(OA4c) started. On 2025 June 11, during this observing run, the
KAGRA detector (T. Akutsu et al. 2019) also rejoined the
network. Increasing the number of detectors will greatly
improve the ability of the network to infer source localizations
and also provide a higher rate of detections; analysis of this
data will be presented in a future version of the GWTC
releases.

In the coming years, the LVK network will undergo
additional upgrades to further improve its sensitivity and
uncover hitherto hidden parts of the gravitational universe
(B. P. Abbott et al. 2020a). Future GW transients could include
novel CBC sources, such as subsolar-mass compact binaries
(B. P. Abbott et al. 2018, 2019e, 2022a, 2023c; A. H. Nitz &
Y. F. Wang 2021a, 2021b) or other exotica but also new
classes of GW transients such as supernovae (R. Abbott et al.
2021c), cosmic strings (R. Abbott et al. 2021d), and bursts of
unknown origin (R. Abbott et al. 2021g; A. G. Abac et al.
2025c). We additionally anticipate long-lived GW signals
from rapidly rotating NSs (R. Abbott et al. 2022b; A. G. Abac
et al. 2025c) and the stochastic background (R. Abbott et al.
2021e, 2021f) of the Universe. As the detectors improve in
sensitivity, we therefore expect to deepen our understanding of
the Universe.
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that the search sensitivity estimates are also publicly available maximum p,go > 0.5 and minimum FARs > 1 yr~' across
(LIGO-Virgo-KAGRA Collaboration 2025f, 2025g). pipelines. We only show systems where pnsgn + Psns
> 0.001; the remaining marginal candidates are consistent

) with BBHs. GSTLAL estimates the relative probabilities of

”Appendlx A different astrophysical source types using the component

Additional Search Results masses of the matching template and SNR of the signal

We present the individual-detector SNRs for all candidates (A. Ray et al. 2023); MBTA uses the chirp mass and mass ratio
with FAR < 1 yr’l in Table 6, extending the information of the identifying template (N. Andres et al. 2022), and

provided in Table 1 and offering additional context on the PYCBC only uses the chirp mass, along with an estimate of
search pipeline responses to the signals observed in data from the source luminosity distance (T. Dal Canton et al. 2021;
individual detectors. V. Villa-Ortega et al. 2022). Neglecting mass ratio information

In Table 7, we provide the calculated probabilities that a can systematically impact the source categorization (V. Villa-
candidate comes from a BBH (pggpn), an NSBH (pnsgr), Or a -Ortega et al. 2022). The full details of the p,q, calculations

BNS (pgns) for all new candidates in GWTC-4.0 with the are described in A. G. Abac et al. (2026a).

Table 6
Individual-detector SNRs for All Candidates with FAR < 1 yr*

Candidate CWB-BBH GSTLAL MBTA PyCBC

H L H L H L H L
GW230518_125908 10.0 9.3 10.6 9.4 10.2 9.0
GW230529_181500 11.8 11.4 11.7
GW230601_224134 9.3 9.6 8.6 8.2 8.4 9.1 8.7 8.5
GW230605_065343 4.4 6.1 6.8 8.3 6.7 8.8 7.2 8.8
GW230606_004305 9.1 6.3 9.4 5.4 9.3 5.7 9.4 5.2
GW230608_205047 8.1 5.8 8.2 6.2 8.3 5.9
GW230609_064958 6.9 8.1 5.6 8.2 5.7 87 5.7 7.7
GW230624_113103 8.5 7.6 7.8 6.3 8.1 6.4 8.1 6.1
GW230627_015337 214 17.7 22.1 17.8 21.7 18.3 22.0 18.4
GW230628_231200 12.3 10.8 12.2 9.3 12.5 9.8 12.8 9.4
GW230630_070659 4.4 8.7
GW230630_125806 6.1 6.7 54 6.0 5.0 6.5 5.2 6.2
GW230630_234532 7.3 6.4 7.4 6.7 7.2 6.6
GW230702_185453 7.1 7.3 6.2 7.6 5.9 7.9 5.6 7.3
GW230704_021211 5.0 79 5.0 7.8 5.1 7.6
GW230704_212616 5.6 6.2 4.5 7.0 4.6 7.3
GW230706_104333 5.7 7.3 5.9 6.6
GW230707_124047 8.4 8.4 5.7 8.4 5.7 8.6 6.2 8.4
GW230708_053705 6.7 54 7.1 5.3 7.1 5.4
GW230708_230935 8.1 5.9 7.6 5.9 7.6 6.0 7.4 5.8
GW230709_122727 72 72 6.9 7.1 7.3 7.0 6.8 7.3
GW230712_090405 5.8 7.5 4.0 7.2 ax ax 4.5 6.9
GW230723_101834 7.4 6.6 7.4 6.7 7.6 6.6
GW230726_002940 10.5 10.0
GW230729_082317 7.0 6.4 7.0 6.3
GW230731_215307 8.5 8.8 8.0 8.9 8.0 8.8
GW230803_033412 7.1 6.0 5.8 55 6.6 5.6 6.1 5.5
GW230805_034249 6.3 7.2 6.1 7.0 6.3 7.0 6.1 7.1
GW230806_204041 7.0 6.3 73 5.4 72 6.0 6.9 5.9
GW230811_032116 9.0 10.2 6.7 11.0 6.8 11.4 6.4 10.6
GW230814_061920 8.8 7.0 8.1 6.2 79 6.2 7.1 6.4
GW230814_230901 423 43.0
GW230819_171910 73 6.7 7.1 5.6 6.9 5.7
GW230820_212515 5.9 52 7.5 5.1 7.6 5.3 7.4 5.1
GW230824_033047 7.8 7.8 6.8 8.0 6.9 8.1 6.6 8.4
GW230825_041334 6.3 6.2 7.0 5.1 6.8 5.1 6.9 52
GW230831_015414 5.6 54 6.9 5.2 6.7 54 6.5 5.4
GW230904_051013 6.8 8.0 6.1 8.5 6.2 8.1
GW230911_195324 10.7 11.1
GW230914_111401 10.7 13.4 10.2 12.2 10.5 12.9 10.3 12.2
GW230919_215712 12.6 11.2 11.9 11.1 11.4 11.4 11.5 11.8
GW230920_071124 8.0 7.7 7.1 7.2 7.2 7.2 6.9 6.6
GW230922_020344 8.9 9.9 6.6 10.4 6.6 10.3 6.5 10.0
GW230922_040658 8.8 8.8 7.6 8.7 7.6 8.7 8.1 8.3
GW230924_124453 8.6 10.3 9.9 8.8 9.7 9.1 9.7 8.8
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Table 6
(Continued)

Candidate CWB-BBH GSTLAL MBTA PyCBC

H L H L H L H L
GW230927_043729 9.1 7.9 8.9 7.0 8.8 6.8 8.7 6.9
GW230927_153832 13.5 15.1 11.8 16.0 12.1 16.2 11.6 15.8
GW230928_215827 7.8 7.1 6.7 6.7 6.9 6.3 6.7 6.8
GW230930_110730 6.4 6.2 5.9 6.1 6.0 6.1 6.1 5.7
GW231001_140220 8.6 7.6 7.2 74 7.6 74 7.2 6.7
GW231004_232346 52 7.3 4.0 6.8 7.0
GW231005_021030 7.1 7.6 6.2 6.9 6.6 7.2 6.6 7.3
GW231005_091549 8.2 7.4 6.3 6.2 6.1 6.1 6.2 59
GW231008_142521 = = 6.7 6.5 6.2 6.6 6.1 6.2
GW231014_040532 55 6.6 5.9 6.8 6.1 6.2 6.2 6.1
GW231018_233037 54 6.8 5.3 74 5.0 7.0
GW231020_142947 9.9 6.5 10.2 6.3 9.9 6.5
GW231028_153006 14.1 17.4 12.0 17.2 12.5 18.0 11.8 18.4
GW231029_111508 10.8
GW231102_071736 11.0 11.1 9.8 9.7 10.3 10.6 8.8 10.1
GW231104_133418 7.7 8.3 7.8 8.4 8.0 8.7
GW231108_125142 8.1 9.7 8.1 9.7 8.4 9.3 8.0 9.3
GW231110_040320 6.7 9.2 6.8 9.3 6.7 8.9
GW231113_122623 5.6 6.2 54 6.6 5.6 6.5
GW231113_200417 8.1 6.3 8.0 6.2 8.3 6.5
GW231114_043211 74 6.7 74 6.5 7.6 6.0
GW231118_005626 7.5 7.2 7.7 74 74 74
GW231118_071402 6.0 7.0 7.1 5.9 6.8 6.2 6.9 6.1
GW231118_090602 7.8 7.4 7.8 7.8 7.7 7.6
GW231119_075248 54 57 54 6.0 5.3 6.0 52 6.5
GW231123_135430 13.3 17.2 13.1 15.2 10.9 15.5 12.2 15.8
GW231127_165300 7.2 6.9 8.0 5.6 7.9 54 7.9 54
GW231129_081745 7.0 6.3 6.7 5.1 6.6 5.2 6.8 5.2
GW231206_233134 9.1 9.0 7.0 9.6 6.6 9.7 6.9 9.2
GW231206_233901 12.2 18.2 12.1 16.9 11.8 17.8 11.7 17.5
GW231213_111417 6.6 7.5 6.3 8.0 6.5 8.1 6.3 7.9
GW231221_135041 7.8 6.2 7.1 4.5 6.4 4.9 7.1 4.4
GW231223_032836 7.2 7.3 6.5 6.8 6.5 6.4 6.5 6.2
GW231223_075055 e e 7.0 6.2 7.0 6.2 7.2 6.1
GW231223_202619 10.0 10.0
GW231224_024321 8.1 10.2 8.6 11.0 8.4 10.3
GW231226_101520 26.9 21.9 26.2 22.0 26.4 20.8 26.3 20.3
GW231230_170116 6.3 5.3 6.4 4.7
GW231231_154016 13.4 13.4
GW240104_164932 14.8 12.2
GW240107_013215 7.8 53 7.1 5.6 8.0 53 74 53
GW240109_050431 10.4 10.0

Note. LIGO Hanford and LIGO Livingston are denoted by H and L, respectively. Entries in italics indicate candidates that were recovered with an FAR > 1 yr ' by
a given analysis. Dashes (-) indicate that a candidate was not found by an analysis.
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Table 7
Multicomponent p,gy, for All Candidates with FAR > 1 yr’l, Pastro > 0.5, and pgns + pnssu > 0.001

Candidate CWB-BBH GstLAL MBTA PyCBC

Pastro PBBH PNSBH PBNS Pastro PBBH PNSBH PBNS Pastro PBBH PNSBH PBNS Pastro
GW230729_082317 0.95 <0.01 <0.01 0.95 e S e 0.73 0.04 <0.01 0.77
GW230831_134621 0.11 <0.01 <0.01 0.11 0.34 <0.01 <0.01 0.34 0.69 0.12 <0.01 0.80
GW230902_172430 0.02 <0.01 <0.01 0.02 0.07 <0.01 <0.01 0.07 0.51 0.08 <0.01 0.59
GW230904_152545 - “e “e = 0.03 0.15 0.02 0.19 <0.01 0.72 0.02 0.74
GW230920_064709 <0.01 <0.01 <0.01 <0.01 0.03 <0.01 <0.01 0.03 0.16 0.65 <0.01 0.81
GW231013_135504 0.10 0.44 <0.01 0.54
GW231120_022103 0.53 <0.01 <0.01 0.53 0.45 <0.01 <0.01 0.45 0.63 0.27 <0.01 0.90
GW240105_151143 0.34 0.37 <0.01 0.70

Note. These candidates do not meet the criterion for source property estimation. Entries in italics indicate candidates that were recovered with an FAR > 1 yr ' 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.

Appendix B
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 A. G. Abac et al.
(2026a). For the candidates identified in O4a, we either
model and coherently subtract the glitch with the BAYES-
WAVE algorithm (N. J. Cornish & T. B. Littenberg 2015;
T. B. Littenberg & N. J. Cornish 2015; N. J. Cornish et al.
2021; S. Hourihane et al. 2022; A. G. Abac et al. 2026a), or
we integrate the parameter-estimation likelihood in a

narrower frequency band to exclude the effect of the glitch
by increasing the low-frequency cutoff fi,. For cases where
we applied BAYESWAVE, Table 8 shows input parameters
into 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 fun is the Nyquist frequency
multiplied by a roll-off factor as described in A. G. Abac
et al. (2026a).

Table 8
List of O4a Candidates with FAR < 1 yr', for Which Glitch Mitigation Was Performed

Candidate GPS Time Detector Time Window Frequency Range Flow

(s) (s) (Hz) (Hz)
GW230601_224134 H 20.93
GW230601_224134 L 20.93
GW230606_004305 1370047403.79 H [1.11, 1.31] [8.0, 512]
GW230702_185453 H 20
GW230707_124047 1372768865.35 H [-0.15, 0.1] [15.0, 30.0]
GW230708_053705 1372829843.12 H [—2.02, 0.98] [10.0, 50.0]
GW230709_122727 H 50
GW230729_082317 H 50
GW230731_215307 H 40
GW230803_033412 H 30
GW230806_204041 1375389659.94 H [1.8,2.0] [25.0, 65.0]
GW230819_171910 1376500768.45 L [-3.2, —2.8] [8.0, 512]
GW230814_061920 H 21.48
GW230814_061920 L 21.48
GW230814_230901 L 24
GW230824_033047 H 22.18
GW230824_033047 L 22.18
GW230831_015414 L 22
GW230911_195324 H 28.38
GW230920_071124 H 40
GW231001_140220 L 40
GW231014_040532 H 50
GW231018_233037 H 30
GW231020_142947 H 45
GW231102_071736 H 20.13
GW231102_071736 L 20.13
GW231113_122623 1383913601.88 L [0.01, 0.22] [70.0, 120.0]
GW231114_043211 1383971549.25 H [—-0.95, —0.6] [10.0, 30.0]
GW231118_005626 H 30
GW231118_071402 H 50
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Table 8
(Continued)

Candidate GPS Time Detector Time Window Frequency Range Flow

() () (Hz) (Hz)
GW231118_090602 1384333580.01 H [—4.81, —4.51] [15.0, 50.0]
GW231123_135430 1384782888.63 H [-1.7, —1.1] [15.0, 30.0]
GW231127_165300 H 50
GW231129_081745 1385281083.64 L [1.4, 1.8] [10.0, 170.0]
GW231129_081745 H 60
GW231206_233134 H 40
GW231206_233134 L 30
GW231221_135041 1387201859.32 H [0.3, 0.4] [200.0, 450.0]
GW231223_032836 1387337334.05 H [—0.55, —0.25] [10.0, 25.0]
GW231223_075055 % H e e 40
GW231223_075055 L 30
GW231223_202619 H 40
GW231224_024321 H 40
GW240107_013215 H 40

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

Appendix C
Spectrograms of Selected Events

Here we  provide time-frequency  spectrograms
(J. C. Brown 1991; S. Chatterji et al. 2004) for several
candidates of particular interest. GW230630_070659 is dis-
cussed in Section 2.1.2 and is presented in Table 1 with other
candidates identified by our searches with both p,y, > 0.5 and
FAR < 1 yr ', GW230824_135331 and GW240105_151143
are discussed in Sections 2.1.3 and 2.1.2, respectively, and
further information on them is in Table 2, together with other
candidates with p,y., = 0.5 but which do not meet the threshold
for detailed investigation of their source properties or event
validation.

The top panels of Figure 9 show the time—frequency
spectrograms for GW230630_070659, which has been deter-
mined to be likely of instrumental origin. This candidate was
found only by the GSTLAL matched-filter search pipeline. The
event-validation procedures discussed in Section 2.1.2 identi-
fied excess power from scattered light (D. J. Ottaway et al.
2012; S. Soni et al. 2025) in both detectors at the time of the
candidate.

The middle panels of Figure 9 show the time—frequency
spectrograms of GW230824_135331. This candidate was
recovered only by the minimally modeled CWB-BBH search
pipeline, with p.s .o = 0.58. It was not recovered, even as a
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subthreshold candidate with FAR < 2 dayfl and p,gro < 0.5,
by any matched-filter pipelines; it is the only candidate with
Paswo = 0.5 in this catalog with that distinction. The CWB-
BBH search pipeline has the potential to detect BBH
candidates impacted by physical effects neglected in the
matched-filter searches, such as precession and eccentricity
(e.g., A. G. Abac et al. 2024a; T. Mishra et al. 2025), in
addition to non-CBC transients. However, the computation of
Paswro assumes a prior CBC source population (A. G. Abac
et al. 2026a). These assumptions may not be valid if a source
arises from a population that our matched-filter CBC searches
are not sensitive to (R. Abbott et al. 2023a). Our event-
validation procedures were not applied to GW230824_135331,
since it has an FAR > 1 yr~'. However, the appearance of this
candidate in the time—frequency spectrograms is not clearly a
genuine CBC signal. The spectrograms also show the presence
of excess power in LHO at the time of the event.

The bottom panels of Figure 9 present the time—frequency
spectrograms of GW240105_151143, a high-SNR (>25)
candidate detected by only the PYCBC matched-filter search
pipeline. There are several regions with significant excess
power in LHO that are not consistent with a CBC signal and
could contribute to its identification by only one search
pipeline with a large SNR. Our event-validation procedures
were not applied to GW230824_135331, since it has an
FAR > 1 yrfl.
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Figure 9. Spectrograms for three candidates of interest. Top panels: spectrograms for GW230630_070659, a candidate identified by GSTLAL with FAR < 1 yr~'

but which event validation indicates is likely of instrumental origin. We do not carry out parameter estimation on this candidate. Middle panels: spectrograms for
GW230824_135331, a CWB-BBH candidate that is not identified as a candidate or subthreshold candidate by any matched-filter search. Excess power is visible in
LHO around the time of the candidate. Bottom panels: spectrograms for GW240105_151143, a candidate identified by only PYCBC. Significant excess power is
present in LHO at the time of the candidate.

ORCID iDs S. Alvarez-Lopez © https: //orcid.org/0009-0003-8040-4936
A. G. Abac © https: Jorcid.org/0000-0003-4786-2698 A. Amato © https: /orcid.org/0000-0001-9557-651X
K. Ackley ® hitps: J/orcid.org /0000-0002-8648-0767 F. Amicucci © https: //orcid.org/0009-0005-2139-4197
C. Adamcewicz © https: Jorcid.org/0000-0001-5525-6255 S. B. Anderson ® htps: //orcid.org/0000-0003-2219-9383
S. Adhlcary https//0rc1d0rg/0009—0004—2101—5428 W. G. Anderson https//0r01d0rg/0000-0003-0482—5942
N. Adhikari ® https: //orcid.org /0000-0002-4559-8427 M. Andia © https: /orcid.org/0000-0003-3675-9126
R. X. Adhikari ® https: //orcid.org/0000-0002-5731-5076 M. Andrés-Carcasona @ hitps: //orcid.org/0000-0002-
S. Afroz ® https: //orcid.org/0009-0004-4459-2981 8738-1672 ,
D. Agarwal © https: //orcid.org/0000-0002-8735-5554 T. Andri¢ ® hups: //orcid.org/0000-0002-9277-9773
M. Agathos @ https: //orcid.org/0000-0002-9072-1121 S. Ansoldi ® https: //orcid.org/0000-0002-5613-7693
O. D. Aguiar ® https: //orcid.org/0000-0002-2139-4390 J. M. Antelis © https: //orcid.org/0000-0003-3377-0813
L. Aiello @ https: /orcid.org/0000-0003-2771-8816 S. Antier ® https: //orcid.org/0000-0002-7686-3334
A. Ain ® https: //orcid.org/0000-0003-4534-4619 S. K. Apple © https: //orcid.org/0009-0007-4490-5804
P. Ajith ® hitps: /orcid.org/0000-0001-7519-2439 K. Arai © https: //orcid.org/0000-0001-8916-8915
S. Akcay @ https: //orcid.org/0000-0003-2216-421X A. Araya © https: //orcid.org/0000-0002-6884-2875
T. Akutsu @ https: //orcid.org/0000-0003-0733-7530 M. C. Araya © https: //orcid.org/0000-0002-6018-6447
S. Albanesi @ https: //orcid.org/0000-0001-7345-4415 M. Arca Sedda @ https: //orcid.org/0000-0002-3987-0519
A. Allocca @ https: //orcid.org/0000-0002-5288-1351 J. S. Areeda © https: //orcid.org/0000-0003-0266-7936
P. A. Altin @ https: //orcid.org/0000-0001-8193-5825 F. Armato ® https: //orcid.org/0000-0002-8856-8877

38


https://orcid.org/0000-0003-4786-2698
https://orcid.org/0000-0002-8648-0767
https://orcid.org/0000-0001-5525-6255
https://orcid.org/0009-0004-2101-5428
https://orcid.org/0000-0002-4559-8427
https://orcid.org/0000-0002-5731-5076
https://orcid.org/0009-0004-4459-2981
https://orcid.org/0000-0002-8735-5554
https://orcid.org/0000-0002-9072-1121
https://orcid.org/0000-0002-2139-4390
https://orcid.org/0000-0003-2771-8816
https://orcid.org/0000-0003-4534-4619
https://orcid.org/0000-0001-7519-2439
https://orcid.org/0000-0003-2216-421X
https://orcid.org/0000-0003-0733-7530
https://orcid.org/0000-0001-7345-4415
https://orcid.org/0000-0002-5288-1351
https://orcid.org/0000-0001-8193-5825
https://orcid.org/0009-0003-8040-4936
https://orcid.org/0000-0001-9557-651X
https://orcid.org/0009-0005-2139-4197
https://orcid.org/0000-0003-2219-9383
https://orcid.org/0000-0003-0482-5942
https://orcid.org/0000-0003-3675-9126
https://orcid.org/0000-0002-8738-1672
https://orcid.org/0000-0002-8738-1672
https://orcid.org/0000-0002-9277-9773
https://orcid.org/0000-0002-5613-7693
https://orcid.org/0000-0003-3377-0813
https://orcid.org/0000-0002-7686-3334
https://orcid.org/0009-0007-4490-5804
https://orcid.org/0000-0001-8916-8915
https://orcid.org/0000-0002-6884-2875
https://orcid.org/0000-0002-6018-6447
https://orcid.org/0000-0002-3987-0519
https://orcid.org/0000-0003-0266-7936
https://orcid.org/0000-0002-8856-8877

THE ASTROPHYSICAL JOURNAL LETTERS, 1004:L22 (49pp), 2026 June 20

S. Armstrong ® https: //orcid.org/6512-3515-4685-5112

N. Arnaud ® https: j/orcid.org/0000-0001-6589-8673

M. Arogeti © https: //orcid.org/0000-0001-5124-3350

S. M. Aronson @ https: //orcid.org/0000-0001-7080-8177

. G. Arun @ https: //orcid.org/0000-0002-6960-8538

. Ashton ® https: J/orcid.org/0000-0001-7288-2231

. Aso @ https: //orcid.org,/0000-0002-1902-6695
Astone © https: //orcid.org/0000-0003-4981-4120
Attadio ® https: //orcid.org/0009-0008-8916-1658
Aubin ® https: /orcid.org/0000-0003-1613-3142

. AultONeal © https: J/orcid.org/0000-0002-6645-4473

. Avallone @ https: J/orcid.org/0000-0001-5482-0299
A. Avila ® https: J/orcid.org/0009-0008-9329-4525
Babak @ https: //orcid.org/0000-0001-7469-4250
Bae © https: //orcid.org/0000-0003-2429-3357
Bagnasco @ https: //orcid.org/0000-0001-6062-6505
Baiotti © https: //orcid.org/0000-0003-0458-4288

. Bajpai @ https: //orcid.org/0000-0003-0495-5720
Baker @ https: //orcid.org/0000-0001-5470-7616

. Baldi @ https: //orcid.org/0000-0001-8963-3362

. Baldicchi © https: //orcid.org/0009-0009-8888-291X
Banagiri © https: //orcid.org/0000-0001-7852-7484

. Banerjee @ https: //orcid.org/0000-0002-8008-2485

. Bankar @ https: //orcid.org/0000-0002-6068-2993
Baral © https: //orcid.org/0000-0001-6308-211X

M. Baratti @ https: //orcid.org/0009-0003-5744-8025

P. Barneo © https: //orcid.org,/0000-0002-8883-7280

F. Barone © https: //orcid.org/0000-0002-8069-8490

B. Barr @ https: //orcid.org/0000-0002-5232-2736

L. Barsotti @ https: /orcid.org/0000-0001-9819-2562

M. Barsuglia @ https: j/orcid.org/0000-0002-1180-4050

D. Barta © https: //orcid.org/0000-0001-6841-550X

M. A. Barton @ https: //orcid.org/0000-0002-9948-306X

A. Basalaev @ https: //orcid.org/0000-0001-5623-2853

R. Bassiri © https: //orcid.org/0000-0001-8171-6833

A. Basti © https: //orcid.org/0000-0003-2895-9638

M. Bawaj @ https: j/orcid.org/0000-0003-3611-3042

J. C. Bayley @ https: //orcid.org,/0000-0003-2306-4106

A. C. Baylor @ https: //orcid.org/0000-0003-0918-0864

F. Beirnaert © https: //orcid.org/0000-0002-4003-7233

M. Bejger @ https: //orcid.org/0000-0002-4991-8213

D. Belardinelli ® https: //orcid.org/0000-0001-9332-5733

A. S. Bell @ https: //orcid.org/0000-0003-1523-0821

L. Bellizzi ® https: //orcid.org/0000-0002-2071-0400

W. Benoit @ https: //orcid.org/0000-0003-4750-9413

I. Bentara ® https: //orcid.org/0009-0000-5074-839X

J. D. Bentley ® https: //orcid.org/0000-0002-4736-7403

S. Bera @ https: //orcid.org/0000-0003-0907-6098

F. Bergamin @ https: //orcid.org/0000-0002-1113-9644

B. K. Berger @ https: //orcid.org/0000-0002-4845-8737

S. Bernuzzi @ https: /orcid.org/0000-0002-2334-0935

M. Beroiz © https: //orcid.org/0000-0001-6486-9897

C. P. L. Berry @ https: J/orcid.org/0000-0003-3870-7215

D. Bersanetti © https: //orcid.org/0000-0002-7377-415X

J. Betzwieser @ https: //orcid.org/0000-0003-1533-9229

D. Beveridge © https: //orcid.org/0000-0002-1481-1993

G. Bevilacqua @ https: /orcid.org/0000-0002-7298-6185

N. Bevins @ https: //orcid.org/0000-0002-4312-4287

S. A. Bhat @ https: //orcid.org/0000-0002-6783-1840

D. Bhattacharjee ® https: //orcid.org/0000-0001-6623-9506

S. Bhaumik @ https: //orcid.org/0000-0001-8492-2202

V. Biancalana © https: //orcid.org/0000-0002-1642-5391

AT I<QR

IogwwnzaAROr»nnnmo

39

Abac et al.

G. Billingsley © https: //orcid.org/0000-0002-4141-2744

A. Binetti ® https: //orcid.org/0000-0001-6449-5493

S. Bini ® https: J/orcid.org/0000-0002-0267-3562

O. Birnholtz © https: //orcid.org/0000-0002-7562-9263

S. Biscoveanu @ https: //orcid.org/0000-0001-7616-7366
M. Bitossi @ https: //orcid.org/0000-0002-9862-4668
M.-A. Bizouard © https://orcid.org/0000-0002-4618-1674
J. K. Blackburn ® https: //orcid.org/0000-0002-3838-2986
N. Bode @ https: //orcid.org/0000-0002-7101-9396

G. Boileau @ https: //orcid.org/0000-0002-3576-6968

M. Boldrini ® https: //orcid.org/0000-0001-9861-821X

G. N. Bolingbroke @ https: //orcid.org/0000-0002-7350-5291
L. D. Bonavena @ https: //orcid.org/0000-0002-2630-6724
R. Bondarescu © https: //orcid.org/0000-0003-0330-2736
F. Bondu @ https: //orcid.org/0000-0001-6487-5197

E. Bonilla ® https: //orcid.org/0000-0002-6284-9769

M. S. Bonilla @ https: //orcid.org/0000-0003-4502-528X
R. Bonnand @ https: //orcid.org/0000-0001-5013-5913

V. Boschi @ https: //orcid.org/0000-0001-8665-2293

Y. Bothra @ https: //orcid.org/0000-0002-9380-6390

P. R. Brady @ https: //orcid.org/0000-0002-4611-9387

M. Branchesi @ https: //orcid.org/0000-0003-1643-0526

T. Briant @ https: //orcid.org/0000-0002-6013-1729

E. Brockmueller @ https: //orcid.org/0000-0002-1489-942X
A. F. Brooks @ https: //orcid.org/0000-0003-4295-792X
M. L. Brozzetti ® https: //orcid.org/0000-0002-5260-4979
R. Bruntz © https: //orcid.org/0000-0002-0840-8567

F. Bucci © https: //orcid.org/0000-0003-1726-3838

O. Bulashenko ® https: //orcid.org/0000-0003-1720-4061
A. Buonanno ® https: //orcid.org/0000-0002-5433-1409

R. Buscicchio @ https: //orcid.org/0000-0002-7387-6754

C. Buy © https: J/orcid.org/0000-0003-2872-8186

G. S. Cabourn Davies @ https: //orcid.org/0000-0002-
4289-3439

R. Cabrita @ https: //orcid.org/0000-0003-0133-1306

V. Céceres-Barbosa © https: //orcid.org/0000-0001-
9834-4781
L. Cadonati
G. Cagnoli
C. Cahillane
3888-314X
J. Calderdn Bustillo
4171-5884

S. R. Callos @ https: //orcid.org/0000-0003-0639-9342

G. Caneva Santoro @ https: //orcid.org/0000-0002-2935-1600
K. C. Cannon © https: //orcid.org/0000-0003-4068-6572

E. Capocasa © https: //orcid.org/0000-0003-3762-6958

E. Capote @ https: //orcid.org/0009-0007-0246-713X

G. Capurri @ https: //orcid.org/0000-0003-0889-1015

J. B. Carlin ® https: //orcid.org/0000-0001-5694-0809

M. Carpinelli @ https: //orcid.org/0000-0002-8205-930X

J. J. Carter © https: //orcid.org,/0000-0001-8845-0900

G. Carullo @ https: //orcid.org/0000-0001-9090-1862

J. Casanueva Diaz @ https: j/orcid.org/0000-0002-2948-5238
C. Casentini ® https: //orcid.org/0000-0001-8100-0579

M. Cavaglia ® https: //orcid.org,/0000-0002-3835-6729

R. Cavalieri @ https: //orcid.org/0000-0001-6064-0569

G. Cella @ https: J/orcid.org/0000-0002-0752-0338

P. Cerda-Durdn © https: //orcid.org/0000-0003-4293-340X
E. Cesarini ® https: //orcid.org/0000-0001-9127-3167

A. Chakraborty © https: //orcid.org/0009-0004-4937-4633
P. Chakraborty © https: //orcid.org/0000-0002-0994-7394

https: //orcid.org /0000-0002-9846-166X
https: j/orcid.org,/0000-0002-7086-6550
https: J/orcid.org,/0000-0002-

https: //orcid.org,/0000-0002-


https://orcid.org/6512-3515-4685-5112
https://orcid.org/0000-0001-6589-8673
https://orcid.org/0000-0001-5124-3350
https://orcid.org/0000-0001-7080-8177
https://orcid.org/0000-0002-6960-8538
https://orcid.org/0000-0001-7288-2231
https://orcid.org/0000-0002-1902-6695
https://orcid.org/0000-0003-4981-4120
https://orcid.org/0009-0008-8916-1658
https://orcid.org/0000-0003-1613-3142
https://orcid.org/0000-0002-6645-4473
https://orcid.org/0000-0001-5482-0299
https://orcid.org/0009-0008-9329-4525
https://orcid.org/0000-0001-7469-4250
https://orcid.org/0000-0003-2429-3357
https://orcid.org/0000-0001-6062-6505
https://orcid.org/0000-0003-0458-4288
https://orcid.org/0000-0003-0495-5720
https://orcid.org/0000-0001-5470-7616
https://orcid.org/0000-0001-8963-3362
https://orcid.org/0009-0009-8888-291X
https://orcid.org/0000-0001-7852-7484
https://orcid.org/0000-0002-8008-2485
https://orcid.org/0000-0002-6068-2993
https://orcid.org/0000-0001-6308-211X
https://orcid.org/0009-0003-5744-8025
https://orcid.org/0000-0002-8883-7280
https://orcid.org/0000-0002-8069-8490
https://orcid.org/0000-0002-5232-2736
https://orcid.org/0000-0001-9819-2562
https://orcid.org/0000-0002-1180-4050
https://orcid.org/0000-0001-6841-550X
https://orcid.org/0000-0002-9948-306X
https://orcid.org/0000-0001-5623-2853
https://orcid.org/0000-0001-8171-6833
https://orcid.org/0000-0003-2895-9638
https://orcid.org/0000-0003-3611-3042
https://orcid.org/0000-0003-2306-4106
https://orcid.org/0000-0003-0918-0864
https://orcid.org/0000-0002-4003-7233
https://orcid.org/0000-0002-4991-8213
https://orcid.org/0000-0001-9332-5733
https://orcid.org/0000-0003-1523-0821
https://orcid.org/0000-0002-2071-0400
https://orcid.org/0000-0003-4750-9413
https://orcid.org/0009-0000-5074-839X
https://orcid.org/0000-0002-4736-7403
https://orcid.org/0000-0003-0907-6098
https://orcid.org/0000-0002-1113-9644
https://orcid.org/0000-0002-4845-8737
https://orcid.org/0000-0002-2334-0935
https://orcid.org/0000-0001-6486-9897
https://orcid.org/0000-0003-3870-7215
https://orcid.org/0000-0002-7377-415X
https://orcid.org/0000-0003-1533-9229
https://orcid.org/0000-0002-1481-1993
https://orcid.org/0000-0002-7298-6185
https://orcid.org/0000-0002-4312-4287
https://orcid.org/0000-0002-6783-1840
https://orcid.org/0000-0001-6623-9506
https://orcid.org/0000-0001-8492-2202
https://orcid.org/0000-0002-1642-5391
https://orcid.org/0000-0002-4141-2744
https://orcid.org/0000-0001-6449-5493
https://orcid.org/0000-0002-0267-3562
https://orcid.org/0000-0002-7562-9263
https://orcid.org/0000-0001-7616-7366
https://orcid.org/0000-0002-9862-4668
https://orcid.org/0000-0002-4618-1674
https://orcid.org/0000-0002-3838-2986
https://orcid.org/0000-0002-7101-9396
https://orcid.org/0000-0002-3576-6968
https://orcid.org/0000-0001-9861-821X
https://orcid.org/0000-0002-7350-5291
https://orcid.org/0000-0002-2630-6724
https://orcid.org/0000-0003-0330-2736
https://orcid.org/0000-0001-6487-5197
https://orcid.org/0000-0002-6284-9769
https://orcid.org/0000-0003-4502-528X
https://orcid.org/0000-0001-5013-5913
https://orcid.org/0000-0001-8665-2293
https://orcid.org/0000-0002-9380-6390
https://orcid.org/0000-0002-4611-9387
https://orcid.org/0000-0003-1643-0526
https://orcid.org/0000-0002-6013-1729
https://orcid.org/0000-0002-1489-942X
https://orcid.org/0000-0003-4295-792X
https://orcid.org/0000-0002-5260-4979
https://orcid.org/0000-0002-0840-8567
https://orcid.org/0000-0003-1726-3838
https://orcid.org/0000-0003-1720-4061
https://orcid.org/0000-0002-5433-1409
https://orcid.org/0000-0002-7387-6754
https://orcid.org/0000-0003-2872-8186
https://orcid.org/0000-0002-4289-3439
https://orcid.org/0000-0002-4289-3439
https://orcid.org/0000-0003-0133-1306
https://orcid.org/0000-0001-9834-4781
https://orcid.org/0000-0001-9834-4781
https://orcid.org/0000-0002-9846-166X
https://orcid.org/0000-0002-7086-6550
https://orcid.org/0000-0002-3888-314X
https://orcid.org/0000-0002-3888-314X
https://orcid.org/0000-0002-4171-5884
https://orcid.org/0000-0002-4171-5884
https://orcid.org/0000-0003-0639-9342
https://orcid.org/0000-0002-2935-1600
https://orcid.org/0000-0003-4068-6572
https://orcid.org/0000-0003-3762-6958
https://orcid.org/0009-0007-0246-713X
https://orcid.org/0000-0003-0889-1015
https://orcid.org/0000-0001-5694-0809
https://orcid.org/0000-0002-8205-930X
https://orcid.org/0000-0001-8845-0900
https://orcid.org/0000-0001-9090-1862
https://orcid.org/0000-0002-2948-5238
https://orcid.org/0000-0001-8100-0579
https://orcid.org/0000-0002-3835-6729
https://orcid.org/0000-0001-6064-0569
https://orcid.org/0000-0002-0752-0338
https://orcid.org/0000-0003-4293-340X
https://orcid.org/0000-0001-9127-3167
https://orcid.org/0009-0004-4937-4633
https://orcid.org/0000-0002-0994-7394

THE ASTROPHYSICAL JOURNAL LETTERS, 1004:L22 (49pp), 2026 June 20

S. Chalathadka Subrahmanya ©® https: //orcid.org/0000-0002-
9207-4669

J. C. L. Chan © https: //orcid.org/0000-0002-3377-4737
S. Chao ® https: j/orcid.org/0000-0003-3853-3593

P. Charlton © https: //orcid.org/0000-0002-4263-2706

E. Chassande-Mottin ® https: //orcid.org/0000-0003-
3768-9908
C. Chatterjee © https: //orcid.org/0000-0001-8700-3455
Debarati Chatterjee ® https: //orcid.org/0000-0002-0995-2329
Deep Chatterjee © https: //orcid.org/0000-0003-0038-5468
S. Chaty @ https: //orcid.org/0000-0002-5769-8601

K. Chatziioannou @ https: //orcid.org/0000-0002-5833-413X
A. Chen @ https: //orcid.org/0000-0001-9174-7780

D. Chen @ https: //orcid.org/0000-0003-1433-0716

H. Y. Chen © https: //orcid.org /0000-0001-5403-3762
Yitian Chen © https: //orcid.org/0000-0002-8664-9702

P. Chessa @ https: //orcid.org/0000-0001-9092-3965

H. T. Cheung @ https: //orcid.org/0000-0003-3905-0665
F. Chiadini ® https: //orcid.org/0000-0002-9339-8622

A. Chincarini ® https: //orcid.org/0000-0003-4094-9942
M. L. Chiofalo © https: //orcid.org/0000-0002-6992-5963
A. Chiummo ® https: //orcid.org/0000-0003-2165-2967

S. Choudhary © https: //orcid.org/0000-0003-0949-7298

N. Christensen © https: //orcid.org/0000-0002-6870-4202
S. S. Y. Chua @ https: //orcid.org/0000-0001-8026-7597
G. Ciani © https: //orcid.org/0000-0003-4258-9338

P. Ciecielag © https: //orcid.org/0000-0002-5871-4730

M. Cieslar @ https: //orcid.org/0000-0001-8912-5587

M. Cifaldi @ https: //orcid.org/0009-0007-1566-7093

J. A. Clark @ https: j/orcid.org/0000-0003-3243-1393

T. A. Clarke @ https: //orcid.org/0000-0002-6714-5429

E. Codazzo ® https: //orcid.org/0000-0001-7170-8733
P.-F. Cohadon @ https: //orcid.org/0000-0003-3452-9415
S. Colace @ https: //orcid.org/0009-0007-9429-1847

M. Colleoni ® https: //orcid.org/0000-0002-7214-9088

S. Colloms @ https: //orcid.org/0009-0009-9828-3646

A. Colombo ® https: //orcid.org/0000-0002-7439-4773

L. Conti ® https: //orcid.org/0000-0003-2731-2656

T. R. Corbitt @ https: //orcid.org/0000-0002-5520-8541

I. Cordero-Carrién © https: //orcid.org/0000-0002-1985-1361
S. Corezzi ® https: //orcid.org/0000-0002-3437-5949

N. J. Cornish @ https: //orcid.org/0000-0002-7435-0869
A. Corsi @ https: //orcid.org/0000-0001-8104-3536

M. W. Coughlin ® https: j/orcid.org/0000-0002-8262-2924
P. Couvares @ https: //orcid.org/0000-0002-2823-3127

R. Coyne @ https: //orcid.org/0000-0002-5243-5917

J. D. E. Creighton ® https: //orcid.org,/0000-0003-3600-2406
P. Cremonese @ https: //orcid.org/0000-0001-6472-8509

J. R. Cudell ® https: //orcid.org/0000-0002-2003-4238

T. J. Cullen ® https: //orcid.org/0000-0001-8075-4088

A. Cumming ® https: //orcid.org/0000-0003-4096-7542

E. Cuoco @ https: //orcid.org/0000-0002-6528-3449

M. Cusinato © https: //orcid.org/0000-0003-4075-4539

L. V. Da Conceigéo @ https: //orcid.org/0000-0002-
5042-443X

T. Dal Canton @ https: //orcid.org/0000-0001-5078-9044
S. Dal Pra ® https: /orcid.org/0000-0002-1057-2307

G. Diélya @ https: //orcid.org/0000-0003-3258-5763

B. D’Angelo @ https: //orcid.org/0000-0001-9143-8427

S. Danilishin @ https: //orcid.org/0000-0001-7758-7493

S. D’ Antonio @ https: //orcid.org/0000-0003-0898-6030

L. P. Dartez ® https: //orcid.org/0000-0002-2216-0465

40

Abac et al.

V. Dattilo @ https: //orcid.org/0000-0002-8816-8566

D. Davis © https: //orcid.org/0000-0001-5620-6751

M. C. Davis @ https: //orcid.org/0000-0001-7663-0808
P. Davis @ https: //orcid.org/0009-0004-5008-5660

E. J. Daw © https: //orcid.org/0000-0002-3780-5430

M. Dax @ https: //orcid.org/0000-0001-8798-0627

J. De Bolle @ https: //orcid.org/0000-0002-5179-1725

J. Degallaix @ https: J/orcid.org/0000-0002-1019-6911
U. Deka @ https: //orcid.org/0000-0002-5942-4487

M. De Laurentis ® https: //orcid.org/0000-0002-3815-4078
F. De Lillo @ https: //orcid.org/0000-0003-4977-0789

S. Della Torre ® https: //orcid.org/0000-0002-7669-0859
W. Del Pozzo © https: //orcid.org/0000-0003-3978-2030
F. De Marco @ https: //orcid.org/0000-0002-5411-9424
F. De Matteis © https: //orcid.org/0000-0001-7860-9754
T. Dent @ https: //orcid.org/0000-0003-1354-7809

A. Depasse © https: //orcid.org/0000-0003-1014-8394

R. De Pietri @ https: //orcid.org/0000-0003-1556-8304
R. De Rosa @ https: //orcid.org /0000-0002-4004-947X
C. De Rossi @ https: //orcid.org/0000-0002-5825-472X
M. Desai @ https: //orcid.org/0009-0003-4448-3681

R. DeSalvo @ https: //orcid.org/0000-0002-4818-0296
A. Dhani @ https: //orcid.org/0000-0001-9930-9101

M. C. Diaz ® https: j/orcid.org/0000-0002-7555-8856
M. Di Cesare @ https: //orcid.org/0009-0003-0411-6043
T. Dietrich @ https: //orcid.org/0000-0003-2374-307X
C. Di Fronzo ® https: //orcid.org/0000-0002-2693-6769
M. Di Giovanni @ https: //orcid.org/0000-0003-4049-8336
T. Di Girolamo © https: //orcid.org/0000-0003-2339-4471
J. Ding © https: //orcid.org/0000-0003-1693-3828

S. Di Pace © https: //orcid.org/0000-0001-6759-5676

I. Di Palma @ https: //orcid.org/0000-0003-1544-8943

F. Di Renzo @ https: //orcid.org/0000-0002-5447-3810
Divyajyoti @ https: //orcid.org/0000-0002-2787-1012

A. Dmitriev ® https: //orcid.org/0000-0002-0314-956X
Z. Doctor @ https: //orcid.org/0000-0002-2077-4914

N. Doerksen © https: //orcid.org/0009-0002-3776-5026
L. D’Onofrio ® https: //orcid.org/0000-0001-9546-5959
K. L. Dooley ® https: /orcid.org/0000-0002-1636-0233
S. Doravari @ https: //orcid.org/0000-0001-8750-8330
M. Drago © https: //orcid.org/0000-0002-3738-2431

J. C. Driggers ©® https: j/orcid.org/0000-0002-6134-7628
L. Dunn ® https: //orcid.org/0000-0002-1769-6097
P.-A. Duverne @ https: //orcid.org/0000-0002-3906-0997
D. D’Urso @ https: //orcid.org/0000-0002-8215-4542

P. Dutta Roy @ https: //orcid.org/0000-0001-8874-4888
H. Duval ® https: //orcid.org/0000-0002-2475-1728

M. Ebersold ® https: //orcid.org/0000-0003-4631-1771
T. Eckhardt @ https: j/orcid.org/0000-0002-1224-4681
G. Eddolls ® https: //orcid.org/0000-0002-5895-4523

A. Effler © https: //orcid.org/0000-0001-8242-3944

J. Eichholz ® https: //orcid.org/0000-0002-2643-163X
M. Emma @ https: //orcid.org/0000-0001-7943-0262

R. Enficiaud ® https: //orcid.org/0000-0003-3908-1912
L. Errico @ https: //orcid.org/0000-0003-2112-0653

M. Esposito © https: //orcid.org/0009-0009-8482-9417
R. C. Essick @ https: j/orcid.org/0000-0001-8196-9267
H. Estellés @ https: //orcid.org/0000-0001-6143-5532
M. Evans @ https: /orcid.org/0000-0001-8459-4499

J. M. Ezquiaga © https: //orcid.org/0000-0002-7213-3211
F. Fabrizi © https: //orcid.org/0000-0002-3809-065X

V. Fafone @ https: //orcid.org/0000-0003-1314-1622


https://orcid.org/0000-0002-9207-4669
https://orcid.org/0000-0002-9207-4669
https://orcid.org/0000-0002-3377-4737
https://orcid.org/0000-0003-3853-3593
https://orcid.org/0000-0002-4263-2706
https://orcid.org/0000-0003-3768-9908
https://orcid.org/0000-0003-3768-9908
https://orcid.org/0000-0001-8700-3455
https://orcid.org/0000-0002-0995-2329
https://orcid.org/0000-0003-0038-5468
https://orcid.org/0000-0002-5769-8601
https://orcid.org/0000-0002-5833-413X
https://orcid.org/0000-0001-9174-7780
https://orcid.org/0000-0003-1433-0716
https://orcid.org/0000-0001-5403-3762
https://orcid.org/0000-0002-8664-9702
https://orcid.org/0000-0001-9092-3965
https://orcid.org/0000-0003-3905-0665
https://orcid.org/0000-0002-9339-8622
https://orcid.org/0000-0003-4094-9942
https://orcid.org/0000-0002-6992-5963
https://orcid.org/0000-0003-2165-2967
https://orcid.org/0000-0003-0949-7298
https://orcid.org/0000-0002-6870-4202
https://orcid.org/0000-0001-8026-7597
https://orcid.org/0000-0003-4258-9338
https://orcid.org/0000-0002-5871-4730
https://orcid.org/0000-0001-8912-5587
https://orcid.org/0009-0007-1566-7093
https://orcid.org/0000-0003-3243-1393
https://orcid.org/0000-0002-6714-5429
https://orcid.org/0000-0001-7170-8733
https://orcid.org/0000-0003-3452-9415
https://orcid.org/0009-0007-9429-1847
https://orcid.org/0000-0002-7214-9088
https://orcid.org/0009-0009-9828-3646
https://orcid.org/0000-0002-7439-4773
https://orcid.org/0000-0003-2731-2656
https://orcid.org/0000-0002-5520-8541
https://orcid.org/0000-0002-1985-1361
https://orcid.org/0000-0002-3437-5949
https://orcid.org/0000-0002-7435-0869
https://orcid.org/0000-0001-8104-3536
https://orcid.org/0000-0002-8262-2924
https://orcid.org/0000-0002-2823-3127
https://orcid.org/0000-0002-5243-5917
https://orcid.org/0000-0003-3600-2406
https://orcid.org/0000-0001-6472-8509
https://orcid.org/0000-0002-2003-4238
https://orcid.org/0000-0001-8075-4088
https://orcid.org/0000-0003-4096-7542
https://orcid.org/0000-0002-6528-3449
https://orcid.org/0000-0003-4075-4539
https://orcid.org/0000-0002-5042-443X
https://orcid.org/0000-0002-5042-443X
https://orcid.org/0000-0001-5078-9044
https://orcid.org/0000-0002-1057-2307
https://orcid.org/0000-0003-3258-5763
https://orcid.org/0000-0001-9143-8427
https://orcid.org/0000-0001-7758-7493
https://orcid.org/0000-0003-0898-6030
https://orcid.org/0000-0002-2216-0465
https://orcid.org/0000-0002-8816-8566
https://orcid.org/0000-0001-5620-6751
https://orcid.org/0000-0001-7663-0808
https://orcid.org/0009-0004-5008-5660
https://orcid.org/0000-0002-3780-5430
https://orcid.org/0000-0001-8798-0627
https://orcid.org/0000-0002-5179-1725
https://orcid.org/0000-0002-1019-6911
https://orcid.org/0000-0002-5942-4487
https://orcid.org/0000-0002-3815-4078
https://orcid.org/0000-0003-4977-0789
https://orcid.org/0000-0002-7669-0859
https://orcid.org/0000-0003-3978-2030
https://orcid.org/0000-0002-5411-9424
https://orcid.org/0000-0001-7860-9754
https://orcid.org/0000-0003-1354-7809
https://orcid.org/0000-0003-1014-8394
https://orcid.org/0000-0003-1556-8304
https://orcid.org/0000-0002-4004-947X
https://orcid.org/0000-0002-5825-472X
https://orcid.org/0009-0003-4448-3681
https://orcid.org/0000-0002-4818-0296
https://orcid.org/0000-0001-9930-9101
https://orcid.org/0000-0002-7555-8856
https://orcid.org/0009-0003-0411-6043
https://orcid.org/0000-0003-2374-307X
https://orcid.org/0000-0002-2693-6769
https://orcid.org/0000-0003-4049-8336
https://orcid.org/0000-0003-2339-4471
https://orcid.org/0000-0003-1693-3828
https://orcid.org/0000-0001-6759-5676
https://orcid.org/0000-0003-1544-8943
https://orcid.org/0000-0002-5447-3810
https://orcid.org/0000-0002-2787-1012
https://orcid.org/0000-0002-0314-956X
https://orcid.org/0000-0002-2077-4914
https://orcid.org/0009-0002-3776-5026
https://orcid.org/0000-0001-9546-5959
https://orcid.org/0000-0002-1636-0233
https://orcid.org/0000-0001-8750-8330
https://orcid.org/0000-0002-3738-2431
https://orcid.org/0000-0002-6134-7628
https://orcid.org/0000-0002-1769-6097
https://orcid.org/0000-0002-3906-0997
https://orcid.org/0000-0002-8215-4542
https://orcid.org/0000-0001-8874-4888
https://orcid.org/0000-0002-2475-1728
https://orcid.org/0000-0003-4631-1771
https://orcid.org/0000-0002-1224-4681
https://orcid.org/0000-0002-5895-4523
https://orcid.org/0000-0001-8242-3944
https://orcid.org/0000-0002-2643-163X
https://orcid.org/0000-0001-7943-0262
https://orcid.org/0000-0003-3908-1912
https://orcid.org/0000-0003-2112-0653
https://orcid.org/0009-0009-8482-9417
https://orcid.org/0000-0001-8196-9267
https://orcid.org/0000-0001-6143-5532
https://orcid.org/0000-0001-8459-4499
https://orcid.org/0000-0002-7213-3211
https://orcid.org/0000-0002-3809-065X
https://orcid.org/0000-0003-1314-1622

THE ASTROPHYSICAL JOURNAL LETTERS, 1004:L22 (49pp), 2026 June 20

S. Fairhurst @ https: //orcid.org/0000-0001-8480-1961

A. M. Farah © https: //orcid.org/0000-0002-6121-0285

B. Farr ® https: j/orcid.org/0000-0002-2916-9200

W. M. Farr @ https: //orcid.org/0000-0003-1540-8562

G. Favaro @ https: //orcid.org/0000-0002-0351-6833

M. Favata © https: //orcid.org/0000-0001-8270-9512

M. Fays @ https: //orcid.org/0000-0002-4390-9746

M. Fazio @ https: //orcid.org/0000-0002-9057-9663

R. Felicetti ® https: //orcid.org/0009-0005-6263-5604

E. Fenyvesi @ https: j/orcid.org/0000-0003-2777-3719

T. Fernandes ® https: //orcid.org/0009-0006-6820-2065

S. Ferraiuolo @ https: //orcid.org/0009-0005-5582-2989
F. Fidecaro ® https: //orcid.org/0000-0002-6189-3311

P. Figura ® https: //orcid.org/0000-0002-8925-0393

A. Fiori © https: //orcid.org/0000-0003-3174-0688

I. Fiori ® https: //orcid.org/0000-0002-0210-516X

M. Fishbach @ https: //orcid.org/0000-0002-1980-5293

R. Fittipaldi ® https: //orcid.org/0000-0003-2096-7983

V. Fiumara @ https: J/orcid.org/0000-0003-3644-217X

S. M. Fleischer @ https: //orcid.org/0000-0001-7884-9993
J. A. Font ® https: //orcid.org/0000-0001-6650-2634

B. Fornal @ https: //orcid.org/0000-0003-3271-2080

F. Frasconi @ https: //orcid.org/0000-0003-4204-6587

Z. Frei @ https: //orcid.org/0000-0002-0181-8491

A. Freise © https: //orcid.org/0000-0001-6586-9901

O. Freitas @ https: //orcid.org/0000-0002-2898-1256

R. Frey © https: //orcid.org/0000-0003-0341-2636

G. G. Fronzé © https: //orcid.org/0000-0003-0966-4279
M. Fuentes-Garcia @ https: //orcid.org/0000-0003-3390-8712
B. Gadre @ https: //orcid.org/0000-0002-1534-9761

J. R. Gair @ https: //orcid.org/0000-0002-1671-3668

S. Galaudage @ https: //orcid.org/0000-0002-1819-0215
A. Gamboa @ https: //orcid.org/0000-0001-8391-5596

D. Ganapathy © https: //orcid.org/0000-0003-3028-4174
A. Ganguly © https: //orcid.org/0000-0001-7394-0755

B. Garaventa © https: //orcid.org/0000-0003-2490-404X
J. Garcia-Bellido © https: /orcid.org/0000-0002-9370-8360
C. Garcfa-Quirds © https: //orcid.org/0000-0002-8059-2477
J. W. Gardner @ https: //orcid.org/0000-0002-8592-1452
J. Gargiulo © https: //orcid.org/0000-0002-3507-6924

X. Garrido ® https: //orcid.org /0000-0002-7088-5831

A. Garron ® https: //orcid.org/0000-0002-1601-797X

F. Garufi @ https: //orcid.org/0000-0003-1391-6168

C. Gasbarra © https: //orcid.org/0000-0001-8335-9614

F. Gautier ® https: //orcid.org/0000-0001-8006-9590

V. Gayathri ® https: //orcid.org/0000-0002-7167-9888

G. Gemme © https: //orcid.org/0000-0002-1127-7406

A. Gennai @ https: //orcid.org/0000-0003-0149-2089

V. Gennari @ https: //orcid.org/0000-0002-0190-9262

R. George @ https: //orcid.org/0000-0002-7797-7683

O. Gerberding © https: //orcid.org/0000-0001-7740-2698
L. Gergely ® https: //orcid.org/0000-0003-3146-6201
Archisman Ghosh © https: //orcid.org/0000-0003-0423-3533
Shaon Ghosh @ hittps: //orcid.org/0000-0001-9901-6253
Suprovo Ghosh ® https: //orcid.org/0000-0002-1656-9870
Tathagata Ghosh © https: //orcid.org/0000-0001-9848-9905
J. A. Giaime ® https: //orcid.org/0000-0002-3531-817X
C. Gier @ https: J/orcid.org/0000-0003-0897-7943

S. Gkaitatzis @ https: //orcid.org/0000-0001-9420-7499

J. Glanzer ® https: //orcid.org/0009-0000-0808-0795

F. Glotin ® https: /orcid.org/0000-0003-2637-1187

P. Godwin @ https: //orcid.org/0000-0002-7489-4751

41

Abac et al.

A. S. Goettel @ https: //orcid.org/0000-0002-6215-4641

E. Goetz ® https: //orcid.org/0000-0003-2666-721X

S. Gomez Lopez ® https: //orcid.org/0000-0002-9557-4706
B. Goncharov @ https: //orcid.org/0000-0003-3189-5807

G. Gonziélez © https: //orcid.org/0000-0003-0199-3158

P. Goodarzi @ https: //orcid.org/0009-0008-1093-6706
A. W. Goodwin-Jones ® https: //orcid.org/0000-0002-
0395-0680

R. Gouaty ® https: //orcid.org/0000-0001-5372-7084

A. Grado ® https: //orcid.org/0000-0002-0501-8256

V. Graham ® https: //orcid.org/0000-0003-3633-0135

A. E. Granados © https: //orcid.org/0000-0003-2099-9096
M. Granata © https: //orcid.org/0000-0003-3275-1186
V. Granata © https: //orcid.org/0000-0003-2246-6963

R. Gray © https: //orcid.org/0000-0002-5556-9873

A. C. Green @ https: //orcid.org/0000-0002-6287-8746
S. R. Green ® https: //orcid.org/0000-0002-6987-6313
H. L. Griggs ® https: //orcid.org /0000-0001-5018-7908
C. Grimaud @ https: //orcid.org/0000-0001-7736-7730
H. Grote @ https: //orcid.org/0000-0002-0797-3943

S. Grunewald © https: //orcid.org/0000-0003-4641-2791
D. Guerra © https: //orcid.org/0000-0003-0029-5390

D. Guetta @ https: //orcid.org/0000-0002-7349-1109

G. M. Guidi @ https: //orcid.org/0000-0002-3061-9870
F. Gulminelli © https: //orcid.org/0000-0003-4354-2849
H. Guo @ https: J/orcid.org/0000-0002-3777-3117

W. Guo ® https: //orcid.org/0000-0002-4320-4420

Y. Guo @ https: //orcid.org/0000-0002-6959-9870
Anuradha Gupta © https: //orcid.org/0000-0002-5441-9013
I. Gupta © https: //orcid.org/0000-0001-6932-8715

V. Gupta ® https: //orcid.org/0000-0002-7672-0480

F. Guzman ©® https: //orcid.org/0000-0001-9136-929X
M. Haberland ® https: //orcid.org/0000-0001-9816-5660
E. D. Hall ® https: //orcid.org/0000-0001-9018-666X

R. Hamburg ® https: //orcid.org/0000-0003-0761-6388
E. Z. Hamilton © https: //orcid.org/0000-0003-0098-9114
G. Hammond © https: j/orcid.org/0000-0002-1414-3622
C. Hanna © https: //orcid.org/0000-0002-0965-7493

O. A. Hannuksela ® https: //orcid.org/0000-0002-3887-7137
A. G. Hanselman © https: //orcid.org/0000-0002-8304-0109
S. Harikumar © https: //orcid.org/0000-0002-2653-7282
T. Harmark @ https: //orcid.org/0000-0002-2795-7035

J. Harms © https: //orcid.org/0000-0002-7332-9806

G. M. Harry @ https: //orcid.org/0000-0002-8905-7622
I. W. Harry © https: //orcid.org/0000-0002-5304-9372
C. J. Haster @ https: j/orcid.org/0000-0001-8040-9807
K. Haughian @ https: //orcid.org/0000-0002-1223-7342
A. Heffernan ® https: //orcid.org/0000-0003-3355-9671
J. Heinze ® https: //orcid.org/0000-0001-8692-2724

H. Heitmann ® https: //orcid.org/0000-0003-0625-5461
F. Hellman @ https: //orcid.org/0000-0002-9135-6330

A. F. Helmling-Cornell @ https: //orcid.org,/0000-0002-
7709-8638

G. Hemming @ https: //orcid.org/0000-0001-5268-4465
O. Henderson-Sapir @ https: //orcid.org/0000-0002-
1613-9985

M. Hendry @ https: //orcid.org/0000-0001-8322-5405

M. H. Hennig © https: //orcid.org/0000-0003-1531-8460
C. Henshaw © https: //orcid.org/0000-0002-4206-3128
M. Heurs © https: //orcid.org/0000-0002-5577-2273

A. L. Hewitt ® https: //orcid.org/0000-0002-1255-3492
Y. Himemoto @ https: //orcid.org/0000-0002-6856-3809


https://orcid.org/0000-0001-8480-1961
https://orcid.org/0000-0002-6121-0285
https://orcid.org/0000-0002-2916-9200
https://orcid.org/0000-0003-1540-8562
https://orcid.org/0000-0002-0351-6833
https://orcid.org/0000-0001-8270-9512
https://orcid.org/0000-0002-4390-9746
https://orcid.org/0000-0002-9057-9663
https://orcid.org/0009-0005-6263-5604
https://orcid.org/0000-0003-2777-3719
https://orcid.org/0009-0006-6820-2065
https://orcid.org/0009-0005-5582-2989
https://orcid.org/0000-0002-6189-3311
https://orcid.org/0000-0002-8925-0393
https://orcid.org/0000-0003-3174-0688
https://orcid.org/0000-0002-0210-516X
https://orcid.org/0000-0002-1980-5293
https://orcid.org/0000-0003-2096-7983
https://orcid.org/0000-0003-3644-217X
https://orcid.org/0000-0001-7884-9993
https://orcid.org/0000-0001-6650-2634
https://orcid.org/0000-0003-3271-2080
https://orcid.org/0000-0003-4204-6587
https://orcid.org/0000-0002-0181-8491
https://orcid.org/0000-0001-6586-9901
https://orcid.org/0000-0002-2898-1256
https://orcid.org/0000-0003-0341-2636
https://orcid.org/0000-0003-0966-4279
https://orcid.org/0000-0003-3390-8712
https://orcid.org/0000-0002-1534-9761
https://orcid.org/0000-0002-1671-3668
https://orcid.org/0000-0002-1819-0215
https://orcid.org/0000-0001-8391-5596
https://orcid.org/0000-0003-3028-4174
https://orcid.org/0000-0001-7394-0755
https://orcid.org/0000-0003-2490-404X
https://orcid.org/0000-0002-9370-8360
https://orcid.org/0000-0002-8059-2477
https://orcid.org/0000-0002-8592-1452
https://orcid.org/0000-0002-3507-6924
https://orcid.org/0000-0002-7088-5831
https://orcid.org/0000-0002-1601-797X
https://orcid.org/0000-0003-1391-6168
https://orcid.org/0000-0001-8335-9614
https://orcid.org/0000-0001-8006-9590
https://orcid.org/0000-0002-7167-9888
https://orcid.org/0000-0002-1127-7406
https://orcid.org/0000-0003-0149-2089
https://orcid.org/0000-0002-0190-9262
https://orcid.org/0000-0002-7797-7683
https://orcid.org/0000-0001-7740-2698
https://orcid.org/0000-0003-3146-6201
https://orcid.org/0000-0003-0423-3533
https://orcid.org/0000-0001-9901-6253
https://orcid.org/0000-0002-1656-9870
https://orcid.org/0000-0001-9848-9905
https://orcid.org/0000-0002-3531-817X
https://orcid.org/0000-0003-0897-7943
https://orcid.org/0000-0001-9420-7499
https://orcid.org/0009-0000-0808-0795
https://orcid.org/0000-0003-2637-1187
https://orcid.org/0000-0002-7489-4751
https://orcid.org/0000-0002-6215-4641
https://orcid.org/0000-0003-2666-721X
https://orcid.org/0000-0002-9557-4706
https://orcid.org/0000-0003-3189-5807
https://orcid.org/0000-0003-0199-3158
https://orcid.org/0009-0008-1093-6706
https://orcid.org/0000-0002-0395-0680
https://orcid.org/0000-0002-0395-0680
https://orcid.org/0000-0001-5372-7084
https://orcid.org/0000-0002-0501-8256
https://orcid.org/0000-0003-3633-0135
https://orcid.org/0000-0003-2099-9096
https://orcid.org/0000-0003-3275-1186
https://orcid.org/0000-0003-2246-6963
https://orcid.org/0000-0002-5556-9873
https://orcid.org/0000-0002-6287-8746
https://orcid.org/0000-0002-6987-6313
https://orcid.org/0000-0001-5018-7908
https://orcid.org/0000-0001-7736-7730
https://orcid.org/0000-0002-0797-3943
https://orcid.org/0000-0003-4641-2791
https://orcid.org/0000-0003-0029-5390
https://orcid.org/0000-0002-7349-1109
https://orcid.org/0000-0002-3061-9870
https://orcid.org/0000-0003-4354-2849
https://orcid.org/0000-0002-3777-3117
https://orcid.org/0000-0002-4320-4420
https://orcid.org/0000-0002-6959-9870
https://orcid.org/0000-0002-5441-9013
https://orcid.org/0000-0001-6932-8715
https://orcid.org/0000-0002-7672-0480
https://orcid.org/0000-0001-9136-929X
https://orcid.org/0000-0001-9816-5660
https://orcid.org/0000-0001-9018-666X
https://orcid.org/0000-0003-0761-6388
https://orcid.org/0000-0003-0098-9114
https://orcid.org/0000-0002-1414-3622
https://orcid.org/0000-0002-0965-7493
https://orcid.org/0000-0002-3887-7137
https://orcid.org/0000-0002-8304-0109
https://orcid.org/0000-0002-2653-7282
https://orcid.org/0000-0002-2795-7035
https://orcid.org/0000-0002-7332-9806
https://orcid.org/0000-0002-8905-7622
https://orcid.org/0000-0002-5304-9372
https://orcid.org/0000-0001-8040-9807
https://orcid.org/0000-0002-1223-7342
https://orcid.org/0000-0003-3355-9671
https://orcid.org/0000-0001-8692-2724
https://orcid.org/0000-0003-0625-5461
https://orcid.org/0000-0002-9135-6330
https://orcid.org/0000-0002-7709-8638
https://orcid.org/0000-0002-7709-8638
https://orcid.org/0000-0001-5268-4465
https://orcid.org/0000-0002-1613-9985
https://orcid.org/0000-0002-1613-9985
https://orcid.org/0000-0001-8322-5405
https://orcid.org/0000-0003-1531-8460
https://orcid.org/0000-0002-4206-3128
https://orcid.org/0000-0002-5577-2273
https://orcid.org/0000-0002-1255-3492
https://orcid.org/0000-0002-6856-3809

THE ASTROPHYSICAL JOURNAL LETTERS, 1004:L22 (49pp), 2026 June 20

L. J. Hollows @ https: //orcid.org/0000-0002-3404-6459
D. E. Holz ® https: //orcid.org/0000-0002-0175-5064

J. Hough @ https: j/orcid.org/0000-0003-3242-3123

S. Hourihane @ https: //orcid.org/0000-0002-9152-0719
E. J. Howell © https: //orcid.org/0000-0001-7891-2817
C. G. Hoy © https: //orcid.org/0000-0002-8843-6719
H.-F. Hsieh © https: //orcid.org/0000-0002-8947-723X
W.-F. Hsu @ https: //orcid.org/0000-0001-5234-3804
Hu ® https: //orcid.org/0000-0002-3033-6491

Y. Huang © https: //orcid.org/0000-0002-1665-2383
Huang ©® https: //orcid.org/0000-0002-2952-8429

Hui ® https: //orcid.org/0000-0002-0233-2346

Husa © https: //orcid.org/0000-0002-0445-1971
Tampieri @ https: //orcid.org/0009-0004-1161-2990

G. A. Iandolo @ https: //orcid.org/0000-0003-1155-4327
G. Iannone ® https: //orcid.org/0000-0001-8347-7549

G. Torio ® https: //orcid.org /0000-0003-0293-503X

P. Tosif @ https: //orcid.org/0000-0003-1621-7709

J. Irwin © https: //orcid.org/0000-0002-2364-2191

M. Isi @ https: //orcid.org/0000-0001-8830-8672

K. S. Isleif @ https: //orcid.org/0000-0001-7032-9440

Y. Itoh @ https: //orcid.org/0000-0003-2694-8935

B. R. Iyer @ https: //orcid.org/0000-0002-4141-5179
P.-E. Jacquet © https: //orcid.org/0000-0001-9552-0057
S. P. Jadhav © https: j/orcid.org/0000-0003-0554-0084
A. L. James © https: //orcid.org/0000-0001-9165-0807
A. Jan @ https: //orcid.org/0000-0003-2050-7231

K. Jani @ https: //orcid.org/0000-0003-1007-8912

J. Janquart © https: //orcid.org/0000-0003-2888-7152

S. Jaraba © https: //orcid.org/0000-0002-4759-143X

P. Jaranowski @ https: //orcid.org/0000-0001-8085-3414
R. Jaume ® https: /orcid.org/0000-0001-8691-3166

J. Jiang @ https: //orcid.org/0000-0002-0154-3854

H.-B. Jin @ https: j/orcid.org/0000-0002-6217-2428

S. J. Jin ® https: //orcid.org/0000-0003-3697-3501

N. K. Johnson-McDaniel ® https: //orcid.org/0000-0001-
5357-9480

M. C. Johnston @ https: //orcid.org/0000-0002-0663-9193
D. H. Jones ® https: //orcid.org/0000-0003-3987-068X
P. Joshi @ https: //orcid.org/0000-0002-4148-4932

L. Ju @ https: //orcid.org/0000-0002-7951-4295

K. Jung @ https: //orcid.org/0000-0003-4789-8893

J. Junker © https: //orcid.org/0000-0002-3051-4374

H. B. Kabagoz ® https: //orcid.org/0000-0002-0900-8557
T. Kajita © https: //orcid.org/0000-0003-1207-6638

V. Kalogera @ hittps: J/orcid.org/0000-0001-9236-5469
M. Kalomenopoulos @ https: //orcid.org/0000-0001-
6677-949X

M. Kamiizumi @ https: /orcid.org/0000-0001-7216-1784
N. Kanda @ https: j/orcid.org/0000-0001-6291-0227

S. Kandhasamy @ https: //orcid.org/0000-0002-4825-6764
G. Kang @ https: //orcid.org/0000-0002-6072-8189

S. J. Kapadia @ https: //orcid.org/0000-0001-5318-1253
D. P. Kapasi @ https: //orcid.org/0000-0001-8189-4920
M. Kasprzack ® https: //orcid.org/0000-0003-4618-5939
R. Kaushik @ https: //orcid.org/0000-0003-4888-5154
D. Keitel @ https: //orcid.org/0000-0002-2824-626X

L. J. Kemperman @ https: //orcid.org/0009-0009-5254-8397
J. Kennington ® https: //orcid.org/0000-0002-6899-3833
R. Kesharwani @ https: //orcid.org/0009-0002-2528-5738
J. S. Key @ https: //orcid.org/0000-0003-0123-7600

F. Y. Khalili ©® https: //orcid.org/0000-0001-7068-2332

Q.
H.
Y.
V.
S.
L.

Abac et al.

F. Khan ® https: //orcid.org/0000-0001-6176-853X

W. Kiendrebeogo @ https: //orcid.org/0000-0002-9108-5059
N. Kijbunchoo ® https: //orcid.org/0000-0002-2874-1228
K. Kim © https: //orcid.org/0000-0003-1653-3795

M. H. Kim © https: //orcid.org/0009-0009-9894-3640

S. Kim @ https: //orcid.org/0000-0003-1437-4647

Y.-M. Kim @ https: //orcid.org/0000-0001-8720-6113

C. Kimball @ https: //orcid.org/0000-0001-9879-6884

J. S. Kissel @ https: j/orcid.org/0000-0002-1702-9577

A. M. Knee @ https: //orcid.org/0000-0003-0703-947X
N. Knust @ https: /orcid.org/0000-0002-5984-5353

S. M. Koehlenbeck @ https: /orcid.org/0000-0002-3842-9051
K. Kohri @ https: j/orcid.org/0000-0003-3764-8612

K. Kokeyama © https: //orcid.org/0000-0002-2896-1992
S. Koley ® https: //orcid.org/0000-0002-5793-6665

P. Kolitsidou ® https: //orcid.org/0000-0002-6719-8686
A. E. Koloniari @ https: //orcid.org/0000-0002-0546-5638
K. Komori @ https: //orcid.org/0000-0002-4092-9602

A. K. H. Kong © https: //orcid.org/0000-0002-5105-344X
A. Kontos @ https: //orcid.org/0000-0002-1347-0680

M. Korobko @ https: //orcid.org,/0000-0002-3839-3909

A. Koushik @ https: //orcid.org/0000-0002-7638-4544

N. Kouvatsos @ https: //orcid.org/0000-0002-5497-3401
N. V. Krishnendu ® https: //orcid.org/0000-0002-3483-7517
A. Krélak @ https: //orcid.org/0000-0003-4514-7690

J. Kubisz ® https: //orcid.org /0000-0001-7258-8673

S. Kulkarni @ https: //orcid.org/0000-0001-8057-0203

A. Kulur Ramamohan @ https: //orcid.org/0000-0003-
3681-1887

Praveen Kumar © https: //orcid.org/0000-0002-2288-4252
Prayush Kumar @ https: //orcid.org/0000-0001-5523-4603
J. Kume @ https: //orcid.org/0000-0003-3126-5100

K. Kuns @ https: //orcid.org/0000-0003-0630-3902

S. Kuroyanagi © https: //orcid.org/0000-0001-6538-1447
S. Kuwahara ® https: //orcid.org/0009-0009-2249-8798
K. Kwak © https: //orcid.org/0000-0002-2304-7798

S. Kwon @ https: //orcid.org/0009-0006-3770-7044

D. Laghi ® https: //orcid.org/0000-0001-7462-3794

M. Lalleman @ https: //orcid.org/0000-0002-2254-010X
R. N. Lang @ https: //orcid.org/0000-0002-4804-5537

R. Langgin @ https: /orcid.org/0000-0002-5116-6217

B. Lantz ® https: //orcid.org/0000-0002-7404-4845

I. L. Rosa @ https: //orcid.org/0000-0003-0107-1540

A. Lartaux-Vollard © https: //orcid.org/0000-0003-
1714-365X

P. D. Lasky @ https: //orcid.org/0000-0003-3763-1386

J. Lawrence © https: //orcid.org/0000-0003-1222-0433

M. Laxen @ https: //orcid.org/0000-0001-7515-9639

C. Lazarte ® https: //orcid.org/0000-0002-6964-9321

A. Lazzarini © https: //orcid.org/0000-0002-5993-8808

P. Leaci @ https: //orcid.org/0000-0002-3997-5046

Y. K. Lecoeuche © https: //orcid.org/0000-0002-9186-7034
H. M. Lee © https: //orcid.org/0000-0003-4412-7161

H. W. Lee @ https: /orcid.org/0000-0002-1998-3209

K. Lee @ https: //orcid.org/0000-0003-0470-3718

R.-K. Lee @ https: //orcid.org/0000-0002-7171-7274
Sungho Lee © https: //orcid.org/0000-0001-6034-2238

M. Le Jean @ https: //orcid.org/0009-0003-8047-3958

A. Lemaitre ® https: //orcid.org/0000-0002-6865-9245

M. Lenti @ https: //orcid.org/0000-0002-2765-3955

M. Leonardi ® https: //orcid.org/0000-0002-7641-0060

N. Leroy @ https: //orcid.org/0000-0002-2321-1017


https://orcid.org/0000-0002-3404-6459
https://orcid.org/0000-0002-0175-5064
https://orcid.org/0000-0003-3242-3123
https://orcid.org/0000-0002-9152-0719
https://orcid.org/0000-0001-7891-2817
https://orcid.org/0000-0002-8843-6719
https://orcid.org/0000-0002-8947-723X
https://orcid.org/0000-0001-5234-3804
https://orcid.org/0000-0002-3033-6491
https://orcid.org/0000-0002-1665-2383
https://orcid.org/0000-0002-2952-8429
https://orcid.org/0000-0002-0233-2346
https://orcid.org/0000-0002-0445-1971
https://orcid.org/0009-0004-1161-2990
https://orcid.org/0000-0003-1155-4327
https://orcid.org/0000-0001-8347-7549
https://orcid.org/0000-0003-0293-503X
https://orcid.org/0000-0003-1621-7709
https://orcid.org/0000-0002-2364-2191
https://orcid.org/0000-0001-8830-8672
https://orcid.org/0000-0001-7032-9440
https://orcid.org/0000-0003-2694-8935
https://orcid.org/0000-0002-4141-5179
https://orcid.org/0000-0001-9552-0057
https://orcid.org/0000-0003-0554-0084
https://orcid.org/0000-0001-9165-0807
https://orcid.org/0000-0003-2050-7231
https://orcid.org/0000-0003-1007-8912
https://orcid.org/0000-0003-2888-7152
https://orcid.org/0000-0002-4759-143X
https://orcid.org/0000-0001-8085-3414
https://orcid.org/0000-0001-8691-3166
https://orcid.org/0000-0002-0154-3854
https://orcid.org/0000-0002-6217-2428
https://orcid.org/0000-0003-3697-3501
https://orcid.org/0000-0001-5357-9480
https://orcid.org/0000-0001-5357-9480
https://orcid.org/0000-0002-0663-9193
https://orcid.org/0000-0003-3987-068X
https://orcid.org/0000-0002-4148-4932
https://orcid.org/0000-0002-7951-4295
https://orcid.org/0000-0003-4789-8893
https://orcid.org/0000-0002-3051-4374
https://orcid.org/0000-0002-0900-8557
https://orcid.org/0000-0003-1207-6638
https://orcid.org/0000-0001-9236-5469
https://orcid.org/0000-0001-6677-949X
https://orcid.org/0000-0001-6677-949X
https://orcid.org/0000-0001-7216-1784
https://orcid.org/0000-0001-6291-0227
https://orcid.org/0000-0002-4825-6764
https://orcid.org/0000-0002-6072-8189
https://orcid.org/0000-0001-5318-1253
https://orcid.org/0000-0001-8189-4920
https://orcid.org/0000-0003-4618-5939
https://orcid.org/0000-0003-4888-5154
https://orcid.org/0000-0002-2824-626X
https://orcid.org/0009-0009-5254-8397
https://orcid.org/0000-0002-6899-3833
https://orcid.org/0009-0002-2528-5738
https://orcid.org/0000-0003-0123-7600
https://orcid.org/0000-0001-7068-2332
https://orcid.org/0000-0001-6176-853X
https://orcid.org/0000-0002-9108-5059
https://orcid.org/0000-0002-2874-1228
https://orcid.org/0000-0003-1653-3795
https://orcid.org/0009-0009-9894-3640
https://orcid.org/0000-0003-1437-4647
https://orcid.org/0000-0001-8720-6113
https://orcid.org/0000-0001-9879-6884
https://orcid.org/0000-0002-1702-9577
https://orcid.org/0000-0003-0703-947X
https://orcid.org/0000-0002-5984-5353
https://orcid.org/0000-0002-3842-9051
https://orcid.org/0000-0003-3764-8612
https://orcid.org/0000-0002-2896-1992
https://orcid.org/0000-0002-5793-6665
https://orcid.org/0000-0002-6719-8686
https://orcid.org/0000-0002-0546-5638
https://orcid.org/0000-0002-4092-9602
https://orcid.org/0000-0002-5105-344X
https://orcid.org/0000-0002-1347-0680
https://orcid.org/0000-0002-3839-3909
https://orcid.org/0000-0002-7638-4544
https://orcid.org/0000-0002-5497-3401
https://orcid.org/0000-0002-3483-7517
https://orcid.org/0000-0003-4514-7690
https://orcid.org/0000-0001-7258-8673
https://orcid.org/0000-0001-8057-0203
https://orcid.org/0000-0003-3681-1887
https://orcid.org/0000-0003-3681-1887
https://orcid.org/0000-0002-2288-4252
https://orcid.org/0000-0001-5523-4603
https://orcid.org/0000-0003-3126-5100
https://orcid.org/0000-0003-0630-3902
https://orcid.org/0000-0001-6538-1447
https://orcid.org/0009-0009-2249-8798
https://orcid.org/0000-0002-2304-7798
https://orcid.org/0009-0006-3770-7044
https://orcid.org/0000-0001-7462-3794
https://orcid.org/0000-0002-2254-010X
https://orcid.org/0000-0002-4804-5537
https://orcid.org/0000-0002-5116-6217
https://orcid.org/0000-0002-7404-4845
https://orcid.org/0000-0003-0107-1540
https://orcid.org/0000-0003-1714-365X
https://orcid.org/0000-0003-1714-365X
https://orcid.org/0000-0003-3763-1386
https://orcid.org/0000-0003-1222-0433
https://orcid.org/0000-0001-7515-9639
https://orcid.org/0000-0002-6964-9321
https://orcid.org/0000-0002-5993-8808
https://orcid.org/0000-0002-3997-5046
https://orcid.org/0000-0002-9186-7034
https://orcid.org/0000-0003-4412-7161
https://orcid.org/0000-0002-1998-3209
https://orcid.org/0000-0003-0470-3718
https://orcid.org/0000-0002-7171-7274
https://orcid.org/0000-0001-6034-2238
https://orcid.org/0009-0003-8047-3958
https://orcid.org/0000-0002-6865-9245
https://orcid.org/0000-0002-2765-3955
https://orcid.org/0000-0002-7641-0060
https://orcid.org/0000-0002-2321-1017

THE ASTROPHYSICAL JOURNAL LETTERS, 1004:L22 (49pp), 2026 June 20

M. Lethuillier ® https: //orcid.org/0000-0001-6185-2045
K. L. Li @ https: //orcid.org/0000-0001-8229-2024

i @ https: //orcid.org/0000-0002-3780-7735

Lin © https: //orcid.org/0000-0002-0030-8051

-C. Lin @ https: //orcid.org/0000-0003-4083-9567
Lin ® https: j/orcid.org/0000-0003-4939-1404

https: //orcid.org /0000-0003-1081-8722

C. Liu © https: //orcid.org/0000-0001-5663-3016

Jian Liu ® https: //orcid.org/0000-0001-6726-3268

J. Llobera-Querol @ https: //orcid.org/0000-0003-3322-6850
R. K. L. Lo © https:/orcid.org/0000-0003-1561-6716

A. Longo @ https: //orcid.org/0000-0003-4254-8579

D. Lopez @ https: //orcid.org/0000-0003-3342-9906

A. Lorenzo-Medina ® https: //orcid.org/0009-0006-
0860-5700

G. Losurdo @ https: j/orcid.org/0000-0003-0452-746X

T. P. Lott, IV © https: //orcid.org/0009-0002-2864-162X
J. D. Lough @ https: //orcid.org/0000-0002-5160-0239

C. O. Lousto @ https: /orcid.org/0000-0002-6400-9640

. Lu ® https: //orcid.org/0000-0002-8861-9902
Lucchesi @ https: //orcid.org/0000-0002-5916-8014

. https: //orcid.org /0000-0002-3628-1591

. P. Lundgren © https: //orcid.org/0000-0002-0363-4469
. W. Lussier ® https: //orcid.org/0000-0002-4507-1123

X. Li
E. T.
L.C.
Y.-C
A. Liu
G.

Lumaca

. Macas © https: //orcid.org/0000-0002-6096-8297
M. Macleod @ https: //orcid.org/0000-0002-1395-8694
A. O. MacMillan ® https: //orcid.org/0000-0002-6927-1031
https: j/orcid.org/0000-0001-5955-6415
https: //orcid.org /0000-0003-1464-2605
https: //orcid.org /0000-0001-9769-531X
https: //orcid.org /0000-0002-1960-8185
https: //orcid.org /0000-0003-4512-8430
D. Malakar ® https: //orcid.org/0000-0003-4234-4023
U. Mali @ https: //orcid.org/0009-0003-1285-2788
L. Mallick ® https: j/orcid.org/0000-0001-8624-9162
A.-K. Malz ® https: //orcid.org/0009-0004-7196-4170
M. Mancarella © https: //orcid.org/0000-0002-0675-508X
V. Mandic © https: //orcid.org/0000-0001-6333-8621
V. Mangano © https: //orcid.org/0000-0001-7902-8505
G. L. Mansell @ https: //orcid.org/0000-0003-4736-6678
M. Manske @ https: //orcid.org/0000-0002-7778-1189
M. Mantovani ® https: //orcid.org/0000-0002-4424-5726
M. Mapelli ® https: //orcid.org/0000-0001-8799-2548
C. Marinelli @ https: //orcid.org/0000-0002-3596-4307
F. Marion @ https: //orcid.org/0000-0002-8184-1017
S. Marsat @ https: //orcid.org/0000-0001-9449-1071
F. Martelli @ https: //orcid.org/0000-0003-3761-8616
I. W. Martin © https: //orcid.org/0000-0001-7300-9151
R. M. Martin ® https: //orcid.org/0000-0001-9664-2216
V. Martinez ©® https: //orcid.org/0000-0001-5852-2301
J. C. Martins ® https: //orcid.org/0000-0002-6099-4831
M. Masso-Reid @ https: //orcid.org/0000-0001-6177-8105
S. Mastrogiovanni ® https: //orcid.org/0000-0003-1606-4183
T. Matcovich @ https: //orcid.org/0009-0004-1209-008X
M. Matiushechkina ® https: //orcid.org/0000-0002-9957-8720
N. Mavalvala ® https: //orcid.org/0000-0003-0219-9706
D. E. McClelland ® https: j/orcid.org/0000-0001-6210-5842
L. McCuller @ https: //orcid.org/0000-0003-0851-0593
G. I. McGhee @ https: //orcid.org/0000-0001-5038-2658
J. Mclver @ https: //orcid.org/0000-0003-0316-1355
A. McLeod ® https: //orcid.org/0000-0001-5424-8368
I. McMahon © https: //orcid.org/0000-0002-4529-1505

N
L
D
A
A
R
D
L
A. Macquet

S. Maenaut

R. M. Magee

E. Maggio
M. Magnozzi

43

Abac et al.
R. McTeague @ https: //orcid.org/0009-0004-3329-6079
D. Meacher @ https: //orcid.org/0000-0001-5882-0368

M. Melching ® https: //orcid.org/0009-0001-4899-9955

C. S. Menoni @ https: /orcid.org/0000-0001-9185-2572

R. A. Mercer © https: //orcid.org/0000-0001-8372-3914

J. R. Mérou @ https: //orcid.org/0000-0002-5776-6643

C. Messick @ https: //orcid.org/0000-0002-8230-3309

M. Meyer-Conde @ https: //orcid.org/0000-0003-2230-6310
F. Meylahn @ https: //orcid.org/0000-0002-9556-142X

A. Miani @ https: //orcid.org/0000-0001-7737-3129

C. Michel @ https: //orcid.org/0000-0003-0606-725X

Y. Michimura © https: //orcid.org/0000-0002-2218-4002

H. Middleton © https: //orcid.org/0000-0001-5532-3622

D. P. Mihaylov @ https: //orcid.org/0000-0002-8820-407X
S. J. Miller @ https: //orcid.org/0000-0001-5670-7046

M. Millhouse @ https: //orcid.org/0000-0002-8659-5898

E. Milotti ® https: //orcid.org/0000-0001-7348-9765

V. Milotti @ https: //orcid.org/0000-0003-4732-1226

LI. M. Mir @ https: //orcid.org/0000-0002-4276-715X

L. Mirasola @ https: //orcid.org/0009-0004-0174-1377

M. Miravet-Tenés © https: //orcid.org/0000-0002-8766-1156
C.-A. Miritescu © https: //orcid.org/0000-0002-7716-0569
C. Mishra © https: //orcid.org/0000-0002-8115-8728

T. Mishra ® https: //orcid.org/0000-0002-7881-1677

S. Mitra @ https: //orcid.org/0000-0002-0800-4626

V. P. Mitrofanov @ https: //orcid.org/0000-0002-6983-4981
O. Miyakawa @ https: //orcid.org/0000-0002-9085-7600

S. Miyoki @ https: //orcid.org/0000-0002-1213-8416

G. Mo @ https: //orcid.org/0000-0001-6331-112X

L. Mobilia © https: //orcid.org/0009-0000-3022-2358

S. R. Mohite @ https: //orcid.org/0000-0003-1356-7156

M. Molina-Ruiz @ https: //orcid.org/0000-0003-4892-3042
A. More © https: //orcid.org/0000-0001-7714-7076

S. More @ https: //orcid.org/0000-0002-2986-2371

C. Moreno @ https: //orcid.org/0000-0002-0496-032X

E. A. Moreno © https: //orcid.org/0000-0001-5666-3637

S. Morisaki ® https: //orcid.org/0000-0002-8445-6747

Y. Moriwaki ® https: //orcid.org/0000-0002-4497-6908

G. Morras @ https: //orcid.org/0000-0002-9977-8546

A. Moscatello @ https: //orcid.org/0000-0001-5480-7406
M. Mould ® https: //orcid.org/0000-0001-5460-2910

P. Mourier ® https: //orcid.org/0000-0001-8078-6901

B. Mours © https: //orcid.org/0000-0002-6444-6402

C. M. Mow-Lowry @ https: //orcid.org/0000-0002-0351-4555
L. Muccillo ® https: j/orcid.org/0009-0000-6237-0590

F. Muciaccia ® https: //orcid.org/0000-0003-0850-2649

D. Mukherjee © https: //orcid.org/0000-0001-7335-9418
Suvodip Mukherjee ® https: //orcid.org/0000-0002-
3373-5236

N. Mukund @ https: /orcid.org,/0000-0002-8666-9156

P. G. Murray © https: //orcid.org/0000-0002-8218-2404

D. Nabari ® https: //orcid.org/0009-0006-8500-7624

N. Nagarajan © https: //orcid.org/0000-0003-3695-0078

K. Nakamura © https: //orcid.org/0000-0001-6148-4289

H. Nakano @ https: //orcid.org/0000-0001-7665-0796

D. Nanadoumgar-Lacroze ® https: //orcid.org/0009-0009-
7255-8111
P. Narayan © https: //orcid.org/0009-0009-0599-532X
I. Nardecchia © https: //orcid.org/0000-0001-5558-2595
L. Naticchioni @ https: //orcid.org/0000-0003-2918-0730
R. K. Nayak @ https: //orcid.org/0000-0002-6814-7792
A. Nelson @ https: j/orcid.org/0000-0002-5909-4692


https://orcid.org/0000-0001-6185-2045
https://orcid.org/0000-0001-8229-2024
https://orcid.org/0000-0002-3780-7735
https://orcid.org/0000-0002-0030-8051
https://orcid.org/0000-0003-4083-9567
https://orcid.org/0000-0003-4939-1404
https://orcid.org/0000-0003-1081-8722
https://orcid.org/0000-0001-5663-3016
https://orcid.org/0000-0001-6726-3268
https://orcid.org/0000-0003-3322-6850
https://orcid.org/0000-0003-1561-6716
https://orcid.org/0000-0003-4254-8579
https://orcid.org/0000-0003-3342-9906
https://orcid.org/0009-0006-0860-5700
https://orcid.org/0009-0006-0860-5700
https://orcid.org/0000-0003-0452-746X
https://orcid.org/0009-0002-2864-162X
https://orcid.org/0000-0002-5160-0239
https://orcid.org/0000-0002-6400-9640
https://orcid.org/0000-0002-8861-9902
https://orcid.org/0000-0002-5916-8014
https://orcid.org/0000-0002-3628-1591
https://orcid.org/0000-0002-0363-4469
https://orcid.org/0000-0002-4507-1123
https://orcid.org/0000-0002-6096-8297
https://orcid.org/0000-0002-1395-8694
https://orcid.org/0000-0002-6927-1031
https://orcid.org/0000-0001-5955-6415
https://orcid.org/0000-0003-1464-2605
https://orcid.org/0000-0001-9769-531X
https://orcid.org/0000-0002-1960-8185
https://orcid.org/0000-0003-4512-8430
https://orcid.org/0000-0003-4234-4023
https://orcid.org/0009-0003-1285-2788
https://orcid.org/0000-0001-8624-9162
https://orcid.org/0009-0004-7196-4170
https://orcid.org/0000-0002-0675-508X
https://orcid.org/0000-0001-6333-8621
https://orcid.org/0000-0001-7902-8505
https://orcid.org/0000-0003-4736-6678
https://orcid.org/0000-0002-7778-1189
https://orcid.org/0000-0002-4424-5726
https://orcid.org/0000-0001-8799-2548
https://orcid.org/0000-0002-3596-4307
https://orcid.org/0000-0002-8184-1017
https://orcid.org/0000-0001-9449-1071
https://orcid.org/0000-0003-3761-8616
https://orcid.org/0000-0001-7300-9151
https://orcid.org/0000-0001-9664-2216
https://orcid.org/0000-0001-5852-2301
https://orcid.org/0000-0002-6099-4831
https://orcid.org/0000-0001-6177-8105
https://orcid.org/0000-0003-1606-4183
https://orcid.org/0009-0004-1209-008X
https://orcid.org/0000-0002-9957-8720
https://orcid.org/0000-0003-0219-9706
https://orcid.org/0000-0001-6210-5842
https://orcid.org/0000-0003-0851-0593
https://orcid.org/0000-0001-5038-2658
https://orcid.org/0000-0003-0316-1355
https://orcid.org/0000-0001-5424-8368
https://orcid.org/0000-0002-4529-1505
https://orcid.org/0009-0004-3329-6079
https://orcid.org/0000-0001-5882-0368
https://orcid.org/0009-0001-4899-9955
https://orcid.org/0000-0001-9185-2572
https://orcid.org/0000-0001-8372-3914
https://orcid.org/0000-0002-5776-6643
https://orcid.org/0000-0002-8230-3309
https://orcid.org/0000-0003-2230-6310
https://orcid.org/0000-0002-9556-142X
https://orcid.org/0000-0001-7737-3129
https://orcid.org/0000-0003-0606-725X
https://orcid.org/0000-0002-2218-4002
https://orcid.org/0000-0001-5532-3622
https://orcid.org/0000-0002-8820-407X
https://orcid.org/0000-0001-5670-7046
https://orcid.org/0000-0002-8659-5898
https://orcid.org/0000-0001-7348-9765
https://orcid.org/0000-0003-4732-1226
https://orcid.org/0000-0002-4276-715X
https://orcid.org/0009-0004-0174-1377
https://orcid.org/0000-0002-8766-1156
https://orcid.org/0000-0002-7716-0569
https://orcid.org/0000-0002-8115-8728
https://orcid.org/0000-0002-7881-1677
https://orcid.org/0000-0002-0800-4626
https://orcid.org/0000-0002-6983-4981
https://orcid.org/0000-0002-9085-7600
https://orcid.org/0000-0002-1213-8416
https://orcid.org/0000-0001-6331-112X
https://orcid.org/0009-0000-3022-2358
https://orcid.org/0000-0003-1356-7156
https://orcid.org/0000-0003-4892-3042
https://orcid.org/0000-0001-7714-7076
https://orcid.org/0000-0002-2986-2371
https://orcid.org/0000-0002-0496-032X
https://orcid.org/0000-0001-5666-3637
https://orcid.org/0000-0002-8445-6747
https://orcid.org/0000-0002-4497-6908
https://orcid.org/0000-0002-9977-8546
https://orcid.org/0000-0001-5480-7406
https://orcid.org/0000-0001-5460-2910
https://orcid.org/0000-0001-8078-6901
https://orcid.org/0000-0002-6444-6402
https://orcid.org/0000-0002-0351-4555
https://orcid.org/0009-0000-6237-0590
https://orcid.org/0000-0003-0850-2649
https://orcid.org/0000-0001-7335-9418
https://orcid.org/0000-0002-3373-5236
https://orcid.org/0000-0002-3373-5236
https://orcid.org/0000-0002-8666-9156
https://orcid.org/0000-0002-8218-2404
https://orcid.org/0009-0006-8500-7624
https://orcid.org/0000-0003-3695-0078
https://orcid.org/0000-0001-6148-4289
https://orcid.org/0000-0001-7665-0796
https://orcid.org/0009-0009-7255-8111
https://orcid.org/0009-0009-7255-8111
https://orcid.org/0009-0009-0599-532X
https://orcid.org/0000-0001-5558-2595
https://orcid.org/0000-0003-2918-0730
https://orcid.org/0000-0002-6814-7792
https://orcid.org/0000-0002-5909-4692

THE ASTROPHYSICAL JOURNAL LETTERS, 1004:L22 (49pp), 2026 June 20

A. Neunzert @ https: //orcid.org/0000-0003-0323-0111
L. Nguyen Quynh © https: //orcid.org/0000-0002-1828-3702
A. B. Nielsen @ https: //orcid.org/0000-0001-8694-4026
A. Nishizawa ® https: //orcid.org/0000-0003-3562-0990
W. Niu @ https: //orcid.org/0000-0003-1470-532X

J. Novak @ https: //orcid.org/0000-0002-6029-4712

R. Nowicki @ https: //orcid.org/0009-0008-6626-0725

J. F. Nuiio Siles @ https: //orcid.org/0000-0001-8304-8066
L. K. Nuttall ® https: //orcid.org/0000-0002-8599-8791
J. Oberling © https: //orcid.org/0009-0001-4174-3973

E. Oelker @ https: //orcid.org/0000-0002-3916-1595

M. Oertel @ https: //orcid.org/0000-0002-1884-8654

M. Ohashi ® https: //orcid.org/0000-0001-8072-0304

F. Ohme © https: //orcid.org/0000-0003-0493-5607

R. Oliveri @ https: //orcid.org/0000-0002-7497-871X

K. Oohara ® https: //orcid.org/0000-0002-7518-6677

B. O’Reilly © https: //orcid.org/0000-0002-3874-8335
M. Orselli @ https: /orcid.org/0000-0003-3563-8576

R. O’Shaughnessy @ https: //orcid.org/0000-0001-5832-8517
S. Oshino @ https: //orcid.org/0000-0002-2794-6029

I. Ota @ https: //orcid.org/0000-0001-5045-2484

D. J. Ottaway @ https: //orcid.org/0000-0001-6794-1591
B. J. Owen @ https: //orcid.org/0000-0003-3919-0780

A. E. Pace @ https: //orcid.org/0009-0003-4044-0334

R. Pagano @ https: //orcid.org/0000-0001-8362-0130

M. A. Page © https: //orcid.org/0000-0002-5298-7914

A. Pai @ https: //orcid.org/0000-0003-3476-4589

S. Pal @ https: //orcid.org/0000-0003-2172-8589

M. A. Palaia ® https: //orcid.org/0009-0007-3296-8648
C. Palomba ® https: //orcid.org/0000-0002-4450-9883

P. Palud @ https: /orcid.org/0000-0002-5850-6325

K. C. Pan @ https: //orcid.org/0000-0002-1473-9880

F. Pannarale @ https: //orcid.org/0000-0002-7537-3210
F. Paoletti ® https: //orcid.org/0000-0001-8898-1963

A. Paolone ® https: //orcid.org/0000-0002-4839-7815

A. Papadopoulos @ https: //orcid.org/0009-0006-1882-996X
L. Papalini © https: //orcid.org/0000-0002-5219-0454

G. Papigkiotis ® https: /orcid.org/0009-0008-2205-7426
A. Parisi © https: //orcid.org/0000-0003-0251-8914

J. Park ® https: J/orcid.org/0000-0002-7510-0079

W. Parker @ https: //orcid.org/0000-0002-7711-4423

D. Pascucci @ https: //orcid.org/0000-0003-1907-0175
A. Pasqualetti ® https: //orcid.org/0000-0003-0620-5990
R. Passaquieti © https: //orcid.org/0000-0003-4753-9428
O. Patane © https: //orcid.org/0000-0002-4850-2355

A. V. Patel @ https: //orcid.org/0000-0001-6872-9197

L. Pathak ® https: //orcid.org/0000-0002-9523-7945

B. Patricelli ® https: //orcid.org/0000-0001-6709-0969
K. Paul © https: //orcid.org/0000-0002-8406-6503

S. Paul @ https: //orcid.org/0000-0002-4449-1732

E. Payne @ https: //orcid.org/0000-0003-4507-8373

A. Pele © https: //orcid.org/0000-0002-1873-3769

F. E. Pefia Arellano © https: //orcid.org/0000-0002-8516-5159

S. Penn @ https: /orcid.org/0000-0003-4956-0853

A. Perego @ https: //orcid.org/0000-0002-0936-8237
C. Périgois @ https: //orcid.org/0000-0002-9779-2838
G. Perna © https: //orcid.org/0000-0002-7364-1904
A. Perreca © https: //orcid.org/0000-0002-6269-2490
J. Perret @ https: //orcid.org/0009-0006-4975-1536

S. Perries @ https: //orcid.org/0000-0003-2213-3579

H. P. Pfeiffer © https: //orcid.org/0000-0001-9288-519X
K. A. Pham @ https: //orcid.org/0000-0002-7650-1034

Abac et al.

S. Phukon @ https: //orcid.org/0000-0003-1561-0760
Piccari @ https: //orcid.org/0009-0000-0247-4339

J. Piccinni © https: //orcid.org/0000-0001-5478-3950
. Pichot © https: //orcid.org/0000-0002-4439-8968
. Piendibene © https: //orcid.org/0000-0003-2434-488X
Piergiovanni ® https: //orcid.org/0000-0001-8063-828X
Pierini © https: //orcid.org/0000-0003-0945-2196
Pierra ® https: //orcid.org/0000-0003-3970-7970

Pierro @ https: //orcid.org/0000-0002-6020-5521
. Pillas © https: //orcid.org/0000-0003-3224-2146

Pilo ® https: //orcid.org/0000-0003-4967-7090

Pinard ® https: //orcid.org/0000-0002-8842-1867
M. Pinto @ https: //orcid.org/0000-0002-2679-4457

. Pinto ® https: //orcid.org/0009-0003-4339-9971

J. Piotrzkowski @ https: //orcid.org/0000-0001-8919-0899
. D. Pitkin @ https: //orcid.org/0000-0003-4548-526X
A. Placidi @ https: //orcid.org/0000-0001-8032-4416
E. Placidi @ https: //orcid.org/0000-0002-3820-8451
M. L. Planas @ https: //orcid.org/0000-0001-8278-7406
W. Plastino © https: //orcid.org/0000-0002-5737-6346
C. Plunkett ©@ https: //orcid.org/0000-0002-1144-6708
R. Poggiani @ https: /orcid.org/0000-0002-9968-2464
L. Pompili © https: //orcid.org/0000-0002-0710-6778
C. Posnansky ® https: //orcid.org/0009-0009-7137-9795
R. Poulton © https: //orcid.org/0000-0003-2049-520X
J. Powell @ https: //orcid.org/0000-0002-1357-4164
M. Pracchia ® https: j/orcid.org/0009-0001-8343-719X
B. K. Pradhan ® https: //orcid.org/0000-0002-2526-1421
T. Pradier @ https: //orcid.org/0000-0001-5501-0060
K. Prasai @ https: //orcid.org/0000-0001-6552-097X
G. Pratten @ https: J/orcid.org/0000-0003-4984-0775
G. Principe ® https: //orcid.org/0000-0003-0406-7387
G. A. Prodi @ https: //orcid.org/0000-0001-5256-915X
A. Puecher @ https: //orcid.org/0000-0003-1357-4348
J. Pullin © https: //orcid.org/0000-0001-8248-603X
M. Piirrer @ https: //orcid.org/0000-0002-3329-9788
H. Qi @ https: //orcid.org/0000-0001-6339-1537
J. Qin @ https: //orcid.org/0000-0002-7120-9026
G. Quéméner @ https: //orcid.org/0000-0001-6703-6655
B. Rajbhandari @ https: j/orcid.org/0000-0001-7568-1611
K. E. Ramirez © https: //orcid.org/0000-0003-2194-7669
F. A. Ramis Vidal @ https: //orcid.org/0000-0001-6143-2104
M. Ramos Arevalo @ https: //orcid.org/0009-0003-1528-8326
A. Ramos-Buades © https: //orcid.org/0000-0002-6874-7421
S. Ranjan @ https: //orcid.org/0000-0001-7480-9329
P. Rapagnani © https: //orcid.org/0000-0002-1865-6126
A. Ray @ https: //orcid.org/0000-0002-7322-4748
V. Raymond @ https: //orcid.org/0000-0003-0066-0095
M. Razzano @ https: //orcid.org/0000-0003-4825-1629
D. H. Reitze @ https: //orcid.org/0000-0002-5756-1111
B. Revenu @ https: /orcid.org/0000-0002-7629-4805
L. Ricca © https: //orcid.org/0009-0002-1638-0610
F. Ricci @ https: //orcid.org/0000-0001-5475-4447
M. Ricci @ https: //orcid.org/0009-0008-7421-4331
A. Ricciardone @ https: //orcid.org/0000-0002-5688-455X
J. W. Richardson ® https: //orcid.org/0000-0002-1472-4806
K. Riles @ https: //orcid.org/0000-0002-6418-5812
S. Rinaldi ® https: //orcid.org /0000-0001-5799-4155
A. Rocchi @ https: /orcid.org/0000-0002-1382-9016
L. Rolland © https: //orcid.org/0000-0003-0589-9687
J. G. Rollins @ https: //orcid.org/0000-0002-9388-2799
A. E. Romano @ https: //orcid.org/0000-0002-0314-8698

K.
L.
0.
M
M
F.
L.
G.
V.
M
F.
L.
L

M
B.
M


https://orcid.org/0000-0003-0323-0111
https://orcid.org/0000-0002-1828-3702
https://orcid.org/0000-0001-8694-4026
https://orcid.org/0000-0003-3562-0990
https://orcid.org/0000-0003-1470-532X
https://orcid.org/0000-0002-6029-4712
https://orcid.org/0009-0008-6626-0725
https://orcid.org/0000-0001-8304-8066
https://orcid.org/0000-0002-8599-8791
https://orcid.org/0009-0001-4174-3973
https://orcid.org/0000-0002-3916-1595
https://orcid.org/0000-0002-1884-8654
https://orcid.org/0000-0001-8072-0304
https://orcid.org/0000-0003-0493-5607
https://orcid.org/0000-0002-7497-871X
https://orcid.org/0000-0002-7518-6677
https://orcid.org/0000-0002-3874-8335
https://orcid.org/0000-0003-3563-8576
https://orcid.org/0000-0001-5832-8517
https://orcid.org/0000-0002-2794-6029
https://orcid.org/0000-0001-5045-2484
https://orcid.org/0000-0001-6794-1591
https://orcid.org/0000-0003-3919-0780
https://orcid.org/0009-0003-4044-0334
https://orcid.org/0000-0001-8362-0130
https://orcid.org/0000-0002-5298-7914
https://orcid.org/0000-0003-3476-4589
https://orcid.org/0000-0003-2172-8589
https://orcid.org/0009-0007-3296-8648
https://orcid.org/0000-0002-4450-9883
https://orcid.org/0000-0002-5850-6325
https://orcid.org/0000-0002-1473-9880
https://orcid.org/0000-0002-7537-3210
https://orcid.org/0000-0001-8898-1963
https://orcid.org/0000-0002-4839-7815
https://orcid.org/0009-0006-1882-996X
https://orcid.org/0000-0002-5219-0454
https://orcid.org/0009-0008-2205-7426
https://orcid.org/0000-0003-0251-8914
https://orcid.org/0000-0002-7510-0079
https://orcid.org/0000-0002-7711-4423
https://orcid.org/0000-0003-1907-0175
https://orcid.org/0000-0003-0620-5990
https://orcid.org/0000-0003-4753-9428
https://orcid.org/0000-0002-4850-2355
https://orcid.org/0000-0001-6872-9197
https://orcid.org/0000-0002-9523-7945
https://orcid.org/0000-0001-6709-0969
https://orcid.org/0000-0002-8406-6503
https://orcid.org/0000-0002-4449-1732
https://orcid.org/0000-0003-4507-8373
https://orcid.org/0000-0002-1873-3769
https://orcid.org/0000-0002-8516-5159
https://orcid.org/0000-0003-4956-0853
https://orcid.org/0000-0002-0936-8237
https://orcid.org/0000-0002-9779-2838
https://orcid.org/0000-0002-7364-1904
https://orcid.org/0000-0002-6269-2490
https://orcid.org/0009-0006-4975-1536
https://orcid.org/0000-0003-2213-3579
https://orcid.org/0000-0001-9288-519X
https://orcid.org/0000-0002-7650-1034
https://orcid.org/0000-0003-1561-0760
https://orcid.org/0009-0000-0247-4339
https://orcid.org/0000-0001-5478-3950
https://orcid.org/0000-0002-4439-8968
https://orcid.org/0000-0003-2434-488X
https://orcid.org/0000-0001-8063-828X
https://orcid.org/0000-0003-0945-2196
https://orcid.org/0000-0003-3970-7970
https://orcid.org/0000-0002-6020-5521
https://orcid.org/0000-0003-3224-2146
https://orcid.org/0000-0003-4967-7090
https://orcid.org/0000-0002-8842-1867
https://orcid.org/0000-0002-2679-4457
https://orcid.org/0009-0003-4339-9971
https://orcid.org/0000-0001-8919-0899
https://orcid.org/0000-0003-4548-526X
https://orcid.org/0000-0001-8032-4416
https://orcid.org/0000-0002-3820-8451
https://orcid.org/0000-0001-8278-7406
https://orcid.org/0000-0002-5737-6346
https://orcid.org/0000-0002-1144-6708
https://orcid.org/0000-0002-9968-2464
https://orcid.org/0000-0002-0710-6778
https://orcid.org/0009-0009-7137-9795
https://orcid.org/0000-0003-2049-520X
https://orcid.org/0000-0002-1357-4164
https://orcid.org/0009-0001-8343-719X
https://orcid.org/0000-0002-2526-1421
https://orcid.org/0000-0001-5501-0060
https://orcid.org/0000-0001-6552-097X
https://orcid.org/0000-0003-4984-0775
https://orcid.org/0000-0003-0406-7387
https://orcid.org/0000-0001-5256-915X
https://orcid.org/0000-0003-1357-4348
https://orcid.org/0000-0001-8248-603X
https://orcid.org/0000-0002-3329-9788
https://orcid.org/0000-0001-6339-1537
https://orcid.org/0000-0002-7120-9026
https://orcid.org/0000-0001-6703-6655
https://orcid.org/0000-0001-7568-1611
https://orcid.org/0000-0003-2194-7669
https://orcid.org/0000-0001-6143-2104
https://orcid.org/0009-0003-1528-8326
https://orcid.org/0000-0002-6874-7421
https://orcid.org/0000-0001-7480-9329
https://orcid.org/0000-0002-1865-6126
https://orcid.org/0000-0002-7322-4748
https://orcid.org/0000-0003-0066-0095
https://orcid.org/0000-0003-4825-1629
https://orcid.org/0000-0002-5756-1111
https://orcid.org/0000-0002-7629-4805
https://orcid.org/0009-0002-1638-0610
https://orcid.org/0000-0001-5475-4447
https://orcid.org/0009-0008-7421-4331
https://orcid.org/0000-0002-5688-455X
https://orcid.org/0000-0002-1472-4806
https://orcid.org/0000-0002-6418-5812
https://orcid.org/0000-0001-5799-4155
https://orcid.org/0000-0002-1382-9016
https://orcid.org/0000-0003-0589-9687
https://orcid.org/0000-0002-9388-2799
https://orcid.org/0000-0002-0314-8698

THE ASTROPHYSICAL JOURNAL LETTERS, 1004:L22 (49pp), 2026 June 20

https: j/orcid.org,/0000-0002-0485-6936

https: //orcid.org /0000-0003-2275-4164
https: //orcid.org,/0000-0003-0020-687X
https: //orcid.org /0000-0003-2640-9683
https: //orcid.org /0000-0002-3681-9304

M. P. Ross @ https: //orcid.org/0000-0002-8955-5269

M. Rossello-Sastre @ https: //orcid.org/0000-0002-3341-3480

S. Rowan ® https: //orcid.org/0000-0002-0666-9907

S. K. Roy @ https: //orcid.org/0000-0001-9295-5119

S. Roy @ https: //orcid.org/0000-0003-2147-5411

D. Rozza ® https: /orcid.org/0000-0002-7378-6353

E. Ruiz Morales © https: //orcid.org/0000-0002-0995-595X

S. Sachdev @ https: //orcid.org/0000-0002-0525-2317

P. Saffarieh @ https: /orcid.org/0009-0000-7504-3660

S. Safi-Harb @ https: //orcid.org/0000-0001-6189-7665

M. R. Sah @ https: //orcid.org/0009-0005-9881-1788

S. Saha @ https: //orcid.org/0000-0002-3333-8070

T. Sainrat ® https: //orcid.org/0009-0003-0169-266X

S. Sajith Menon @ https: //orcid.org/0009-0008-4985-1320

Y. Sakai @ https: //orcid.org/0000-0001-8810-4813

M. Sakellariadou ® https: //orcid.org/0000-0002-2715-1517

S. Sakon @ https: //orcid.org/0000-0002-5861-3024

O. S. Salafia © https: //orcid.org/0000-0003-4924-7322

F. Salces-Carcoba ©® https: //orcid.org/0000-0001-7049-4438

M. Saleem ® https: //orcid.org/0000-0002-3836-7751

F. Salemi ® https: //orcid.org/0000-0002-9511-3846

M. Sallé © https: //orcid.org/0000-0002-6620-6672

S. Salvador © https: //orcid.org/0000-0003-3444-7807

A. Samajdar ® https: //orcid.org/0000-0002-0857-6018

N. Sanchis-Gual @ https: //orcid.org/0000-0001-5375-7494

E. M. Sénger © https: //orcid.org/0009-0003-6642-8974

F. Santoliquido ® https: //orcid.org/0000-0003-3752-1400

A. Sasli ® https: //orcid.org/0000-0001-7357-0889

P. Sassi @ https: //orcid.org/0000-0002-4920-2784

B. Sassolas @ https: //orcid.org/0000-0002-3077-8951

B. S. Sathyaprakash @ https: //orcid.org/0000-0003-

3845-7586

O. Sauter

R. Romano
A. Romero
S. Ronchini
T. J. Roocke
D. Rosinska

https: //orcid.org /0000-0003-2293-1554

R. L. Savage @ https: j/orcid.org/0000-0003-3317-1036
T. Sawada @ https: j/orcid.org/0000-0001-5726-7150

M. G. Schiworski @ https: //orcid.org/0000-0001-9298-004X
P. Schmidt @ https: //orcid.org/0000-0003-1542-1791

S. Schmidt ® https: //orcid.org/0000-0002-8206-8089

R. Schnabel @ https: //orcid.org/0000-0003-2896-4218

K. Schouteden @ https: //orcid.org/0000-0002-5975-585X
E. Schwartz ® https: //orcid.org/0000-0001-8922-7794
M. Scialpi @ https: //orcid.org/0009-0007-6434-1460

J. Scott ® https: //orcid.org/0000-0001-6701-6515

S. M. Scott ® https: //orcid.org/0000-0002-9875-7700

R. M. Sedas © https: //orcid.org/0000-0001-8961-3855
M. Seglar-Arroyo @ https: //orcid.org/0000-0001-8654-409X
Y. Sekiguchi ® https: /orcid.org/0000-0002-2648-3835
A. S. Sengupta ® https: //orcid.org/0000-0002-3212-0475
E. G. Seo @ https: //orcid.org/0000-0002-8588-4794

J. W. Seo @ https: //orcid.org /0000-0003-4937-0769

M. Serra @ https: //orcid.org/0000-0002-6093-8063

U. S. Shah @ https: //orcid.org/0000-0001-8249-7425

M. A. Shaikh @ https: //orcid.org/0000-0003-0826-6164
L. Shao @ https: J/orcid.org/0000-0002-1334-8853

A. K. Sharma ® https: //orcid.org/0000-0003-0067-346X
A. Sharma © https: //orcid.org/0009-0007-2194-8633

P. Shawhan ® https: /orcid.org/0000-0002-8249-8070

45

Abac et al.

https: //orcid.org /0000-0001-8696-2435
https: //orcid.org /0000-0003-1082-2844

https: //orcid.org /0000-0002-4147-2560
M. Shoemaker @ https: //orcid.org/0000-0002-9899-6357
Siegel ® https: //orcid.org/0000-0001-5161-4617

Sigg ® https: //orcid.org/0000-0003-4606-6526

Silenzi © https: //orcid.org/0000-0001-7316-3239

Silvestri @ https: //orcid.org/0009-0008-5207-661X

N. S. Shcheblanov
H.

D.

D.

H.

D.

L.

L.

L. P. Singer ® https: //orcid.org/0000-0001-9898-5597
D.

M

N.

A.

V.

B.

L.

L.

R.

Shinkai
H. Shoemaker

Singh © https: //orcid.org/0000-0001-9675-4584
. K. Singh © https: //orcid.org/0000-0001-8081-4888
Singh ® https: //orcid.org/0000-0002-1135-3456
https: j/orcid.org/0000-0001-9050-7515
Skliris @ https: //orcid.org/0000-0003-0902-9216
J. J. Slagmolen @ https: j/orcid.org/0000-0002-2471-3828
R. Smith ® https: //orcid.org/0000-0003-0638-9670
Smith @ https: //orcid.org/0000-0002-3035-0947
J. E. Smith © https: //orcid.org/0000-0001-8516-3324
W. J. Smith @ https: //orcid.org/0009-0003-7949-4911
K. Somiya © https: //orcid.org/0000-0003-2601-2264
1. Song @ https: //orcid.org/0000-0002-4301-8281
S. Soni @ https: //orcid.org/0000-0003-3856-8534
V. Sordini ® https: //orcid.org/0000-0003-0885-824X
H. Sotani ® https: //orcid.org/0000-0002-3239-2921
F. Spada ® https: //orcid.org/0000-0001-5664-1657
V. Spagnuolo @ https: //orcid.org/0000-0002-0098-4260
A. P. Spencer © https: //orcid.org/0000-0003-4418-3366
P. Spinicelli ® https: //orcid.org/0000-0001-8078-6047
F. Stachurski @ https: //orcid.org/0000-0002-8658-5753
D. A. Steer © https: //orcid.org/0000-0002-8781-1273
N. Steinle @ https: //orcid.org/0000-0003-0658-402X
S. Steinlechner ® https: //orcid.org/0000-0003-4710-8548
N. Stergioulas ® https: //orcid.org/0000-0002-5490-5302
S. Sudhagar @ https: //orcid.org/0000-0001-8578-4665
L. Suleiman @ https: //orcid.org/0000-0003-3783-7448
J. M. Sullivan @ https: //orcid.org/0009-0006-6238-9594
J. Sun © https: //orcid.org/0009-0008-8278-0077
L. Sun @ https: //orcid.org/0000-0001-7959-892X
J. Suresh @ https: j/orcid.org/0000-0003-2389-6666
P. J. Sutton @ https: //orcid.org/0000-0003-1614-3922
B. L. Swinkels @ https: //orcid.org/0000-0002-3066-3601
A.
M

M. Sintes

Syx ® https: //orcid.org/0009-0000-6424-6411

. J. Szczeparczyk @ https: //orcid.org/0000-0002-
6167-6149
P. Szewczyk @ https: //orcid.org/0000-0002-1339-9167
M. Tacca © https: //orcid.org/0000-0003-1353-0441
H. Tagoshi ® https: //orcid.org/0000-0001-8530-9178
H. Takahashi ® https: //orcid.org/0000-0003-0596-4397
R. Takahashi @ https: //orcid.org/0000-0003-1367-5149
A. Takamori @ https: //orcid.org/0000-0001-6032-1330
S. Takano @ https: //orcid.org/0000-0002-1266-4555
H. Takeda ® https: //orcid.org/0000-0001-9937-2557
N. Tamanini © https: //orcid.org/0000-0001-8760-5421
S. J. Tanaka @ https: //orcid.org/0000-0002-8796-1992
S. Tanioka @ https: //orcid.org/0000-0003-3321-1018
L. Tao ® https: //orcid.org/0000-0003-4382-5507
E. N. Tapia San Martin © https: //orcid.org/0000-0002-
4817-5606
A. Taruya
J. D. Tasson
J. G. Tau
R. Tenorio

https: //orcid.org /0000-0002-4016-1955
https: //orcid.org /0000-0002-4777-5087
https: //orcid.org /0009-0004-7428-762X
https: //orcid.org/0000-0002-3582-2587


https://orcid.org/0000-0002-0485-6936
https://orcid.org/0000-0003-2275-4164
https://orcid.org/0000-0003-0020-687X
https://orcid.org/0000-0003-2640-9683
https://orcid.org/0000-0002-3681-9304
https://orcid.org/0000-0002-8955-5269
https://orcid.org/0000-0002-3341-3480
https://orcid.org/0000-0002-0666-9907
https://orcid.org/0000-0001-9295-5119
https://orcid.org/0000-0003-2147-5411
https://orcid.org/0000-0002-7378-6353
https://orcid.org/0000-0002-0995-595X
https://orcid.org/0000-0002-0525-2317
https://orcid.org/0009-0000-7504-3660
https://orcid.org/0000-0001-6189-7665
https://orcid.org/0009-0005-9881-1788
https://orcid.org/0000-0002-3333-8070
https://orcid.org/0009-0003-0169-266X
https://orcid.org/0009-0008-4985-1320
https://orcid.org/0000-0001-8810-4813
https://orcid.org/0000-0002-2715-1517
https://orcid.org/0000-0002-5861-3024
https://orcid.org/0000-0003-4924-7322
https://orcid.org/0000-0001-7049-4438
https://orcid.org/0000-0002-3836-7751
https://orcid.org/0000-0002-9511-3846
https://orcid.org/0000-0002-6620-6672
https://orcid.org/0000-0003-3444-7807
https://orcid.org/0000-0002-0857-6018
https://orcid.org/0000-0001-5375-7494
https://orcid.org/0009-0003-6642-8974
https://orcid.org/0000-0003-3752-1400
https://orcid.org/0000-0001-7357-0889
https://orcid.org/0000-0002-4920-2784
https://orcid.org/0000-0002-3077-8951
https://orcid.org/0000-0003-3845-7586
https://orcid.org/0000-0003-3845-7586
https://orcid.org/0000-0003-2293-1554
https://orcid.org/0000-0003-3317-1036
https://orcid.org/0000-0001-5726-7150
https://orcid.org/0000-0001-9298-004X
https://orcid.org/0000-0003-1542-1791
https://orcid.org/0000-0002-8206-8089
https://orcid.org/0000-0003-2896-4218
https://orcid.org/0000-0002-5975-585X
https://orcid.org/0000-0001-8922-7794
https://orcid.org/0009-0007-6434-1460
https://orcid.org/0000-0001-6701-6515
https://orcid.org/0000-0002-9875-7700
https://orcid.org/0000-0001-8961-3855
https://orcid.org/0000-0001-8654-409X
https://orcid.org/0000-0002-2648-3835
https://orcid.org/0000-0002-3212-0475
https://orcid.org/0000-0002-8588-4794
https://orcid.org/0000-0003-4937-0769
https://orcid.org/0000-0002-6093-8063
https://orcid.org/0000-0001-8249-7425
https://orcid.org/0000-0003-0826-6164
https://orcid.org/0000-0002-1334-8853
https://orcid.org/0000-0003-0067-346X
https://orcid.org/0009-0007-2194-8633
https://orcid.org/0000-0002-8249-8070
https://orcid.org/0000-0001-8696-2435
https://orcid.org/0000-0003-1082-2844
https://orcid.org/0000-0002-4147-2560
https://orcid.org/0000-0002-9899-6357
https://orcid.org/0000-0001-5161-4617
https://orcid.org/0000-0003-4606-6526
https://orcid.org/0000-0001-7316-3239
https://orcid.org/0009-0008-5207-661X
https://orcid.org/0000-0001-9898-5597
https://orcid.org/0000-0001-9675-4584
https://orcid.org/0000-0001-8081-4888
https://orcid.org/0000-0002-1135-3456
https://orcid.org/0000-0001-9050-7515
https://orcid.org/0000-0003-0902-9216
https://orcid.org/0000-0002-2471-3828
https://orcid.org/0000-0003-0638-9670
https://orcid.org/0000-0002-3035-0947
https://orcid.org/0000-0001-8516-3324
https://orcid.org/0009-0003-7949-4911
https://orcid.org/0000-0003-2601-2264
https://orcid.org/0000-0002-4301-8281
https://orcid.org/0000-0003-3856-8534
https://orcid.org/0000-0003-0885-824X
https://orcid.org/0000-0002-3239-2921
https://orcid.org/0000-0001-5664-1657
https://orcid.org/0000-0002-0098-4260
https://orcid.org/0000-0003-4418-3366
https://orcid.org/0000-0001-8078-6047
https://orcid.org/0000-0002-8658-5753
https://orcid.org/0000-0002-8781-1273
https://orcid.org/0000-0003-0658-402X
https://orcid.org/0000-0003-4710-8548
https://orcid.org/0000-0002-5490-5302
https://orcid.org/0000-0001-8578-4665
https://orcid.org/0000-0003-3783-7448
https://orcid.org/0009-0006-6238-9594
https://orcid.org/0009-0008-8278-0077
https://orcid.org/0000-0001-7959-892X
https://orcid.org/0000-0003-2389-6666
https://orcid.org/0000-0003-1614-3922
https://orcid.org/0000-0002-3066-3601
https://orcid.org/0009-0000-6424-6411
https://orcid.org/0000-0002-6167-6149
https://orcid.org/0000-0002-6167-6149
https://orcid.org/0000-0002-1339-9167
https://orcid.org/0000-0003-1353-0441
https://orcid.org/0000-0001-8530-9178
https://orcid.org/0000-0003-0596-4397
https://orcid.org/0000-0003-1367-5149
https://orcid.org/0000-0001-6032-1330
https://orcid.org/0000-0002-1266-4555
https://orcid.org/0000-0001-9937-2557
https://orcid.org/0000-0001-8760-5421
https://orcid.org/0000-0002-8796-1992
https://orcid.org/0000-0003-3321-1018
https://orcid.org/0000-0003-4382-5507
https://orcid.org/0000-0002-4817-5606
https://orcid.org/0000-0002-4817-5606
https://orcid.org/0000-0002-4016-1955
https://orcid.org/0000-0002-4777-5087
https://orcid.org/0009-0004-7428-762X
https://orcid.org/0000-0002-3582-2587

THE ASTROPHYSICAL JOURNAL LETTERS, 1004:L22 (49pp), 2026 June 20

https: //orcid.org /0000-0003-4486-7135
L. M. Thomas ® https: //orcid.org/0000-0003-3271-6436
J. E. Thompson @ https: //orcid.org/0000-0002-0419-5517
E. Thrane © https: //orcid.org/0000-0002-4418-3895

S. Tibrewal © https: j/orcid.org/0000-0003-4159-8291

J. Tissino ® https: //orcid.org/0000-0003-2483-6710

S. Tiwari © https: //orcid.org/0000-0003-1611-6625

V. Tiwari © https: //orcid.org/0000-0002-1602-4176

A. M. Toivonen © https: //orcid.org/0009-0008-9546-2035
K. Toland ® https: //orcid.org/0000-0001-9537-9698

A. E. Tolley ® https: j/orcid.org/0000-0001-9841-943X

T. Tomaru © https: /orcid.org/0000-0002-8927-9014

T. Tomura © https: //orcid.org/0000-0002-7504-8258

H. Tong ® https: //orcid.org/0000-0002-4534-0485

A. Torres-Forné @ https: //orcid.org/0000-0001-8709-5118
I. Tosta e Melo © https://orcid.org/0000-0001-5833-4052
E. Tournefier ® https: //orcid.org/0000-0002-5465-9607

A. Trapananti ® https: //orcid.org/0000-0001-7763-5758
R. Travaglini ® https: //orcid.org/0000-0002-5288-1407

F. Travasso © https: //orcid.org/0000-0002-4653-6156

M. C. Tringali ® https: //orcid.org/0000-0001-5087-189X
A. Tripathee © https: //orcid.org/0000-0002-6976-5576

G. Troian © https: //orcid.org/0000-0001-6837-607X

A. Trovato © https: //orcid.org/0000-0002-9714-1904

T. Tsang © https: //orcid.org/0000-0003-3666-686X

S. Tsuchida @ https: J/orcid.org/0000-0001-8217-0764

L. Tsukada @ https: //orcid.org/0000-0003-0596-5648

K. Turbang @ https: //orcid.org/0000-0002-9296-8603

M. Turconi ® https: //orcid.org/0000-0001-9999-2027

H. Ubach @ https: //orcid.org/0000-0002-0679-9074

N. Uchikata ® https: //orcid.org/0000-0003-0030-3653

T. Uchiyama ® https: //orcid.org/0000-0003-2148-1694

R. P. Udall @ https: //orcid.org/0000-0001-6877-3278

T. Uehara @ https: //orcid.org/0000-0003-4375-098X

K. Ueno @ https: //orcid.org/0000-0003-3227-6055

V. Undheim @ https: j/orcid.org/0000-0003-4028-0054

T. Ushiba © https: //orcid.org/0000-0002-5059-4033

M. Vacatello @ https: //orcid.org/0009-0006-0934-1014

H. Vahlbruch ® https: //orcid.org/0000-0003-2357-2338
N. Vaidya ® https: //orcid.org/0000-0003-1843-7545

G. Vajente ®@ https: //orcid.org/0000-0002-7656-6882

J. Valencia ® https: //orcid.org/0000-0003-2648-9759

M. Valentini ® https: //orcid.org/0000-0003-1215-4552

S. A. Vallejo-Pefia ® https: /orcid.org/0000-0002-6827-9509
V. Valsan @ https: //orcid.org/0000-0003-0315-4091

M. van Dael ® https: //orcid.org/0000-0002-6061-8131

E. Van den Bossche @ https: //orcid.org/0009-0009-
2070-0964

J. F. J. van den Brand © https: //orcid.org/0000-0003-
4434-5353

M. van der Sluys
J. van Dongen
H. van Haevermaet

A. Theodoropoulos

https: //orcid.org /0000-0003-1231-0762
https: //orcid.org,/0000-0003-0964-2483
https: //orcid.org/0000-0003-

2386-957X

J. V. van Heijningen © https: //orcid.org/0000-0002-
8391-7513

P. Van Hove ® https: //orcid.org/0000-0002-2431-3381

N. van Remortel @ https: //orcid.org/0000-0003-4180-8199
A. F. Vargas @ https: //orcid.org/0000-0001-8396-5227

V. Varma © https: //orcid.org/0000-0002-9994-1761

A. Vecchio @ https: //orcid.org/0000-0002-6254-1617
J. Veitch © https: //orcid.org/0000-0002-6508-0713

46

Abac et al.

J. Veitch @ https: //orcid.org/0000-0002-2597-435X

C. Venterea @ https: //orcid.org/0000-0003-3299-3804
Verdier ® https: //orcid.org/0000-0003-3090-2948
Verkindt ® https: //orcid.org/0000-0003-4344-7227
Verma @ https: j/orcid.org/0000-0003-4147-3173

M. Vermeulen @ https: //orcid.org/0000-0003-4227-8214
Veutro @ https: //orcid.org/0009-0002-9160-5808

A. Viceré @ https: //orcid.org/0000-0003-0624-6231

A. D. Viets ® https: //orcid.org/0000-0002-4241-1428

A. Vijaykumar @ https: /orcid.org/0000-0002-4103-0666

V. Villa-Ortega © https: //orcid.org/0000-0001-7983-1963
E. T. Vincent © https: //orcid.org/0000-0002-0442-1916

S. Vitale @ https: //orcid.org/0000-0003-2700-0767

H. Vocca © https: //orcid.org/0000-0002-1200-3917

D. Voigt @ https: //orcid.org/0000-0001-9075-6503

L. Vujeva @ https: //orcid.org/0000-0001-7697-8361

S. P. Vyatchanin ® https: //orcid.org/0000-0002-6823-911X
M. Wade @ https: //orcid.org/0000-0002-5703-4469

K. J. Wagner @ https: //orcid.org/0000-0002-7255-4251

H. Wang © https: //orcid.org/0000-0002-6589-2738

Y. F. Wang @ https: J/orcid.org/0000-0002-2928-2916

G. Waratkar @ https: //orcid.org/0000-0003-3630-9440

M. Was @ https: //orcid.org/0000-0002-1890-1128

T. Washimi ® https: //orcid.org/0000-0001-5792-4907

N. L. Weickhardt © https: //orcid.org/0000-0002-3923-5806
A. J. Weinstein ® https: //orcid.org/0000-0002-0928-6784
L. Wen @ https: //orcid.org/0000-0001-7987-295X

K. Wette © https: //orcid.org/0000-0002-4394-7179

J. T. Whelan @ https: //orcid.org/0000-0001-5710-6576

B. F. Whiting © https: //orcid.org/0000-0002-8501-8669

C. Whittle ® https: //orcid.org/0000-0002-8833-7438

D. Wilken @ https: //orcid.org/0000-0002-7290-9411

D. Williams © https: //orcid.org/0000-0003-3772-198X

M. J. Williams ©® https: //orcid.org/0000-0003-2198-2974
N. S. Williams ® https: /orcid.org/0000-0002-5656-8119

J. L. Willis ® https: j/orcid.org/0000-0002-9929-0225

B. Willke @ https: //orcid.org/0000-0003-0524-2925

M. Wils @ https: //orcid.org/0000-0002-1544-7193

G. Woan @ https: //orcid.org/0000-0003-0381-0394

H. T. Wong © https: //orcid.org/0000-0003-4145-4394

I. C. F. Wong @ https: //orcid.org/0000-0003-2166-0027
M. Wright ® https: //orcid.org/0000-0003-1829-7482

C. Wu @ https: //orcid.org/0000-0003-3191-8845

D. S. Wu @ https: //orcid.org/0000-0003-2849-3751

H. Wu ©® https: //orcid.org/0000-0003-4813-3833

Z. Wu © https: //orcid.org /0000-0002-0032-5257

D. M. Wysocki @ https: //orcid.org/0000-0001-9138-4078
V. A. Xu @ https: //orcid.org/0000-0002-3020-3293

Y. Xu @ https: J/orcid.org/0000-0001-8697-3505
N
H
K
T
T
R

P.
R.
P.
D.
Y.
S.
A.

. Yadav © https: J/orcid.org/0009-0009-5010-1065
. Yamamoto © https: //orcid.org/0000-0001-6919-9570
. Yamamoto @ https: //orcid.org/0000-0002-3033-2845
. S. Yamamoto @ https: //orcid.org/0000-0002-8181-924X
. Yamamoto © https: //orcid.org/0000-0002-0808-4822
. Yamazaki @ https: //orcid.org/0000-0002-1251-7889
K. Z. Yang © https: //orcid.org/0000-0001-8083-4037
Y. Yang @ https: //orcid.org/0000-0002-3780-1413
Z. Yarbrough © https: //orcid.org/0000-0002-9825-1136
https: //orcid.org /0000-0002-8065-1174
https: //orcid.org /0000-0001-7127-4808
https: //orcid.org,/0000-0002-3710-6613
https: //orcid.org /0000-0002-6494-7303

A. B. Yelikar
J. Yokoyama
H. Yuzurihara
M. Zeeshan


https://orcid.org/0000-0003-4486-7135
https://orcid.org/0000-0003-3271-6436
https://orcid.org/0000-0002-0419-5517
https://orcid.org/0000-0002-4418-3895
https://orcid.org/0000-0003-4159-8291
https://orcid.org/0000-0003-2483-6710
https://orcid.org/0000-0003-1611-6625
https://orcid.org/0000-0002-1602-4176
https://orcid.org/0009-0008-9546-2035
https://orcid.org/0000-0001-9537-9698
https://orcid.org/0000-0001-9841-943X
https://orcid.org/0000-0002-8927-9014
https://orcid.org/0000-0002-7504-8258
https://orcid.org/0000-0002-4534-0485
https://orcid.org/0000-0001-8709-5118
https://orcid.org/0000-0001-5833-4052
https://orcid.org/0000-0002-5465-9607
https://orcid.org/0000-0001-7763-5758
https://orcid.org/0000-0002-5288-1407
https://orcid.org/0000-0002-4653-6156
https://orcid.org/0000-0001-5087-189X
https://orcid.org/0000-0002-6976-5576
https://orcid.org/0000-0001-6837-607X
https://orcid.org/0000-0002-9714-1904
https://orcid.org/0000-0003-3666-686X
https://orcid.org/0000-0001-8217-0764
https://orcid.org/0000-0003-0596-5648
https://orcid.org/0000-0002-9296-8603
https://orcid.org/0000-0001-9999-2027
https://orcid.org/0000-0002-0679-9074
https://orcid.org/0000-0003-0030-3653
https://orcid.org/0000-0003-2148-1694
https://orcid.org/0000-0001-6877-3278
https://orcid.org/0000-0003-4375-098X
https://orcid.org/0000-0003-3227-6055
https://orcid.org/0000-0003-4028-0054
https://orcid.org/0000-0002-5059-4033
https://orcid.org/0009-0006-0934-1014
https://orcid.org/0000-0003-2357-2338
https://orcid.org/0000-0003-1843-7545
https://orcid.org/0000-0002-7656-6882
https://orcid.org/0000-0003-2648-9759
https://orcid.org/0000-0003-1215-4552
https://orcid.org/0000-0002-6827-9509
https://orcid.org/0000-0003-0315-4091
https://orcid.org/0000-0002-6061-8131
https://orcid.org/0009-0009-2070-0964
https://orcid.org/0009-0009-2070-0964
https://orcid.org/0000-0003-4434-5353
https://orcid.org/0000-0003-4434-5353
https://orcid.org/0000-0003-1231-0762
https://orcid.org/0000-0003-0964-2483
https://orcid.org/0000-0003-2386-957X
https://orcid.org/0000-0003-2386-957X
https://orcid.org/0000-0002-8391-7513
https://orcid.org/0000-0002-8391-7513
https://orcid.org/0000-0002-2431-3381
https://orcid.org/0000-0003-4180-8199
https://orcid.org/0000-0001-8396-5227
https://orcid.org/0000-0002-9994-1761
https://orcid.org/0000-0002-6254-1617
https://orcid.org/0000-0002-6508-0713
https://orcid.org/0000-0002-2597-435X
https://orcid.org/0000-0003-3299-3804
https://orcid.org/0000-0003-3090-2948
https://orcid.org/0000-0003-4344-7227
https://orcid.org/0000-0003-4147-3173
https://orcid.org/0000-0003-4227-8214
https://orcid.org/0009-0002-9160-5808
https://orcid.org/0000-0003-0624-6231
https://orcid.org/0000-0002-4241-1428
https://orcid.org/0000-0002-4103-0666
https://orcid.org/0000-0001-7983-1963
https://orcid.org/0000-0002-0442-1916
https://orcid.org/0000-0003-2700-0767
https://orcid.org/0000-0002-1200-3917
https://orcid.org/0000-0001-9075-6503
https://orcid.org/0000-0001-7697-8361
https://orcid.org/0000-0002-6823-911X
https://orcid.org/0000-0002-5703-4469
https://orcid.org/0000-0002-7255-4251
https://orcid.org/0000-0002-6589-2738
https://orcid.org/0000-0002-2928-2916
https://orcid.org/0000-0003-3630-9440
https://orcid.org/0000-0002-1890-1128
https://orcid.org/0000-0001-5792-4907
https://orcid.org/0000-0002-3923-5806
https://orcid.org/0000-0002-0928-6784
https://orcid.org/0000-0001-7987-295X
https://orcid.org/0000-0002-4394-7179
https://orcid.org/0000-0001-5710-6576
https://orcid.org/0000-0002-8501-8669
https://orcid.org/0000-0002-8833-7438
https://orcid.org/0000-0002-7290-9411
https://orcid.org/0000-0003-3772-198X
https://orcid.org/0000-0003-2198-2974
https://orcid.org/0000-0002-5656-8119
https://orcid.org/0000-0002-9929-0225
https://orcid.org/0000-0003-0524-2925
https://orcid.org/0000-0002-1544-7193
https://orcid.org/0000-0003-0381-0394
https://orcid.org/0000-0003-4145-4394
https://orcid.org/0000-0003-2166-0027
https://orcid.org/0000-0003-1829-7482
https://orcid.org/0000-0003-3191-8845
https://orcid.org/0000-0003-2849-3751
https://orcid.org/0000-0003-4813-3833
https://orcid.org/0000-0002-0032-5257
https://orcid.org/0000-0001-9138-4078
https://orcid.org/0000-0002-3020-3293
https://orcid.org/0000-0001-8697-3505
https://orcid.org/0009-0009-5010-1065
https://orcid.org/0000-0001-6919-9570
https://orcid.org/0000-0002-3033-2845
https://orcid.org/0000-0002-8181-924X
https://orcid.org/0000-0002-0808-4822
https://orcid.org/0000-0002-1251-7889
https://orcid.org/0000-0001-8083-4037
https://orcid.org/0000-0002-3780-1413
https://orcid.org/0000-0002-9825-1136
https://orcid.org/0000-0002-8065-1174
https://orcid.org/0000-0001-7127-4808
https://orcid.org/0000-0002-3710-6613
https://orcid.org/0000-0002-6494-7303

THE ASTROPHYSICAL JOURNAL LETTERS, 1004:L22 (49pp), 2026 June 20

M. Zeoli @ https: //orcid.org/0009-0007-1898-4844

M. Zevin ® https: j/orcid.org/0000-0002-0147-0835

R. Zhang @ https: //orcid.org/0000-0001-8095-483X

C. Zhao @ https: //orcid.org/0000-0001-5825-2401
Z.-C. Zhao © https: //orcid.org/0000-0001-5180-4496
Y. Zheng ® https: //orcid.org/0000-0002-5432-1331

H. Zhong ® https: //orcid.org/0000-0001-8324-5158
Z.-H. Zhu © https: j/orcid.org/0000-0002-3567-6743

A. B. Zimmerman ® https: //orcid.org/0000-0002-7453-6372
M. E. Zucker @ https: j/orcid.org/0000-0002-2544-1596
J. Zweizig © https: //orcid.org/0000-0002-1521-3397

References

Aasi, J., Abbott, B. P., Abbott, R., et al. 2015, CQGra, 32, 074001
Abac, A. G., Abbott, R., Abe, H., et al. 2024a, ApJ, 973, 132
Abac, A. G., Abbott, R., Abouelfettouh, I., et al. 2024b, ApJL, 970, L34
Abac, A. G., Abouelfettouh, 1., Acernese, F., et al. 2025a, ApJL, 995, L18
Abac, A. G., Abouelfettouh, 1., Acernese, F., et al. 2025b, ApJL, 993, L.25
Abac, A. G., Abouelfettouh, 1., Acernese, F., et al. 2025c, PhRvD, 112,
102005
Abac, A. G., Abouelfettouh, 1., Acernese, F., et al.
Abac, A. G., Abouelfettouh, I., Acernese, F., et al.
Abac, A. G., Abouelfettouh, I., Acernese, F., et al.
Abac, A. G., Abouelfettouh, I., Acernese, F., et al.
Abac, A. G., Abouelfettouh, 1., Acernese, F., et al.
Abac, A. G., Abouelfettouh, I., Acernese, F., et al.
Abac, A. G., Abouelfettouh, 1., Acernese, F., et al.
Abac, A. G., Abouelfettouh, 1., Acernese, F., et al. 2026h, arXiv:2603.19021
Abac, A. G., Abouelfettouh, I., Acernese, F., et al. 20261, arXiv:2512.16347
Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2016a, PhRvL, 116, 061102
Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2016b, PhRvL, 116, 241102
Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2016¢c, PhRvX, 6, 041015
Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2016d, PhRvX, 6, 041014
Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2017a, PhRvL, 119, 161101
Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2017b, PhRvD, 95, 042003
Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2017c, ApJL, 848, L12
Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2017d, PhRvL, 118, 221101
Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2017e, ApJL, 851, L16
Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2018, PhRvL, 121, 231103
Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2019a, PhRvX, 9, 031040
Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2019b, ApJ, 875, 161
Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2019¢, PhRvD, 100, 024017
Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2019d, PhRvX, 9, 011001
Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2019e, PhRvL, 123, 161102
Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2020a, LRR, 23, 3
Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2020b, CQGra, 37, 055002
Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2020c, CQGra, 37, 045006
Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2020d, ApJL, 892, L3
Abbott, R., Abbott, T. D., Abraham, S., et al. 2021a, ApJL, 915, L5
Abbott, R., Abbott, T. D., Abraham, S., et al. 2021b, PhRvX, 11, 021053
Abbott, R., Abbott, T. D., Abraham, S., et al. 2021c, ApJ, 921, 80
Abbott, R., Abbott, T. D., Abraham, S., et al. 2021d, PhRvL, 126, 241102
Abbott, R., Abbott, T. D., Abraham, S., et al. 2021e, PhRvD, 104, 022004
Abbott, R., Abbott, T. D., Abraham, S., et al. 2021f, PhRvD, 104, 022005
Abbott, R., Abbott, T. D., Acernese, F., et al. 2021g, PhRvD, 104, 122004
Abbott, R., Abbott, T. D., Acernese, F., et al. 2022a, PhRvL, 129, 061104
Abbott, R., Abbott, T. D., Acernese, F., et al. 2022b, ApJ, 932, 133
Abbott, R., Abbott, T. D., Acernese, F., et al. 2023a, PhRvX, 13, 041039
Abbott, R., Abbott, T. D., Acernese, F., et al. 2023b, PhRvX, 13, 011048
Abbott, R., Abbott, T. D., Acernese, F., et al. 2024, PhRvD, 109, 022001
Abbott, R., Abe, H., Acernese, F., et al. 2023c, MNRAS, 524, 5984
Acernese, F., Agathos, M., Agatsuma, K., et al. 2015, CQGra, 32, 024001
Adams, T., Buskulic, D., Germain, V., et al. 2016, CQGra, 33, 175012
Ade, P. A. R., Aghanim, N., Arnaud, M., et al. 2016, A&A, 594, A13
Ajith, P., Hannam, M., Husa, S., et al. 2011, PhRvL, 106, 241101
Akutsu, T., Ando, M., Arai, K., et al. 2019, NatAs, 3, 35
Alléné, C., Aubin, F., Bentara, I., et al. 2025, CQGra, 42, 105009
Alsing, J., Silva, H. O., & Berti, E. 2018, MNRAS, 478, 1377
AlvareZ—Lépez, S., Liyanage, A., Ding, J., Ng, R., & Mclver, J. 2024, CQGra,
41, 085007
Andres, N., Assiduo, M., Aubin, F., et al. 2022, CQGra, 39, 055002
Antoniadis, J., Tauris, T. M., Ozel, F., et al. 2016, arXiv:1605.01665

2026a, ApJL, 1004, L21
2026b, ApJ, 998, 70
2026¢, arXiv:2509.07348
2026d, arXiv:2508.18083
2026e, arXiv:2509.04348
2026f, arXiv:2603.19019
2026g, arXiv:2603.19020

47

Abac et al.

Apostolatos, T. A., Cutler, C., Sussman, G. J., & Thorne, K. S. 1994, PhRvD,
49, 6274

Ashton, G., Hiibner, M., Lasky, P. D., et al. 2019, ApJS, 241, 27

Ashton, G., Thiele, S., Lecoeuche, Y., Mclver, J., & Nuttall, L. K. 2022,
CQGra, 39, 175004

Aubin, F., Brighenti, F., Chierici, R., et al. 2021, CQGra, 38, 095004

Bailyn, C. D., Jain, R. K., Coppi, P., & Orosz, J. A. 1998, Apl, 499, 367

Baird, E., Fairhurst, S., Hannam, M., & Murphy, P. 2013, PhRvD, 87, 024035

Barkat, Z., Rakavy, G., & Sack, N. 1967, PhRvL, 18, 379

Belczynski, K., Heger, A., Gladysz, W., et al. 2016, A&A, 594, A97

Berry, C. P. L., Mandel, 1., Middleton, H., et al. 2015, ApJ, 804, 114

Biswas, B., & Rosswog, S. 2025, PhRvD, 112, 023045

Blanchet, L. 2014, LRR, 17, 2

Brandes, L., & Weise, W. 2025, PhRvD, 111, 034005

Brown, J. C. 1991, ASAJ, 89, 425

Cannon, K., Cariou, R., Chapman, A., et al. 2012, ApJ, 748, 136

Cannon, K., Caudill, S., Chan, C., et al. 2021, SoftX, 14, 100680

Chatterji, S., Blackburn, L., Martin, G., & Katsavounidis, E. 2004, CQGra, 21,
S1809

Chatziioannou, K., Cornish, N., Klein, A., & Yunes, N. 2015, ApJL, 798, L17

Chatziioannou, K., Cornish, N., Wijngaarden, M., & Littenberg, T. B. 2021,
PhRvD, 103, 044013

Chia, H. S., Olsen, S., Roulet, J., et al. 2022, PhRvD, 106, 024009

Christensen, N., & Meyer, R. 2022, RvMP, 94, 025001

Chu, Q., Kovalam, M., Wen, L., et al. 2022, PhRvD, 105, 024023

Colleoni, M., Ramis Vidal, F. A., Garcia-Quirés, C., Akgay, S., & Bera, S.
2025, PhRvD, 111, 104019

Cornish, N. J., & Littenberg, T. B. 2015, CQGra, 32, 135012

Cornish, N. J., Littenberg, T. B., Bécsy, B., et al. 2021, PhRvD, 103, 044006

Cutler, C., Apostolatos, T. A., Bildsten, L., et al. 1993, PhRvL, 70, 2984

Cutler, C., & Flanagan, E. E. 1994, PhRvD, 49, 2658

Dal Canton, T., Nitz, A. H., Gadre, B., et al. 2021, ApJ, 923, 254

Dal Canton, T., Nitz, A. H., Lundgren, A. P., et al. 2014, PhRvD, 90, 082004

Damour, T. 2001, PhRvD, 64, 124013

Davies, G. S., Dent, T., Tapai, M., et al. 2020, PhRvD, 102, 022004

Del Pozzo, W., Berry, C. P. L., Ghosh, A., et al. 2018, MNRAS, 479, 601

Dietrich, T., Coughlin, M. W., Pang, P. T. H., et al. 2020, Sci, 370, 1450

Dietrich, T., Samajdar, A., Khan, S., et al. 2019, PhRvD, 100, 044003

Drago, M., Klimenko, S., Lazzaro, C., et al. 2021, SoftX, 14, 100678

El-Badry, K., Rix, H.-W., Latham, D. W., et al. 2024, OJAp, 7, 58

Essick, R., Coughlin, M. W., Zevin, M., et al. 2025, PhRvD, 112, 102001

Essick, R., Godwin, P., Hanna, C., Blackburn, L., & Katsavounidis, E. 2020,
Mach. Learn. Sci. Technol., 2, 015004

Estellés, H., Colleoni, M., Garcia-Quirés, C., et al. 2022a, PhRvD, 105,
084040

Estellés, H., Husa, S., Colleoni, M., et al. 2022b, ApJ, 924, 79

Ewing, B., Huxford, R., Singh, D., et al. 2024, PhRvD, 109, 042008

Fairhurst, S. 2009, NJPh, 11, 123006

Fairhurst, S. 2011, CQGra, 28, 105021

Fan, Y.-Z., Han, M.-Z., Jiang, J.-L., Shao, D.-S., & Tang, S.-P. 2024, PhRvD,
109, 043052

Farr, B., Berry, C. P. L., Farr, W. M., et al. 2016, ApJ, 825, 116

Farr, W. M., Sravan, N., Cantrell, A., et al. 2011, ApJ, 741, 103

Farrow, N., Zhu, X.-J., & Thrane, E. 2019, ApJ, 876, 18

Finn, L. S., & Chernoff, D. F. 1993, PhRvD, 47, 2198

Fishbach, M., Holz, D. E., & Farr, B. 2017, ApJL, 840, L24

Fisher, R. P., Hemming, G., Bizouard, M.-A., et al. 2021, SoftX, 14, 100677

Flanagan, E. E., & Hinderer, T. 2008, PhRvD, 77, 021502

Fowler, W. A., & Hoyle, F. 1964, ApJS, 9, 201

Fryer, C. L., Woosley, S. E., & Heger, A. 2001, ApJ, 550, 372

Garcia-Bellido, J., Nuifio Siles, J. F., & Ruiz Morales, E. 2021, PDU, 31,
100791

Ghonge, S., Chatziioannou, K., Clark, J. A., et al. 2020, PhRvD, 102, 064056

Glanzer, J., Banagiri, S., Coughlin, S. B., et al. 2023, CQGra, 40, 065004

Golomb, J., Legred, I., Chatziioannou, K., & Landry, P. 2025, PhRvD, 111,
023029

Grover, K., Fairhurst, S., Farr, B. F., et al. 2014, PhRvD, 89, 042004

Gupta, T., & Cornish, N. J. 2024, PhRvD, 109, 064040

Hamilton, E., London, L., Thompson, J. E., et al. 2021, PhRvD, 104, 124027

Hanna, C., Caudill, S., Messick, C., et al. 2020, PhRvD, 101, 022003

Harris, C. R., Millman, K. J., van der Walt, S. J., et al. 2020, Natur, 585, 357

Hourihane, S., Chatziioannou, K., Wijngaarden, M., et al. 2022, PhRvD, 106,
042006

Hoy, C., & Raymond, V. 2021, SoftX, 15, 100765

Huang, Y., Middleton, H., Ng, K. K. Y., Vitale, S., & Veitch, J. 2018, PhRvD,
98, 123021


https://orcid.org/0009-0007-1898-4844
https://orcid.org/0000-0002-0147-0835
https://orcid.org/0000-0001-8095-483X
https://orcid.org/0000-0001-5825-2401
https://orcid.org/0000-0001-5180-4496
https://orcid.org/0000-0002-5432-1331
https://orcid.org/0000-0001-8324-5158
https://orcid.org/0000-0002-3567-6743
https://orcid.org/0000-0002-7453-6372
https://orcid.org/0000-0002-2544-1596
https://orcid.org/0000-0002-1521-3397
https://doi.org/10.1088/0264-9381/32/7/074001
https://ui.adsabs.harvard.edu/abs/2015CQGra..32g4001L/abstract
https://doi.org/10.3847/1538-4357/ad65ce
https://ui.adsabs.harvard.edu/abs/2024ApJ...973..132A/abstract
https://doi.org/10.3847/2041-8213/ad5beb
https://ui.adsabs.harvard.edu/abs/2024ApJ...970L..34A/abstract
https://doi.org/10.3847/2041-8213/ae0c06
https://ui.adsabs.harvard.edu/abs/2025ApJ...995L..18A/abstract
https://doi.org/10.3847/2041-8213/ae0c9c
https://ui.adsabs.harvard.edu/abs/2025ApJ...993L..25A/abstract
https://doi.org/10.1103/wjdz-jdby
https://ui.adsabs.harvard.edu/abs/2025PhRvD.112j2005A/abstract
https://ui.adsabs.harvard.edu/abs/2025PhRvD.112j2005A/abstract
https://doi.org/10.3847/2041-8213/ae447b
https://doi.org/10.3847/1538-4357/ae211e
http://arXiv.org/abs/2509.07348
http://arXiv.org/abs/2508.18083
http://arXiv.org/abs/2509.04348
http://arXiv.org/abs/2603.19019
http://arXiv.org/abs/2603.19020
http://arXiv.org/abs/2603.19021
http://arXiv.org/abs/2512.16347
https://doi.org/10.1103/PhysRevLett.116.061102
https://ui.adsabs.harvard.edu/abs/2016PhRvL.116f1102A/abstract
https://doi.org/10.1103/PhysRevLett.116.241102
https://ui.adsabs.harvard.edu/abs/2016PhRvL.116x1102A/abstract
https://doi.org/10.1103/PhysRevX.6.041015
https://ui.adsabs.harvard.edu/abs/2016PhRvX...6d1015A/abstract
https://doi.org/10.1103/PhysRevX.6.041014
https://ui.adsabs.harvard.edu/abs/2016PhRvX...6d1014A/abstract
https://doi.org/10.1103/PhysRevLett.119.161101
https://ui.adsabs.harvard.edu/abs/2017PhRvL.119p1101A/abstract
https://doi.org/10.1103/PhysRevD.95.042003
https://ui.adsabs.harvard.edu/abs/2017PhRvD..95d2003A/abstract
https://doi.org/10.3847/2041-8213/aa91c9
https://ui.adsabs.harvard.edu/abs/2017ApJ...848L..12A/abstract
https://doi.org/10.1103/PhysRevLett.118.221101
https://ui.adsabs.harvard.edu/abs/2017PhRvL.118v1101A/abstract
https://doi.org/10.3847/2041-8213/aa9a35
https://ui.adsabs.harvard.edu/abs/2017ApJ...851L..16A/abstract
https://doi.org/10.1103/PhysRevLett.121.231103
https://ui.adsabs.harvard.edu/abs/2018PhRvL.121w1103A/abstract
https://doi.org/10.1103/PhysRevX.9.031040
https://ui.adsabs.harvard.edu/abs/2019PhRvX...9c1040A/abstract
https://doi.org/10.3847/1538-4357/ab0e8f
https://ui.adsabs.harvard.edu/abs/2019ApJ...875..161A/abstract
https://doi.org/10.1103/PhysRevD.100.024017
https://ui.adsabs.harvard.edu/abs/2019PhRvD.100b4017A/abstract
https://doi.org/10.1103/PhysRevX.9.011001
https://ui.adsabs.harvard.edu/abs/2019PhRvX...9a1001A/abstract
https://doi.org/10.1103/PhysRevLett.123.161102
https://ui.adsabs.harvard.edu/abs/2019PhRvL.123p1102A/abstract
https://doi.org/10.1007/s41114-020-00026-9
https://ui.adsabs.harvard.edu/abs/2020LRR....23....3A/abstract
https://doi.org/10.1088/1361-6382/ab685e
https://ui.adsabs.harvard.edu/abs/2020CQGra..37e5002A/abstract
https://doi.org/10.1088/1361-6382/ab5f7c
https://ui.adsabs.harvard.edu/abs/2020CQGra..37d5006A/abstract
https://doi.org/10.3847/2041-8213/ab75f5
https://ui.adsabs.harvard.edu/abs/2020ApJ...892L...3A/abstract
https://doi.org/10.3847/2041-8213/ac082e
https://ui.adsabs.harvard.edu/abs/2021ApJ...915L...5A/abstract
https://doi.org/10.1103/PhysRevX.11.021053
https://ui.adsabs.harvard.edu/abs/2021PhRvX..11b1053A/abstract
https://doi.org/10.3847/1538-4357/ac17ea
https://ui.adsabs.harvard.edu/abs/2021ApJ...921...80A/abstract
https://doi.org/10.1103/PhysRevLett.126.241102
https://ui.adsabs.harvard.edu/abs/2021PhRvL.126x1102A/abstract
https://doi.org/10.1103/PhysRevD.104.022004
https://ui.adsabs.harvard.edu/abs/2021PhRvD.104b2004A/abstract
https://doi.org/10.1103/PhysRevD.104.022005
https://ui.adsabs.harvard.edu/abs/2021PhRvD.104b2005A/abstract
https://doi.org/10.1103/PhysRevD.104.122004
https://ui.adsabs.harvard.edu/abs/2021PhRvD.104l2004A/abstract
https://doi.org/10.1103/PhysRevLett.129.061104
https://ui.adsabs.harvard.edu/abs/2022PhRvL.129f1104A/abstract
https://doi.org/10.3847/1538-4357/ac6ad0
https://ui.adsabs.harvard.edu/abs/2022ApJ...932..133A/abstract
https://doi.org/10.1103/PhysRevX.13.041039
https://ui.adsabs.harvard.edu/abs/2023PhRvX..13d1039A/abstract
https://doi.org/10.1103/PhysRevX.13.011048
https://ui.adsabs.harvard.edu/abs/2023PhRvX..13a1048A/abstract
https://doi.org/10.1103/PhysRevD.109.022001
https://ui.adsabs.harvard.edu/abs/2024PhRvD.109b2001A/abstract
https://doi.org/10.1093/mnras/stad588
https://ui.adsabs.harvard.edu/abs/2023MNRAS.524.5984L/abstract
https://doi.org/10.1088/0264-9381/32/2/024001
https://ui.adsabs.harvard.edu/abs/2015CQGra..32b4001A/abstract
https://doi.org/10.1088/0264-9381/33/17/175012
https://ui.adsabs.harvard.edu/abs/2016CQGra..33q5012A/abstract
https://doi.org/10.1051/0004-6361/201525830
https://ui.adsabs.harvard.edu/abs/2016A&A...594A..13P/abstract
https://doi.org/10.1103/PhysRevLett.106.241101
https://ui.adsabs.harvard.edu/abs/2011PhRvL.106x1101A/abstract
https://doi.org/10.1038/s41550-018-0658-y
https://ui.adsabs.harvard.edu/abs/2019NatAs...3...35K/abstract
https://doi.org/10.1088/1361-6382/add234
https://ui.adsabs.harvard.edu/abs/2025CQGra..42j5009A/abstract
https://doi.org/10.1093/mnras/sty1065
https://ui.adsabs.harvard.edu/abs/2018MNRAS.478.1377A/abstract
https://doi.org/10.1088/1361-6382/ad2194
https://ui.adsabs.harvard.edu/abs/2024CQGra..41h5007A/abstract
https://ui.adsabs.harvard.edu/abs/2024CQGra..41h5007A/abstract
https://doi.org/10.1088/1361-6382/ac482a
https://ui.adsabs.harvard.edu/abs/2022CQGra..39e5002A/abstract
http://arXiv.org/abs/1605.01665
https://doi.org/10.1103/PhysRevD.49.6274
https://ui.adsabs.harvard.edu/abs/1994PhRvD..49.6274A/abstract
https://ui.adsabs.harvard.edu/abs/1994PhRvD..49.6274A/abstract
https://doi.org/10.3847/1538-4365/ab06fc
https://ui.adsabs.harvard.edu/abs/2019ApJS..241...27A/abstract
https://doi.org/10.1088/1361-6382/ac8094
https://ui.adsabs.harvard.edu/abs/2022CQGra..39q5004A/abstract
https://doi.org/10.1088/1361-6382/abe913
https://ui.adsabs.harvard.edu/abs/2021CQGra..38i5004A/abstract
https://doi.org/10.1086/305614
https://ui.adsabs.harvard.edu/abs/1998ApJ...499..367B/abstract
https://doi.org/10.1103/PhysRevD.87.024035
https://ui.adsabs.harvard.edu/abs/2013PhRvD..87b4035B/abstract
https://doi.org/10.1103/PhysRevLett.18.379
https://ui.adsabs.harvard.edu/abs/1967PhRvL..18..379B/abstract
https://doi.org/10.1051/0004-6361/201628980
https://ui.adsabs.harvard.edu/abs/2016A&A...594A..97B/abstract
https://doi.org/10.1088/0004-637X/804/2/114
https://ui.adsabs.harvard.edu/abs/2015ApJ...804..114B/abstract
https://doi.org/10.1103/8lv3-1ywb
https://ui.adsabs.harvard.edu/abs/2025PhRvD.112b3045B/abstract
https://doi.org/10.12942/lrr-2014-2
https://ui.adsabs.harvard.edu/abs/2014LRR....17....2B/abstract
https://doi.org/10.1103/PhysRevD.111.034005
https://ui.adsabs.harvard.edu/abs/2025PhRvD.111c4005B/abstract
https://doi.org/10.1121/1.400476
https://ui.adsabs.harvard.edu/abs/1991ASAJ...89..425B/abstract
https://doi.org/10.1088/0004-637X/748/2/136
https://ui.adsabs.harvard.edu/abs/2012ApJ...748..136C/abstract
https://doi.org/10.1016/j.softx.2021.100680
https://ui.adsabs.harvard.edu/abs/2021SoftX..1400680C/abstract
https://doi.org/10.1088/0264-9381/21/20/024
https://ui.adsabs.harvard.edu/abs/2004CQGra..21S1809C/abstract
https://ui.adsabs.harvard.edu/abs/2004CQGra..21S1809C/abstract
https://doi.org/10.1088/2041-8205/798/1/L17
https://ui.adsabs.harvard.edu/abs/2015ApJ...798L..17C/abstract
https://doi.org/10.1103/PhysRevD.103.044013
https://ui.adsabs.harvard.edu/abs/2021PhRvD.103d4013C/abstract
https://doi.org/10.1103/PhysRevD.106.024009
https://ui.adsabs.harvard.edu/abs/2022PhRvD.106b4009C/abstract
https://doi.org/10.1103/RevModPhys.94.025001
https://ui.adsabs.harvard.edu/abs/2022RvMP...94b5001C/abstract
https://doi.org/10.1103/PhysRevD.105.024023
https://ui.adsabs.harvard.edu/abs/2022PhRvD.105b4023C/abstract
https://doi.org/10.1103/PhysRevD.111.104019
https://ui.adsabs.harvard.edu/abs/2025PhRvD.111j4019C/abstract
https://doi.org/10.1088/0264-9381/32/13/135012
https://ui.adsabs.harvard.edu/abs/2015CQGra..32m5012C/abstract
https://doi.org/10.1103/PhysRevD.103.044006
https://ui.adsabs.harvard.edu/abs/2021PhRvD.103d4006C/abstract
https://doi.org/10.1103/PhysRevLett.70.2984
https://ui.adsabs.harvard.edu/abs/1993PhRvL..70.2984C/abstract
https://doi.org/10.1103/PhysRevD.49.2658
https://ui.adsabs.harvard.edu/abs/1994PhRvD..49.2658C/abstract
https://doi.org/10.3847/1538-4357/ac2f9a
https://ui.adsabs.harvard.edu/abs/2021ApJ...923..254D/abstract
https://doi.org/10.1103/PhysRevD.90.082004
https://ui.adsabs.harvard.edu/abs/2014PhRvD..90h2004D/abstract
https://doi.org/10.1103/PhysRevD.64.124013
https://ui.adsabs.harvard.edu/abs/2001PhRvD..64l4013D/abstract
https://doi.org/10.1103/PhysRevD.102.022004
https://ui.adsabs.harvard.edu/abs/2020PhRvD.102b2004D/abstract
https://doi.org/10.1093/mnras/sty1485
https://ui.adsabs.harvard.edu/abs/2018MNRAS.479..601D/abstract
https://doi.org/10.1126/science.abb4317
https://ui.adsabs.harvard.edu/abs/2020Sci...370.1450D/abstract
https://doi.org/10.1103/PhysRevD.100.044003
https://ui.adsabs.harvard.edu/abs/2019PhRvD.100d4003D/abstract
https://doi.org/10.1016/j.softx.2021.100678
https://ui.adsabs.harvard.edu/abs/2021SoftX..1400678D/abstract
https://doi.org/10.33232/001c.121261
https://ui.adsabs.harvard.edu/abs/2024OJAp....7E..58E/abstract
https://doi.org/10.1103/44�3-hv3y
https://ui.adsabs.harvard.edu/abs/2025PhRvD.112j2001E/abstract
https://doi.org/10.1088/2632-2153/abab5f
https://doi.org/10.1103/PhysRevD.105.084040
https://ui.adsabs.harvard.edu/abs/2022PhRvD.105h4040E/abstract
https://ui.adsabs.harvard.edu/abs/2022PhRvD.105h4040E/abstract
https://doi.org/10.3847/1538-4357/ac33a0
https://ui.adsabs.harvard.edu/abs/2022ApJ...924...79E/abstract
https://doi.org/10.1103/PhysRevD.109.042008
https://ui.adsabs.harvard.edu/abs/2024PhRvD.109d2008E/abstract
https://doi.org/10.1088/1367-2630/11/12/123006
https://ui.adsabs.harvard.edu/abs/2009NJPh...11l3006F/abstract
https://doi.org/10.1088/0264-9381/28/10/105021
https://ui.adsabs.harvard.edu/abs/2011CQGra..28j5021F/abstract
https://doi.org/10.1103/PhysRevD.109.043052
https://ui.adsabs.harvard.edu/abs/2024PhRvD.109d3052F/abstract
https://ui.adsabs.harvard.edu/abs/2024PhRvD.109d3052F/abstract
https://doi.org/10.3847/0004-637X/825/2/116
https://ui.adsabs.harvard.edu/abs/2016ApJ...825..116F/abstract
https://doi.org/10.1088/0004-637X/741/2/103
https://ui.adsabs.harvard.edu/abs/2011ApJ...741..103F/abstract
https://doi.org/10.3847/1538-4357/ab12e3
https://ui.adsabs.harvard.edu/abs/2019ApJ...876...18F/abstract
https://doi.org/10.1103/PhysRevD.47.2198
https://ui.adsabs.harvard.edu/abs/1993PhRvD..47.2198F/abstract
https://doi.org/10.3847/2041-8213/aa7045
https://ui.adsabs.harvard.edu/abs/2017ApJ...840L..24F/abstract
https://doi.org/10.1016/j.softx.2021.100677
https://ui.adsabs.harvard.edu/abs/2021SoftX..1400677F/abstract
https://doi.org/10.1103/PhysRevD.77.021502
https://ui.adsabs.harvard.edu/abs/2008PhRvD..77b1502F/abstract
https://doi.org/10.1086/190103
https://ui.adsabs.harvard.edu/abs/1964ApJS....9..201F/abstract
https://doi.org/10.1086/319719
https://ui.adsabs.harvard.edu/abs/2001ApJ...550..372F/abstract
https://doi.org/10.1016/j.dark.2021.100791
https://ui.adsabs.harvard.edu/abs/2021PDU....3100791G/abstract
https://ui.adsabs.harvard.edu/abs/2021PDU....3100791G/abstract
https://doi.org/10.1103/PhysRevD.102.064056
https://ui.adsabs.harvard.edu/abs/2020PhRvD.102f4056G/abstract
https://doi.org/10.1088/1361-6382/acb633
https://ui.adsabs.harvard.edu/abs/2023CQGra..40f5004G/abstract
https://doi.org/10.1103/PhysRevD.111.023029
https://ui.adsabs.harvard.edu/abs/2025PhRvD.111b3029G/abstract
https://ui.adsabs.harvard.edu/abs/2025PhRvD.111b3029G/abstract
https://doi.org/10.1103/PhysRevD.89.042004
https://ui.adsabs.harvard.edu/abs/2014PhRvD..89d2004G/abstract
https://doi.org/10.1103/PhysRevD.109.064040
https://ui.adsabs.harvard.edu/abs/2024PhRvD.109f4040G/abstract
https://doi.org/10.1103/PhysRevD.104.124027
https://ui.adsabs.harvard.edu/abs/2021PhRvD.104l4027H/abstract
https://doi.org/10.1103/PhysRevD.101.022003
https://ui.adsabs.harvard.edu/abs/2020PhRvD.101b2003H/abstract
https://doi.org/10.1038/s41586-020-2649-2
https://ui.adsabs.harvard.edu/abs/2020Natur.585..357H/abstract
https://doi.org/10.1103/PhysRevD.106.042006
https://ui.adsabs.harvard.edu/abs/2022PhRvD.106d2006H/abstract
https://ui.adsabs.harvard.edu/abs/2022PhRvD.106d2006H/abstract
https://doi.org/10.1016/j.softx.2021.100765
https://ui.adsabs.harvard.edu/abs/2021SoftX..1500765H/abstract
https://doi.org/10.1103/PhysRevD.98.123021
https://ui.adsabs.harvard.edu/abs/2018PhRvD..98l3021H/abstract
https://ui.adsabs.harvard.edu/abs/2018PhRvD..98l3021H/abstract

THE ASTROPHYSICAL JOURNAL LETTERS, 1004:L22 (49pp), 2026 June 20

Hunter, J. D. 2007, CSE, 9, 90

Huth, S., Pang, P. T. H., Tews, L., et al. 2022, Natur, 606, 276

Huxford, R., George, R., Trevor, M., Yarbrough, Z., & Godwin, P. 2024,
arXiv:2412.04638

Johnson-McDaniel, N. K., Ghosh, A., Ghonge, S., et al. 2022, PhRvD, 105,
044020

Joshi, P., Tsukada, L., Hanna, C., et al. 2025, arXiv:2506.06497

Kafka, P. 1988, ESASP, 283, 121

Kalogera, V., & Baym, G. 1996, ApJL, 470, L61

Kasliwal, M. M., & Nissanke, S. 2014, ApJL, 789, L5

Kidder, L. E. 1995, PhRvD, 52, 821

Klimenko, S. 2022, arXiv:2201.01096

Klimenko, S., & Mitselmakher, G. 2004, CQGra, 21, S1819

Klimenko, S., Mohanty, S., Rakhmanov, M., & Mitselmakher, G. 2005,
PhRvD, 72, 122002

Klimenko, S., Vedovato, G., Drago, M., et al. 2011, PhRvD, 83, 102001

Klimenko, S., Vedovato, G., Drago, M., et al. 2016, PhRvD, 93, 042004

Klimenko, S., Yakushin, I., Mercer, A., & Mitselmakher, G. 2008, CQGra, 25,
114029

Koloniari, A. E., Koursoumpa, E. C., Nousi, P., et al. 2025, MLS&T, 6,
015054

Kovalam, M., Kaium Patwary, M. A., Sreekumar, A. K., et al. 2022, ApJL,
927, L9

Kreidberg, L., Bailyn, C. D., Farr, W. M., & Kalogera, V. 2012, ApJ, 757, 36

Krolak, A., & Schutz, B. F. 1987, GReGr, 19, 1163

Kumar, P., & Dent, T. 2024, PhRvD, 110, 043036

Kyutoku, K., Shibata, M., & Taniguchi, K. 2021, LRR, 24, 5

Landry, P., Essick, R., & Chatziioannou, K. 2020, PhRvD, 101, 123007

Landry, P., & Read, J. S. 2021, ApJL, 921, L25

Legred, 1., Chatziioannou, K., Essick, R., Han, S., & Landry, P. 2021, PhRvD,
104, 063003

LIGO Scientific Collaboration and Virgo Collaboration 2018, Data quality
report user documentation https://docs.ligo.org/detchar/data-quality-
report/

LIGO—Virgo—KAGRA Collaboration 2025b, GWTC-4.0: Parameter
Estimation Data Release, v1, Zenodo, doi:10.5281/zenodo.16053484

LIGO-Virgo-KAGRA Collaboration 2018, LVK Algorithm Library—
LALSuite, Free Software (GPL), doi:10.7935/GT1W-FZ16

LIGO-Virgo-KAGRA Collaboration 2025a, https://emfollow.docs.ligo.org/
userguide

LIGO-Virgo—-KAGRA Collaboration 2025b, GWTC-4.0: Candidate Data
Release, v2, Zenodo, doi:10.5281/zenodo.17014083

LIGO-Virgo-KAGRA  Collaboration 2025c, GWTC-4.0: Parameter
Estimation Data Release, v2, Zenodo, doi:10.5281/zenodo.17014085

LIGO-Virgo-KAGRA Collaboration 2025d, GWTC-4.0: Glitch Modelling
for Events, v1, Zenodo, doi:10.5281/zenodo.16857060

LIGO-Virgo-KAGRA Collaboration 2025e, GWTC-4.0: Data Quality
Products for Transient Gravitational Wave Searches, v1, Zenodo, doi:10.
5281/zenodo.16856919

LIGO-Virgo—-KAGRA Collaboration 2025f, GWTC-4: O4a Search Sensitivity
Estimates, v1, Zenodo, doi:10.5281/zenodo.16740117

LIGO-Virgo—-KAGRA Collaboration 2025g, GWTC-4: Cumulative Search
Sensitivity Estimates, v1, Zenodo, doi:10.5281/zenodo.16740128

Lim, Y., Bhattacharya, A., Holt, J. W., & Pati, D. 2021, PhRvC, 104, L032802

Littenberg, T. B., & Cornish, N. J. 2015, PhRvD, 91, 084034

Littenberg, T. B., Kanner, J. B., Cornish, N. J., & Millhouse, M. 2016, PhRvD,
94, 044050

Macleod, D. M., Areeda, J. S., Coughlin, S. B., Massinger, T. J., &
Urban, A. L. 2021a, SoftX, 13, 100657

Macleod, D., Goetz, E., Davis, D., et al. 2021b, gwdetchar/gwdetchar, v2.3.1,
Zenodo, doi:10.5281/zenodo.2575786

Magee, R., Fong, H., Caudill, S., et al. 2019, ApJL, 878, L17

Margalit, B., & Metzger, B. D. 2017, ApJL, 850, L19

Matas, A., Dietrich, T., Buonanno, A., et al. 2020, PhRvD, 102, 043023

Mehta, A. K., Buonanno, A., Gair, J., et al. 2022, ApJ, 924, 39

Messick, C., Blackburn, K., Brady, P., et al. 2017, PhRvD, 95, 042001

Miller, M. C., Lamb, F. K., Dittmann, A. J., et al. 2019, ApJL, 887, L24

Miller, M. C., Lamb, F. K., Dittmann, A. J., et al. 2021, ApJL, 918, L28

Mishra, T., Bhaumik, S., Gayathri, V., et al. 2025, PhRvD, 111, 023054

Mishra, T., O’Brien, B., Szczepaniczyk, M., et al. 2022, PhRvD, 105, 083018

NASA 2025, GCN, gcn.nasa.gov

Nathanail, A., Most, E. R., & Rezzolla, L. 2021, ApJL, 908, L.28

Ng, K. K. Y., Vitale, S., Zimmerman, A., et al. 2018, PhRvD, 98, 083007

Nissanke, S., Kasliwal, M., & Georgieva, A. 2013, ApJ, 767, 124

Nissanke, S., Sievers, J., Dalal, N., & Holz, D. 2011, ApJ, 739, 99

Nitz, A. H., Capano, C., Nielsen, A. B., et al. 2019, ApJ, 872, 195

48

Abac et al.

Nitz, A. H., Capano, C. D., Kumar, S., et al. 2021, ApJ, 922, 76

Nitz, A. H., Dal Canton, T., Davis, D., & Reyes, S. 2018, PhRvD, 98, 024050

Nitz, A. H., Dent, T., Dal Canton, T., Fairhurst, S., & Brown, D. A. 2017, ApJ,
849, 118

Nitz, A. H., Dent, T., Davies, G. S., et al. 2020a, ApJ, 891, 123

Nitz, A. H., Kumar, S., Wang, Y.-F., et al. 2023, ApJ, 946, 59

Nitz, A. H., Schifer, M., & Dal Canton, T. 2020b, ApJL, 902, L29

Nitz, A. H., & Wang, Y. F. 2021a, PhRvVL, 126, 021103

Nitz, A. H., & Wang, Y. F. 2021b, ApJ, 915, 54

Nuttall, L. K. 2018, RSPTA, 376, 20170286

Olsen, S., Venumadhav, T., Mushkin, J., et al. 2022, PhRvD, 106, 043009

Ottaway, D. J., Fritschel, P., & Waldman, S. J. 2012, OExpr, 20, 8329

Ozel, F., & Freire, P. 2016, ARA&A, 54, 401

Ozel, F., Psaltis, D., Narayan, R., & McClintock, J. E. 2010, ApJ, 725, 1918

Paek, G. S. H,, Im, M., Jeong, M., et al. 2025, ApJ, 981, 38

Pannarale, F., Rezzolla, L., Ohme, F., & Read, J. S. 2011, PhRvD, 84, 104017

Pillas, M., Antier, S., Ackley, K., et al. 2025, PhRvD, 112, 083002

Poisson, E., & Will, C. M. 1995, PhRvD, 52, 848

Pompili, L., Buonanno, A., Estellés, H., et al. 2023, PhRvD, 108, 124035

Powell, J. 2018, CQGra, 35, 155017

Pratten, G., Garcia-Quirés, C., Colleoni, M., et al. 2021, PhRvD, 103, 104056

Pratten, G., Schmidt, P., Buscicchio, R., & Thomas, L. M. 2020, PhRVR, 2,
043096

Piirrer, M., Hannam, M., & Ohme, F. 2016, PhRvD, 93, 084042

Raaijmakers, G., Greif, S. K., Hebeler, K., et al. 2021, ApJL, 918, L29

Racine, E. 2008, PhRvD, 78, 044021

Ramos-Buades, A., Buonanno, A., Estellés, H., et al. 2023, PhRvD, 108,
124037

Ray, A., Niu, W., Sakon, S., et al. 2023, arXiv:2306.07190

Relton, P., & Raymond, V. 2021, PhRvD, 104, 084039

Rezzolla, L., Most, E. R., & Weih, L. R. 2018, ApJL, 852, L.25

Rhoades, C. E., & Ruffini, R. 1974, PhRvL, 32, 324

Riley, T. E., Watts, A. L., Bogdanov, S., et al. 2019, ApJL, 887, L21

Riley, T. E., Watts, A. L., Ray, P. S,, et al. 2021, ApJL, 918, L27

Robinet, F., Arnaud, N., Leroy, N., et al. 2020, SoftX, 12, 100620

Romero-Shaw, I. M., Talbot, C., Biscoveanu, S., et al. 2020, MNRAS,
499, 3295

Ruiz, M., Shapiro, S. L., & Tsokaros, A. 2018, PhRvD, 97, 021501

Rutherford, N., Mendes, M., Svensson, L., et al. 2024, ApJL, 971, L19

Sachdev, S., Caudill, S., Fong, H., et al. 2019, arXiv:1901.08580

Sachdev, S., Magee, R., Hanna, C., et al. 2020, ApJL, 905, L25

Sakon, S., Tsukada, L., Fong, H., et al. 2024, PhRvD, 109, 044066

Salemi, F., Milotti, E., Prodi, G. A., et al. 2019, PhRvD, 100, 042003

Santamaria, L., Ohme, F., Ajith, P., et al. 2010, PhRvD, 82, 064016

Schmidt, P., Ohme, F., & Hannam, M. 2015, PhRvD, 91, 024043

Schutz, B. F. 1986, Natur, 323, 310

SCiMMA 2025, SCIMMA Hopskotch, https://scimma.org/hopskotch

Singer, L. P., Chen, H.-Y., Holz, D. E., et al. 2016, ApJL, 829, L15

Singer, L. P., Price, L. R., Farr, B., et al. 2014, ApJ, 795, 105

Smith, J. R., Abbott, T., Hirose, E., et al. 2011, CQGra, 28, 235005

Soni, S., Berger, B. K., Davis, D., et al. 2025, CQGra, 42, 085016

Speagle, J. S. 2020, MNRAS, 493, 3132

Spera, M., & Mapelli, M. 2017, MNRAS, 470, 4739

Stevenson, S., Berry, C. P. L., & Mandel, 1. 2017, MNRAS, 471, 2801

Stevenson, S., Sampson, M., Powell, J., et al. 2019, ApJ, 882, 121

Talbot, C., Biscoveanu, S., Zimmerman, A., et al. 2025, CQGra, 42, 235023

Talbot, C., & Thrane, E. 2017, PhRvD, 96, 023012

Thompson, J. E., Fauchon-Jones, E., Khan, S., et al. 2020, PhRvD, 101,
124059

Thompson, J. E., Hamilton, E., London, L., et al. 2024, PhRvD, 109,
063012

Thrane, E., & Talbot, C. 2019, PASA, 36, e010

Tsukada, L., Joshi, P., Adhicary, S., et al. 2023, PhRvD, 108, 043004

Usman, S. A., Nitz, A. H., Harry, I. W., et al. 2016, CQGra, 33, 215004

Vajente, G., Huang, Y., Isi, M., et al. 2020, PhRvD, 101, 042003

Varma, V., Field, S. E., Scheel, M. A, et al. 2019, PhRVR, 1, 033015

Vazsonyi, L., & Davis, D. 2023, CQGra, 40, 035008

Veitch, J., Mandel, 1., Aylott, B., et al. 2012, PhRvD, 85, 104045

Veitch, J., Raymond, V., Farr, B., et al. 2015, PhRvD, 91, 042003

Venumadhav, T., Zackay, B., Roulet, J., Dai, L., & Zaldarriaga, M. 2019,
PhRvD, 100, 023011

Venumadhav, T., Zackay, B., Roulet, J., Dai, L., & Zaldarriaga, M. 2020,
PhRvD, 101, 083030

Viets, A. D., Wade, M., Urban, A. L., et al. 2018, CQGra, 35, 095015

Villa-Ortega, V., Dent, T., & Barroso, A. C. 2022, MNRAS, 515, 5718

Vines, J., Flanagan, E. E., & Hinderer, T. 2011, PhRvD, 83, 084051


https://doi.org/10.1109/MCSE.2007.55
https://ui.adsabs.harvard.edu/abs/2007CSE.....9...90H/abstract
https://doi.org/10.1038/s41586-022-04750-w
https://ui.adsabs.harvard.edu/abs/2022Natur.606..276H/abstract
http://arXiv.org/abs/2412.04638
https://doi.org/10.1103/PhysRevD.105.044020
https://ui.adsabs.harvard.edu/abs/2022PhRvD.105d4020J/abstract
https://ui.adsabs.harvard.edu/abs/2022PhRvD.105d4020J/abstract
http://arXiv.org/abs/2506.06497
https://ui.adsabs.harvard.edu/abs/1988ESASP.283..121K/abstract
https://doi.org/10.1086/310296
https://ui.adsabs.harvard.edu/abs/1996ApJ...470L..61K/abstract
https://doi.org/10.1088/2041-8205/789/1/L5
https://ui.adsabs.harvard.edu/abs/2014ApJ...789L...5K/abstract
https://doi.org/10.1103/PhysRevD.52.821
https://ui.adsabs.harvard.edu/abs/1995PhRvD..52..821K/abstract
http://arXiv.org/abs/2201.01096
https://doi.org/10.1088/0264-9381/21/20/025
https://ui.adsabs.harvard.edu/abs/2004CQGra..21S1819K/abstract
https://doi.org/10.1103/PhysRevD.72.122002
https://ui.adsabs.harvard.edu/abs/2005PhRvD..72l2002K/abstract
https://doi.org/10.1103/PhysRevD.83.102001
https://ui.adsabs.harvard.edu/abs/2011PhRvD..83j2001K/abstract
https://doi.org/10.1103/PhysRevD.93.042004
https://ui.adsabs.harvard.edu/abs/2016PhRvD..93d2004K/abstract
https://doi.org/10.1088/0264-9381/25/11/114029
https://ui.adsabs.harvard.edu/abs/2008CQGra..25k4029K/abstract
https://ui.adsabs.harvard.edu/abs/2008CQGra..25k4029K/abstract
https://doi.org/10.1088/2632-2153/adb5ed
https://ui.adsabs.harvard.edu/abs/2025MLS&T...6a5054K/abstract
https://ui.adsabs.harvard.edu/abs/2025MLS&T...6a5054K/abstract
https://doi.org/10.3847/2041-8213/ac5687
https://ui.adsabs.harvard.edu/abs/2022ApJ...927L...9K/abstract
https://ui.adsabs.harvard.edu/abs/2022ApJ...927L...9K/abstract
https://doi.org/10.1088/0004-637X/757/1/36
https://ui.adsabs.harvard.edu/abs/2012ApJ...757...36K/abstract
https://doi.org/10.1007/BF00759095
https://ui.adsabs.harvard.edu/abs/1987GReGr..19.1163K/abstract
https://doi.org/10.1103/PhysRevD.110.043036
https://ui.adsabs.harvard.edu/abs/2024PhRvD.110d3036K/abstract
https://doi.org/10.1007/s41114-021-00033-4
https://ui.adsabs.harvard.edu/abs/2021LRR....24....5K/abstract
https://doi.org/10.1103/PhysRevD.101.123007
https://ui.adsabs.harvard.edu/abs/2020PhRvD.101l3007L/abstract
https://doi.org/10.3847/2041-8213/ac2f3e
https://ui.adsabs.harvard.edu/abs/2021ApJ...921L..25L/abstract
https://doi.org/10.1103/PhysRevD.104.063003
https://ui.adsabs.harvard.edu/abs/2021PhRvD.104f3003L/abstract
https://ui.adsabs.harvard.edu/abs/2021PhRvD.104f3003L/abstract
http://docs.ligo.org/detchar/data-quality-report/
http://docs.ligo.org/detchar/data-quality-report/
https://doi.org/10.5281/zenodo.16053484
http://arXiv.org/abs/10.7935/GT1W-FZ16
http://https://emfollow.docs.ligo.org/userguide
http://https://emfollow.docs.ligo.org/userguide
https://doi.org/10.5281/zenodo.17014083
https://doi.org/10.5281/zenodo.17014085
https://doi.org/10.5281/zenodo.16857060
https://doi.org/10.5281/zenodo.16856919
https://doi.org/10.5281/zenodo.16856919
https://doi.org/10.5281/zenodo.16740117
https://doi.org/10.5281/zenodo.16740128
https://doi.org/10.1103/PhysRevC.104.L032802
https://ui.adsabs.harvard.edu/abs/2021PhRvC.104c2802L/abstract
https://doi.org/10.1103/PhysRevD.91.084034
https://ui.adsabs.harvard.edu/abs/2015PhRvD..91h4034L/abstract
https://doi.org/10.1103/PhysRevD.94.044050
https://ui.adsabs.harvard.edu/abs/2016PhRvD..94d4050L/abstract
https://ui.adsabs.harvard.edu/abs/2016PhRvD..94d4050L/abstract
https://doi.org/10.1016/j.softx.2021.100657
https://ui.adsabs.harvard.edu/abs/2021SoftX..1300657M/abstract
https://doi.org/10.5281/zenodo.2575786
https://doi.org/10.3847/2041-8213/ab20cf
https://ui.adsabs.harvard.edu/abs/2019ApJ...878L..17M/abstract
https://doi.org/10.3847/2041-8213/aa991c
https://ui.adsabs.harvard.edu/abs/2017ApJ...850L..19M/abstract
https://doi.org/10.1103/PhysRevD.102.043023
https://ui.adsabs.harvard.edu/abs/2020PhRvD.102d3023M/abstract
https://doi.org/10.3847/1538-4357/ac3130
https://ui.adsabs.harvard.edu/abs/2022ApJ...924...39M/abstract
https://doi.org/10.1103/PhysRevD.95.042001
https://ui.adsabs.harvard.edu/abs/2017PhRvD..95d2001M/abstract
https://doi.org/10.3847/2041-8213/ab50c5
https://ui.adsabs.harvard.edu/abs/2019ApJ...887L..24M/abstract
https://doi.org/10.3847/2041-8213/ac089b
https://ui.adsabs.harvard.edu/abs/2021ApJ...918L..28M/abstract
https://doi.org/10.1103/PhysRevD.111.023054
https://ui.adsabs.harvard.edu/abs/2025PhRvD.111b3054M/abstract
https://doi.org/10.1103/PhysRevD.105.083018
https://ui.adsabs.harvard.edu/abs/2022PhRvD.105h3018M/abstract
http://gcn.nasa.gov
https://doi.org/10.3847/2041-8213/abdfc6
https://ui.adsabs.harvard.edu/abs/2021ApJ...908L..28N/abstract
https://doi.org/10.1103/PhysRevD.98.083007
https://ui.adsabs.harvard.edu/abs/2018PhRvD..98h3007N/abstract
https://doi.org/10.1088/0004-637X/767/2/124
https://ui.adsabs.harvard.edu/abs/2013ApJ...767..124N/abstract
https://doi.org/10.1088/0004-637X/739/2/99
https://ui.adsabs.harvard.edu/abs/2011ApJ...739...99N/abstract
https://doi.org/10.3847/1538-4357/ab0108
https://ui.adsabs.harvard.edu/abs/2019ApJ...872..195N/abstract
https://doi.org/10.3847/1538-4357/ac1c03
https://ui.adsabs.harvard.edu/abs/2021ApJ...922...76N/abstract
https://doi.org/10.1103/PhysRevD.98.024050
https://ui.adsabs.harvard.edu/abs/2018PhRvD..98b4050N/abstract
https://doi.org/10.3847/1538-4357/aa8f50
https://ui.adsabs.harvard.edu/abs/2017ApJ...849..118N/abstract
https://ui.adsabs.harvard.edu/abs/2017ApJ...849..118N/abstract
https://doi.org/10.3847/1538-4357/ab733f
https://ui.adsabs.harvard.edu/abs/2020ApJ...891..123N/abstract
https://doi.org/10.3847/1538-4357/aca591
https://ui.adsabs.harvard.edu/abs/2023ApJ...946...59N/abstract
https://doi.org/10.3847/2041-8213/abbc10
https://ui.adsabs.harvard.edu/abs/2020ApJ...902L..29N/abstract
https://doi.org/10.1103/PhysRevLett.126.021103
https://ui.adsabs.harvard.edu/abs/2021PhRvL.126b1103N/abstract
https://doi.org/10.3847/1538-4357/ac01d9
https://ui.adsabs.harvard.edu/abs/2021ApJ...915...54N/abstract
https://doi.org/10.1098/rsta.2017.0286
https://ui.adsabs.harvard.edu/abs/2018RSPTA.37670286N/abstract
https://doi.org/10.1103/PhysRevD.106.043009
https://ui.adsabs.harvard.edu/abs/2022PhRvD.106d3009O/abstract
https://doi.org/10.1364/OE.20.008329
https://ui.adsabs.harvard.edu/abs/2012OExpr..20.8329O/abstract
https://doi.org/10.1146/annurev-astro-081915-023322
https://ui.adsabs.harvard.edu/abs/2016ARA&A..54..401O/abstract
https://doi.org/10.1088/0004-637X/725/2/1918
https://ui.adsabs.harvard.edu/abs/2010ApJ...725.1918O/abstract
https://doi.org/10.3847/1538-4357/adaf99
https://ui.adsabs.harvard.edu/abs/2025ApJ...981...38P/abstract
https://doi.org/10.1103/PhysRevD.84.104017
https://ui.adsabs.harvard.edu/abs/2011PhRvD..84j4017P/abstract
https://doi.org/10.1103/6ld6-95xh
https://ui.adsabs.harvard.edu/abs/2025PhRvD.112h3002P/abstract
https://doi.org/10.1103/PhysRevD.52.848
https://ui.adsabs.harvard.edu/abs/1995PhRvD..52..848P/abstract
https://doi.org/10.1103/PhysRevD.108.124035
https://ui.adsabs.harvard.edu/abs/2023PhRvD.108l4035P/abstract
https://doi.org/10.1088/1361-6382/aacf18
https://ui.adsabs.harvard.edu/abs/2018CQGra..35o5017P/abstract
https://doi.org/10.1103/PhysRevD.103.104056
https://ui.adsabs.harvard.edu/abs/2021PhRvD.103j4056P/abstract
https://doi.org/10.1103/PhysRevResearch.2.043096
https://ui.adsabs.harvard.edu/abs/2020PhRvR...2d3096P/abstract
https://ui.adsabs.harvard.edu/abs/2020PhRvR...2d3096P/abstract
https://doi.org/10.1103/PhysRevD.93.084042
https://ui.adsabs.harvard.edu/abs/2016PhRvD..93h4042P/abstract
https://doi.org/10.3847/2041-8213/ac089a
https://ui.adsabs.harvard.edu/abs/2021ApJ...918L..29R/abstract
https://doi.org/10.1103/PhysRevD.78.044021
https://ui.adsabs.harvard.edu/abs/2008PhRvD..78d4021R/abstract
https://doi.org/10.1103/PhysRevD.108.124037
https://ui.adsabs.harvard.edu/abs/2023PhRvD.108l4037R/abstract
https://ui.adsabs.harvard.edu/abs/2023PhRvD.108l4037R/abstract
http://arXiv.org/abs/2306.07190
https://doi.org/10.1103/PhysRevD.104.084039
https://ui.adsabs.harvard.edu/abs/2021PhRvD.104h4039R/abstract
https://doi.org/10.3847/2041-8213/aaa401
https://ui.adsabs.harvard.edu/abs/2018ApJ...852L..25R/abstract
https://doi.org/10.1103/PhysRevLett.32.324
https://ui.adsabs.harvard.edu/abs/1974PhRvL..32..324R/abstract
https://doi.org/10.3847/2041-8213/ab481c
https://ui.adsabs.harvard.edu/abs/2019ApJ...887L..21R/abstract
https://doi.org/10.3847/2041-8213/ac0a81
https://ui.adsabs.harvard.edu/abs/2021ApJ...918L..27R/abstract
https://doi.org/10.1016/j.softx.2020.100620
https://ui.adsabs.harvard.edu/abs/2020SoftX..1200620R/abstract
https://doi.org/10.1093/mnras/staa2850
https://ui.adsabs.harvard.edu/abs/2020MNRAS.499.3295R/abstract
https://ui.adsabs.harvard.edu/abs/2020MNRAS.499.3295R/abstract
https://doi.org/10.1103/PhysRevD.97.021501
https://ui.adsabs.harvard.edu/abs/2018PhRvD..97b1501R/abstract
https://doi.org/10.3847/2041-8213/ad5f02
https://ui.adsabs.harvard.edu/abs/2024ApJ...971L..19R/abstract
http://arXiv.org/abs/1901.08580
https://doi.org/10.3847/2041-8213/abc753
https://ui.adsabs.harvard.edu/abs/2020ApJ...905L..25S/abstract
https://doi.org/10.1103/PhysRevD.109.044066
https://ui.adsabs.harvard.edu/abs/2024PhRvD.109d4066S/abstract
https://doi.org/10.1103/PhysRevD.100.042003
https://ui.adsabs.harvard.edu/abs/2019PhRvD.100d2003S/abstract
https://doi.org/10.1103/PhysRevD.82.064016
https://ui.adsabs.harvard.edu/abs/2010PhRvD..82f4016S/abstract
https://doi.org/10.1103/PhysRevD.91.024043
https://ui.adsabs.harvard.edu/abs/2015PhRvD..91b4043S/abstract
https://doi.org/10.1038/323310a0
https://ui.adsabs.harvard.edu/abs/1986Natur.323..310S/abstract
https://scimma.org/hopskotch
https://doi.org/10.3847/2041-8205/829/1/L15
https://ui.adsabs.harvard.edu/abs/2016ApJ...829L..15S/abstract
https://doi.org/10.1088/0004-637X/795/2/105
https://ui.adsabs.harvard.edu/abs/2014ApJ...795..105S/abstract
https://doi.org/10.1088/0264-9381/28/23/235005
https://ui.adsabs.harvard.edu/abs/2011CQGra..28w5005S/abstract
https://doi.org/10.1088/1361-6382/adc4b6
https://ui.adsabs.harvard.edu/abs/2025CQGra..42h5016S/abstract
https://doi.org/10.1093/mnras/staa278
https://ui.adsabs.harvard.edu/abs/2020MNRAS.493.3132S/abstract
https://doi.org/10.1093/mnras/stx1576
https://ui.adsabs.harvard.edu/abs/2017MNRAS.470.4739S/abstract
https://doi.org/10.1093/mnras/stx1764
https://ui.adsabs.harvard.edu/abs/2017MNRAS.471.2801S/abstract
https://doi.org/10.3847/1538-4357/ab3981
https://ui.adsabs.harvard.edu/abs/2019ApJ...882..121S/abstract
https://doi.org/10.1088/1361-6382/ae1ac7
https://ui.adsabs.harvard.edu/abs/2025CQGra..42w5023T/abstract
https://doi.org/10.1103/PhysRevD.96.023012
https://ui.adsabs.harvard.edu/abs/2017PhRvD..96b3012T/abstract
https://doi.org/10.1103/PhysRevD.101.124059
https://ui.adsabs.harvard.edu/abs/2020PhRvD.101l4059T/abstract
https://ui.adsabs.harvard.edu/abs/2020PhRvD.101l4059T/abstract
https://doi.org/10.1103/PhysRevD.109.063012
https://ui.adsabs.harvard.edu/abs/2024PhRvD.109f3012T/abstract
https://ui.adsabs.harvard.edu/abs/2024PhRvD.109f3012T/abstract
https://doi.org/10.1017/pasa.2019.2
https://ui.adsabs.harvard.edu/abs/2019PASA...36...10T/abstract
https://doi.org/10.1103/PhysRevD.108.043004
https://ui.adsabs.harvard.edu/abs/2023PhRvD.108d3004T/abstract
https://doi.org/10.1088/0264-9381/33/21/215004
https://ui.adsabs.harvard.edu/abs/2016CQGra..33u5004U/abstract
https://doi.org/10.1103/PhysRevD.101.042003
https://ui.adsabs.harvard.edu/abs/2020PhRvD.101d2003V/abstract
https://doi.org/10.1103/PhysRevResearch.1.033015
https://ui.adsabs.harvard.edu/abs/2019PhRvR...1c3015V/abstract
https://doi.org/10.1088/1361-6382/acafd2
https://ui.adsabs.harvard.edu/abs/2023CQGra..40c5008V/abstract
https://doi.org/10.1103/PhysRevD.85.104045
https://ui.adsabs.harvard.edu/abs/2012PhRvD..85j4045V/abstract
https://doi.org/10.1103/PhysRevD.91.042003
https://ui.adsabs.harvard.edu/abs/2015PhRvD..91d2003V/abstract
https://doi.org/10.1103/PhysRevD.100.023011
https://ui.adsabs.harvard.edu/abs/2019PhRvD.100b3011V/abstract
https://doi.org/10.1103/PhysRevD.101.083030
https://ui.adsabs.harvard.edu/abs/2020PhRvD.101h3030V/abstract
https://doi.org/10.1088/1361-6382/aab658
https://ui.adsabs.harvard.edu/abs/2018CQGra..35i5015V/abstract
https://doi.org/10.1093/mnras/stac2120
https://ui.adsabs.harvard.edu/abs/2022MNRAS.515.5718V/abstract
https://doi.org/10.1103/PhysRevD.83.084051
https://ui.adsabs.harvard.edu/abs/2011PhRvD..83h4051V/abstract

THE ASTROPHYSICAL JOURNAL LETTERS, 1004:L22 (49pp), 2026 June 20

Virgo Collaboration 2021, PythonVirgoTools, v5.1.1, https://git.ligo.org/
virgo/virgoapp/PythonVirgoTools

Virtanen, P., Gommers, R., Oliphant, T. E., et al. 2020, NatMe, 17, 261

Vitale, S., Lynch, R., Raymond, V., et al. 2017a, PhRvD, 95, 064053

Vitale, S., Lynch, R., Sturani, R., & Graff, P. 2017b, CQGra, 34, 03LTO01

Vitale, S., Lynch, R., Veitch, J., Raymond, V., & Sturani, R. 2014, PhRvVL,
112, 251101

Waskom, M. 2021, JOSS, 6, 3021

Wette, K. 2020, SoftX, 12, 100634

Williams, D., Veitch, J., Chiofalo, M., et al. 2023, JOSS, 8, 4170

Woosley, S. E., & Heger, A. 2021, ApJL, 912, L31

49

Abac et al.

Wysocki, D., O’Shaughnessy, R., Lange, J., & Fang, Y.-L. L. 2019, PhRvD,
99, 084026

Zackay, B., Dai, L., Venumadhav, T., Roulet, J., & Zaldarriaga, M. 2021,
PhRvD, 104, 063030

Zackay, B., Venumadhav, T., Dai, L., Roulet, J., & Zaldarriaga, M. 2019,
PhRvD, 100, 023007

Zevin, M., Bavera, S. S., Berry, C. P. L., et al. 2021, ApJ, 910, 152

Zevin, M., Berry, C. P. L., Coughlin, S., Chatziioannou, K., & Vitale, S. 2020,
ApJL, 899, L17

Zweizig, J. 2006, The Data Monitor Tool Project, https://labcit.ligo.caltech.
edu/~jzweizig/DMT-Project.html


https://git.ligo.org/virgo/virgoapp/PythonVirgoTools
https://git.ligo.org/virgo/virgoapp/PythonVirgoTools
https://doi.org/10.1038/s41592-019-0686-2
https://ui.adsabs.harvard.edu/abs/2020NatMe..17..261V/abstract
https://doi.org/10.1103/PhysRevD.95.064053
https://ui.adsabs.harvard.edu/abs/2017PhRvD..95f4053V/abstract
https://doi.org/10.1088/1361-6382/aa552e
https://ui.adsabs.harvard.edu/abs/2017CQGra..34cLT01V/abstract
https://doi.org/10.1103/PhysRevLett.112.251101
https://ui.adsabs.harvard.edu/abs/2014PhRvL.112y1101V/abstract
https://ui.adsabs.harvard.edu/abs/2014PhRvL.112y1101V/abstract
https://doi.org/10.21105/joss.03021
https://ui.adsabs.harvard.edu/abs/2021JOSS....6.3021W/abstract
https://doi.org/10.1016/j.softx.2020.100634
https://ui.adsabs.harvard.edu/abs/2020SoftX..1200634W/abstract
https://doi.org/10.21105/joss.04170
https://ui.adsabs.harvard.edu/abs/2023JOSS....8.4170W/abstract
https://doi.org/10.3847/2041-8213/abf2c4
https://ui.adsabs.harvard.edu/abs/2021ApJ...912L..31W/abstract
https://doi.org/10.1103/PhysRevD.99.084026
https://ui.adsabs.harvard.edu/abs/2019PhRvD..99h4026W/abstract
https://ui.adsabs.harvard.edu/abs/2019PhRvD..99h4026W/abstract
https://doi.org/10.1103/PhysRevD.104.063030
https://ui.adsabs.harvard.edu/abs/2021PhRvD.104f3030Z/abstract
https://doi.org/10.1103/PhysRevD.100.023007
https://ui.adsabs.harvard.edu/abs/2019PhRvD.100b3007Z/abstract
https://doi.org/10.3847/1538-4357/abe40e
https://ui.adsabs.harvard.edu/abs/2021ApJ...910..152Z/abstract
https://doi.org/10.3847/2041-8213/aba8ef
https://ui.adsabs.harvard.edu/abs/2020ApJ...899L..17Z/abstract
https://labcit.ligo.caltech.edu/~jzweizig/DMT-Project.html
https://labcit.ligo.caltech.edu/~jzweizig/DMT-Project.html

	1. Introduction
	2. Candidate List
	2.1. Search Results
	2.1.1. Online Candidates
	2.1.2. New O4a Candidates
	2.1.3. Pipeline Consistency
	2.1.4. Subthreshold Candidates

	2.2. Search Sensitivity

	3. Source Properties
	3.1. Masses
	3.1.1. Candidates with m2 ˃ 3M⊙: Unambiguous BBHs
	3.1.2. Candidates with m2 < 3 M⊙

	3.2. Spins
	3.3. Tidal Effects
	3.4. Localization
	3.5. Multimodality
	3.6. Waveform Systematics and Consistency

	4. Conclusion
	Data Availability
	Appendix A. Additional Search Results
	Appendix B. Glitch Mitigation
	Appendix C. Spectrograms of Selected Events
	References

