
GW240925 and GW250207: Astrophysical Calibration of Gravitational Wave Detectors

A. G. Abac et al.
*

(LIGO Scientific Collaboration, Virgo Collaboration, and KAGRA Collaboration)

(Received 27 January 2026; accepted 30 April 2026; published 13 August 2026)

GW240925 and GW250207 are two loud gravitational-wave signals from binary black hole
coalescences observed with network signal-to-noise ratios ∼32 and ∼69, respectively, by the LIGO
Hanford-LIGO Livingston-Virgo network. Gravitational-wave signals from coalescing binaries have
characteristic phase and amplitude evolution predicted by general relativity. These signal waveforms,
together with measured instrumental calibration uncertainties, are used to infer source parameters.
However, for sufficiently loud detections, it is possible to constrain the calibration of the detectors directly
using the signals themselves. We present the first informative astrophysical measurements of gravitational-
wave detector calibration. For GW240925, we verify the inference of Hanford calibration from the
astrophysical signal through cross-checks with known calibration errors obtained from in situ measure-
ments. At the time of GW250207, the Hanford detector was not fully stabilized, leading to elevated
calibration uncertainties; thus, astrophysical calibration is essential to obtain accurate data and to enable
source localization. These well-localized, high signal-to-noise observations have the potential to offer
precise measurements of source properties, stringent tests of general relativity, and informative dark siren
measurements, provided that calibration uncertainties are properly incorporated. As detector sensitivity
improves, astrophysical calibration will become an increasingly valuable complement to in situ calibration
measurements. Obtaining accurate calibration will be essential for precision gravitational-wave science.
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Introduction—We report the discovery of
GW240925_005809 and GW250207_115645 (hereafter,
GW240925 and GW250207), two loud gravitational-wave
(GW) signals detected by the Laser Interferometer
Gravitational-Wave Observatory (LIGO) Hanford, LIGO
Livingston, and Virgo during their fourth observing run
(O4). Since the first direct observation of GWs in 2015 [1],
the LIGO-Virgo-KAGRA (LVK) network [2–4] has under-
gone substantial upgrades, achieving a roughly tenfold
increase in detection rate and facilitating high signal-to-
noise ratio (SNR) observations of compact binary coales-
cences (CBCs) [5–10]. These advances mark a transition
from an era of initial discoveries to one of precision GW
astronomy. High-SNR observations enable precise mea-
surements of signal properties [11–13], advancing our
understanding of source astrophysics, the nature of gravity,
and cosmology.
Interpreting GW signals requires accurate understanding

of detector behavior [13]. GW240925 and GW250207 both
coincided with times when the LIGO Hanford detector was

not in its usual observational state with well-characterized
calibration. The calibration process typically reconstructs
the raw digitized output of each interferometer into an
accurate and reliable measure of the dimensionless strain
[14–17]. Its accuracy directly impacts signal-parameter
estimation [18,19]; miscalibrations can bias inferred source
properties [20,21], affect cosmological measurements [22],
and even mimic or obscure deviations from general
relativity (GR) [23,24]. To take advantage of the small
statistical uncertainties offered by high SNRs, we must
ensure small systematic uncertainties.
Fortunately, GW signals can be used to constrain the

detector response directly. This astrophysical calibration
approach leverages accurate modeling of GW waveforms,
allowing the astrophysical signal to serve as an independent
reference for the frequency-dependent detector calibration
[5,25,26]. Astrophysical calibration may be performed in a
variety of ways: using the frequency and amplitude
evolution of the (predicted) signal to infer calibration
parameters together with source parameters [26–28]; using
an electromagnetic counterpart (and assumed cosmology)
to establish the distance to a source [29], which provides
more information than using the GW signal alone [26];
combining data from multiple detectors so the signals
should cancel out if the data are correctly calibrated
[30]; or using the population of detections to constrain
the relative sensitivity of the detectors [31]. The sensitivity
of the first years of observations was insufficient for
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astrophysical measurements to be informative compared to
in situ results [26–28], but with the improvements in the
detector network, astrophysical calibration is now becom-
ing feasible.
We present the first astrophysical calibrations of a GW

detector used to enhance our understanding of the state of
the instrument. We perform a coherent analysis of data
from Hanford, Livingston, and Virgo for GW240925 and
GW250207, inferring calibration properties for Hanford at
the times of the two observations using the GW signals.
For GW240925, there was a significant frequency-

dependent calibration systematic error for Hanford at the
time of the observation. The frequency-dependent error can
be inferred using the signal and cross-checked with the
in situ measurements. Agreement between results validates
the GW-informed calibration measurements and demon-
strates the utility of inferring calibration from an astro-
physical signal.
At the time of GW250207, the Hanford detector

response had not yet fully stabilized, leading to larger
calibration uncertainties. Lacking in situ measurements of
the calibration, astrophysical calibration was essential to
ensure the reliability of the Hanford data and accurate
inference of source properties such as localization.
These results establish astrophysical calibration as a

complementary cross-check and, when required, a critical
input to GW analysis. While not yet as precise as typical
in situ measurements, astrophysical calibration will
improve as detector sensitivity continues to be enhanced.
Detector calibration—GW detectors like LIGO [2],

Virgo [3], and KAGRA [4] are enhanced Michelson
interferometers that measure spacetime strain by detecting
changes in light-travel time between their orthogonal
arms [32,33]. The detector output strain data d are defined
as the free (uncontrolled) differential change in arm length
ΔLfree divided by arm length L, i.e., d≡ ΔLfree=L; how-
ever, ΔLfree is not directly measurable, as the detector
actively suppresses differential motion via feedback con-
trol. A detailed calibration procedure is, therefore, required
to convert the raw digitized electrical output of the detector
into the reconstructed strain data [14–16,34,35].
To reconstruct the strain, we need the frequency-depen-

dent and time-varying detector response function Rðf; tÞ
(detailed in Supplemental Material [36]); however, in the
calibration procedure, the true response function is not
perfectly known. The strain data are reconstructed
using a modeled response function RðmodelÞðf; tÞ [14–16].
Calibration systematic errors arise from discrepancies
between the true and modeled response functions; these
errors and associated statistical uncertainties directly trans-
late into the errors and uncertainties in the reconstructed d.
In the absence of configuration changes (which are typi-
cally associated with updates to RðmodelÞ), Rðf; tÞ remains
approximately stable, but it can vary on hour timescales
during periods of evolving detector state, e.g., at the

beginning of a lock stretch (see discussion of thermal lens
below) [88]. For LIGO, we quantify calibration errors using
a complex correction factor ηðf; tÞ [16,89]:

ηðf; tÞ ¼ Rðf; tÞ
RðmodelÞðf; tÞ ¼ ½1þ δAðf; tÞ� exp ½iδϕðf; tÞ�;

ð1Þ

where δAðf; tÞ and δϕðf; tÞ denote amplitude and phase
errors, respectively. A more accurate estimate of the true
strain is obtained by multiplying the (frequency-domain)
detector strain data by the correction factor η,

dðcorrÞ ¼ ηd: ð2Þ

The probability distribution of ηðf; tÞ is evaluated using
in situ calibration measurements, primarily through exci-
tations via photon calibrators [90–93] and quadruple-
pendulum actuators [16,94], and is used to construct the
calibration prior for signal parameter estimation [95] (see
Supplemental Material [36]).
The low-latency, online calibrated (C00) strain data

produced during observing runs may contain systematic
errors due to model inaccuracies that are not identified or
corrected in real time. In previous observing runs, offline
calibrated data (C01) were produced for the LIGO detectors
as the standard final data product, incorporating all known
corrections [14–16]. In O4, the photon calibrators were
used to monitor the calibration accuracy at a discrete set of
frequencies in real time [17,94], and C01 data were
generated when necessary, e.g., when the calibration error
was known to exceed ∼10% in amplitude or ∼10° in phase
(68% probability).
At the times of GW240925 and GW250207, Livingston

and Virgo were observing normally, but the Hanford
detector was either miscalibrated or still stabilizing, with
a response deviating from the modeled behavior. KAGRA
was not observing over this period of O4 [5]. Detailed real-
time calibration monitoring measurements [94] at the
Hanford detector around the times of these two observa-
tions are provided in Supplemental Material [36]. The
Livingston and Virgo detectors had reliable calibration: in
the most sensitive frequency band, 20–2000 Hz, their
frequency-dependent uncertainties (68% probability) were
constrained to ≲2% in amplitude and ≲2° in phase for
Livingston and ≲2.5% in amplitude and ≲6° (≲3° below
500 Hz) in phase for Virgo [96].
For GW240925, a procedural inconsistency at Hanford

resulted in a temporary mismatch between a calibration
parameter used in the interferometer control system and the
corresponding value adopted in the calibration model. The
mismatch led to a mischaracterization of the detector
response, introducing a frequency-dependent systematic
error in the reconstructed strain data. The error reached up
to ∼20% in amplitude and ∼12° in phase across the
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sensitive frequency band [97]. This large error in the C00
calibration, combined with GW240925’s high SNR, pro-
vided a unique opportunity to cross-check signal-informed
astrophysical calibration with in situ measurements. C01
data were later generated around the time of GW240925,
correcting the miscalibration.
For GW250207, the Hanford detector had just reached

its low-noise operational state but had not yet formally
entered observing mode [97]. The detector was still
settling; in particular, the changing thermal lens of the
test masses affected the low-frequency response [10].
While real-time calibration monitoring can provide valu-
able information about the evolution of systematic errors
during such transient periods [94], the monitoring lines had
not yet stabilized, and several were not yet recording
measurements. As a result, no reliable measurement of
the real-time detector response is available for this period,
and the associated calibration systematic errors and uncer-
tainties in the Hanford strain data cannot be robustly
quantified using in situ measurements. Astrophysical cal-
ibration is essential to analyze Hanford data.
Detection—GW240925 and GW250207 were observed

by the three-detector Hanford-Livingston-Virgo network.
Time-frequency spectrograms of the data around the two
signals are shown in Fig. 1. The characteristic chirps of
CBC signals are visible sweeping up from low frequencies.
GW240925 was observed at 00∶58∶09 Coordinated

Universal Time (UTC) on September 25, 2024 during
the second part of O4 (O4b). It was identified in low latency
in Hanford and Livingston data by the minimally modeled
cWB [99–102] pipeline as well as the GSTLAL [103–111],
MBTA [112–114], and SPIIR [115] matched-filtering
pipelines. The candidate was identified with SNRs of
17.3 and 25.8 in Hanford and Livingston, respectively,
and a false alarm rate (FAR) of< 1 × 10−5 yr−1. The Virgo

detector was operating at the time, but the candidate’s SNR
of 2.7 was too small to contribute to the coincident
detection. Nevertheless, the Virgo SNR time series was
analyzed by BAYESTAR [116,117] to infer the location.
General Coordinate Network (GCN) Notices and Circulars
about the detection were shared in low latency [118].
Data quality (DQ) was scrutinized around GW240925

following established procedures [119]. We identified a
burst of non-Gaussian noise (a glitch [120,121]) in
Livingston data, but this occurred sufficiently after the
signal to not require mitigation [122]. No DQ issues
impacting the analysis were found.
GW250207 was observed at 11∶56∶45 UTC on

February 7, 2025 during the third part of O4 (O4c). It
was identified in low latency in Livingston and
Virgo data by the GSTLAL and SPIIR search pipelines.
The signal was measured with SNRs of 48.3 and 8.1 in the
Livingston and Virgo detectors, respectively, and a FAR of
<1 × 10−5 yr−1. DQ checks [119] revealed no issues
impacting the detection. As Hanford was not in observing
mode, its data were not used in low latency, but they were
later determined to be of good quality [97]. GCN Notices
and Circulars were again shared in low latency [123].
Further DQ and search-analysis results for both detec-

tions are given in Supplemental Material [36].
Inference of calibration errors and source properties—

We analyze the detector data for each signal using BILBY

[124,125] to obtain posterior probability distributions on
the parameters θ characterizing the source binary and
those describing the calibration of each detector [95].
We assume that a GR waveform hðθÞ accurately describes
the signal. To account for calibration uncertainty, the
reciprocal of the correction factor (1=η) is applied to the
waveform. This reciprocal factor is parametrized using
amplitude and phase deviations derived from their

FIG. 1. Time–frequency spectrograms [98] showing data from LIGO Hanford (left), LIGO Livingston (middle), and Virgo (right) for
GW240925 (top) and GW250207 (bottom). Times are relative to the times reported from the search algorithms for the two detections.
We use C00 LIGO data. The data are whitened [13], and the scale bar shows the normalized energy.
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counterparts in Eq. (1) [95,126], which are modeled
using splines and inferred from the data [95,127,128].
Further details on inferences are given in Supplemental
Material [36].
The consistency of the signal across frequencies and

between detectors provides information about the detector
calibration. Typically, we use the in situ measured calibra-
tion-uncertainty estimates from the time closest to the
signal as priors in the analysis. As these are usually well
constrained, the GW signal adds little information [6,26].
However, for higher SNR signals or cases where calibration
errors are significant, astrophysical calibration is expected
to become informative.
We first demonstrate the measurement of the Hanford

calibration error with GW240925, performing three analy-
ses. For each,we use the usual calibration priors informedby
in situmeasurements for Livingston and Virgo. We analyze
LIGOC00 data, which contain the large Hanford calibration
error, assuming two different priors for the Hanford cali-
bration: one narrow, informed by in situmeasurements, and
one wide across all frequencies. As the cause of the
calibration error can be identified, we can directly compare
the in situ measured calibration error to the calibration
independently inferred from the signal. We also analyze
LIGO C01 data, where the calibration error has been
corrected, assuming a narrow in situ calibration prior.
In Fig. 2 (left), we plot the Hanford calibration param-

eters for GW240925 as a function of frequency. With the

wide prior, the posterior provides the tightest constraints at
frequencies where the signal is loud (below the peak of the
dominant l ¼ jmj ¼ 2 multipole at a frequency fpeak22 of
∼680 Hz), and it tends toward the prior at higher frequen-
cies where there is no signal to constrain the calibration (the
oscillations reflect the discrete placement of spline nodes).
To quantify the difference between the wide prior and the
corresponding posterior, we use the Jensen-Shannon diver-
gences (JSDs) [129] between the distributions, finding
0.06þ0.09

−0.05 nat for amplitude and 0.05þ0.13
−0.05 nat for phase,

quoting the median and 90% range across the frequency
nodes, where JSD≲ 0.002 nat is considered a negligible
difference [125]. This indicates that the posterior is
informed by the signal at various frequencies. The posterior
obtained with the wide, uninformative prior agrees well
with the results informed by the in situ measurements,
demonstrating that detector calibration can be inferred from
an astrophysical signal. Although the signal-informed
calibration is less constrained than the in situ measure-
ments, it provides an independent cross-check and a
valuable diagnostic for uncovering analysis inconsisten-
cies. In this case, the direct comparison between constraints
revealed (and led to the correction of) a long-standing
convention mismatch in the analysis procedure for incor-
porating calibration uncertainties, which had only had a
minor effect prior to O4 [95,126]. Results from the C01
data for both LIGO detectors and Virgo are consistent with
zero error, as expected after calibration correction.

FIG. 2. LIGO Hanford calibration as a function of frequency over the analysis band for each signal. The top and bottom panels show
the frequency-dependent amplitude error δA and phase error δϕ, respectively. Shaded regions indicate the 68% credible intervals of the
posteriors, and the lines denote the 68% probability envelopes from which the priors are derived (see Supplemental Material [36]).
GW240925 results (left) are from three analyses: one using a wide, uninformative prior on the miscalibrated C00 data (green), one using
a narrow prior envelope based upon in situ measurements on the same data (orange), and one using a narrow in situ measured prior
envelope for the recalibrated C01 data (purple). GW250207 results (right) are from two analyses, both using the same wide priors on the
miscalibrated Hanford C00 data: one using data from all three detectors (green), with the in situ priors applied to Livingston and Virgo
data, and one using only Hanford data (red). Results are more informative for frequencies where there is more signal power (Fig. 1), and
the dotted vertical lines indicate the approximate peak frequencies fpeak22 for the l ¼ jmj ¼ 2 multipole of the signals.
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We find that inferred source parameters are typically
consistent between analyses.We adopt theC01 results as our
default for interpretation, with medians and 90% symmetric
credible intervals for the parameters listed in Table I.
The sky localization is illustrated in Fig. 3. Calibration

uncertainty can have a significant impact on source
localization [20,27,131], and using the wider calibration
prior increases the localization area. Also shown in Fig. 3 is
a medium-latency localization [132]; this did not use
Hanford data because of the miscalibration. To leading
order, the sky localization depends upon the time delay
observed between detectors, and adding a third detector
enables triangulation of the source [133–135]. The inclu-
sion of the Hanford data significantly changes the inferred
localization (the 90% localization volume shrinks from
∼1 × 107 Mpc3 to ∼2 × 105 Mpc3), as further discussed in
Supplemental Material [36], demonstrating the importance
of using data from all detectors.
GW240925’s source is inferred to be a low-mass binary

black hole (BBH). The binary has a total mass of
M ¼ 16.1þ0.7

−0.4M⊙ (median and 90% symmetric credible
interval) and has support for equal-mass components, with
mass ratio q > 0.57 (90% probability). The masses are
consistent with the peak of the BBHmass distribution [137]
and the masses of black holes in X-ray binaries [138–143].
The source is inferred to not have high spins (χ1 < 0.53 and
χ2 < 0.69); the effective inspiral spin χeff [144,145] is
small (jχeff j < 0.08), with positive values preferred, indi-
cating a probable net alignment of the component spins
with the orbital angular momentum.

Having demonstrated the efficacy of astrophysical cal-
ibration with GW240925, we turn to GW250207, where we
must rely on signal-based inference to constrain the
Hanford calibration. We analyze the C00 data using a
wide prior across all frequencies for the Hanford calibration
parameters and in situ measured priors for Livingston and
Virgo. For comparison, we also perform (i) an analysis
using only Hanford data, to show what can be inferred
without constraints from other detectors, and (ii) an analy-
sis assuming that the data from all three detectors are
perfectly calibrated, to investigate the impact of neglecting
calibration uncertainties.
The results in Fig. 2 (right) show that the astrophysical

calibration posterior is informative and distinct from the
prior across the frequency range of the signal (fpeak22 is
∼170 Hz), similar to results for GW240925. For
GW250207, we obtain JSDs between the posterior and
prior of 0.15þ0.11

−0.15 nat for amplitude and 0.14þ0.13
−0.14 nat for

phase. Some of the frequency-dependent structure reflects
the discrete placement of spline nodes. The amplitude error
near the 317.1Hz node is onlyweakly constrained (likely by
contributions from higher-order multipole moments);
although the inferred error appears large, the posterior
distribution is skewed and is still consistent with zero, with
δA ¼ 26þ69

−32% (90% credible interval). The calibration is
best constrained when using the in situ measured priors for
Livingston and Virgo, but the Hanford data alone remain
informative. In the Hanford-only analysis, the overall
(frequency-independent) calibration amplitude scale is fully
degenerate with the source distance, since hðθÞ scales
inversely with distance, and the overall calibration phase
scale is fully degenerate with the signal’s reference phase.
Therefore, the absolute scales of the Hanford-only con-
straints shown in Fig. 2 are prior driven: the prior favors
δA ∼ 0 and δϕ ∼ 0°. However, the frequency-dependent
evolution of the calibration parameters can still be con-
strained using the signal morphology in the Hanford
data alone.
Measurements of key astrophysical parameters for

GW250207 are given in Table I. GW250207’s source is
similar to GW150914’s [128,146]. The BBH source has total
mass ofM ¼ 65.9þ1.0

−1.7M⊙ and a well-measured mass ratio of
q ¼ 0.87þ0.08

−0.08 . The individual spins are small, with χ1 < 0.15
and χ2 < 0.19. These properties are consistent with the
inferred BBH population, with component masses near the
feature in the mass distribution at∼35M⊙, which contributes
many observed binaries [137,147]. With the inclusion of
Hanford data, GW250207 has the second-highest network
SNR published to date (after GW250114_082203 [7]),
and its source is probably the closest BBH observed with
DL ¼ 187þ121

−52 Mpc [6,146,148,149]. Such a high SNR
facilitates more precise parameter estimation than for typical
GW observations [6,11].
GWs can be decomposed into spherical harmonics

[150–153]. The l ¼ jmj ¼ 2 multipole moment dominates

TABLE I. Inferred source properties [5] for GW240925 and
GW250207. We report median values with 90% symmetric
credible intervals. GW240925 results use C01 data and calibra-
tion uncertainties based upon in situ measurements. GW250207
results use a wide prior for the Hanford calibration uncertainty
and a prior based upon in situ measurements for Livingston and
Virgo calibration. Quantities that evolve throughout the inspiral
are quoted at a reference frequency of 20 Hz. Results are
computed assuming a standard cosmology with H0 ¼
67.9 km s−1 Mpc−1 [95,130].

Parameter GW240925 GW250207

Primary mass m1=M⊙ 9.0þ2.0
−1.0 35.2þ1.7

−1.7
Secondary mass m2=M⊙ 7.0þ0.8

−1.3 30.6þ1.5
−1.8

Total mass M=M⊙ 16.1þ0.7
−0.4 65.9þ1.0

−1.7
Chirp mass M=M⊙ 6.85þ0.22

−0.08 28.57þ0.44
−0.77

Final mass Mf=M⊙ 15.3þ0.7
−0.4 62.7þ1.0

−1.6
Effective inspiral spin χeff 0.02þ0.08

−0.02 0.00þ0.03
−0.04

Effective precession spin χp 0.25þ0.37
−0.20 0.06þ0.15

−0.05
Final spin χf 0.69þ0.02

−0.03 0.69þ0.01
−0.01

Luminosity distance DL=Mpc 356þ61
−162 187þ121

−52
Redshift z 0.08þ0.01

−0.03 0.04þ0.03
−0.01

Network SNR ρ 31.96þ0.11
−0.15 68.91þ0.08

−0.11
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the signal. However, the high SNR of GW250207 means
that other moments are observable; the signal probably
has the highest l ¼ jmj ¼ 4 SNR found to date, ρ44 ¼
5.1þ0.5

−1.9 [6,7,154].
Comparing analysis results, we see that erroneously

assuming perfect calibration for all detectors leads to
narrower and, in some cases, biased posteriors for
source parameters. The inferred distance becomes
DL ¼ 175þ42

−28 Mpc. The miscalibration at frequencies
∼40–60 Hz is mistaken for a signature of spin precession:
the constraint on the effective precession spin shifts from
χp ¼ 0.06þ0.15

−0.05 , corresponding to a precessing SNR
[155,156] of ρp ¼ 2.4þ4.8

−1.9 (using the wide prior for
Hanford and in situ priors for Livingston and Virgo) to
χp ¼ 0.13þ0.17

−0.07 , ρp ¼ 5.8þ6.8
−3.1 (neglecting calibration uncer-

tainties). This demonstrates how miscalibration can mimic
physical effects and impact astrophysical inferences.
The sky localization is shown in Fig. 3. Again, neglect-

ing calibration uncertainty leads to narrower posteriors. As
for GW240925, and discussed in Supplemental Material
[36], the inclusion of Hanford data shifts the sky-position
posterior such that it lies outside of the two-detector 90%
area [136]. This type of shift can happen in (infrequent)
cases where the third detector adds information that
strongly disfavors locations in the two-detector 90%
area [157,158]. The inclusion of the Hanford data
reduces the volume localization from ∼2 × 106 Mpc3 to
∼5 × 104 Mpc3. Without using Hanford data and account-
ing for its uncertain calibration, it would be difficult to
locate the source.
These results for GW240925 and GW250207 demon-

strate that astrophysical signals can be used to infer detector
calibration, providing both a practical fallback when in situ
measured calibration is incomplete or uncertain and a
valuable cross-check of analysis procedures. Further results
are provided in Supplemental Material [36].

Potential for dark siren cosmology—CBCs act as dark
sirens providing constraints on their source distances;
cross-referencing the inferred localization volume with
galaxy catalogs that provide redshift information then
enables inference of the Hubble constant [25,159,160].
Localization of GW sources is best for high-SNR signals
observed with at least three detectors [135,158,161–163].
Since the two signals have well-localized sources, they

could be considered as potentially useful dark sirens.
Unfortunately, GW240925 will not provide significant
cosmological information from its localization, as it is
hidden by the Milky Way plane. However, GW250207 has
a localization volume of ∼5 × 104 Mpc3, similar to that of
GW190814 (∼5 × 104 Mpc3 [146,164]), far from the
Milky Way plane, making it well suited for a dark siren
cosmological analysis. The host galaxy of GW250207 has
an estimated probability ∼74% to be present in the
extended version of the Galaxy List for the Advanced
Detector Era (GLADE+) catalog [165,166]. This proba-
bility is based on the K-band luminosity, assumes that the
likelihood of hosting a CBC is proportional to the galaxy
luminosity, and adopts a flat cosmological model with
H0 ¼ 67.9 km s−1 Mpc−1 and Ωm ¼ 0.3065 [95,130].
Both signals will be included in a comprehensive analysis
of all detections up to the end of O4, which will be
presented with a future version of the Gravitational-Wave
Transient Catalog (GWTC), similar to the analysis for
GWTC-4.0 [160]. This population analysis will allow
information from multiple detections to be combined with
a proper computation of selection effects across observ-
ing runs.
Consistency tests—We perform a suite of verification

tests using the two observations, including general residual
analyses, tests that constrain deviations of post-Newtonian
(PN) parameters from the expected GR values, and qua-
sinormal mode (QNM) spectroscopy tests of the remnant.
These tests are often framed as tests of GR, but they are also

FIG. 3. Sky localization for GW240925 (left) and GW250207 (right) from analyses using data from all three detectors (HLV) and just
Livingston and Virgo (LV). The contours show 90% credible areas. We show results using the wide calibration prior for Hanford (green),
plus the result using the in situ measured prior for GW240925 (purple), and the result neglecting calibration uncertainty for GW250207
(yellow). The medium-latency online BILBY (magenta) analyses used only Livingston and Virgo data for both signals [132,136].
Inclusion of the Hanford data, enabled by the simultaneous estimation of the calibration parameters, has a significant impact on both
localizations.
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sensitive to a variety of assumptions about the data. Failing
to incorporate the calibration systematics in these analyses
can lead to biased results, potentially mimicking or
obscuring deviations from GR predictions [18,23]. Here,
we summarize results and provide additional details in
Supplemental Material [36].
The residuals test evaluates the agreement between the

data and the best-fit GR waveform by searching for excess
coherent power remaining after subtracting the signal
[167–169]. Residual power may indicate the presence of
calibration errors, instrumental artifacts, or waveform-
modeling errors. We find no evidence of residual power.
The FTI [170], TIGER [171–174], and PCA [175,176]

analyses explore deviations of the PN coefficients from the
GR value in the inspiral signal. TIGER also allows for
deviations in the phenomenological coefficients of the
postinspiral signal [174]. All analyses incorporate calibra-
tion uncertainties, like in the analyses to infer source
properties, but now using waveform models that include
the modeled deviations from GR. We find that neglecting
calibration uncertainties can introduce mild biases in the
inferred deviations, even though the results remain sta-
tistically consistent with GR. Using the wide, uninforma-
tive calibration priors mitigates the risk of falsely
identifying GR violations. The GW250207 analyses for
the PN deviation parameters give the tightest upper limits to
date on the 2PN and higher-PN deviation parameters,
surpassing GW250114_082203 [177]; at −1 PN
and 0.5 PN, the constraints from GW170817 remain the
best [178,179].
For the ringdown signal, we use the pSEOBNR

[180–184], QNMRF [185–188], and ringdown [189–191]
pipelines to perform QNM analyses. pSEOBNR can
include calibration uncertainty with its parametrized wave-
form, but QNMRF and ringdown do not currently support
calibration marginalization, and instead, analyze Hanford
and Livingston data separately to assess potential system-
atic errors. Figure 4 presents results from these analyses.
These consistently show that neglecting calibration errors
at Hanford leads to biased estimates for the (2,2,0) QNM
frequency and damping time relative to those inferred from
the full inspiral-merger-ringdown (IMR) waveform. The
90% credible intervals on the (2,2,0) QNM are compatible
with GW230814_230901 [154], GW250114_082203
[7,177], and other signals included in the GWTC-4.0
analysis [192].
Conclusion—Using the high-SNR BBH signals

GW240925 and GW250207, observed during times of
elevated calibration uncertainty, we have demonstrated that
the information encoded within CBC signals can enable
astrophysical calibration of GW detectors. With loud GW
observations, we may cross-check in situ calibration
measurements. Furthermore, when we lack a complete
set of calibration measurements, GW signals may be
used to infer calibration properties: in such cases,

signal-informed calibration is necessary and required to
obtain precise and accurate source localization for multi-
messenger follow-up and cosmological measurements,
along with unbiased tests of GR. Although astro-
physical calibration has long been proposed as possible
[19,26,29,30], the ground-breaking higher SNRs found
during O4 are now making it practical [26–28].
GW240925 and GW250207 were, fortunately, detected

while multiple detectors were observing, allowing for a
coherent analysis across the network. Having multiple
observatories increases the probability of detection,
improves source localization, and mitigates any adverse
effects of detector noise on interpretation. Good source
localization of GW250207 is possible only with the
addition of LIGO Hanford data and the astrophysical
inference of its calibration. Further expansion of the net-
work [5,135] with increasing sensitivity for KAGRA and
the construction of LIGO India will enhance the oppor-
tunities for GW discovery and mitigate against cases where
one observatory is adversely impacted by an instrumental
problem, a glitch, or a calibration issue. With a global
observatory network, we are best prepared to fulfill the
potential of GW astronomy and to make discoveries that
advance our understanding of the Universe.
Software acknowledgments—Calibration of the LIGO

strain data was performed with GSTLAL -based calibration

FIG. 4. Inferred (2,2,0) QNM frequency and damping time
from analyses of GW250207. The full IMR GR result, incorpo-
rating a wide prior for Hanford calibration, is indicated by the
solid line. The pSEOBNR analysis (dashed) compares results
obtained by either neglecting calibration uncertainties (yellow) or
incorporating a wide prior for Hanford to marginalize over them
(green). The QNMRF (dot-dashed) and ringdown (dotted)
analyses analyze Hanford (red) and Livingston (light blue) data
separately without calibration uncertainty to assess potential
systematic errors. QNMRF and RINGDOWN analyze the signal
starting at 8tMf

after the peak of the strain, where time is in units
of the remnant mass in the detector frame (the maximum-
likelihood estimate from the IMR analysis using the NRSUR7DQ4
waveform [193] and the wide calibration prior).
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software pipeline [34], and calibration of the Virgo strain
data was performed with C-based software [17]. DQ
products and event-validation results were computed using
the BRISTOL [194], DMT [195], DQR [196], DQSEGDB
[197], GLITCHFIND [198], GSPYNETTREE [199],
GWDETCHAR [200], HVETO [201], IDQ [202], LIGODV-

WEB [203], OMEGAOVERLAP [204], OMICRON [205],
PEMCHECK [206], PYTHONVIRGOTOOLS [207], and
STATIONARITY [208] software packages and contributing
software tools. Analyses relied upon the LALSUITE software
library [209,210]. The detection of the signals and sub-
sequent significance evaluations were performed with the
GSTLAL -based inspiral software pipeline [103–106],
with the MBTA pipeline [112,113], the PyCBC package
[211–213], and the cWB packages [101,102,214–216].
Estimates of the noise spectra and glitch models, as well
as tests of residuals, were obtained using BayesWave
[217–219]. Signal parameter estimation was performed
with the BILBY library [124,125] using the DYNESTY nested-
sampling package [220]. SEOBNRv5PHM waveforms
used in parameter estimation were generated using
pySEOBNR [221]. PESUMMARY was used to postprocess
and collate parameter-estimation results [222]. Tests of GR
were performed with the FTI [170], TIGER [172–174], and
pSEOBNR [180–184] tests, implemented in BILBYTGR

[223], as well as with the QNMRF [185–188] and
RINGDOWN [189–191] pipelines. Cosmological inference
was performed with the GWCOSMO [224–226] and
ICAROGW [227,228] codes. Some of the parameter-estima-
tion analyses were managed with the Asimov library [229].
Plots were prepared with MATPLOTLIB [230], SEABORN

[231], and GWPY [232]. NUMPY [233] and SCIPY [234] were
used in the preparation of the manuscript.
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Kidder, J. Moxon, W. Throwe, N. L. Vu, and Y. Chen,
Quasinormal-mode filters: A new approach to analyze the
gravitational-wave ringdown of binary black-hole mergers,
Phys. Rev. D 106, 084036 (2022).

[186] S. Ma, L. Sun, and Y. Chen, Using rational filters to
uncover the first ringdown overtone in GW150914, Phys.
Rev. D 107, 084010 (2023).

[187] S. Ma, L. Sun, and Y. Chen, Black hole spectroscopy by
mode cleaning, Phys. Rev. Lett. 130, 141401 (2023).

[188] N. Lu, S. Ma, O. J. Piccinni, L. Sun, and E. Finch,
Statistical identification of ringdown modes with rational
filters, Phys. Rev. D 112, 064047 (2025).

[189] M. Isi, M. Giesler, W.M. Farr, M. A. Scheel, and S. A.
Teukolsky, Testing the no-hair theorem with GW150914,
Phys. Rev. Lett. 123, 111102 (2019).

[190] M. Isi and W.M. Farr, Analyzing black-hole ringdowns,
arXiv:2107.05609.

[191] H. Siegel, M. Isi, and W.M. Farr, Analyzing black-hole
ringdowns. II. Data conditioning, Phys. Rev. D 111,
044070 (2025).

[192] A. G. Abac et al. (LIGO Scientific Collaboration, Virgo
Collaboration, and KAGRA Collaboration), GWTC-4.0:
Tests of general relativity. III. Tests of the remnants,
arXiv:2603.19021.

[193] V. Varma, S. E. Field, M. A. Scheel, J. Blackman, L. E.
Kidder, and H. P. Pfeiffer, Surrogate model of hybridized

PHYSICAL REVIEW LETTERS 137, 071401 (2026)

071401-14

https://doi.org/10.3847/1538-4357/abb373
https://doi.org/10.1103/PhysRevD.110.064068
https://doi.org/10.3847/2041-8213/ab960f
https://doi.org/10.3847/2041-8213/ab960f
https://doi.org/10.1093/mnras/sty1703
https://doi.org/10.1093/mnras/sty1703
https://doi.org/10.1093/mnras/stac1443
https://doi.org/10.1093/mnras/stac1443
https://doi.org/10.1103/PhysRevD.112.084080
https://doi.org/10.1103/PhysRevD.112.084080
https://doi.org/10.1103/PhysRevD.105.044020
https://arXiv.org/abs/2603.19019
https://doi.org/10.1103/PhysRevD.107.044020
https://doi.org/10.1103/PhysRevD.85.082003
https://doi.org/10.1103/PhysRevD.89.082001
https://doi.org/10.1103/PhysRevD.97.044033
https://doi.org/10.1103/PhysRevD.97.044033
https://doi.org/10.1103/855k-sys5
https://doi.org/10.1103/855k-sys5
https://doi.org/10.1103/PhysRevD.105.084062
https://doi.org/10.1103/c1sj-jc4v
https://doi.org/10.1103/6c61-fm1n
https://doi.org/10.1103/PhysRevLett.123.011102
https://arXiv.org/abs/2603.19020
https://doi.org/10.1103/PhysRevD.98.084038
https://doi.org/10.1103/PhysRevD.103.124041
https://doi.org/10.1103/PhysRevD.108.024043
https://doi.org/10.1103/PhysRevD.109.104019
https://doi.org/10.1103/ng8w-98sz
https://doi.org/10.1103/ng8w-98sz
https://doi.org/10.1103/PhysRevD.106.084036
https://doi.org/10.1103/PhysRevD.107.084010
https://doi.org/10.1103/PhysRevD.107.084010
https://doi.org/10.1103/PhysRevLett.130.141401
https://doi.org/10.1103/h6jy-sd94
https://doi.org/10.1103/PhysRevLett.123.111102
https://arXiv.org/abs/2107.05609
https://doi.org/10.1103/PhysRevD.111.044070
https://doi.org/10.1103/PhysRevD.111.044070
https://arXiv.org/abs/2603.19021


numerical relativity binary black hole waveforms, Phys.
Rev. D 99, 064045 (2019).

[194] F. Di Renzo, F. Fidecaro, M. Razzano, and N. Sorrentino,
BRISTOL—a band-limited RMS stationarity test tool for
gravitational wave data, in 55th Rencontres de Moriond on
Gravitation (2024), arXiv:2401.15392.

[195] John Zweizig, The Data Monitor Tool Project, labcit.ligo
.caltech.edu/˜jzweizig/DMT-Project.html (2006).

[196] LIGO Scientific Collaboration and Virgo Collaboration,
Data quality report user documentation, docs.ligo.org/de
tchar/data-quality-report/ (2018).

[197] R. P. Fisher, G. Hemming, M.-A. Bizouard, D. A. Brown,
P. F. Couvares, F. Robinet, and D. Verkindt, DQSEGDB: A
time-interval database for storing gravitational wave
observatory metadata, SoftwareX 14, 100677 (2021).

[198] L. Vazsonyi and D. Davis, Identifying glitches near
gravitational-wave signals from compact binary coales-
cences using the Q-transform, Classical Quantum Gravity
40, 035008 (2023).

[199] S. Alvarez-Lopez, A. Liyanage, J. Ding, R. Ng, and J.
McIver, GSpyNetTree: A signal-vs-glitch classifier for
gravitational-wave event candidates, Classical Quantum
Gravity 41, 085007 (2024).

[200] A. L. Urban et al., gwdetchar/gwdetchar, 10.5281/zen-
odo.2575786 (2021).

[201] J. R. Smith, T. Abbott, E. Hirose, N. Leroy, D. Macleod, J.
McIver, P. Saulson, and P. Shawhan, A hierarchical method
for vetoing noise transients in gravitational-wave detectors,
Classical Quantum Gravity 28, 235005 (2011).

[202] R. Essick, P. Godwin, C. Hanna, L. Blackburn, and E.
Katsavounidis, iDQ: Statistical inference of non-Gaussian
noise with auxiliary degrees of freedom in gravitational-
wave detectors, Mach. Learn. Sci. Technol. 2, 015004
(2020).

[203] J. S. Areeda, J. R. Smith, A. P. Lundgren, E. Maros, D. M.
Macleod, and J. Zweizig, LigoDV-web: Providing easy,
secure and universal access to a large distributed scientific
data store for the LIGO Scientific Collaboration, Astron.
Comput. 18, 27 (2017).

[204] R. Macas and A. Lundgren, Sensitive test of non-
Gaussianity in gravitational-wave detector data, Phys.
Rev. D 108, 063016 (2023).

[205] F. Robinet, N. Arnaud, N. Leroy, A. Lundgren, D.
Macleod, and J. McIver, Omicron: A tool to characterize
transient noise in gravitational-wave detectors, SoftwareX
12, 100620 (2020).

[206] A. Helmling-Cornell, P. Nguyen, R. Schofield, and R.
Frey, Automated evaluation of environmental coupling for
Advanced LIGO gravitational wave detections, Classical
Quantum Gravity 41, 145003 (2024).

[207] Virgo Collaboration, PythonVirgoTools, git.ligo.org/virgo/
virgoapp/PythonVirgoTools (2021).

[208] S. Mozzon, L. K. Nuttall, A. Lundgren, T. Dent, S. Kumar,
and A. H. Nitz, Dynamic normalization for compact binary
coalescence searches in non-stationary noise, Classical
Quantum Gravity 37, 215014 (2020).

[209] LIGO Scientific Collaboration, Virgo Collaboration, and
KAGRA Collaboration, LVK Algorithm Library Suite,
10.7935/GT1W-FZ16 (2018).

[210] K. Wette, SWIGLAL: Python and Octave interfaces to the
LALSuite gravitational-wave data analysis libraries, Soft-
wareX 12, 100634 (2020).

[211] S. A. Usman et al., The PyCBC search for gravitational
waves from compact binary coalescence, Classical Quan-
tum Gravity 33, 215004 (2016).

[212] A. H. Nitz, T. Dent, T. Dal Canton, S. Fairhurst, and D. A.
Brown, Detecting binary compact-object mergers with
gravitational waves: Understanding and Improving the
sensitivity of the PyCBC search, Astrophys. J. 849, 118
(2017).

[213] G. S. Davies, T. Dent, M. Tápai, I. Harry, C. McIsaac, and
A. H. Nitz, Extending the PyCBC search for gravitational
waves from compact binary mergers to a global network,
Phys. Rev. D 102, 022004 (2020).

[214] S. Klimenko and G. Mitselmakher, A wavelet method for
detection of gravitational wave bursts, Classical Quantum
Gravity 21, S1819 (2004).

[215] S. Klimenko, G. Vedovato, M. Drago, G. Mazzolo, G.
Mitselmakher, C. Pankow, G. Prodi, V. Re, F. Salemi, and
I. Yakushin, Localization of gravitational wave sources
with networks of advanced detectors, Phys. Rev. D 83,
102001 (2011).

[216] M. Drago et al., coherent WaveBurst, a pipeline for
unmodeled gravitational-wave data analysis, SoftwareX
14, 100678 (2021).

[217] N. J. Cornish and T. B. Littenberg, BayesWave: Bayesian
inference for gravitational wave bursts and instrument
glitches, Classical Quantum Gravity 32, 135012 (2015).

[218] T. B. Littenberg, J. B. Kanner, N. J. Cornish, and M.
Millhouse, Enabling high confidence detections of gravi-
tational-wave bursts, Phys. Rev. D 94, 044050 (2016).

[219] N. J. Cornish, T. B. Littenberg, B. Bécsy, K. Chatziioannou,
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R. Cavalieri ,68 G. Cella ,85 S. Cepic ,127 P. Cerdá-Durán ,146,147 E. Cesarini ,23 N. Chabbra,36 W. Chaibi,120

A. Chakraborty ,14 P. Chakraborty ,9,10 S. Chakraborty,108 S. Chalathadka Subrahmanya,30 R. Chalmers,77 C. Chan,148

J. C. L. Chan ,149 M. Chan,121 K. Chang,150 P. Charlton ,151 E. Chassande-Mottin ,21 C. Chatterjee ,152

Debarati Chatterjee ,84 Deep Chatterjee ,37 M. Chaturvedi,108 S. Chaty ,21 K. Chatziioannou ,12 A. Chen ,153

A. H.-Y. Chen,154 D. Chen ,155 H. Chen,156 H. Y. Chen ,157 S. Chen,152 Y. Chen,158 G. Cheng,153 H. P. Cheng,104

P. Chessa ,81,55 T. Cheunchitra ,132 H. T. Cheung ,95 S. Y. Cheung,7 F. Chiadini ,159,142 G. Chiarini,9,10 A. Chiba,160

A. Chincarini ,31 D. Chintala,110 M. L. Chiofalo ,86,85 A. Chiummo ,4,68 C. Chou,161 S. Choudhary ,6

N. Christensen ,120,162 S. S. Y. Chua ,36 G. Ciani ,79,80 P. Ciecielag ,100 M. Cieślar ,133 M. Cifaldi ,23 B. Cirok,163

F. Clara,2 J. A. Clark ,12,62 T. A. Clarke ,7 P. Clearwater,148 S. Clesse,116 F. Cleva,120 S. M. Clyne,130 E. Coccia,47,48,140

E. Codazzo ,164 P.-F. Cohadon ,131 D. E. Cohen ,9,10 S. Colace ,32 E. Colangeli,77 O. Cole,148 M. Colleoni ,138

C. G. Collette,165 J. Collins,69 S. Colloms ,91 A. Colombo ,166,136 C. M. Compton,2 G. Connolly,82 L. Conti ,97

T. R. Corbitt ,13 I. Cordero-Carrión ,167 S. Corezzi ,81,55 N. J. Cornish ,168 I. Coronado,169 A. Corsi ,170

L. A. Corubolo ,22,23 L. Cotnoir,122 R. Cottingham,69 M.W. Coughlin ,19 P. Couvares ,12,62 D. M. Coward,6

D. C. Coyne ,12 R. Coyne ,130 A. Cozzumbo,47 J. D. E. Creighton ,11 T. D. Creighton,171 S. Crook,69 R. Crouch,2

J. Csizmazia,2 J. R. Cudell ,172 T. J. Cullen ,12 A. Cumming ,91 E. Cuoco ,127,78 M. Cusinato ,146 L. V. Da Conceição,173

T. Dal Canton,43 S. Dall’Osso ,174,78 S. Dal Pra,175 G. Dálya ,105 O. Dan,117 Y. Dang,8 B. D’Angelo ,31

S. Danilishin ,38,39 S. D’Antonio ,40 K. Danzmann,9,10 K. E. Darroch,122 L. P. Dartez ,69 R. Das,112 A. Dasgupta,98

V. Dattilo ,68 A. Daumas,21 I. Dave,108 A. Davenport,176 M. Davier,43 T. F. Davies,6 D. Davis ,12 L. Davis,6

M. C. Davis ,19 P. Davis ,177,178 E. J. Daw ,179 M. Dax ,1 J. De Bolle ,99 M. Deenadayalan,84 J. Degallaix ,180

M. De Laurentis ,34,4 C. J. Delgado Mendez,102 F. De Lillo ,24 S. Della Torre ,136 W. Del Pozzo ,86,85 O. M. del Rio,181

A. Demagny,33 F. De Marco ,41,40 G. Demasi,182,67 F. De Matteis ,22,23 N. Demos,37 T. Dent ,183 A. Depasse ,16

N. DePergola,107 R. De Pietri ,184,185 R. De Rosa ,34,4 C. De Rossi ,68 M. Desai ,37 V. Deshmukh,91 R. De Simone,159,142

S. Determan,186 A. Dhani ,1 R. Dhurkunde ,77 R. Diab,49 C. Diaz,102 M. C. Díaz ,171 M. Di Cesare ,34,4 G. Dideron,187

T. Dietrich ,1 L. Di Fiore,4 C. Di Fronzo ,6 M. Di Giovanni ,188,85 T. Di Girolamo ,34,4 D. Diksha ,39,38 J. Ding ,37,21,189

S. Di Pace ,41,40 I. Di Palma ,41,40 D. Di Piero,190,52 F. Di Renzo ,67,182 Divyajyoti,35 A. Dmitriev ,126 J. P. Docherty ,91

Z. Doctor ,118 N. Doerksen ,173 E. Dohmen,2 A. Doke,143 A. Domiciano De Souza,191 L. D’Onofrio ,4 F. Donovan,37

K. L. Dooley ,35 T. Dooney,76 S. Doravari ,84 O. Dorosh,192 F. Dosopoulou,35 W. J. D. Doyle,122 M. Drago ,41,40

J. C. Driggers ,2 M. Dubois,105 R. R. Dumbreck,35 L. Dunn ,132 U. Dupletsa,47 D. D’Urso ,193,164 P. Dutta Roy,49

H. Duval ,194 P.-A. Duverne ,21 S. E. Dwyer,2 C. Eassa,2 M. Eberhardt,186 M. Ebersold ,195,33 T. Eckhardt ,30

G. Eddolls ,83 A. Effler ,69 J. Eichholz ,36 H. Einsle,120 M. Eisenmann,26 R. A. Eisenstein,37 M. Emma ,64 K. Endo,160

R. Enficiaud ,1 L. Errico ,34,4 R. Espinosa,171 M. Esposito ,4,34 R. C. Essick ,196 H. Estellés ,1 T. Etzel,12 M. Evans ,37

T. Evstafyeva,187 B. E. Ewing,8 J. M. Ezquiaga ,149 F. Fabrizi ,66,67 V. Fafone ,22,23 S. Fairhurst ,35 X. Fan,153

A. M. Farah ,139 B. Farr ,82 W.M. Farr ,197,198 M. Favata ,199 M. Fays ,172 M. Fazio ,60 J. Feicht,12 M. M. Fejer,94

J.-N. Feldhusen ,30 E. Fenyvesi ,93,200 J. Fernandes,201 T. Fernandes ,202,146 D. Fernando,115 S. Ferraiuolo ,203,41,40

T. A. Ferreira,13 M. Ferrer ,138 F. Fidecaro ,86,85 P. Figura ,100 E. Finch ,12 A. Fiori ,85,86 I. Fiori ,68 M. Fishbach ,196

R. P. Fisher,122 R. Fittipaldi ,204,142 V. Fiumara ,205,142 R. Flaminio,33 S. M. Fleischer ,181 L. S. Fleming,206 E. Floden,19

H. Fong,121 J. A. Font ,146,147 F. Fontinele-Nunes,19 C. Foo,1 B. Fornal ,207 P. W. F. Forsyth,36 K. Franceschetti,184

A. Franco-Ordovas,12 F. Frappez,33 S. Frasca,41,40 F. Frasconi ,85 J. P. Freed,50 Z. Frei ,208 A. Freise ,39,113

O. Freitas ,202,146 R. Frey ,82 W. Frischhertz,69 P. Fritschel,37 V. V. Frolov,69 M. Fuentes-Garcia ,12 S. Fujii,209

T. Fujimori,210 P. Fulda,49 M. Fyffe,69 B. Gadre ,76 J. R. Gair ,1 S. Galaudage ,191 V. Galdi,211 R. Gamba,8 A. Gamboa ,1

S. Gamoji,212 A. Ganguly ,84 B. Garaventa ,31 P. García Abia,102 J. García-Bellido,213 C. García-Quirós ,195

J. W. Gardner ,36 S. Garg,45 J. Gargiulo ,68 X. Garrido ,43 A. Garron ,138 F. Garufi ,34,4 P. A. Garver,94

C. Gasbarra ,214,23 B. Gateley,2 F. Gautier ,215 V. Gayathri ,11 T. Gayer,83 G. Gemme ,31 A. Gennai ,85 V. Gennari ,105

PHYSICAL REVIEW LETTERS 137, 071401 (2026)

071401-17

https://orcid.org/0000-0002-5433-1409
https://orcid.org/0000-0002-7387-6754
https://orcid.org/0000-0003-2872-8186
https://orcid.org/0000-0003-0133-1306
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/0009-0008-7515-6305
https://orcid.org/0000-0003-0639-9342
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/0009-0007-2345-3706
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/0000-0001-8100-0579
https://orcid.org/0000-0002-3835-6729
https://orcid.org/0000-0001-6064-0569
https://orcid.org/0000-0002-0752-0338
https://orcid.org/0000-0002-0128-1575
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
https://orcid.org/0000-0002-3377-4737
https://orcid.org/0000-0002-4263-2706
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/0000-0001-9092-3965
https://orcid.org/0009-0001-2292-1914
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/0000-0002-0583-9919
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/0009-0001-5494-3309
https://orcid.org/0000-0002-8262-2924
https://orcid.org/0000-0002-2823-3127
https://orcid.org/0000-0002-6427-3222
https://orcid.org/0000-0002-5243-5917
https://orcid.org/0000-0003-3600-2406
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/0000-0003-4366-8265
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/0000-0002-3815-4078
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/0000-0001-9930-9101
https://orcid.org/0000-0002-5077-8916
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/0009-0005-4276-5495
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/0000-0002-0314-956X
https://orcid.org/0009-0005-9865-935X
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/0000-0002-8215-4542
https://orcid.org/0000-0002-2475-1728
https://orcid.org/0000-0002-3906-0997
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
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/0000-0001-8270-9512
https://orcid.org/0000-0002-4390-9746
https://orcid.org/0000-0002-9057-9663
https://orcid.org/0009-0005-6680-3206
https://orcid.org/0000-0003-2777-3719
https://orcid.org/0009-0006-6820-2065
https://orcid.org/0009-0005-5582-2989
https://orcid.org/0009-0008-9801-9506
https://orcid.org/0000-0002-6189-3311
https://orcid.org/0000-0002-8925-0393
https://orcid.org/0000-0002-1993-4263
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/0000-0003-3390-8712
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/0000-0001-7394-0755
https://orcid.org/0000-0003-2490-404X
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


J. George,108 R. George ,157 O. Gerberding ,30 L. Gergely ,163 Archisman Ghosh ,99 Sayantan Ghosh,201

Shaon Ghosh ,199 Shrobana Ghosh,9,10 Suprovo Ghosh ,216 Tathagata Ghosh ,84 J. A. Giaime ,13,69 K. D. Giardina,69

D. R. Gibson,206 C. Gier ,60 S. Gkaitatzis ,86,85 J. Glanzer ,12 F. Glotin ,43 J. Godfrey,82 R. V. Godley,9,10 P. Godwin ,12

A. S. Goettel ,35 E. Goetz ,121 J. Golomb,12 S. Gomez Lopez,41,40 G. González ,13 P. Goodarzi ,46 S. Goode,7

A. Goodwin-Jones ,16 M. Gosselin,68 C. Gostiaux,70 R. Gouaty ,33 D.W. Gould ,36 K. Govorkova,37 A. Grado ,81,55

A. E. Granados ,19 M. Granata ,180 V. Granata ,217,142 S. Gras,37 P. Grassia,12 C. Gray,2 R. Gray ,91 G. Greco,55

A. C. Green ,39,113 L. Green ,218 S. M. Green,77 S. R. Green ,219 A. M. Gretarsson ,50 E. M. Gretarsson,50 H. K. Griffin,19

D. Griffith,12 H. L. Griggs ,62 G. Grignani,81,55 C. Grimaud ,33 H. Grote ,35 S. Grunewald ,1 D. Guerra ,146

A. G. Guerrero ,139 D. Guetta ,220 G. M. Guidi ,66,67 T. Guidry,2 H. K. Gulati,98 F. Gulminelli ,177,178 A. M. Gunny,37

H. Guo ,153 W. Guo ,6 Y. Guo ,39,38 Anuradha Gupta ,221 I. Gupta ,8 N. C. Gupta,98 S. K. Gupta,49 V. Gupta ,19

N. Gupte,1 J. Gurs,30 N. Gutierrez,180 N. Guttman,7 F. Guzman ,141 D. Haba,222 M. Haberland ,1 S. Haino,223

E. D. Hall ,37 E. Z. Hamilton ,138 G. Hammond ,91 M. Haney,39 J. Hanks ,2 C. Hanna ,8 M. D. Hannam,35

O. A. Hannuksela ,224 H. Hansen,2 J. Hanson,69 R. Harada,45 A. R. Hardison,186 S. Harikumar ,100 K. Haris,225

I. Harley-Trochimczyk,141 T. Harmark ,149 J. Harms ,47,48 G. M. Harry ,226 I. W. Harry ,77 J. Hart,110 M. T. Hartman ,21

B. Haskell,100,227,228 C.-J. Haster ,218 K. Haughian ,91 H. Hayakawa,54 K. Hayama,229 A. Heffernan ,138 D. Hegde,16

M. C. Heintze,69 J. Heinze ,126 J. Heinzel,37 H. Heitmann ,120 F. Hellman ,92 A. F. Helmling-Cornell ,82

G. Hemming ,68 O. Henderson-Sapir ,123 M. Hendry ,91 I. S. Heng,91 M. H. Hennig ,91 C. Henshaw ,62 M. Heurs ,9,10

A. L. Hewitt ,230,231 J. Heynen,16 J. Heyns,37 S. Higginbotham,35 S. Hild,38,39 S. Hill,91 Y. Himemoto ,232 N. Hirata,26

C. Hirose,233 D. Hofman,180 B. E. Hogan,50 N. A. Holland,39,113 K. Holley-Bockelmann,152 I. J. Hollows ,179

D. E. Holz ,139 L. Honet,116 K. M. Hoops,212 M. E. Hoque ,234 D. J. Horton-Bailey,92 J. Hough ,91 S. Hourihane ,12

N. T. Howard,152 E. J. Howell ,6 C. G. Hoy ,77 C. A. Hrishikesh,22 P. Hsi,37 H.-F. Hsieh ,156 H.-Y. Hsieh,156 C. Hsiung,235

S.-H. Hsu,236 W.-F. Hsu ,101 Q. Hu ,91 H. Y. Huang ,150 Y. Huang ,8 Y. T. Huang,83 A. D. Huddart,237 B. Hughey,50

V. Hui ,33 S. Husa ,138 L. Iampieri ,41,40 G. A. Iandolo ,38 M. Ianni,23,22 G. Iannone ,142 J. Iascau,82 K. Ide,238 R. Iden,222

A. Ierardi,47,48 S. Ikeda,155 H. Imafuku ,45 Y. Inoue,150 G. Iorio ,96 P. Iosif ,190,52 J. Irwin ,91 R. Ishikawa,238

T. Ishikawa,239 M. Isi ,198 K. S. Isleif ,240 Y. Itoh ,210,241 S. Iwaguchi,239 M. Iwaya,209 B. R. Iyer ,25 C. D. Jackson,49

C. Jacquet,105 P.-E. Jacquet ,131 T. Jacquot,43 S. J. Jadhav,242 S. P. Jadhav ,148 M. Jain,143 T. Jain,230 A. L. James ,12

K. Jani ,152 J. Janquart ,16 N. N. Janthalur,242 S. Jaraba ,243 P. Jaranowski ,244 R. Jaume ,138 W. Javed,35 M. Jensen,2

W. Jia,37 J. Jiang ,104 H.-B. Jin ,245,246 G. R. Johns,122 N. A. Johnson,49 N. K. Johnson-McDaniel ,221 R. Johnston,91

N. Johny,9,10 D. H. Jones ,36 D. I. Jones,216 R. Jones,91 H. E. Jose,82 P. Joshi ,62 S. K. Joshi ,84 G. Joubert,61 J. Ju,247

L. Ju ,6 I. L. Juarez-Reyes,82 K. Jung ,248 J. Junker ,36 V. Juste,116 H. B. Kabagoz ,37 T. Kajita ,209 I. Kaku,210

V. Kalogera ,118 M. Kalomenopoulos ,218 M. Kamiizumi ,54 N. Kanda ,241,210 S. Kandhasamy ,84 G. Kang ,249

J. B. Kanner,12 S. A. KantiMahanty,19 S. J. Kapadia ,84 D. P. Kapasi ,59 M. Karthikeyan,143 M. Kasprzack ,12 H. Kato,160

T. Kato,209 E. Katsavounidis,37 W. Katzman,69 R. Kaushik ,108 K. Kawabe,2 R. Kawamoto,210 D. Keitel ,138

S. A. Kemper,57 L. J. Kemperman ,123 J. Kennington ,8 F. A. Kerkow,19 R. Kesharwani ,84 J. S. Key ,250 R. Khadela,9,10

S. Khadka,94 S. S. Khadkikar,8 F. Y. Khalili ,114 F. Khan ,9,10 T. Khanam,170 M. Khursheed,108 N. M. Khusid ,197,198

W. Kiendrebeogo ,120,251 N. Kijbunchoo ,123 C. Kim ,252 J. C. Kim,253 K. Kim ,254 M. H. Kim ,247 S. Kim ,255

Y.-M. Kim ,254 C. Kimball ,118 K. Kimes,59 M. Kinnear,35 J. S. Kissel ,2 S. Klimenko,49 A. M. Knee ,121 E. J. Knox,82

N. Knust ,9,10 K. Kobayashi ,209 S. M. Koehlenbeck ,94 G. Koekoek,39,38 K. Kohri ,256 K. Kokeyama ,35,239

S. Koley ,47,172 P. Kolitsidou ,126 A. E. Koloniari ,257 K. Komori ,44,45 K. Kompanets,19 A. K. H. Kong ,156

A. Kontos ,258 K. Kopczuk,110 L. M. Koponen,126 M. Korobko ,30 X. Kou,19 A. Koushik ,24 N. Kouvatsos ,72

M. Kovalam,6 T. Koyama,160 D. B. Kozak,12 E. Kraja ,68 S. L. Kranzhoff,38,39 V. Kringel,9,10 N. V. Krishnendu ,126

S. Kroker,259 A. Królak ,260,192 K. Kruska,9,10 J. Kubisz ,261 G. Kuehn,9,10 A. Kulur Ramamohan,36 Achal Kumar,49

Anil Kumar,242 Praveen Kumar ,183 Prayush Kumar ,25 Rahul Kumar,2 Rakesh Kumar,98 Saurabh Kumar ,63

J. Kume ,262,263,45 K. Kuns ,37 N. Kuntimaddi,35 S. Kuroyanagi ,264,265 S. Kuwahara ,45 K. Kwak ,248 K. Kwan,36

S. Kwon ,45 G. Lacaille,91 D. Laghi ,195 A. H. Laity,130 A. Lakhal,131 E. Lalande,266 M. Lalleman ,24 S. Lalvani,118

M. Landry,2 R. N. Lang ,37 J. Lange,157 R. Langgin ,218 B. Lantz ,94 I. La Rosa ,138 A. Lartaux-Vollard ,43

P. D. Lasky ,7 L. Lavezzi,29 J. Lawrence ,171 M. Laxen ,69 C. Lazarte ,146 A. Lazzarini ,12 C. Lazzaro,267,164

P. Leaci ,41,40 L. Leali,19 Y. K. Lecoeuche ,121 H.W. Lee ,268 J. Lee,83 K. Lee ,247 R.-K. Lee ,156 R. Lee,37

Sungho Lee ,269 Sunjae Lee,247 Y. Lee,150 Y. S. C. Lee ,132 I. N. Legred,12 J. Lehmann,9,10 L. Lehner,187 M. Le Jean ,180,124

PHYSICAL REVIEW LETTERS 137, 071401 (2026)

071401-18

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/0000-0003-0199-3158
https://orcid.org/0009-0008-1093-6706
https://orcid.org/0000-0002-0395-0680
https://orcid.org/0000-0001-5372-7084
https://orcid.org/0000-0002-2915-4690
https://orcid.org/0000-0002-0501-8256
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/0009-0008-4559-0063
https://orcid.org/0000-0002-6987-6313
https://orcid.org/0000-0003-3438-9926
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/0000-0002-8304-0109
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/0000-0003-0098-9114
https://orcid.org/0000-0002-1414-3622
https://orcid.org/0009-0002-2499-3193
https://orcid.org/0000-0002-0965-7493
https://orcid.org/0000-0002-3887-7137
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/0000-0002-6046-1402
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/0000-0001-5268-4465
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
https://orcid.org/0000-0002-3404-6459
https://orcid.org/0000-0002-0175-5064
https://orcid.org/0009-0002-8488-8758
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/0009-0001-3490-8063
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/0000-0003-1007-8912
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/0000-0001-5357-9480
https://orcid.org/0000-0003-3987-068X
https://orcid.org/0000-0002-4148-4932
https://orcid.org/0009-0008-9880-4475
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/0000-0001-7216-1784
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/0000-0001-9304-7075
https://orcid.org/0000-0002-9108-5059
https://orcid.org/0000-0002-2874-1228
https://orcid.org/0000-0003-3040-8456
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/0009-0000-0850-2329
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/0000-0002-1000-7738
https://orcid.org/0000-0002-3483-7517
https://orcid.org/0000-0003-4514-7690
https://orcid.org/0000-0001-7258-8673
https://orcid.org/0000-0002-2288-4252
https://orcid.org/0000-0001-5523-4603
https://orcid.org/0009-0008-2623-9884
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/0000-0003-3763-1386
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/0000-0002-1998-3209
https://orcid.org/0000-0003-0470-3718
https://orcid.org/0000-0002-7171-7274
https://orcid.org/0000-0001-6034-2238
https://orcid.org/0000-0002-8738-3299
https://orcid.org/0009-0003-8047-3958


A. Lemaître,270 M. Lenti ,67,182 M. Leonardi ,79,80,271 M. Lequime,42 N. Leroy ,43 M. Lesovsky,12 N. Letendre,33

M. Lethuillier ,61 S. E. Levin,46 Y. Levin,7 S. Lexmond,113 K. Leyde,77 K. L. Li ,272 T. G. F. Li,101 X. Li ,158 Y. Li,118

Z. Li,91 Q. Liang,153 A. Lihos,122 E. T. Lin ,156 F. Lin,150 L. C.-C. Lin ,272 Y.-C. Lin ,156 C. Lindsay,206 S. D. Linker,212

A. Liu ,224 G. C. Liu ,273 Jian Liu ,6 S. Liu,153 F. Llamas Villarreal,171 J. Llobera-Querol ,138 R. K. L. Lo ,149

J.-P. Locquet,101 S. C. G. Loggins,274 M. R. Loizou,143 L. T. London,72,37 A. Longo ,66,67 D. Lopez ,172

M. Lopez Portilla,76 A. Lorenzo-Medina ,183 V. Loriette,43 M. Lormand,69 G. Losurdo ,188,85 E. Lotti,143 T. P. Lott IV,62

J. D. Lough ,9,10 H. A. Loughlin ,37 C. O. Lousto ,115 N. K. Y. Low,132 N. Lu ,36 L. Lucchesi ,85 H. Lück,9,10

O. Lukina ,37 D. Lumaca ,23 A. P. Lundgren ,275,276 L. Lunghini ,68,34,4 A. W. Lussier ,266 S. Ma ,187 X. Ma,46

D. M. Macleod ,35 I. A. O. MacMillan ,12 A. Macquet ,43 S. S. Madekar ,140 K. Maeda,160 S. Maenaut ,101

S. S. Magare,84 R. M. Magee ,12 E. Maggio ,1 R. Maggiore,39,113 M. Magnozzi ,31,32 P. Mahapatra ,35 M. Mahesh,30

S. Majhi,84 E. Majorana,41,40 C. N. Makarem,12 E. Makelele,110 D. Malakar ,111 J. A. Malaquias-Reis,20 U. Mali ,196

S. Maliakal,12 A. Malik,108 L. Mallick ,173,196 A.-K. Malz ,64 N. Man,120 M. Mancarella ,103 V. Mandic ,19

V. Mangano ,193,164 B. Mannix,82 G. L. Mansell ,83,37 M. Manske ,11 M. Mantovani ,68 M. Mapelli ,96,97,277

S. Marchetti ,96,97 C. Marinelli ,106 F. Marion ,33 A. S. Markosyan,94 A. Markowitz,12 E. Maros,12 S. Marsat ,105

F. Martelli ,66,67 I. W. Martin ,91 R. M. Martin ,199 B. B. Martinez,141 D. A. Martinez,59 M. Martinez,140,278

V. Martinez ,137 A. Martini,79,80 J. C. Martins ,20 D. V. Martynov,126 E. J. Marx,37 L. Massaro,38,39 A. Masserot,33

M. Masso-Reid ,91 T. Masters,110 S. Mastrogiovanni ,40 G. Mastropasqua,78 T. Matcovich ,55 M. Matiushechkina ,9,10

A. Matte-Landry,266 L. Maurin,215 N. Mavalvala ,37 N. Maxwell,2 G. McCarrol,69 R. McCarthy,2 D. E. McClelland ,36

S. McCormick,69 L. McCuller ,12 L. I. McDermott,128 S. McEachin,122 C. McElhenny,122 G. I. McGhee ,91

K. B. M. McGowan ,152 J. McIver ,121 A. McLeod ,6 T. McRae,36 R. McTeague ,91 D. Meacher ,11 B. N. Meagher,83

R. Mechum,115 Q. Meijer,76 A. Melatos ,132 C. S. Menoni ,176 F. Mera,2 R. A. Mercer ,11 L. Mereni,180 K. Merfeld ,170

E. L. Merilh,69 G. Merino ,102 J. R. Mérou ,138 J. D. Merritt,82 M. Merzougui,120 C. Messick ,11 B. Mestichelli,47

M. Meyer-Conde ,279 F. Meylahn ,9,10 A. Mhaske,84 A. Miani ,79,80 H. Miao,280 I. Michaloliakos ,49 C. Michel ,180

Y. Michimura ,12,45 H. Middleton ,126 D. P. Mihaylov ,110 S. J. Miller ,12 M. Millhouse ,62 E. Milotti ,190,52

V. Milotti ,96 Y. Minenkov,23 E. M. Minihan,50 Ll. M. Mir ,140 L. Mirasola ,164,267 C.-A. Miritescu ,140 A. Mishra,25

C. Mishra ,112 T. Mishra ,49 A. L. Mitchell,39,113 J. G. Mitchell,50 O. Mitchem,82 S. Mitra ,84 V. P. Mitrofanov ,114

K. Mitsuhashi,26 R. Mittleman,37 O. Miyakawa ,54 S. Miyoki ,54 G. Mo ,37 L. Mobilia ,66,67 S. R. P. Mohapatra,12

S. R. Mohite ,8 M. Molina-Ruiz ,92 M. Mondin,212 M. Montani ,66,67 C. J. Moore,230 D. Moraru,2 A. More ,84

S. More ,84 C. Moreno ,281 E. A. Moreno ,37 G. Moreno,2 A. Moreso Serra,87 C. Morgan,35 S. Morisaki ,209

Y. Moriwaki ,160 G. Morras ,213 A. Moscatello ,96 M. Mould ,37 B. Mours ,70 C. M. Mow-Lowry ,39,113

L. Muccillo ,182,67 F. Muciaccia ,41,40 Arunava Mukherjee ,234 D. Mukherjee ,126 Samanwaya Mukherjee,25

Soma Mukherjee,171 Subroto Mukherjee,98 Suvodip Mukherjee ,14 N. Mukund ,37 A. Mullavey,69 A. R. Muller ,91

C. L. Mungioli,6 M. Murakoshi,238 P. G. Murray ,91 D. Nabari ,79,80 S. L. Nadji,9,10 S. Nadji ,180 A. Nagar,29,282

N. Nagarajan ,91 K. Nakagaki,54 K. Nakamura ,26 H. Nakano ,283 M. Nakano,12 D. Nanadoumgar-Lacroze ,140

D. Nandi,13 V. Napolano,68 S. U. Naqvi ,112 P. Narayan ,221 I. Nardecchia ,23 T. Narikawa,209 H. Narola,76

L. Naticchioni ,284,40 R. K. Nayak ,285 J. Neeson,35 L. Negri,76 A. Nela ,91 C. Nelle,82 A. Nelson ,141 T. J. N. Nelson,69

A. Nemmani ,100 M. Nery,9,10 A. Neunzert ,2 M. Newell,17 S. Ng ,59 L. Nguyen Quynh,286 A. B. Nielsen ,287

Y. Nishino ,26,288 A. Nishizawa ,289 S. Nissanke,290,39 W. Niu ,8 F. Nocera,68 J. Noller ,291 M. Norman,35 C. North,35

J. Novak ,243,292 R. Nowicki ,152 J. F. Nuño Siles,213 G. Nurbek,171 L. K. Nuttall ,77 K. Obayashi,238 J. Oberling ,2

C. E. Ochoa,46 J. O’Dell,237 M. Oertel ,243,292 G. Oganesyan,47,48 T. O’Hanlon,69 M. Ohashi ,54,279 F. Ohme ,9,10 I. Oke,60

R. Omer,19 B. O’Neal,122 M. Onishi,160 K. Oohara ,293,294 B. O’Reilly ,69 M. Orselli ,55,81 R. O’Shaughnessy ,115

S. Oshino ,54 C. Osthelder,12 I. Ota ,13 G. Othman,240 D. J. Ottaway ,123 A. Ouzriat,61 H. Overmier,69 B. J. Owen ,109

R. Ozaki,238 A. E. Pace ,8 R. Pagano ,13 M. A. Page ,26 A. Pai ,201 L. Paiella,47 A. Pal,295 S. Pal ,285 M. A. Palaia ,85,86

M. Pálfi,208 P. P. Palma,41,22,23 C. Palomba ,40 P. Palud ,21 H. Pan,156 J. Pan,6 K.-C. Pan ,156 P. K. Panda,242

Shiksha Pandey ,8 Swadha Pandey ,37 P. T. H. Pang,39,76 F. Pannarale ,41,40 K. A. Pannone,59 B. C. Pant,108 F. H. Panther,6

M. Panzeri,66,67 F. Paoletti ,85 A. Paolone ,40,296 A. Papadopoulos ,91 E. E. Papalexakis,46 L. Papalini ,85,86

G. Papigkiotis ,257 A. Paquis,43 A. Parisi ,81,55 B.-J. Park,269 J. Park ,297 W. Parker ,69 G. Pascale,9,10 D. Pascucci ,99

A. Pasqualetti ,68 R. Passaquieti ,86,85 L. Passenger,7 D. Passuello,85 O. Patane ,2 A. V. Patel ,150 D. Pathak,84 A. Patra,35

B. Patricelli ,86,85 B. G. Patterson,35 K. Paul ,112 S. Paul ,82 E. Payne ,12 T. Pearce,35 M. Pedraza,12 A. Pele ,12

PHYSICAL REVIEW LETTERS 137, 071401 (2026)

071401-19

https://orcid.org/0000-0002-2765-3955
https://orcid.org/0000-0002-7641-0060
https://orcid.org/0000-0002-2321-1017
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/0000-0003-0452-746X
https://orcid.org/0000-0002-5160-0239
https://orcid.org/0000-0002-1160-8711
https://orcid.org/0000-0002-6400-9640
https://orcid.org/0000-0002-8861-9902
https://orcid.org/0000-0002-5916-8014
https://orcid.org/0009-0009-9056-7337
https://orcid.org/0000-0002-3628-1591
https://orcid.org/0000-0002-0363-4469
https://orcid.org/0000-0001-5499-4264
https://orcid.org/0000-0002-4507-1123
https://orcid.org/0000-0002-4645-453X
https://orcid.org/0000-0002-1395-8694
https://orcid.org/0000-0002-6927-1031
https://orcid.org/0000-0001-5955-6415
https://orcid.org/0009-0001-8432-6635
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/0000-0002-5490-2558
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/0009-0007-9090-0430
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/0009-0009-5018-848X
https://orcid.org/0000-0003-0316-1355
https://orcid.org/0000-0001-5424-8368
https://orcid.org/0009-0004-3329-6079
https://orcid.org/0000-0001-5882-0368
https://orcid.org/0000-0003-4642-141X
https://orcid.org/0000-0001-9185-2572
https://orcid.org/0000-0001-8372-3914
https://orcid.org/0000-0003-1773-5372
https://orcid.org/0000-0002-9540-5742
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/0000-0003-2980-358X
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/0000-0002-7716-0569
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/0000-0003-3453-5671
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/0000-0002-6444-6402
https://orcid.org/0000-0002-0351-4555
https://orcid.org/0009-0000-6237-0590
https://orcid.org/0000-0003-0850-2649
https://orcid.org/0000-0003-1274-5846
https://orcid.org/0000-0001-7335-9418
https://orcid.org/0000-0002-3373-5236
https://orcid.org/0000-0002-8666-9156
https://orcid.org/0000-0002-2849-6955
https://orcid.org/0000-0002-8218-2404
https://orcid.org/0009-0006-8500-7624
https://orcid.org/0000-0001-8794-3607
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/0000-0002-9380-0773
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/0009-0001-0421-9400
https://orcid.org/0000-0002-5909-4692
https://orcid.org/0009-0005-4620-7052
https://orcid.org/0000-0003-0323-0111
https://orcid.org/0009-0002-3607-2762
https://orcid.org/0000-0001-8694-4026
https://orcid.org/0000-0001-8616-2104
https://orcid.org/0000-0003-3562-0990
https://orcid.org/0000-0003-1470-532X
https://orcid.org/0000-0003-2210-775X
https://orcid.org/0000-0002-6029-4712
https://orcid.org/0009-0008-6626-0725
https://orcid.org/0000-0002-8599-8791
https://orcid.org/0009-0001-4174-3973
https://orcid.org/0000-0002-1884-8654
https://orcid.org/0000-0001-8072-0304
https://orcid.org/0000-0003-0493-5607
https://orcid.org/0000-0002-7518-6677
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/0009-0003-5372-7318
https://orcid.org/0000-0002-2426-6781
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/0000-0001-6709-0969
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


F. E. Peña Arellano,298 X. Peng,126 Y. Peng ,62 S. Penn ,299,83 M. D. Penuliar,59 A. Perego ,79,80 Z. Pereira,143
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PHYSICAL REVIEW LETTERS 137, 071401 (2026)

071401-23



132OzGrav, University of Melbourne, Parkville, Victoria 3010, Australia
133Astronomical Observatory, University of Warsaw, 00-478 Warsaw, Poland

134University of Maryland, College Park, Maryland 20742, USA
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303Museo Storico della Fisica e Centro Studi e Ricerche “Enrico Fermi”, I-00184 Roma, Italy
304Kennesaw State University, Kennesaw, Georgia 30144, USA

305Government Victoria College, Palakkad, Kerala 678001, India
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