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Abstract

The global network of gravitational-wave observatories now includes five detectors, namely LIGO Hanford, LIGO
Livingston, Virgo, KAGRA, and GEO 600. These detectors collected data during their third observing run, O3,
composed of three phases: O3a starting in 2019 April and lasting six months, O3b starting in 2019 November and
lasting five months, and O3GK starting in 2020 April and lasting two weeks. In this paper we describe these data
and various other science products that can be freely accessed through the Gravitational Wave Open Science
Center at https://gwosc.org. The main data set, consisting of the gravitational-wave strain time series that contains
the astrophysical signals, is released together with supporting data useful for their analysis and documentation,
tutorials, as well as analysis software packages.

Unified Astronomy Thesaurus concepts: Gravitational wave astronomy (675); Experimental data (2371)

1. Introduction

Gravitational-wave (GW) detectors develop through succes-
sive generations of instruments with increasing sensitivity
(Abbott et al. 2020a). The US-based Advanced LIGO306

detectors (Aasi et al. 2015) were the first two instruments of the
current generation to begin operation, collecting data during the
first observing run (O1) from 2015 September to 2016 January,
including the first direct detection of GWs (Abbott et al. 2016).
The second observing run (O2) followed from 2016 November
to 2017 August, with the European detector Advanced Virgo
(Acernese et al. 2015) joining in 2017 August. The
GEO 600 detector in Germany (Dooley et al. 2016) serves as
a center of research and development, and is used to test a
number of critical detector technologies. Another GW detector,
the Japan-based KAGRA (Akutsu et al. 2021), has also been
rapidly developing.

This article focuses on the data collected during the third
observing run, O3, that took place from 2019 April 1 to 2020
April 21. The bulk of this observing run collected data only
from LIGO and Virgo, and is divided into two main operational
phases: O3a from 2019 April 1 to 2019 October 1, and O3b
from 2019 November 1 to 2020 March 27, with a one month

maintenance break between the two phases. KAGRA was
expected to join O3, but this initial plan changed due to the
outbreak of COVID-19. Instead, KAGRA and GEO 600 307

operated during an extended observing phase, O3GK, from
2020 April 7 to April 21 (Abbott et al. 2022).
The analysis of the O3 data has led to numerous

publications. Those include several updates to the Gravita-
tional-Wave Transient Catalog (GWTC; Abbott et al.
2021a, 2021b, 2021c) that compiles transient sources analyzed
and reported by the combined LIGO–Virgo–KAGRA (LVK)
Collaboration. The cumulative GWTC catalog currently
includes nearly 100 candidate sources (with a probability of
astrophysical origin >50%), all associated with the coalescence
of compact star binaries composed of either neutron stars, black
holes, or both.
Following the policy defined in the LIGO Data Management

Plan (LIGO Laboratory 2022) and the Memorandum of
Understanding (LIGO Scientific Collaboration & Virgo
Collaboration 2019), the O3 data set and associated science
products are published through the Gravitational-Wave Open
Science Center (GWOSC) at https://gwosc.org,308 allowing
reproducibility of the analyses performed by the LVK
Collaboration and increasing the impact of the data through

303 lvc.publications@ligo.org
304 Deceased, 2021 December.
305 Deceased, 2022 March.

Original content from this work may be used under the terms
of the Creative Commons Attribution 4.0 licence. Any further

distribution of this work must maintain attribution to the author(s) and the title
of the work, journal citation and DOI.

306 Laser Interferometer Gravitational-Wave Observatory

307 The GEO 600 detector collected data during the O3a and O3b phases of the
O3 science run, as indicated in the time line (https://gwosc.org/timeline/
show/history/G1_SCI/1238166018/31203000), in the so-called “Astro-
watch” mode. Because of the substantial sensitivity difference between GEO
and LIGO or Virgo, the data are not employed in the various analyses and
hence are not released publicly. The Astrowatch data can be used in the case of
an extraordinary astrophysical event (such as a Galactic core-collapse
supernova) during the periods when the other detectors are down.
308 This website is also accessible at https://gw-openscience.org.
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its wider use. This paper provides a description of the publicly
released data309 along with additional information on their
usage.

To date hundreds of scientific articles have been written using
the data available from the GWOSC website (all data sets
combined).310 These analyses confirm, complement, and extend
the results published by the LVK Collaboration. They cover a
wide range of topics, including searches for GW signals (Nitz
& Wang 2022; Olsen et al. 2022; Nitz et al. 2023; Steltner et al.
2023; Whelan et al. 2023), studies of compact binary
populations (see, e.g., Roulet et al. 2021; Callister & Farr 2023;
Périgois et al. 2023), tests of general relativity (see, e.g.,
Capano et al. 2021, 2022; Estellés et al. 2022; Lyu et al. 2022;
Wang et al. 2022), or methodological contributions (see, e.g.,
Davis et al. 2022), demonstrating the broad impact on the
scientific community of the GW data releases.

This paper is organized as follows. Section 2 summarizes the
status of the detectors during the observing run O3, together
with high-level indicators such as their distance reach and duty
cycle of operation. This section also provides insights about
how the data are collected and calibrated, about data quality,
and about simulated signal injections. Section 3 describes the
format, content, and provenance of the strain data files
distributed through the GWOSC, including the nomenclature
used for the calibration versions and channel names. Section 4
describes the Event Portal, a searchable GW event database
accessible online. Details about the technical validation and
review of the data and documentation are given in Section 5.
Finally, Section 6 provides some guiding principles to the
novice user and suggests software tools that can be used to
analyze the data.

2. Instruments

The Advanced LIGO (Aasi et al. 2015) and Advanced Virgo
(Acernese et al. 2015) detectors are enhanced Michelson
interferometers with arm lengths of 4 km and 3 km,
respectively. Advanced LIGO comprises two detectors located
at two different sites in the US, namely, in Hanford, WA and
Livingston, LA, while Advanced Virgo has a single site in
Cascina, close to Pisa, Italy. The various instrument upgrades
realized between the science runs O2 and O3 for the LIGO and
Virgo detectors are described in Buikema et al. (2020), Abbott
et al. (2021a, 2021c), and Acernese et al. (2022a). They involve
many parts of the instruments, including the main laser source
and the core optics along with the installation of mitigation
systems for a range of technical noises. One of the major

novelties in O3 both for LIGO and Virgo is the use of squeezed
light sources (see Tse et al. 2019 for LIGO and Acernese et al.
2019 for Virgo), a technique (Schnabel et al. 2010; Barsotti
et al. 2019) that significantly reduces quantum noise, thus
enhancing the sensitivity at high frequency. Due to the
implementation of this technique, the binary neutron star
(BNS) inspiral range (see next section) has increased by 14%,
12%, and 5%–8% for LIGO Livingston, LIGO Hanford, and
Virgo, respectively.

GEO 600 (Dooley et al. 2016) is a British–German interfero-
metric GW detector with 600 m arms located near Hannover,
Germany. As in LIGO and Virgo, quantum squeezing is used
to reduce noise in the output measurement quadrature (Lough
et al. 2021). This technique was first demonstrated by GEO 600
(Abadie et al. 2011). KAGRA is an underground laser
interferometer with 3 km arms, located underground at the
Kamioka Observatory in Gifu Prefecture, Japan. An important
feature of its design is the cooling system intended to bring the
large mirrors of the interferometer to cryogenic temperature
(around 20 K) in order to reduce thermal noise (Chen et al. 2014;
Akutsu et al. 2016). During the O3GK run however, the detector
was operated at room temperature (Akutsu et al. 2018, 2021).

2.1. Detector Performance

A GW detector’s performance is often globally characterized
by two measures: its duty factor, defined as the fraction of time
the detector is recording observational quality data, and its
distance reach, conventionally measured as the BNS inspiral
range (Finn & Chernoff 1993; Chen et al. 2021), the distance to
which a BNS inspiral could be detected with a signal-to-noise
ratio (S/N) of 8, assuming 1.4 Me component objects and
averaging over source position and orientation. The choice of
this metric is a standard convention. The value of 1.4Me is close
to the measured masses of the stars in the Hulse–Taylor binary
(Weisberg & Huang 2016) and within the narrow range
predicted by stellar evolution for neutron star masses. The
distance reach of the detectors strongly depends on the source
mass. For example, binary black hole (BBH) systems can
typically be detected at much greater distances, up to several
gigaparsecs (e.g., Abbott et al. 2021c, Table 4).
The GWOSC website hosts summary pages for O3a311 and

O3b,312 which describe the LIGO and Virgo operations and
sensitivity. The duty factors during O3a are 71% for LIGO
Hanford (H1), 76% for LIGO Livingston (L1), and 76% for
Virgo (V1). During O3b, the corresponding percentages are
79%, 79%, and 76%, respectively. Those translate into the
observing factors shown in Figure 1 that quantify the fraction

Figure 1. Duty factors for the LIGO and Virgo detector network during O3a (left) and O3b (center), and for the KAGRA and GEO 600 detector network during
O3GK (right). These factors measure the fraction of time spent as a function of the number of detectors in operation. The same plots (with the caveat of a difference in
the color code) can be found on the GWOSC web summary pages for O3a (see footnote 311) and O3b (see footnote 312) and have been produced from Abbott et al.
(2022) for O3GK.

309 See https://gwosc.org/O3/O3a/, https://gwosc.org/O3/O3b/, and
https://gwosc.org/O3/O3GK/.
310 See https://gwosc.org/projects for a list of articles that refer to the data
published on the GWOSC website.

311 https://gwosc.org/detector_status/O3a
312 https://gwosc.org/detector_status/O3b
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of observing time spent with one, two, or three instruments in
operation.

During the O3GK run, the duty factors of KAGRA (K1) and
GEO 600 (G1) are 53% and 80%, respectively, leading to a
coincident observing factor of 47% (Abbott et al. 2022). The
lower duty cycle of KAGRA is due to the fact that alignment
sensing and control with wave front sensors was not yet
implemented at the time of the run, leading to a higher
susceptibility to microseismic ground vibrations.

The median values of the BNS range over the whole
observing run are 108Mpc, 135Mpc, and 45Mpc for H1, L1,

and V1, respectively, during O3a, and 115, 133, and 51Mpc
during O3b for the same detectors. The median values of the
BNS range over the O3GK period are 0.66Mpc for KAGRA
and 1.06Mpc for GEO 600. Figure 2 displays the median BNS
range computed over regular intervals (5 minutes scale for
LIGO and Virgo and 20 minutes scale for GEO 600 and
KAGRA). The drops that can be observed in both plots are due
to transient noise artifacts (discussed in Section 2.3) reducing
the detector sensitivity temporarily. The BNS range shown in
the recent GWTC publications such as Abbott et al. (2021a,
Figure 3) and Abbott et al. (2021c, Figure 3) are averaged over

Figure 2. BNS ranges for O3a (upper plot), O3b (middle plot) with LIGO Hanford (red), LIGO Livingston (blue), and Virgo (purple), and for O3GK (bottom plot)
with GEO 600 (black) and KAGRA (yellow). Similar plots (besides style differences) can be found on the GWOSC web pages for O3a (see footnote 311) and O3b
(see footnote 312) and in Abbott et al. (2022) for O3GK.

11

The Astrophysical Journal Supplement Series, 267:29 (28pp), 2023 August Abbott et al.



a longer period (1 hr) and are thus less affected by transient
noise. The longer gaps in the BNS inspiral range are due to
maintenance intervals, instrumental issues, and earthquakes.

2.2. Calibration

The GW strain h(t) is obtained and calibrated from variations
of the optical power measured at the output port of each
detector. The calibration procedure and the corresponding
characterization of the systematic and statistical uncertainties
are described in Viets et al. (2018) and Sun et al. (2020, 2021)
for Advanced LIGO and Acernese et al. (2022b) for Advanced
Virgo. Calibration is performed in two stages: an initial, online
calibration used for low-latency analysis, and a final, offline
calibration that applies any needed corrections to the initial
result. The offline calibration may correct for computer failures,
incomplete modeling of the detectors, or any systematic errors
characterized after the observing period. The uncertainties in
the calibration procedure for both the magnitude and phase of h
(t) as a function of frequency are documented (LIGO Scientific
Collaboration & Virgo Collaboration 2021a).

The calibration process also includes a noise subtraction step
that is based on independent measurements of a number of
noise sources by witness sensors, as described in Davis et al.
(2019), Vajente et al. (2020), Mukund et al. (2020), Estevez
et al. (2019), and Acernese et al. (2022b). The 60 Hz noise
subtraction has increased the range for heavy BBH mergers
with a total mass of 70 Me by 25Mpc for LIGO, while for
Virgo, the overall sensitivity was enhanced, resulting in a gain
of up to 7Mpc in the BNS inspiral range. For the last two
weeks of O3a, the Virgo data were reprocessed with a new
configuration of the noise subtraction (Rolland et al. 2019;
Acernese et al. 2022b), resulting in a different calibration being
available for this period (see Table 1).

GWOSC releases two types of strain data: bulk data
spanning an entire observing run, and smaller data snippets
around the time of each GW event. Data snippets are based on
the calibration version available at the time of publication of
the related GW event. Events that appear in multiple
publications may have multiple data snippets available, some-
times with different calibration versions. Naturally, the time
segments released as data snippets are also available in the bulk
data set, but the bulk data of the entire O3a, O3b, and O3GK
observation runs provided through GWOSC correspond to the
final (most up-to-date) calibration. These differences in

calibration can lead to discrepancies between the data snippets
and the corresponding data in the bulk data release, potentially
leading in turn to differences in the source parameter values
that can be estimated from the data. However, as discussed in
Section 3.3, in addition to the main bulk data release, several
alternate strain channels with different calibration versions are
also made public.
The detector strain h(t) in O3 is calibrated only between 10

and 5000 Hz for Advanced LIGO, between 20 and 2000 Hz for
Advanced Virgo, between 30 and 1500 Hz for KAGRA, and
between 40 Hz and 6000 Hz for GEO 600. Any apparent signal
outside these ranges cannot be trusted because it is not a
faithful representation of the GW strain at these frequencies. In
addition, Advanced Virgo data between 49.5 and 50.5 Hz are
characterized by a large increase of calibration errors because
of effects related to mains power lines (Acernese et al. 2022b).
Because of this increased systematic error, data in this narrow
frequency band were considered to be uninformative for source
parameter estimation (see Appendix E of Abbott et al. 2021c
for relevant methods).

2.3. Detector Noise Characterization and Data Quality

The data are dominated by instrumental noise that can be
well described as Gaussian and stationary over limited
timescales and frequency ranges. The data also contain
intermittent short-duration noise artifacts, or glitches (Glanzer
et al. 2023; Acernese et al. 2022c), that contribute to the noise
background as well. Any analysis of GW data must account for
the presence of these various noise components (see Section 6
for more information about using the data). A summary of
efforts to characterize data quality in O3 can be seen in Davis
et al. (2021) for Advanced LIGO, Acernese et al.
(2022a, 2022c) for Advanced Virgo, and Abe et al. (2022)
for KAGRA. The overall quality of data for transient searches
is recorded as data quality segments, described in more detail in
Section 3.2.

2.4. Signal Injections

Hardware injections are simulated GW signals added by
physically displacing the test masses (i.e., the interferometer
mirrors; Biwer et al. 2017). The simulated signal initiates a
response that mimics that of a true GW. By looking for
discrepancies between the injected and recovered signals, it is
possible to characterize the performance of analyses and the

Table 1
The Channel Names and Frame Types Listed in This Table are Unique Identifiers in the LIGO, Virgo, GEO 600, and KAGRA Data Archives that Allow Tracing the

Provenance of the Strain Data Released on GWOSC

Run Det. Channel Name Frame Type

O3a H1 H1:DCS-CALIB_STRAIN_CLEAN-SUB60HZ_C01 H1_HOFT_CLEAN_SUB60HZ_C01
O3a L1 L1:DCS-CALIB_STRAIN_CLEAN-SUB60HZ_C01 L1_HOFT_CLEAN_SUB60HZ_C01
O3a V1 V1:Hrec_hoft_16384Hz V1Online
O3a (last two weeks) V1 V1:Hrec_hoft_V1O3ARepro1A_16384Hz V1O3Repro1A
O3b H1 H1:DCS-CALIB_STRAIN_CLEAN-SUB60HZ_C01 H1_HOFT_CLEAN_SUB60HZ_C01
O3b L1 L1:DCS-CALIB_STRAIN_CLEAN-SUB60HZ_C01 L1_HOFT_CLEAN_SUB60HZ_C01
O3b V1 V1:Hrec_hoft_16384Hz V1Online
O3GK G1 G1:DER_DATA_HD_CLEAN G1_RDS_C02_L3
O3GK K1 K1:DAC-STRAIN_C20 K1_HOFT_C20

Note. H1 and L1 indicate the two LIGO detectors (Hanford and Livingston, respectively), V1 refers to Virgo, G1 refers to GEO 600, and K1 refers to KAGRA. The
attribute CLEAN-SUB60HZ in H1 and L1 indicates that the noise-subtraction procedure described in Vajente et al. (2020) was used. The attributes C01, V1Online,
and V1O3Repro1A refer to the calibration version.
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coupling of instrumental subsystems to the detectors’ output
channels.

During the third observing run O3, hardware injections were
performed in the Advanced LIGO and Advanced Virgo
detectors. A record of all injections is available through the
GWOSC web pages.313 This list is provided to prevent
potential confusion with an actual astrophysical signal. For
Virgo, those injections were removed ex post facto when
producing the calibrated strain (see Acernese et al. 2022b for
details on this subtraction), so the injection times are not
marked in the GWOSC files. On the other hand, in the case of
Advanced LIGO the injections are still present in the calibrated
data, and their times are marked in the GWOSC files. As
further detailed in Section 3.2, hardware injections of both
short-duration transient signals and long-duration continuous
signals were performed. These signals remain in the data so
that they may used by analysts for testing purposes. Transient
hardware injections were done on a small number of occasions
primarily for detector characterization, representing a negligi-
ble fraction of the data (less than 300 s).

No injections were performed during O3GK.

3. Strain Data

All O3 open data are distributed under the Creative
Commons Attribution International Public License 4.0, includ-
ing strain data from O3a, O3b, and O3GK.314 Small batches of
files can be conveniently downloaded from the GWOSC
website directly.315 However, when downloading large
amounts of data (such as an entire observing run) the use of
the distributed file system CernVM-FS (Weitzel et al. 2017) is
recommended.316 Once configured, CernVM-FS allows access
to all GWOSC data locally on the user’s computer.

The O3 calibrated strain data are distributed in files that
contain 4096 s of data. Published GW signals are also released
in separate files containing data snippets of 4096 s or 32 s,
centered on the event’s detection time and released under the
GWOSC Event Portal.317 The description of the data records
that follows is valid both for single event releases and for bulk
data releases.

GWOSC calibrated strain data are repackaged from data
stored in the LVK archives. The data source is uniquely
identified by a channel name and a frame type (see Table 1). At
times when data are unavailable or of quality too poor to be
analyzed, the strain values are represented with NaNs. Strain
data are made available both at the sampling rate of 16,384 Hz,
and at a downsampled rate of 4096 Hz318. Downsampling is
achieved using the standard decimation method implemented in
scipy.signal.decimate319 from the Python package
SciPy (Virtanen et al. 2020). The highest frequency available is
determined by the Nyquist–Shannon sampling theorem
(Nyquist 1924), and is equal to half the sampling rate specified

in a particular data set. This is an important consideration to
keep in mind when deciding which sample rate to download
from GWOSC. Because the antialiasing filters used in
resampling roll off at the upper end of the working frequency
interval, the valid frequency range is reduced to a bit less than
the Nyquist frequency. So, for the 4 kHz data the maximum
usable frequency is approximately 1700 Hz. Higher-sample-
rate data will require more hard drive space to store and longer
times to download. The user can decide which data set meets
their needs.

3.1. GWOSC File Formats

The GWOSC open data are delivered in two different file
formats: hdf and gwf. The Hierarchical Data Format (hdf;
Koziol & Robinson 2018) is a portable data format readable by
many programming languages. The Frame format (gwf; LIGO
Scientific Collaboration & Virgo Collaboration 2009) is a
specialized format used by the GW community. Data
associated with GW events are also released as plain text files
containing two columns with the global positioning system
(GPS) time in the first column and the corresponding strain
value in the second column.
For both formats the file naming follows the naming

convention:
obs—FrameType—GPSstart—duration.extension
where FrameType for the main O3 data release is

ifo_GWOSC_ObservationRun_sKHZ_Rn and

1. obs is the observatory, i.e., the site, so can have values L,
H, V, G, or K;

2. ifo is the interferometer and can have values H1, L1, V1,
G1, or K1;

3. ObservationRun encodes the observing run name, so in
this case is O3a, O3b, or O3GK;

4. s is the sampling rate in kHz with either a value 4 or 16
(4096 Hz or 16,384 Hz, respectively);

5. n is the version number of the file (typically 1);
6. GPSstart is the start time of the data contained in the file,

as a 10 digit GPS value (in seconds);
7. duration is the duration in seconds of the file, typically

either 4096 or 32 s; and
8. extension represents the file format and can be gwf

or hdf.

The folders (or groups) included in the hdf files are:

1. meta: metadata of the file containing the following fields:
(a) Description, e.g., “Strain data time series

from LIGO;”
(b) DescriptionURL: URL of the GWOSC website;
(c) Detector, e.g., L1, and Observatory, e.g., L;320

(d) Duration, GPSstart, UTCstart: duration and start
time (using GPS and UTC standards, respectively) of
the segment of data contained in the file;

(e) StrainChannel: channel name used in the LVK
archives; and

(f) FrameType: frame type used in the LVK archives.
2. strain: array of h(t), sampled at 4 or 16 kHz depending on

the file. For the times when the detector is not in science

313 http://gwosc.org/O3/o3_inj
314 See https://gwosc.org/O3/O3a/, https://gwosc.org/O3/O3b/, and
https://gwosc.org/O3/O3GK/.
315 https://gwosc.org/data
316 For CernVM-FS installation instructions, see https://gwosc.org/cvmfs.
317 See https://gwosc.org/eventapi.
318 For simplicity, in the rest of the paper the sampling rates will be indicated
in kHz and rounded to the closest integer, i.e., 4 and 16 kHz means 4096 and
16,384 Hz, respectively.
319 This method applies an antialiasing filter based on an order-8 Chebychev
type I infinite impulse response filter (Ellis 2012) before decimation.

320 The observatory refers to the site and it is indicated by one letter, like L for
Livingston. The addition of a number after the letter to indicate the detector,
e.g., L1, could be useful if multiple detectors are installed in the same site, as
was the case for Initial LIGO (Abbott et al. 2009).
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mode or the data does not meet the minimum required
data quality conditions (see next section), the strain
values are set to NaNs. The strain h(t) is a function of
time, so it is accompanied by the attributes Xstart and
Xspacing defining the start GPS time of the data
contained in the array and the corresponding distance in
time between the points of the array.

3. quality: this folder contains two subfolders, one for data
quality and the other for injections, each including a
bitmask to indicate at each second the status of the data
quality or the injections and the description of each bit of
the mask (see Section 3.2 for details).

The gwf files have a similar content but with a different
structure. They contain three channels, one for the strain data,
one for the data quality, and one for the injections. The channel
names are described in Table 2. The original files produced
internally, whose channel names are listed in Table 1, contain
only the strain channel, while the GWOSC files conveniently
combine the strain data with the data quality and injection
information in the same file.

3.2. Data Quality and Injections in GWOSC Files

The LVK performs several types of searches on LIGO,
Virgo, GEO 600, and KAGRA data. Those searches are
divided into four families named after the types of signals
they target: compact binary coalescence (CBC), GW burst
(BURST), continuous wave (CW), and stochastic background
(STOCH). As each type of search has a unique sensitivity to
instrumental artifacts, a detailed characterization of detector
noise and data quality is essential to eliminate spurious signals
of terrestrial origin found by the searches. LIGO, Virgo,
GEO 600, and KAGRA have dedicated teams responsible for
detector characterization and data quality, as described in Davis
et al. (2021), Acernese et al. (2022a), Abbott et al. (2022), and
Abe et al. (2022).

CBC analyses (Sachdev et al. 2019; Davies et al. 2020;
Aubin et al. 2021) seek signals from merging neutron stars and
black holes by filtering the data with waveform templates.
BURST analyses (Klimenko et al. 2016; Cornish et al. 2021)
search for generic GW transients with minimal assumptions on
the source or signal morphology by identifying excess power in
the time–frequency representation of the GW strain data. CW
searches (Krishnan et al. 2004; Aasi et al. 2014; Astone &
Colla 2014) look for long-duration, continuous, periodic GW
signals from asymmetries of rapidly spinning neutron stars.
STOCH searches (Allen & Romano 1999; Abbott et al.
2021e, 2021f) target the stochastic GW background signal
which is formed by the superposition of unresolved sources
from various stages of the evolution of the universe.

Because of the fundamental differences in the search
methodologies, certain noise types are relevant to specific
searches (Davis et al. 2021). CBC and BURST searches look for
short, transient signals, with durations from less than a second
to several tens of seconds (see, e.g., Sathyaprakash &
Schutz 2009). Data quality information for these searches is
recorded as sets of time intervals when data are relatively free
of corruption, known as segment lists, described in Davis et al.
(2021). This information is provided inside the GWOSC files
for the two GW transient searches CBC and BURST. The data
quality information most relevant for CW and STOCH searches
is in the frequency domain and it is provided as lists of
instrumental lines in separate files, available for download on
GWOSC.321

Data quality and signal injection information for a given
GPS second are indicated by bitmasks with a 1 Hz sampling
rate. The bit meanings are given in Tables 3 and 4 for the data
quality and injections, respectively. To describe data quality,
different categories are defined. For each category, the
corresponding bit in the bitmask shown in Table 3 has a value
of 1 (good data) if in that second of time the requirements of
the category are fulfilled, otherwise 0 (bad data).
The meanings of the categories are described in Davis et al.

(2021) and Acernese et al. (2022c). The specific categories are
described in Section 5.2 of Davis et al. (2021) and in Sections 4
and 6.4.1 of Acernese et al. (2022c). The complete list of
channels used to construct the segment lists are available on the

Table 2
Channel Names of the GWOSC Frame Files (Format gwf)

Channel name

Strain ifo:GWOSC-sKHZ_R1_STRAIN
Data quality mask ifo:GWOSC-sKHZ_R1_DQMASK
Injections mask ifo:GWOSC-sKHZ_R1_INJMASK

Note. In this nomenclature, ifo is a place holder for the interferometer name,
i.e., H1, L1, V1, G1, or K1, and s = 4 or 16 kHz denotes the sampling rate. The
R1 substring represents the revision number of the channel name so it will
become R2 in case there is a second (revised) release, and so on.

Table 3
Data Quality Bitmasks Description

Bit Short Name Description

0 DATA Data present
1 CBC_CAT1 Pass CAT1 test
2 CBC_CAT2 Pass CAT1 and CAT2 tests for CBC searches
3 CBC_CAT3 Pass CAT1, CAT2, and CAT3 tests for CBC searches
4 BURST_CAT1 Pass CAT1 test
5 BURST_CAT2 Pass CAT1 and CAT2 tests for BURST searches
6 BURST_CAT3 Pass CAT1, CAT2, and CAT3 tests for BURST

searches

Note. For O3, the CBC_CAT1 and BURST_CAT1 segment lists are equivalent
(see the definition of CAT1 in the text). Note that any data that are not present
are replaced by NaN values in the corresponding strain time series. In each
bitmask, a value of 1 corresponds to the data quality check passing (good data),
and a zero means the check has failed (bad data). CBC_CAT3 and
BURST_CAT3 are equivalent to CBC_CAT2 and BURST_CAT2 in O3.

Table 4
Meaning of the Injection Bits

Bit Short name Description

0 NO_CBC_HW_INJ No CBC injections
1 NO_BURST_HW_INJ No burst injections
2 NO_DETCHAR_HW_INJ No detector characterization injections
3 NO_CW_HW_INJ No continuous wave injections
4 NO_STOCH_HW_INJ No stochastic injections

Note. A value of 1 indicates TRUE (no injection), while a value of 0 is FALSE
(injection is present).

321 See https://gwosc.org/O3/o3speclines for L1, H1, and V1, https://
gwosc.org/O3/O3GKspeclines for K1, and https://gwosc.org/O3/O3GK_
GEO_speclines for G1.
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Four STOCH signals were injected during O3. These
hardware injections consisted of a simulated stochastic GW
background of a 13 minute long duration and were generated
using the NAP package (Acernese et al. 2005) and rescaled to
have an amplitude of Ω0= 2.0× 10−5 with the default Hubble
constant value H0= 100 km s−1 Mpc−1. Two of these injec-
tions were added only in H1 starting at GPS 1249200018
(2019-08-07T08:00:00 UTC) and GPS 1258273818 (2019-11-
20T08:30:00). The other two injections were performed
coherently at L1 and H1 during O3b starting at GPS
1258345818 (2019-11-21T04:30:00) and GPS 1258353018
(2019-11-21T06:30:00). The detectors were in observing mode
for all of these stochastic injections.

CW injections were performed in H1 and L1 during both O3a
and O3b, using a set of pulsar parameters provided on the
GWOSC website.325 CW hardware injections are extremely
helpful for a variety of reasons. Critically, they allow an end-to-
end test of a signal that is physically present in the instrument
that goes through the control loops, calibration, cleaning,
intermediate data products, and analysis. The output of the
analysis is compared with the expected waveform. Any
inconsistency could point to a problem somewhere that could
be further investigated. In contrast, a software injection can
only be added after the calibration step, meaning only half the
pathway from physical signal to analysis result would be tested.
As a secondary benefit, the hardware injections also allow a
direct comparison of analysis methods and results on a
consistent set of signals without having to coordinate different
software injection campaigns where different choices can yield
different answers.

The CW injections are always present except during defined
intervals for O3a326 and O3b.327 No CW injections were
performed in V1 during O3a, but there were CW injections in
V1 during O3b between GPS 1263945616 (2020-01-24
23:59:58 UTC) and GPS 1266019220 (2020-02-18 00:00:02
UTC). The injected signal was removed a posteriori in the
strain data as described in Acernese et al. (2022b). A residual
signal after removal may still be present with an amplitude
between 20 and 100 times lower than that of the injection. The
residual amplitude is smaller than or at most the same order as
the calibration uncertainty.

No signal hardware injections of any type were performed
during O3GK.

3.3. Alternate Versions of the Strain Data

In addition to the main strain data release described above, the
O3 data release includes several alternate strain channels, as
described at https://gwosc.org/O3/O3alt. This alternate data
release is available via both CernVM-FS or streaming via a
network data server (NDS2; Zweizig et al. 2021). The alternate
strain channels reflect different choices for how aggressively to
apply noise-subtraction strategies to remove different sources of
contamination. Some LVK analyses used different versions of
the strain channels. The alternate strain channel release was
designed to reflect the internal formatting used by the LVK as
much as possible. In particular, the release uses only the gwf
file format, does not include any NaN values, and does not
include any data quality information. The channels found in the
alternate calibration release are described in Table 7. For LIGO,
the alternate channel release includes all times covered by the
main strain data set, but also includes times in observing mode
that fail the CAT_1 data quality flag. For Virgo, the alternate
channel release covers the same times as the main strain data set.

4. Online Event Catalogs

Ninety-three GW transient events or notable candidates were
discovered based on the LVK’s analyses of the O3 data (Abbott
et al. 2021a, 2021b, 2021c). Data associated with these signals
are available online through the GWOSC Event Portal,328

along with other scientific products. For all events in the Event
Portal, snippets of strain data are released in the form of a
segment of 4096 s around the time of the event. The data
snippets are made available no later than when the event
discovery becomes public in a refereed, scientific journal. In
addition, the Event Portal includes a concise summary of the
source properties (i.e., parameters of the compact star binaries
associated with each of the detected signals), links to a number
of science products (posterior samples), links to any associated
low-latency alerts, and a documentation page for each release
containing publication information. The list of O3 event data
releases is as follows:

1. O3_Discovery_Papers: notable events first published
individually (Abbott et al. 2020b, 2020d, 2020e, 2020f,
2021g). Associated data releases may contain preliminary
versions of data quality segments and calibration;

2. O3_IMBH_marginal: marginal candidates associated
with the search for intermediate-mass black hole (IMBH)
binary mergers;

3. GWTC-2: confident events from the O3a observation run
(first search);

Table 7
Names of Alternate Strain Channels in the O3 Data Release

Channel Name Description

ifo:DCS-CALIB_STRAIN_C01_AR LIGO calibrated strain, offline calibration.
ifo:DCS-CALIB_STRAIN_CLEAN_C01_AR LIGO calibrated strain, after applying linear noise subtraction.
ifo:DCS-CALIB_STRAIN_CLEAN_SUB60HZ_C01_AR LIGO calibrated strain, after applying both linear and nonlinear noise subtraction. This is the recom-

mended channel (main release).
V1:Hrec_hoft_16384Hz_AR Virgo calibrated strain for most of O3a and O3b (main release).
V1:Hrec_hoft_V1O3ARepro1A_16384Hz_AR Virgo calibrated strain for the last two weeks of 2019 September, near the end of O3a with an enhanced

noise subtraction (main release).

Note. ifo is a place holder for the name of the LIGO interferometer, i.e., H1 or L1.

325 https://gwosc.org/O3/O3April1_injection_parameters
326 https://gwosc.org/timeline/show/O3a_16KHZ_R1/H1_NO_CW_HW_
INJ*H1_DATA*L1_NO_CW_HW_INJ*L1_DATA/1238166018/15811200
327 https://gwosc.org/timeline/show/O3b_16KHZ_R1/H1_NO_CW_HW_
INJ*H1_DATA*L1_NO_CW_HW_INJ*L1_DATA/1256655618/12708000/ 328 https://gwosc.org/eventapi
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4. GWTC-2.1-confident: confident events from the O3a
observation run (updated search);

5. GWTC-2.1-marginal: marginal candidates from the
O3a observation run (updated search);

6. GWTC-2.1-auxiliary: candidates from GWTC-2
which, based on the updated analysis presented in the
GWTC-2.1 catalog paper, do not satisfy the criteria for
inclusion in the GWTC-2.1-confident or GWTC-2.1-
marginal releases;

7. GWTC-3-confident: confident events from the O3b
observing run; and

8. GWTC-3-marginal: marginal candidates from the O3b
observing run.

Some events are listed in the database with multiple
versions, typically corresponding to the event’s inclusion in
multiple releases. The cumulative GWTC catalog includes all
confident GW events published by the LVK Collaboration, and
currently includes 93 events. Events in the GWTC-2.1-
confident and GWTC-3-confident releases all have a
probability of astrophysical origin greater than 0.5329 in at least

one of the search pipelines, and are included in the
cumulative GWTC.
The online catalogs are searchable via a web user interface.

The Event Portal database can be queried based on specific source
properties, namely the primary mass, secondary mass, total mass,
chirp mass, final mass (of the merger remnant), luminosity
distance, redshift, effective inspiral spin, or other properties
associated with the observed signal, such as UTC or GPS event
time, detector frame chirp mass, network S/N, false alarm rate,
and the posterior probability of astrophysical origin. The events
can also be selected by identification such as partial event name,
release catalog, or group of catalogs. The output format can be
one of the following: HTML, JSON, CSV, or plain ASCII text.
To ease the analysis of multiple events, the catalogs can be

queried programmatically with scripts using the REST API that
returns all catalog lists in a JSON format. Catalogs can be
queried with a GET request. As an example, to request all
merger events for which the primary mass is less than 3 Me,
the URL for the GET request would be https://gwosc.org/
eventapi/html/query/show?max-mass-1-source=3. A detailed
explanation of the query API nodes can be found on the
GWOSC website.330

Figure 3. Time lines for the full O3a (top) and O3b (middle) and O3GK (bottom) observing runs based on the data quality bitmask CBC_CAT1 for each detector (see
Table 3). Color bars represent times when data are available, and white areas show times when data are not available. Similar plots can be generated from the GWOSC
web pages (see footnote 336).

329 See Abbott et al. (2021c), Appendix D.7 for a definition and details about
its estimation. 330 https://gwosc.org/apidocs
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4.1. Parameter Estimation and Other Science Data Products

In addition to the information provided by GWOSC,
complementary data about various aspects of the GWTC
catalog production are available on the Zenodo open
repository, see LIGO Scientific Collaboration & Virgo
Collaboration (2021b, 2021c, 2022a) for GWTC-2 and
GWTC-2.1 and LIGO Scientific Collaboration, Virgo Colla-
boration & KAGRA Collaboration (2021a, 2021b, 2021c,
2023a) for GWTC-3. They are linked from the documentation
in GWOSC.331 Those include lists of candidate events, the
description of the search pipeline sensitivity, and data quality
products.

The additional data release also include posterior samples
from Bayesian inference analyses, see LIGO Scientific
Collaboration & Virgo Collaboration (2022b) for GWTC-2.1
and LIGO Scientific Collaboration, Virgo Collaboration &
KAGRA Collaboration (2021d) for GWTC-3. For conveni-
ence, those data are directly linked from the single event page
of the online catalog. They can also be programmatically
accessed through the JSON API as downloadable links to the
files on Zenodo.

The parameter names in the posterior samples follow a
standard nomenclature332 (Hoy & Raymond 2021). Parameter
estimates may change with the different versions of the event or
catalog release. The users should refer to the release pages on
Zenodo (LIGO Scientific Collaboration, Virgo Collaboration &
KAGRA Collaboration 2021d; LIGO Scientific Collaboration
& Virgo Collaboration 2022b) and their associated publications
(Abbott et al. 2021b, 2021c) to obtain the full details about the
configuration and assumptions made by the different analyses
that are denoted by the set of version numbers for each event
(depending on the number of releases in which that event
appears). For each detected source the Event Portal displays the
90% credible intervals for a selection of parameters that reflect
the values given in the relevant publication. Those credible
intervals are computed from the posterior samples.

In some cases, the parameter estimation made use of “glitch-
subtracted frames,” where a model for an apparent instrumental
artifact was computed and subtracted from the strain data.
These glitch-subtracted frames are made available via Zenodo
(LIGO Scientific Collaboration, Virgo Collaboration &
KAGRA Collaboration 2021e; LIGO Scientific Collaboration
& Virgo Collaboration 2022c).333

For GWTC-3, there are other data releases associated with
studies of compact binary populations or cosmology (LIGO
Scientific Collaboration, Virgo Collaboration & KAGRA
Collaboration 2021f, 2023b)

4.2. Low-latency Alerts

During O3, public alerts were communicated with low
latency to report the occurrence of a notable trigger detected in
the data.334 The alerts are sent with a latency of few minutes
after detection. They include a number of preliminary

parameter estimations that are useful for the localization of
the source through a probability skymap. This information can
be used by other, non-GW instruments to search for potential
electromagnetic counterparts in follow-up observations. The
complete list of alerts sent during O3 can be found publicly in
the GraceDB website335 and, as described below, in GWOSC.
The Event Portal references the GraceDB entry for the

original trigger alert of the event. Links to GraceDB entries are
available through the GWOSC web interface and the JSON
API. Events first detected offline do not trigger low-latency
alerts and thus lack a GraceDB entry.

5. Technical Validation

The O3 GWOSC data release is repackaged for the broader
user community beginning with the internal strain data
products used for data analysis by the LVK Collaboration for
publication purposes. The repackaging produces new GWOSC
gwf and hdf5 files containing the previously discussed strain,
data quality, and hardware injection information for each
detector. The repackaging allows us to add data quality
segments, remove times outside of observing mode, and
simplify the channel names. In addition, versions of these
GWOSC files at a reduced sampling rate of 4096 Hz for the
strain channel of each detector are also produced. All data for
the release are carefully reviewed by the internal GWOSC team
and then reviewed by an independent review team made up of
members from the LVK Collaboration. This review process
checks that:

1. The strain vectors at the maximum sample rate (16 kHz)
in the GWOSC hdf and gwf files are identical to
machine precision to the corresponding strain vectors of
the LVK main archives;

2. The strain vectors after resampling at 4 kHz do not have
numerical artifacts that may arise from the resampling
technique;

3. The data quality and injection information located in
either the GWOSC hdf and gwf files or the online
Timeline tool described in detail in Section 6, agree
with all available records; and

4. The documentation associated with the O3 data products
found online is correct and contains comprehensive
information for the broader user community.

The data files and accompanying documentation are released
to the public on the GWOSC website once all checks have
passed at the designated date and time agreed to by the LIGO,
Virgo and KAGRA Collaborations.

6. Usage Notes

6.1. Salient Features of GW Data

Working with GW data requires an awareness of the
presence of noise in the data. An overview of LIGO/Virgo
detector noise and some applicable signal processing methods
are described in Abbott et al. (2020c); see also above in
Sections 3.2 and 2.3 for a brief introduction to various classes
of detector noise. In addition, as mentioned previously, the data
are only valid within a fixed frequency range due to the limits
of calibration (Section 2.2) as well as due to artifacts from the

331 See https://gwosc.org/GWTC-2, https://gwosc.org/GWTC-2.1 and
https://gwosc.org/GWTC-3
332 See https://lscsoft.docs.ligo.org/pesummary/stable_docs/gw/parameters.
html for a definition.
333 See also https://dcc.ligo.org/LIGO-T2000470/public.
334 See https://emfollow.docs.ligo.org/userguide for more details. This user
guide is a living document that is being updated in preparation for the
upcoming science run O4. Therefore, the information in this guide may not be
necessarily relevant for O3 data. 335 https://gracedb.ligo.org/superevents/public/O3
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downsampling process (Section 3). All of these complications
need to be considered when searching for astrophysical signals.

6.2. List of Observing Segments

Segment lists describe times when GW detectors are
collecting data and are operating in a normal condition, as
described in Section 3.2. The GWOSC website provides an
online app called Timeline to discover, plot, and download
segment lists.336 The Timeline query page allows users to
select observing runs from a drop-down menu, and then view
the names of segment lists associated with the selected run.
Segment lists may be downloaded as ASCII text files or in a
JSON format. Alternatively, segment lists may be displayed in
an interactive plot, as seen in Figure 3. To explore times within
a run, a visitor can use the mouse to scroll and zoom on the
Timeline plots. Hovering the mouse over a segment displays
a tool tip with the exact start and stop times, in both GPS and
UTC time.

6.3. Software and Support

The GWOSC website provides a number of resources for
helping investigators learn to work with GW data, including:

1. Software libraries:337 A number of software packages
developed for GW analysis are open source. The
GWOSC website provides a suggested list of packages,
many of which were created by members of the LVK
Collaboration. This list includes GstLAL (Sachdev et al.
2019), MBTA (Aubin et al. 2021), PyCBC (Davies et al.
2020), cWB (Klimenko et al. 2016), BayesWave
(Cornish et al. 2021), GWpy (Macleod et al. 2021c),
and Bilby (Ashton et al. 2019). Links to source code and
documentation are provided for each package.

2. Tutorials:338 GWOSC provides tutorials to demonstrate
the basics of GW data analysis. Most tutorials are in
Python, and provided in notebooks that can be run in
the cloud to avoid the necessity for the user to install
software.

3. Workshops and online course:339 Annual open data
workshops provide a complete course in working with
GW data, including lectures, software tutorials, and
challenge problems. Materials from past workshops are
available as a free online course; students can enroll at
any time. Future workshops will be posted on the
GWOSC website, and are open to any interested
participants.

4. Discussion forum:340 a public discussion forum for GW
topics provides space to ask for help with GW data
analysis, discuss LVK papers, post questions about GW
science, and connect with other researchers in the field.

7. Summary

The O3 data set described in this paper represents the most
sensitive GW observations to date. The data contain over 80
compact object merger signals, as described in a number of

catalog releases, including GWTC-2 (Abbott et al. 2021a),
GWTC-2.1 (Abbott et al. 2021b), and GWTC-3 (Abbott et al.
2021c). O3 includes three main phases: O3a, O3b, and O3GK.
O3a and O3b are both joint runs of LIGO and Virgo, while the
O3GK run involved KAGRA and GEO 600. Data and
documentation for all O3 data are available from the GWOSC
website.
Looking ahead, LIGO, Virgo, and KAGRA are planning an

O4 run, scheduled to begin in 2023, with improved sensitivity.
Data from events discovered in O4 will be released as the
events are published, and release of the next large strain data
sets are planned for 2025. This will be followed by the O5
observing run, anticipated to be the first extended observing run
with a span of over two years.341 Planned instrument upgrades
should increase the sensitivity of the network and thus extend
the volume of space over which signals may be observed, so
that future data sets will include more frequent detections and a
corresponding expanded depth of science in this rapidly
evolving field.

Acknowledgments

Calibration of the LIGO strain data was performed with
a GstLAL-based calibration software pipeline (Viets et al.
2018). Calibration of the Virgo strain data was performed
with C-based software (Acernese et al. 2022b). Data quality
products and event-validation results were computed using the
DMT (https://labcit.ligo.caltech.edu/~jzweizig/DMT-Project.
html), DQR (https://docs.ligo.org/detchar/data-quality-report/),
DQSEGDB (Fisher et al. 2021), gwdetchar (Macloed et al.
2021a), hveto (Smith et al. 2011), iDQ (Essick et al. 2020), and
Omicron (Robinet et al. 2020) software packages and contribut-
ing software tools. Analyses relied upon the LALSuite software
library (LIGO Scientific Collaboration 2018). PESummary was
used to postprocess and collate parameter estimation results (Hoy
& Raymond 2021). For an exhaustive list of the software used
for searching the GW signals and characterizing their source,
see Abbott et al. (2021c). Plots were prepared with Matplotlib
(Hunter 2007), seaborn (Waskom 2021), GWSumm (Macleod
et al. 2021b), and GWpy (Macleod et al. 2021c). NumPy (Harris
et al. 2020) and SciPy (Virtanen et al. 2020) were used in the
preparation of the manuscript.
This material is based upon work supported by NSF’s LIGO

Laboratory which is a major facility fully funded by the
National Science Foundation. The authors also gratefully
acknowledge the support of the Science and Technology
Facilities Council (STFC) of the United Kingdom, the Max-
Planck-Society (MPS), and the State of Niedersachsen/
Germany for support of the construction of Advanced LIGO
and construction and operation of the GEO 600 detector.
Additional support for Advanced LIGO was provided by the
Australian Research Council. The authors gratefully acknowl-
edge the Italian Istituto Nazionale di Fisica Nucleare (INFN), 
the French Centre National de la Recherche Scientifique
(CNRS), and the Netherlands Organization for Scientific
Research (NWO) for the construction and operation of the
Virgo detector and the creation and support of the EGO
consortium. The authors also gratefully acknowledge research
support from these agencies as well as by the Council of
Scientific and Industrial Research of India, the Department of

336 See https://gwosc.org/timeline.
337 https://gwosc.org/software
338 https://gwosc.org/tutorials
339 https://gwosc.org/workshops
340 https://ask.igwn.org 341 https://observing.docs.ligo.org/plan/

19

The Astrophysical Journal Supplement Series, 267:29 (28pp), 2023 August Abbott et al.

https://labcit.ligo.caltech.edu/~jzweizig/DMT-Project.html
https://labcit.ligo.caltech.edu/~jzweizig/DMT-Project.html
https://docs.ligo.org/detchar/data-quality-report/
https://gwosc.org/timeline
https://gwosc.org/software
https://gwosc.org/tutorials
https://gwosc.org/workshops
https://ask.igwn.org
https://observing.docs.ligo.org/plan/


Science and Technology, India, the Science & Engineering
Research Board (SERB), India, the Ministry of Human
Resource Development, India, the Spanish Agencia Estatal de
Investigación (AEI), the Spanish Ministerio de Ciencia e
Innovación and Ministerio de Universidades, the Conselleria de
Fons Europeus, Universitat i Cultura and the Direcció General
de Política Universitaria i Recerca del Govern de les Illes
Balears, the Conselleria d'Innovació, Universitats, Ciència i
Societat Digital de la Generalitat Valenciana and the CERCA
Programme Generalitat de Catalunya, Spain, the National
Science Centre of Poland and the European Union – European
Regional Development Fund; Foundation for Polish Science
(FNP), the Swiss National Science Foundation (SNSF), the
Russian Foundation for Basic Research, the Russian Science
Foundation, the European Commission, the European Social
Funds (ESF), the European Regional Development Funds
(ERDF), the Royal Society, the Scottish Funding Council, the
Scottish Universities Physics Alliance, the Hungarian Scientific
Research Fund (OTKA), the French Lyon Institute of Origins
(LIO), the Belgian Fonds de la Recherche Scientifique (FRS-
FNRS), Actions de Recherche Concertées (ARC) and Fonds
Wetenschappelijk Onderzoek – Vlaanderen (FWO), Belgium,
the Paris Île-de-France Region, the National Research,
Development and Innovation Office Hungary (NKFIH), the
National Research Foundation of Korea, the Natural Science
and Engineering Research Council Canada, Canadian Founda-
tion for Innovation (CFI), the Brazilian Ministry of Science,
Technology, and Innovations, the International Center for
Theoretical Physics South American Institute for Fundamental
Research (ICTP-SAIFR), the Research Grants Council of Hong
Kong, the National Natural Science Foundation of China
(NSFC), the Leverhulme Trust, the Research Corporation, the
Ministry of Science and Technology (MOST), Taiwan, the
United States Department of Energy, and the Kavli Foundation.
The authors gratefully acknowledge the support of the NSF,
STFC, INFN, and CNRS for provision of computational
resources.

This work was supported by MEXT, JSPS Leading-edge
Research Infrastructure Program, JSPS Grant-in-Aid for
Specially Promoted Research 26000005, JSPS Grant-in-Aid
for Scientific Research on Innovative Areas 2905:
JP17H06358, JP17H06361 and JP17H06364, JSPS Core-to-
Core Program A, Advanced Research Networks, JSPS Grant-
in-Aid for Scientific Research (S) 17H06133 and 20H05639,
JSPS Grant-in-Aid for Transformative Research Areas (A)
20A203: JP20H05854, the joint research program of the
Institute for Cosmic Ray Research, University of Tokyo,
National Research Foundation (NRF), Computing Infrastruc-
ture Project of Global Science experimental Data hub Center
(GSDC) at KISTI, Korea Astronomy and Space Science
Institute (KASI), and Ministry of Science and ICT (MSIT) in
Korea, Academia Sinica (AS), AS Grid Center (ASGC) and the
National Science and Technology Council (NSTC) in Taiwan
under grants including the Rising Star Program and Science
Vanguard Research Program, Advanced Technology Center
(ATC) of NAOJ, and Mechanical Engineering Center of KEK.

ORCID iDs

K. Ackley https://orcid.org/0000-0002-8648-0767
N. Adhikari https://orcid.org/0000-0002-4559-8427
R. X. Adhikari https://orcid.org/0000-0002-5731-5076
M. Agathos https://orcid.org/0000-0002-9072-1121

O. D. Aguiar https://orcid.org/0000-0002-2139-4390
L. Aiello https://orcid.org/0000-0003-2771-8816
A. Ain https://orcid.org/0000-0003-4534-4619
P. Ajith https://orcid.org/0000-0001-7519-2439
T. Akutsu https://orcid.org/0000-0003-0733-7530
A. Al-Jodah https://orcid.org/0000-0003-4536-1240
A. Allocca https://orcid.org/0000-0002-5288-1351
P. A. Altin https://orcid.org/0000-0001-8193-5825
A. Amato https://orcid.org/0000-0001-9557-651X
S. B. Anderson https://orcid.org/0000-0003-2219-9383
W. G. Anderson https://orcid.org/0000-0003-0482-5942
N. Andres https://orcid.org/0000-0002-5360-943X
M. Andrés-Carcasona https://orcid.org/0000-0002-8738-1672
T. Andrić https://orcid.org/0000-0002-9277-9773
J. M. Antelis https://orcid.org/0000-0003-3377-0813
S. Antier https://orcid.org/0000-0002-7686-3334
K. Arai https://orcid.org/0000-0001-8916-8915
A. Araya https://orcid.org/0000-0002-6884-2875
M. C. Araya https://orcid.org/0000-0002-6018-6447
J. S. Areeda https://orcid.org/0000-0003-0266-7936
N. Aritomi https://orcid.org/0000-0003-4424-7657
N. Arnaud https://orcid.org/0000-0001-6589-8673
M. Arogeti https://orcid.org/0000-0001-5124-3350
K. G. Arun https://orcid.org/0000-0002-6960-8538
H. Asada https://orcid.org/0000-0001-9442-6050
G. Ashton https://orcid.org/0000-0001-7288-2231
Y. Aso https://orcid.org/0000-0002-8238-7709
P. Astone https://orcid.org/0000-0003-4981-4120
F. Aubin https://orcid.org/0000-0003-1613-3142
K. AultONeal https://orcid.org/0000-0002-6645-4473
S. Babak https://orcid.org/0000-0001-7469-4250
F. Badaracco https://orcid.org/0000-0001-8553-7904
S. Bae https://orcid.org/0000-0003-2429-3357
S. Bagnasco https://orcid.org/0000-0001-6062-6505
L. Baiotti https://orcid.org/0000-0003-0458-4288
R. Bajpai https://orcid.org/0000-0003-0495-5720
G. Baltus https://orcid.org/0000-0002-0304-8152
S. Banagiri https://orcid.org/0000-0001-7852-7484
B. Banerjee https://orcid.org/0000-0002-8008-2485
D. Bankar https://orcid.org/0000-0002-6068-2993
P. Baral https://orcid.org/0000-0001-6308-211X
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://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
I. Bartos https://orcid.org/0000-0001-5607-3637
R. Bassiri https://orcid.org/0000-0001-8171-6833
M. Bawaj https://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
B. Bécsy https://orcid.org/0000-0003-0909-5563
F. Beirnaert https://orcid.org/0000-0002-4003-7233
M. Bejger https://orcid.org/0000-0002-4991-8213
A. S. Bell https://orcid.org/0000-0003-1523-0821
W. Benoit https://orcid.org/0000-0003-4750-9413
J. D. Bentley https://orcid.org/0000-0002-4736-7403
S. Bera https://orcid.org/0000-0003-0907-6098
M. Berbel https://orcid.org/0000-0001-6345-1798
B. K. Berger https://orcid.org/0000-0002-4845-8737
S. Bernuzzi https://orcid.org/0000-0002-2334-0935

20

The Astrophysical Journal Supplement Series, 267:29 (28pp), 2023 August Abbott et al.

https://orcid.org/0000-0002-8648-0767
https://orcid.org/0000-0002-8648-0767
https://orcid.org/0000-0002-8648-0767
https://orcid.org/0000-0002-8648-0767
https://orcid.org/0000-0002-8648-0767
https://orcid.org/0000-0002-8648-0767
https://orcid.org/0000-0002-8648-0767
https://orcid.org/0000-0002-8648-0767
https://orcid.org/0000-0002-4559-8427
https://orcid.org/0000-0002-4559-8427
https://orcid.org/0000-0002-4559-8427
https://orcid.org/0000-0002-4559-8427
https://orcid.org/0000-0002-4559-8427
https://orcid.org/0000-0002-4559-8427
https://orcid.org/0000-0002-4559-8427
https://orcid.org/0000-0002-4559-8427
https://orcid.org/0000-0002-5731-5076
https://orcid.org/0000-0002-5731-5076
https://orcid.org/0000-0002-5731-5076
https://orcid.org/0000-0002-5731-5076
https://orcid.org/0000-0002-5731-5076
https://orcid.org/0000-0002-5731-5076
https://orcid.org/0000-0002-5731-5076
https://orcid.org/0000-0002-5731-5076
https://orcid.org/0000-0002-9072-1121
https://orcid.org/0000-0002-9072-1121
https://orcid.org/0000-0002-9072-1121
https://orcid.org/0000-0002-9072-1121
https://orcid.org/0000-0002-9072-1121
https://orcid.org/0000-0002-9072-1121
https://orcid.org/0000-0002-9072-1121
https://orcid.org/0000-0002-9072-1121
https://orcid.org/0000-0002-2139-4390
https://orcid.org/0000-0002-2139-4390
https://orcid.org/0000-0002-2139-4390
https://orcid.org/0000-0002-2139-4390
https://orcid.org/0000-0002-2139-4390
https://orcid.org/0000-0002-2139-4390
https://orcid.org/0000-0002-2139-4390
https://orcid.org/0000-0002-2139-4390
https://orcid.org/0000-0003-2771-8816
https://orcid.org/0000-0003-2771-8816
https://orcid.org/0000-0003-2771-8816
https://orcid.org/0000-0003-2771-8816
https://orcid.org/0000-0003-2771-8816
https://orcid.org/0000-0003-2771-8816
https://orcid.org/0000-0003-2771-8816
https://orcid.org/0000-0003-2771-8816
https://orcid.org/0000-0003-4534-4619
https://orcid.org/0000-0003-4534-4619
https://orcid.org/0000-0003-4534-4619
https://orcid.org/0000-0003-4534-4619
https://orcid.org/0000-0003-4534-4619
https://orcid.org/0000-0003-4534-4619
https://orcid.org/0000-0003-4534-4619
https://orcid.org/0000-0003-4534-4619
https://orcid.org/0000-0001-7519-2439
https://orcid.org/0000-0001-7519-2439
https://orcid.org/0000-0001-7519-2439
https://orcid.org/0000-0001-7519-2439
https://orcid.org/0000-0001-7519-2439
https://orcid.org/0000-0001-7519-2439
https://orcid.org/0000-0001-7519-2439
https://orcid.org/0000-0001-7519-2439
https://orcid.org/0000-0003-0733-7530
https://orcid.org/0000-0003-0733-7530
https://orcid.org/0000-0003-0733-7530
https://orcid.org/0000-0003-0733-7530
https://orcid.org/0000-0003-0733-7530
https://orcid.org/0000-0003-0733-7530
https://orcid.org/0000-0003-0733-7530
https://orcid.org/0000-0003-0733-7530
https://orcid.org/0000-0003-4536-1240
https://orcid.org/0000-0003-4536-1240
https://orcid.org/0000-0003-4536-1240
https://orcid.org/0000-0003-4536-1240
https://orcid.org/0000-0003-4536-1240
https://orcid.org/0000-0003-4536-1240
https://orcid.org/0000-0003-4536-1240
https://orcid.org/0000-0003-4536-1240
https://orcid.org/0000-0002-5288-1351
https://orcid.org/0000-0002-5288-1351
https://orcid.org/0000-0002-5288-1351
https://orcid.org/0000-0002-5288-1351
https://orcid.org/0000-0002-5288-1351
https://orcid.org/0000-0002-5288-1351
https://orcid.org/0000-0002-5288-1351
https://orcid.org/0000-0002-5288-1351
https://orcid.org/0000-0001-8193-5825
https://orcid.org/0000-0001-8193-5825
https://orcid.org/0000-0001-8193-5825
https://orcid.org/0000-0001-8193-5825
https://orcid.org/0000-0001-8193-5825
https://orcid.org/0000-0001-8193-5825
https://orcid.org/0000-0001-8193-5825
https://orcid.org/0000-0001-8193-5825
https://orcid.org/0000-0001-9557-651X
https://orcid.org/0000-0001-9557-651X
https://orcid.org/0000-0001-9557-651X
https://orcid.org/0000-0001-9557-651X
https://orcid.org/0000-0001-9557-651X
https://orcid.org/0000-0001-9557-651X
https://orcid.org/0000-0001-9557-651X
https://orcid.org/0000-0001-9557-651X
https://orcid.org/0000-0003-2219-9383
https://orcid.org/0000-0003-2219-9383
https://orcid.org/0000-0003-2219-9383
https://orcid.org/0000-0003-2219-9383
https://orcid.org/0000-0003-2219-9383
https://orcid.org/0000-0003-2219-9383
https://orcid.org/0000-0003-2219-9383
https://orcid.org/0000-0003-2219-9383
https://orcid.org/0000-0003-0482-5942
https://orcid.org/0000-0003-0482-5942
https://orcid.org/0000-0003-0482-5942
https://orcid.org/0000-0003-0482-5942
https://orcid.org/0000-0003-0482-5942
https://orcid.org/0000-0003-0482-5942
https://orcid.org/0000-0003-0482-5942
https://orcid.org/0000-0003-0482-5942
https://orcid.org/0000-0002-5360-943X
https://orcid.org/0000-0002-5360-943X
https://orcid.org/0000-0002-5360-943X
https://orcid.org/0000-0002-5360-943X
https://orcid.org/0000-0002-5360-943X
https://orcid.org/0000-0002-5360-943X
https://orcid.org/0000-0002-5360-943X
https://orcid.org/0000-0002-5360-943X
https://orcid.org/0000-0002-8738-1672
https://orcid.org/0000-0002-8738-1672
https://orcid.org/0000-0002-8738-1672
https://orcid.org/0000-0002-8738-1672
https://orcid.org/0000-0002-8738-1672
https://orcid.org/0000-0002-8738-1672
https://orcid.org/0000-0002-8738-1672
https://orcid.org/0000-0002-8738-1672
https://orcid.org/0000-0002-9277-9773
https://orcid.org/0000-0002-9277-9773
https://orcid.org/0000-0002-9277-9773
https://orcid.org/0000-0002-9277-9773
https://orcid.org/0000-0002-9277-9773
https://orcid.org/0000-0002-9277-9773
https://orcid.org/0000-0002-9277-9773
https://orcid.org/0000-0002-9277-9773
https://orcid.org/0000-0003-3377-0813
https://orcid.org/0000-0003-3377-0813
https://orcid.org/0000-0003-3377-0813
https://orcid.org/0000-0003-3377-0813
https://orcid.org/0000-0003-3377-0813
https://orcid.org/0000-0003-3377-0813
https://orcid.org/0000-0003-3377-0813
https://orcid.org/0000-0003-3377-0813
https://orcid.org/0000-0002-7686-3334
https://orcid.org/0000-0002-7686-3334
https://orcid.org/0000-0002-7686-3334
https://orcid.org/0000-0002-7686-3334
https://orcid.org/0000-0002-7686-3334
https://orcid.org/0000-0002-7686-3334
https://orcid.org/0000-0002-7686-3334
https://orcid.org/0000-0002-7686-3334
https://orcid.org/0000-0001-8916-8915
https://orcid.org/0000-0001-8916-8915
https://orcid.org/0000-0001-8916-8915
https://orcid.org/0000-0001-8916-8915
https://orcid.org/0000-0001-8916-8915
https://orcid.org/0000-0001-8916-8915
https://orcid.org/0000-0001-8916-8915
https://orcid.org/0000-0001-8916-8915
https://orcid.org/0000-0002-6884-2875
https://orcid.org/0000-0002-6884-2875
https://orcid.org/0000-0002-6884-2875
https://orcid.org/0000-0002-6884-2875
https://orcid.org/0000-0002-6884-2875
https://orcid.org/0000-0002-6884-2875
https://orcid.org/0000-0002-6884-2875
https://orcid.org/0000-0002-6884-2875
https://orcid.org/0000-0002-6018-6447
https://orcid.org/0000-0002-6018-6447
https://orcid.org/0000-0002-6018-6447
https://orcid.org/0000-0002-6018-6447
https://orcid.org/0000-0002-6018-6447
https://orcid.org/0000-0002-6018-6447
https://orcid.org/0000-0002-6018-6447
https://orcid.org/0000-0002-6018-6447
https://orcid.org/0000-0003-0266-7936
https://orcid.org/0000-0003-0266-7936
https://orcid.org/0000-0003-0266-7936
https://orcid.org/0000-0003-0266-7936
https://orcid.org/0000-0003-0266-7936
https://orcid.org/0000-0003-0266-7936
https://orcid.org/0000-0003-0266-7936
https://orcid.org/0000-0003-0266-7936
https://orcid.org/0000-0003-4424-7657
https://orcid.org/0000-0003-4424-7657
https://orcid.org/0000-0003-4424-7657
https://orcid.org/0000-0003-4424-7657
https://orcid.org/0000-0003-4424-7657
https://orcid.org/0000-0003-4424-7657
https://orcid.org/0000-0003-4424-7657
https://orcid.org/0000-0003-4424-7657
https://orcid.org/0000-0001-6589-8673
https://orcid.org/0000-0001-6589-8673
https://orcid.org/0000-0001-6589-8673
https://orcid.org/0000-0001-6589-8673
https://orcid.org/0000-0001-6589-8673
https://orcid.org/0000-0001-6589-8673
https://orcid.org/0000-0001-6589-8673
https://orcid.org/0000-0001-6589-8673
https://orcid.org/0000-0001-5124-3350
https://orcid.org/0000-0001-5124-3350
https://orcid.org/0000-0001-5124-3350
https://orcid.org/0000-0001-5124-3350
https://orcid.org/0000-0001-5124-3350
https://orcid.org/0000-0001-5124-3350
https://orcid.org/0000-0001-5124-3350
https://orcid.org/0000-0001-5124-3350
https://orcid.org/0000-0002-6960-8538
https://orcid.org/0000-0002-6960-8538
https://orcid.org/0000-0002-6960-8538
https://orcid.org/0000-0002-6960-8538
https://orcid.org/0000-0002-6960-8538
https://orcid.org/0000-0002-6960-8538
https://orcid.org/0000-0002-6960-8538
https://orcid.org/0000-0002-6960-8538
https://orcid.org/0000-0001-9442-6050
https://orcid.org/0000-0001-9442-6050
https://orcid.org/0000-0001-9442-6050
https://orcid.org/0000-0001-9442-6050
https://orcid.org/0000-0001-9442-6050
https://orcid.org/0000-0001-9442-6050
https://orcid.org/0000-0001-9442-6050
https://orcid.org/0000-0001-9442-6050
https://orcid.org/0000-0001-7288-2231
https://orcid.org/0000-0001-7288-2231
https://orcid.org/0000-0001-7288-2231
https://orcid.org/0000-0001-7288-2231
https://orcid.org/0000-0001-7288-2231
https://orcid.org/0000-0001-7288-2231
https://orcid.org/0000-0001-7288-2231
https://orcid.org/0000-0001-7288-2231
https://orcid.org/0000-0002-8238-7709
https://orcid.org/0000-0002-8238-7709
https://orcid.org/0000-0002-8238-7709
https://orcid.org/0000-0002-8238-7709
https://orcid.org/0000-0002-8238-7709
https://orcid.org/0000-0002-8238-7709
https://orcid.org/0000-0002-8238-7709
https://orcid.org/0000-0002-8238-7709
https://orcid.org/0000-0003-4981-4120
https://orcid.org/0000-0003-4981-4120
https://orcid.org/0000-0003-4981-4120
https://orcid.org/0000-0003-4981-4120
https://orcid.org/0000-0003-4981-4120
https://orcid.org/0000-0003-4981-4120
https://orcid.org/0000-0003-4981-4120
https://orcid.org/0000-0003-4981-4120
https://orcid.org/0000-0003-1613-3142
https://orcid.org/0000-0003-1613-3142
https://orcid.org/0000-0003-1613-3142
https://orcid.org/0000-0003-1613-3142
https://orcid.org/0000-0003-1613-3142
https://orcid.org/0000-0003-1613-3142
https://orcid.org/0000-0003-1613-3142
https://orcid.org/0000-0003-1613-3142
https://orcid.org/0000-0002-6645-4473
https://orcid.org/0000-0002-6645-4473
https://orcid.org/0000-0002-6645-4473
https://orcid.org/0000-0002-6645-4473
https://orcid.org/0000-0002-6645-4473
https://orcid.org/0000-0002-6645-4473
https://orcid.org/0000-0002-6645-4473
https://orcid.org/0000-0002-6645-4473
https://orcid.org/0000-0001-7469-4250
https://orcid.org/0000-0001-7469-4250
https://orcid.org/0000-0001-7469-4250
https://orcid.org/0000-0001-7469-4250
https://orcid.org/0000-0001-7469-4250
https://orcid.org/0000-0001-7469-4250
https://orcid.org/0000-0001-7469-4250
https://orcid.org/0000-0001-7469-4250
https://orcid.org/0000-0001-8553-7904
https://orcid.org/0000-0001-8553-7904
https://orcid.org/0000-0001-8553-7904
https://orcid.org/0000-0001-8553-7904
https://orcid.org/0000-0001-8553-7904
https://orcid.org/0000-0001-8553-7904
https://orcid.org/0000-0001-8553-7904
https://orcid.org/0000-0001-8553-7904
https://orcid.org/0000-0003-2429-3357
https://orcid.org/0000-0003-2429-3357
https://orcid.org/0000-0003-2429-3357
https://orcid.org/0000-0003-2429-3357
https://orcid.org/0000-0003-2429-3357
https://orcid.org/0000-0003-2429-3357
https://orcid.org/0000-0003-2429-3357
https://orcid.org/0000-0003-2429-3357
https://orcid.org/0000-0001-6062-6505
https://orcid.org/0000-0001-6062-6505
https://orcid.org/0000-0001-6062-6505
https://orcid.org/0000-0001-6062-6505
https://orcid.org/0000-0001-6062-6505
https://orcid.org/0000-0001-6062-6505
https://orcid.org/0000-0001-6062-6505
https://orcid.org/0000-0001-6062-6505
https://orcid.org/0000-0003-0458-4288
https://orcid.org/0000-0003-0458-4288
https://orcid.org/0000-0003-0458-4288
https://orcid.org/0000-0003-0458-4288
https://orcid.org/0000-0003-0458-4288
https://orcid.org/0000-0003-0458-4288
https://orcid.org/0000-0003-0458-4288
https://orcid.org/0000-0003-0458-4288
https://orcid.org/0000-0003-0495-5720
https://orcid.org/0000-0003-0495-5720
https://orcid.org/0000-0003-0495-5720
https://orcid.org/0000-0003-0495-5720
https://orcid.org/0000-0003-0495-5720
https://orcid.org/0000-0003-0495-5720
https://orcid.org/0000-0003-0495-5720
https://orcid.org/0000-0003-0495-5720
https://orcid.org/0000-0002-0304-8152
https://orcid.org/0000-0002-0304-8152
https://orcid.org/0000-0002-0304-8152
https://orcid.org/0000-0002-0304-8152
https://orcid.org/0000-0002-0304-8152
https://orcid.org/0000-0002-0304-8152
https://orcid.org/0000-0002-0304-8152
https://orcid.org/0000-0002-0304-8152
https://orcid.org/0000-0001-7852-7484
https://orcid.org/0000-0001-7852-7484
https://orcid.org/0000-0001-7852-7484
https://orcid.org/0000-0001-7852-7484
https://orcid.org/0000-0001-7852-7484
https://orcid.org/0000-0001-7852-7484
https://orcid.org/0000-0001-7852-7484
https://orcid.org/0000-0001-7852-7484
https://orcid.org/0000-0002-8008-2485
https://orcid.org/0000-0002-8008-2485
https://orcid.org/0000-0002-8008-2485
https://orcid.org/0000-0002-8008-2485
https://orcid.org/0000-0002-8008-2485
https://orcid.org/0000-0002-8008-2485
https://orcid.org/0000-0002-8008-2485
https://orcid.org/0000-0002-8008-2485
https://orcid.org/0000-0002-6068-2993
https://orcid.org/0000-0002-6068-2993
https://orcid.org/0000-0002-6068-2993
https://orcid.org/0000-0002-6068-2993
https://orcid.org/0000-0002-6068-2993
https://orcid.org/0000-0002-6068-2993
https://orcid.org/0000-0002-6068-2993
https://orcid.org/0000-0002-6068-2993
https://orcid.org/0000-0001-6308-211X
https://orcid.org/0000-0001-6308-211X
https://orcid.org/0000-0001-6308-211X
https://orcid.org/0000-0001-6308-211X
https://orcid.org/0000-0001-6308-211X
https://orcid.org/0000-0001-6308-211X
https://orcid.org/0000-0001-6308-211X
https://orcid.org/0000-0001-6308-211X
https://orcid.org/0000-0002-8883-7280
https://orcid.org/0000-0002-8883-7280
https://orcid.org/0000-0002-8883-7280
https://orcid.org/0000-0002-8883-7280
https://orcid.org/0000-0002-8883-7280
https://orcid.org/0000-0002-8883-7280
https://orcid.org/0000-0002-8883-7280
https://orcid.org/0000-0002-8883-7280
https://orcid.org/0000-0002-8069-8490
https://orcid.org/0000-0002-8069-8490
https://orcid.org/0000-0002-8069-8490
https://orcid.org/0000-0002-8069-8490
https://orcid.org/0000-0002-8069-8490
https://orcid.org/0000-0002-8069-8490
https://orcid.org/0000-0002-8069-8490
https://orcid.org/0000-0002-8069-8490
https://orcid.org/0000-0002-5232-2736
https://orcid.org/0000-0002-5232-2736
https://orcid.org/0000-0002-5232-2736
https://orcid.org/0000-0002-5232-2736
https://orcid.org/0000-0002-5232-2736
https://orcid.org/0000-0002-5232-2736
https://orcid.org/0000-0002-5232-2736
https://orcid.org/0000-0002-5232-2736
https://orcid.org/0000-0001-9819-2562
https://orcid.org/0000-0001-9819-2562
https://orcid.org/0000-0001-9819-2562
https://orcid.org/0000-0001-9819-2562
https://orcid.org/0000-0001-9819-2562
https://orcid.org/0000-0001-9819-2562
https://orcid.org/0000-0001-9819-2562
https://orcid.org/0000-0001-9819-2562
https://orcid.org/0000-0002-1180-4050
https://orcid.org/0000-0002-1180-4050
https://orcid.org/0000-0002-1180-4050
https://orcid.org/0000-0002-1180-4050
https://orcid.org/0000-0002-1180-4050
https://orcid.org/0000-0002-1180-4050
https://orcid.org/0000-0002-1180-4050
https://orcid.org/0000-0002-1180-4050
https://orcid.org/0000-0001-6841-550X
https://orcid.org/0000-0001-6841-550X
https://orcid.org/0000-0001-6841-550X
https://orcid.org/0000-0001-6841-550X
https://orcid.org/0000-0001-6841-550X
https://orcid.org/0000-0001-6841-550X
https://orcid.org/0000-0001-6841-550X
https://orcid.org/0000-0001-6841-550X
https://orcid.org/0000-0002-9948-306X
https://orcid.org/0000-0002-9948-306X
https://orcid.org/0000-0002-9948-306X
https://orcid.org/0000-0002-9948-306X
https://orcid.org/0000-0002-9948-306X
https://orcid.org/0000-0002-9948-306X
https://orcid.org/0000-0002-9948-306X
https://orcid.org/0000-0002-9948-306X
https://orcid.org/0000-0001-5607-3637
https://orcid.org/0000-0001-5607-3637
https://orcid.org/0000-0001-5607-3637
https://orcid.org/0000-0001-5607-3637
https://orcid.org/0000-0001-5607-3637
https://orcid.org/0000-0001-5607-3637
https://orcid.org/0000-0001-5607-3637
https://orcid.org/0000-0001-5607-3637
https://orcid.org/0000-0001-8171-6833
https://orcid.org/0000-0001-8171-6833
https://orcid.org/0000-0001-8171-6833
https://orcid.org/0000-0001-8171-6833
https://orcid.org/0000-0001-8171-6833
https://orcid.org/0000-0001-8171-6833
https://orcid.org/0000-0001-8171-6833
https://orcid.org/0000-0001-8171-6833
https://orcid.org/0000-0003-3611-3042
https://orcid.org/0000-0003-3611-3042
https://orcid.org/0000-0003-3611-3042
https://orcid.org/0000-0003-3611-3042
https://orcid.org/0000-0003-3611-3042
https://orcid.org/0000-0003-3611-3042
https://orcid.org/0000-0003-3611-3042
https://orcid.org/0000-0003-3611-3042
https://orcid.org/0000-0003-2306-4106
https://orcid.org/0000-0003-2306-4106
https://orcid.org/0000-0003-2306-4106
https://orcid.org/0000-0003-2306-4106
https://orcid.org/0000-0003-2306-4106
https://orcid.org/0000-0003-2306-4106
https://orcid.org/0000-0003-2306-4106
https://orcid.org/0000-0003-2306-4106
https://orcid.org/0000-0003-0918-0864
https://orcid.org/0000-0003-0918-0864
https://orcid.org/0000-0003-0918-0864
https://orcid.org/0000-0003-0918-0864
https://orcid.org/0000-0003-0918-0864
https://orcid.org/0000-0003-0918-0864
https://orcid.org/0000-0003-0918-0864
https://orcid.org/0000-0003-0918-0864
https://orcid.org/0000-0003-0909-5563
https://orcid.org/0000-0003-0909-5563
https://orcid.org/0000-0003-0909-5563
https://orcid.org/0000-0003-0909-5563
https://orcid.org/0000-0003-0909-5563
https://orcid.org/0000-0003-0909-5563
https://orcid.org/0000-0003-0909-5563
https://orcid.org/0000-0003-0909-5563
https://orcid.org/0000-0002-4003-7233
https://orcid.org/0000-0002-4003-7233
https://orcid.org/0000-0002-4003-7233
https://orcid.org/0000-0002-4003-7233
https://orcid.org/0000-0002-4003-7233
https://orcid.org/0000-0002-4003-7233
https://orcid.org/0000-0002-4003-7233
https://orcid.org/0000-0002-4003-7233
https://orcid.org/0000-0002-4991-8213
https://orcid.org/0000-0002-4991-8213
https://orcid.org/0000-0002-4991-8213
https://orcid.org/0000-0002-4991-8213
https://orcid.org/0000-0002-4991-8213
https://orcid.org/0000-0002-4991-8213
https://orcid.org/0000-0002-4991-8213
https://orcid.org/0000-0002-4991-8213
https://orcid.org/0000-0003-1523-0821
https://orcid.org/0000-0003-1523-0821
https://orcid.org/0000-0003-1523-0821
https://orcid.org/0000-0003-1523-0821
https://orcid.org/0000-0003-1523-0821
https://orcid.org/0000-0003-1523-0821
https://orcid.org/0000-0003-1523-0821
https://orcid.org/0000-0003-1523-0821
https://orcid.org/0000-0003-4750-9413
https://orcid.org/0000-0003-4750-9413
https://orcid.org/0000-0003-4750-9413
https://orcid.org/0000-0003-4750-9413
https://orcid.org/0000-0003-4750-9413
https://orcid.org/0000-0003-4750-9413
https://orcid.org/0000-0003-4750-9413
https://orcid.org/0000-0003-4750-9413
https://orcid.org/0000-0002-4736-7403
https://orcid.org/0000-0002-4736-7403
https://orcid.org/0000-0002-4736-7403
https://orcid.org/0000-0002-4736-7403
https://orcid.org/0000-0002-4736-7403
https://orcid.org/0000-0002-4736-7403
https://orcid.org/0000-0002-4736-7403
https://orcid.org/0000-0002-4736-7403
https://orcid.org/0000-0003-0907-6098
https://orcid.org/0000-0003-0907-6098
https://orcid.org/0000-0003-0907-6098
https://orcid.org/0000-0003-0907-6098
https://orcid.org/0000-0003-0907-6098
https://orcid.org/0000-0003-0907-6098
https://orcid.org/0000-0003-0907-6098
https://orcid.org/0000-0003-0907-6098
https://orcid.org/0000-0001-6345-1798
https://orcid.org/0000-0001-6345-1798
https://orcid.org/0000-0001-6345-1798
https://orcid.org/0000-0001-6345-1798
https://orcid.org/0000-0001-6345-1798
https://orcid.org/0000-0001-6345-1798
https://orcid.org/0000-0001-6345-1798
https://orcid.org/0000-0001-6345-1798
https://orcid.org/0000-0002-4845-8737
https://orcid.org/0000-0002-4845-8737
https://orcid.org/0000-0002-4845-8737
https://orcid.org/0000-0002-4845-8737
https://orcid.org/0000-0002-4845-8737
https://orcid.org/0000-0002-4845-8737
https://orcid.org/0000-0002-4845-8737
https://orcid.org/0000-0002-4845-8737
https://orcid.org/0000-0002-2334-0935
https://orcid.org/0000-0002-2334-0935
https://orcid.org/0000-0002-2334-0935
https://orcid.org/0000-0002-2334-0935
https://orcid.org/0000-0002-2334-0935
https://orcid.org/0000-0002-2334-0935
https://orcid.org/0000-0002-2334-0935
https://orcid.org/0000-0002-2334-0935


M. Beroiz https://orcid.org/0000-0001-6486-9897
C. P. L. Berry https://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
N. Bevins https://orcid.org/0000-0002-4312-4287
U. Bhardwaj https://orcid.org/0000-0003-1233-4174
D. Bhattacharjee https://orcid.org/0000-0001-6623-9506
S. Bhaumik https://orcid.org/0000-0001-8492-2202
M. Bilicki https://orcid.org/0000-0002-3910-5809
G. Billingsley https://orcid.org/0000-0002-4141-2744
O. Birnholtz https://orcid.org/0000-0002-7562-9263
S. Biscoveanu https://orcid.org/0000-0001-7616-7366
B. Biswas https://orcid.org/0000-0003-2131-1476
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
G. N. Bolingbroke https://orcid.org/0000-0002-7350-5291
R. Bondarescu https://orcid.org/0000-0003-0330-2736
E. Bonilla https://orcid.org/0000-0002-6284-9769
R. Bonnand https://orcid.org/0000-0001-5013-5913
V. Boschi https://orcid.org/0000-0001-8665-2293
V. Boudart https://orcid.org/0000-0001-9923-4154
P. R. Brady https://orcid.org/0000-0002-4611-9387
M. Braglia https://orcid.org/0000-0003-3421-4069
M. Branchesi https://orcid.org/0000-0003-1643-0526
J. E. Brau https://orcid.org/0000-0003-1292-9725
M. Breschi https://orcid.org/0000-0002-3327-3676
T. Briant https://orcid.org/0000-0002-6013-1729
A. F. Brooks https://orcid.org/0000-0003-4295-792X
R. Bruntz https://orcid.org/0000-0002-0840-8567
O. Bulashenko https://orcid.org/0000-0003-1720-4061
T. Bulik https://orcid.org/0000-0003-2045-4803
A. Buonanno https://orcid.org/0000-0002-5433-1409
R. Buscicchio https://orcid.org/0000-0002-7387-6754
C. Buy https://orcid.org/0000-0003-2872-8186
G. S. Cabourn Davies https://orcid.org/0000-0002-
4289-3439
G. Cabras https://orcid.org/0000-0002-6852-6856
R. Cabrita https://orcid.org/0000-0003-0133-1306
L. Cadonati https://orcid.org/0000-0002-9846-166X
G. Cagnoli https://orcid.org/0000-0002-7086-6550
T. A. Callister https://orcid.org/0000-0001-9892-177X
G. Caneva Santoro https://orcid.org/0000-0002-2935-1600
K. C. Cannon https://orcid.org/0000-0003-4068-6572
Z. Cao https://orcid.org/0000-0002-1932-7295
E. Capocasa https://orcid.org/0000-0003-3762-6958
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
M. Cavaglià https://orcid.org/0000-0002-3835-6729
R. Cavalieri https://orcid.org/0000-0001-6064-0569
G. Cella https://orcid.org/0000-0002-0752-0338
P. Cerdá-Durán https://orcid.org/0000-0003-4293-340X
E. Cesarini https://orcid.org/0000-0001-9127-3167
S. Chalathadka Subrahmanya https://orcid.org/0000-0002-
9207-4669
E. Champion https://orcid.org/0000-0002-7901-4100
C. L. Chan https://orcid.org/0000-0002-3377-4737
P. Chanial https://orcid.org/0000-0003-1753-524X
S. Chao https://orcid.org/0000-0003-3853-3593

C. Chapman-Bird https://orcid.org/0000-0002-2728-9612
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
D. Chen https://orcid.org/0000-0003-1433-0716
H. Y. Chen https://orcid.org/0000-0001-5403-3762
J. Chen https://orcid.org/0000-0001-5550-6592
P. Chessa https://orcid.org/0000-0001-9092-3965
F. Chiadini https://orcid.org/0000-0002-9339-8622
A. Chincarini https://orcid.org/0000-0003-4094-9942
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
M. Cieślar https://orcid.org/0000-0001-8912-5587
R. Ciolfi https://orcid.org/0000-0003-3140-8933
J. A. Clark https://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
M. Colleoni https://orcid.org/0000-0002-7214-9088
A. Colombo https://orcid.org/0000-0002-7439-4773
L. Conti https://orcid.org/0000-0003-2731-2656
S. J. Cooper https://orcid.org/0000-0001-8114-3596
T. R. Corbitt https://orcid.org/0000-0002-5520-8541
I. Cordero-Carrión https://orcid.org/0000-0002-1985-1361
N. J. Cornish https://orcid.org/0000-0002-7435-0869
A. Corsi https://orcid.org/0000-0001-8104-3536
S. Cortese https://orcid.org/0000-0002-6504-0973
M. W. Coughlin https://orcid.org/0000-0002-8262-2924
B. Cousins https://orcid.org/0000-0002-7026-1340
P. Couvares https://orcid.org/0000-0002-2823-3127
D. C. Coyne https://orcid.org/0000-0002-6427-3222
R. Coyne https://orcid.org/0000-0002-5243-5917
J. D. E. Creighton https://orcid.org/0000-0003-3600-2406
A. W. Criswell https://orcid.org/0000-0002-9225-7756
M. Croquette https://orcid.org/0000-0002-8581-5393
J. R. Cudell https://orcid.org/0000-0002-2003-4238
A. Cumming https://orcid.org/0000-0002-6335-0169
R. Cummings https://orcid.org/0000-0002-8042-9047
M. Curyło https://orcid.org/0000-0002-7031-4828
T. Dal Canton https://orcid.org/0000-0001-5078-9044
S. Dall’Osso https://orcid.org/0000-0003-4366-8265
G. Dálya 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
C. Darsow-Fromm https://orcid.org/0000-0001-9602-0388
Sayantani Datta https://orcid.org/0000-0001-9200-8867
D. Davis https://orcid.org/0000-0001-5620-6751
M. C. Davis https://orcid.org/0000-0001-7663-0808
E. J. Daw https://orcid.org/0000-0002-3780-5430
M. Dax https://orcid.org/0000-0001-8798-0627
J. Degallaix https://orcid.org/0000-0002-1019-6911
S. Deléglise https://orcid.org/0000-0002-8680-5170
V. Del Favero https://orcid.org/0000-0001-7099-765X
F. De Lillo https://orcid.org/0000-0003-4977-0789
D. Dell’Aquila https://orcid.org/0000-0001-5895-0664

21

The Astrophysical Journal Supplement Series, 267:29 (28pp), 2023 August Abbott et al.

https://orcid.org/0000-0001-6486-9897
https://orcid.org/0000-0001-6486-9897
https://orcid.org/0000-0001-6486-9897
https://orcid.org/0000-0001-6486-9897
https://orcid.org/0000-0001-6486-9897
https://orcid.org/0000-0001-6486-9897
https://orcid.org/0000-0001-6486-9897
https://orcid.org/0000-0001-6486-9897
https://orcid.org/0000-0003-3870-7215
https://orcid.org/0000-0003-3870-7215
https://orcid.org/0000-0003-3870-7215
https://orcid.org/0000-0003-3870-7215
https://orcid.org/0000-0003-3870-7215
https://orcid.org/0000-0003-3870-7215
https://orcid.org/0000-0003-3870-7215
https://orcid.org/0000-0003-3870-7215
https://orcid.org/0000-0002-7377-415X
https://orcid.org/0000-0002-7377-415X
https://orcid.org/0000-0002-7377-415X
https://orcid.org/0000-0002-7377-415X
https://orcid.org/0000-0002-7377-415X
https://orcid.org/0000-0002-7377-415X
https://orcid.org/0000-0002-7377-415X
https://orcid.org/0000-0002-7377-415X
https://orcid.org/0000-0003-1533-9229
https://orcid.org/0000-0003-1533-9229
https://orcid.org/0000-0003-1533-9229
https://orcid.org/0000-0003-1533-9229
https://orcid.org/0000-0003-1533-9229
https://orcid.org/0000-0003-1533-9229
https://orcid.org/0000-0003-1533-9229
https://orcid.org/0000-0003-1533-9229
https://orcid.org/0000-0002-1481-1993
https://orcid.org/0000-0002-1481-1993
https://orcid.org/0000-0002-1481-1993
https://orcid.org/0000-0002-1481-1993
https://orcid.org/0000-0002-1481-1993
https://orcid.org/0000-0002-1481-1993
https://orcid.org/0000-0002-1481-1993
https://orcid.org/0000-0002-1481-1993
https://orcid.org/0000-0002-4312-4287
https://orcid.org/0000-0002-4312-4287
https://orcid.org/0000-0002-4312-4287
https://orcid.org/0000-0002-4312-4287
https://orcid.org/0000-0002-4312-4287
https://orcid.org/0000-0002-4312-4287
https://orcid.org/0000-0002-4312-4287
https://orcid.org/0000-0002-4312-4287
https://orcid.org/0000-0003-1233-4174
https://orcid.org/0000-0003-1233-4174
https://orcid.org/0000-0003-1233-4174
https://orcid.org/0000-0003-1233-4174
https://orcid.org/0000-0003-1233-4174
https://orcid.org/0000-0003-1233-4174
https://orcid.org/0000-0003-1233-4174
https://orcid.org/0000-0003-1233-4174
https://orcid.org/0000-0001-6623-9506
https://orcid.org/0000-0001-6623-9506
https://orcid.org/0000-0001-6623-9506
https://orcid.org/0000-0001-6623-9506
https://orcid.org/0000-0001-6623-9506
https://orcid.org/0000-0001-6623-9506
https://orcid.org/0000-0001-6623-9506
https://orcid.org/0000-0001-6623-9506
https://orcid.org/0000-0001-8492-2202
https://orcid.org/0000-0001-8492-2202
https://orcid.org/0000-0001-8492-2202
https://orcid.org/0000-0001-8492-2202
https://orcid.org/0000-0001-8492-2202
https://orcid.org/0000-0001-8492-2202
https://orcid.org/0000-0001-8492-2202
https://orcid.org/0000-0001-8492-2202
https://orcid.org/0000-0002-3910-5809
https://orcid.org/0000-0002-3910-5809
https://orcid.org/0000-0002-3910-5809
https://orcid.org/0000-0002-3910-5809
https://orcid.org/0000-0002-3910-5809
https://orcid.org/0000-0002-3910-5809
https://orcid.org/0000-0002-3910-5809
https://orcid.org/0000-0002-3910-5809
https://orcid.org/0000-0002-4141-2744
https://orcid.org/0000-0002-4141-2744
https://orcid.org/0000-0002-4141-2744
https://orcid.org/0000-0002-4141-2744
https://orcid.org/0000-0002-4141-2744
https://orcid.org/0000-0002-4141-2744
https://orcid.org/0000-0002-4141-2744
https://orcid.org/0000-0002-4141-2744
https://orcid.org/0000-0002-7562-9263
https://orcid.org/0000-0002-7562-9263
https://orcid.org/0000-0002-7562-9263
https://orcid.org/0000-0002-7562-9263
https://orcid.org/0000-0002-7562-9263
https://orcid.org/0000-0002-7562-9263
https://orcid.org/0000-0002-7562-9263
https://orcid.org/0000-0002-7562-9263
https://orcid.org/0000-0001-7616-7366
https://orcid.org/0000-0001-7616-7366
https://orcid.org/0000-0001-7616-7366
https://orcid.org/0000-0001-7616-7366
https://orcid.org/0000-0001-7616-7366
https://orcid.org/0000-0001-7616-7366
https://orcid.org/0000-0001-7616-7366
https://orcid.org/0000-0001-7616-7366
https://orcid.org/0000-0003-2131-1476
https://orcid.org/0000-0003-2131-1476
https://orcid.org/0000-0003-2131-1476
https://orcid.org/0000-0003-2131-1476
https://orcid.org/0000-0003-2131-1476
https://orcid.org/0000-0003-2131-1476
https://orcid.org/0000-0003-2131-1476
https://orcid.org/0000-0003-2131-1476
https://orcid.org/0000-0002-4618-1674
https://orcid.org/0000-0002-4618-1674
https://orcid.org/0000-0002-4618-1674
https://orcid.org/0000-0002-4618-1674
https://orcid.org/0000-0002-4618-1674
https://orcid.org/0000-0002-4618-1674
https://orcid.org/0000-0002-4618-1674
https://orcid.org/0000-0002-4618-1674
https://orcid.org/0000-0002-3838-2986
https://orcid.org/0000-0002-3838-2986
https://orcid.org/0000-0002-3838-2986
https://orcid.org/0000-0002-3838-2986
https://orcid.org/0000-0002-3838-2986
https://orcid.org/0000-0002-3838-2986
https://orcid.org/0000-0002-3838-2986
https://orcid.org/0000-0002-3838-2986
https://orcid.org/0000-0002-7101-9396
https://orcid.org/0000-0002-7101-9396
https://orcid.org/0000-0002-7101-9396
https://orcid.org/0000-0002-7101-9396
https://orcid.org/0000-0002-7101-9396
https://orcid.org/0000-0002-7101-9396
https://orcid.org/0000-0002-7101-9396
https://orcid.org/0000-0002-7101-9396
https://orcid.org/0000-0002-3576-6968
https://orcid.org/0000-0002-3576-6968
https://orcid.org/0000-0002-3576-6968
https://orcid.org/0000-0002-3576-6968
https://orcid.org/0000-0002-3576-6968
https://orcid.org/0000-0002-3576-6968
https://orcid.org/0000-0002-3576-6968
https://orcid.org/0000-0002-3576-6968
https://orcid.org/0000-0002-7350-5291
https://orcid.org/0000-0002-7350-5291
https://orcid.org/0000-0002-7350-5291
https://orcid.org/0000-0002-7350-5291
https://orcid.org/0000-0002-7350-5291
https://orcid.org/0000-0002-7350-5291
https://orcid.org/0000-0002-7350-5291
https://orcid.org/0000-0002-7350-5291
https://orcid.org/0000-0003-0330-2736
https://orcid.org/0000-0003-0330-2736
https://orcid.org/0000-0003-0330-2736
https://orcid.org/0000-0003-0330-2736
https://orcid.org/0000-0003-0330-2736
https://orcid.org/0000-0003-0330-2736
https://orcid.org/0000-0003-0330-2736
https://orcid.org/0000-0003-0330-2736
https://orcid.org/0000-0002-6284-9769
https://orcid.org/0000-0002-6284-9769
https://orcid.org/0000-0002-6284-9769
https://orcid.org/0000-0002-6284-9769
https://orcid.org/0000-0002-6284-9769
https://orcid.org/0000-0002-6284-9769
https://orcid.org/0000-0002-6284-9769
https://orcid.org/0000-0002-6284-9769
https://orcid.org/0000-0001-5013-5913
https://orcid.org/0000-0001-5013-5913
https://orcid.org/0000-0001-5013-5913
https://orcid.org/0000-0001-5013-5913
https://orcid.org/0000-0001-5013-5913
https://orcid.org/0000-0001-5013-5913
https://orcid.org/0000-0001-5013-5913
https://orcid.org/0000-0001-5013-5913
https://orcid.org/0000-0001-8665-2293
https://orcid.org/0000-0001-8665-2293
https://orcid.org/0000-0001-8665-2293
https://orcid.org/0000-0001-8665-2293
https://orcid.org/0000-0001-8665-2293
https://orcid.org/0000-0001-8665-2293
https://orcid.org/0000-0001-8665-2293
https://orcid.org/0000-0001-8665-2293
https://orcid.org/0000-0001-9923-4154
https://orcid.org/0000-0001-9923-4154
https://orcid.org/0000-0001-9923-4154
https://orcid.org/0000-0001-9923-4154
https://orcid.org/0000-0001-9923-4154
https://orcid.org/0000-0001-9923-4154
https://orcid.org/0000-0001-9923-4154
https://orcid.org/0000-0001-9923-4154
https://orcid.org/0000-0002-4611-9387
https://orcid.org/0000-0002-4611-9387
https://orcid.org/0000-0002-4611-9387
https://orcid.org/0000-0002-4611-9387
https://orcid.org/0000-0002-4611-9387
https://orcid.org/0000-0002-4611-9387
https://orcid.org/0000-0002-4611-9387
https://orcid.org/0000-0002-4611-9387
https://orcid.org/0000-0003-3421-4069
https://orcid.org/0000-0003-3421-4069
https://orcid.org/0000-0003-3421-4069
https://orcid.org/0000-0003-3421-4069
https://orcid.org/0000-0003-3421-4069
https://orcid.org/0000-0003-3421-4069
https://orcid.org/0000-0003-3421-4069
https://orcid.org/0000-0003-3421-4069
https://orcid.org/0000-0003-1643-0526
https://orcid.org/0000-0003-1643-0526
https://orcid.org/0000-0003-1643-0526
https://orcid.org/0000-0003-1643-0526
https://orcid.org/0000-0003-1643-0526
https://orcid.org/0000-0003-1643-0526
https://orcid.org/0000-0003-1643-0526
https://orcid.org/0000-0003-1643-0526
https://orcid.org/0000-0003-1292-9725
https://orcid.org/0000-0003-1292-9725
https://orcid.org/0000-0003-1292-9725
https://orcid.org/0000-0003-1292-9725
https://orcid.org/0000-0003-1292-9725
https://orcid.org/0000-0003-1292-9725
https://orcid.org/0000-0003-1292-9725
https://orcid.org/0000-0003-1292-9725
https://orcid.org/0000-0002-3327-3676
https://orcid.org/0000-0002-3327-3676
https://orcid.org/0000-0002-3327-3676
https://orcid.org/0000-0002-3327-3676
https://orcid.org/0000-0002-3327-3676
https://orcid.org/0000-0002-3327-3676
https://orcid.org/0000-0002-3327-3676
https://orcid.org/0000-0002-3327-3676
https://orcid.org/0000-0002-6013-1729
https://orcid.org/0000-0002-6013-1729
https://orcid.org/0000-0002-6013-1729
https://orcid.org/0000-0002-6013-1729
https://orcid.org/0000-0002-6013-1729
https://orcid.org/0000-0002-6013-1729
https://orcid.org/0000-0002-6013-1729
https://orcid.org/0000-0002-6013-1729
https://orcid.org/0000-0003-4295-792X
https://orcid.org/0000-0003-4295-792X
https://orcid.org/0000-0003-4295-792X
https://orcid.org/0000-0003-4295-792X
https://orcid.org/0000-0003-4295-792X
https://orcid.org/0000-0003-4295-792X
https://orcid.org/0000-0003-4295-792X
https://orcid.org/0000-0003-4295-792X
https://orcid.org/0000-0002-0840-8567
https://orcid.org/0000-0002-0840-8567
https://orcid.org/0000-0002-0840-8567
https://orcid.org/0000-0002-0840-8567
https://orcid.org/0000-0002-0840-8567
https://orcid.org/0000-0002-0840-8567
https://orcid.org/0000-0002-0840-8567
https://orcid.org/0000-0002-0840-8567
https://orcid.org/0000-0003-1720-4061
https://orcid.org/0000-0003-1720-4061
https://orcid.org/0000-0003-1720-4061
https://orcid.org/0000-0003-1720-4061
https://orcid.org/0000-0003-1720-4061
https://orcid.org/0000-0003-1720-4061
https://orcid.org/0000-0003-1720-4061
https://orcid.org/0000-0003-1720-4061
https://orcid.org/0000-0003-2045-4803
https://orcid.org/0000-0003-2045-4803
https://orcid.org/0000-0003-2045-4803
https://orcid.org/0000-0003-2045-4803
https://orcid.org/0000-0003-2045-4803
https://orcid.org/0000-0003-2045-4803
https://orcid.org/0000-0003-2045-4803
https://orcid.org/0000-0003-2045-4803
https://orcid.org/0000-0002-5433-1409
https://orcid.org/0000-0002-5433-1409
https://orcid.org/0000-0002-5433-1409
https://orcid.org/0000-0002-5433-1409
https://orcid.org/0000-0002-5433-1409
https://orcid.org/0000-0002-5433-1409
https://orcid.org/0000-0002-5433-1409
https://orcid.org/0000-0002-5433-1409
https://orcid.org/0000-0002-7387-6754
https://orcid.org/0000-0002-7387-6754
https://orcid.org/0000-0002-7387-6754
https://orcid.org/0000-0002-7387-6754
https://orcid.org/0000-0002-7387-6754
https://orcid.org/0000-0002-7387-6754
https://orcid.org/0000-0002-7387-6754
https://orcid.org/0000-0002-7387-6754
https://orcid.org/0000-0003-2872-8186
https://orcid.org/0000-0003-2872-8186
https://orcid.org/0000-0003-2872-8186
https://orcid.org/0000-0003-2872-8186
https://orcid.org/0000-0003-2872-8186
https://orcid.org/0000-0003-2872-8186
https://orcid.org/0000-0003-2872-8186
https://orcid.org/0000-0003-2872-8186
https://orcid.org/0000-0002-4289-3439
https://orcid.org/0000-0002-4289-3439
https://orcid.org/0000-0002-4289-3439
https://orcid.org/0000-0002-4289-3439
https://orcid.org/0000-0002-4289-3439
https://orcid.org/0000-0002-4289-3439
https://orcid.org/0000-0002-4289-3439
https://orcid.org/0000-0002-4289-3439
https://orcid.org/0000-0002-4289-3439
https://orcid.org/0000-0002-6852-6856
https://orcid.org/0000-0002-6852-6856
https://orcid.org/0000-0002-6852-6856
https://orcid.org/0000-0002-6852-6856
https://orcid.org/0000-0002-6852-6856
https://orcid.org/0000-0002-6852-6856
https://orcid.org/0000-0002-6852-6856
https://orcid.org/0000-0002-6852-6856
https://orcid.org/0000-0003-0133-1306
https://orcid.org/0000-0003-0133-1306
https://orcid.org/0000-0003-0133-1306
https://orcid.org/0000-0003-0133-1306
https://orcid.org/0000-0003-0133-1306
https://orcid.org/0000-0003-0133-1306
https://orcid.org/0000-0003-0133-1306
https://orcid.org/0000-0003-0133-1306
https://orcid.org/0000-0002-9846-166X
https://orcid.org/0000-0002-9846-166X
https://orcid.org/0000-0002-9846-166X
https://orcid.org/0000-0002-9846-166X
https://orcid.org/0000-0002-9846-166X
https://orcid.org/0000-0002-9846-166X
https://orcid.org/0000-0002-9846-166X
https://orcid.org/0000-0002-9846-166X
https://orcid.org/0000-0002-7086-6550
https://orcid.org/0000-0002-7086-6550
https://orcid.org/0000-0002-7086-6550
https://orcid.org/0000-0002-7086-6550
https://orcid.org/0000-0002-7086-6550
https://orcid.org/0000-0002-7086-6550
https://orcid.org/0000-0002-7086-6550
https://orcid.org/0000-0002-7086-6550
https://orcid.org/0000-0001-9892-177X
https://orcid.org/0000-0001-9892-177X
https://orcid.org/0000-0001-9892-177X
https://orcid.org/0000-0001-9892-177X
https://orcid.org/0000-0001-9892-177X
https://orcid.org/0000-0001-9892-177X
https://orcid.org/0000-0001-9892-177X
https://orcid.org/0000-0001-9892-177X
https://orcid.org/0000-0002-2935-1600
https://orcid.org/0000-0002-2935-1600
https://orcid.org/0000-0002-2935-1600
https://orcid.org/0000-0002-2935-1600
https://orcid.org/0000-0002-2935-1600
https://orcid.org/0000-0002-2935-1600
https://orcid.org/0000-0002-2935-1600
https://orcid.org/0000-0002-2935-1600
https://orcid.org/0000-0003-4068-6572
https://orcid.org/0000-0003-4068-6572
https://orcid.org/0000-0003-4068-6572
https://orcid.org/0000-0003-4068-6572
https://orcid.org/0000-0003-4068-6572
https://orcid.org/0000-0003-4068-6572
https://orcid.org/0000-0003-4068-6572
https://orcid.org/0000-0003-4068-6572
https://orcid.org/0000-0002-1932-7295
https://orcid.org/0000-0002-1932-7295
https://orcid.org/0000-0002-1932-7295
https://orcid.org/0000-0002-1932-7295
https://orcid.org/0000-0002-1932-7295
https://orcid.org/0000-0002-1932-7295
https://orcid.org/0000-0002-1932-7295
https://orcid.org/0000-0002-1932-7295
https://orcid.org/0000-0003-3762-6958
https://orcid.org/0000-0003-3762-6958
https://orcid.org/0000-0003-3762-6958
https://orcid.org/0000-0003-3762-6958
https://orcid.org/0000-0003-3762-6958
https://orcid.org/0000-0003-3762-6958
https://orcid.org/0000-0003-3762-6958
https://orcid.org/0000-0003-3762-6958
https://orcid.org/0000-0001-5694-0809
https://orcid.org/0000-0001-5694-0809
https://orcid.org/0000-0001-5694-0809
https://orcid.org/0000-0001-5694-0809
https://orcid.org/0000-0001-5694-0809
https://orcid.org/0000-0001-5694-0809
https://orcid.org/0000-0001-5694-0809
https://orcid.org/0000-0001-5694-0809
https://orcid.org/0000-0002-8205-930X
https://orcid.org/0000-0002-8205-930X
https://orcid.org/0000-0002-8205-930X
https://orcid.org/0000-0002-8205-930X
https://orcid.org/0000-0002-8205-930X
https://orcid.org/0000-0002-8205-930X
https://orcid.org/0000-0002-8205-930X
https://orcid.org/0000-0002-8205-930X
https://orcid.org/0000-0001-8845-0900
https://orcid.org/0000-0001-8845-0900
https://orcid.org/0000-0001-8845-0900
https://orcid.org/0000-0001-8845-0900
https://orcid.org/0000-0001-8845-0900
https://orcid.org/0000-0001-8845-0900
https://orcid.org/0000-0001-8845-0900
https://orcid.org/0000-0001-8845-0900
https://orcid.org/0000-0001-9090-1862
https://orcid.org/0000-0001-9090-1862
https://orcid.org/0000-0001-9090-1862
https://orcid.org/0000-0001-9090-1862
https://orcid.org/0000-0001-9090-1862
https://orcid.org/0000-0001-9090-1862
https://orcid.org/0000-0001-9090-1862
https://orcid.org/0000-0001-9090-1862
https://orcid.org/0000-0002-3835-6729
https://orcid.org/0000-0002-3835-6729
https://orcid.org/0000-0002-3835-6729
https://orcid.org/0000-0002-3835-6729
https://orcid.org/0000-0002-3835-6729
https://orcid.org/0000-0002-3835-6729
https://orcid.org/0000-0002-3835-6729
https://orcid.org/0000-0002-3835-6729
https://orcid.org/0000-0001-6064-0569
https://orcid.org/0000-0001-6064-0569
https://orcid.org/0000-0001-6064-0569
https://orcid.org/0000-0001-6064-0569
https://orcid.org/0000-0001-6064-0569
https://orcid.org/0000-0001-6064-0569
https://orcid.org/0000-0001-6064-0569
https://orcid.org/0000-0001-6064-0569
https://orcid.org/0000-0002-0752-0338
https://orcid.org/0000-0002-0752-0338
https://orcid.org/0000-0002-0752-0338
https://orcid.org/0000-0002-0752-0338
https://orcid.org/0000-0002-0752-0338
https://orcid.org/0000-0002-0752-0338
https://orcid.org/0000-0002-0752-0338
https://orcid.org/0000-0002-0752-0338
https://orcid.org/0000-0003-4293-340X
https://orcid.org/0000-0003-4293-340X
https://orcid.org/0000-0003-4293-340X
https://orcid.org/0000-0003-4293-340X
https://orcid.org/0000-0003-4293-340X
https://orcid.org/0000-0003-4293-340X
https://orcid.org/0000-0003-4293-340X
https://orcid.org/0000-0003-4293-340X
https://orcid.org/0000-0001-9127-3167
https://orcid.org/0000-0001-9127-3167
https://orcid.org/0000-0001-9127-3167
https://orcid.org/0000-0001-9127-3167
https://orcid.org/0000-0001-9127-3167
https://orcid.org/0000-0001-9127-3167
https://orcid.org/0000-0001-9127-3167
https://orcid.org/0000-0001-9127-3167
https://orcid.org/0000-0002-9207-4669
https://orcid.org/0000-0002-9207-4669
https://orcid.org/0000-0002-9207-4669
https://orcid.org/0000-0002-9207-4669
https://orcid.org/0000-0002-9207-4669
https://orcid.org/0000-0002-9207-4669
https://orcid.org/0000-0002-9207-4669
https://orcid.org/0000-0002-9207-4669
https://orcid.org/0000-0002-9207-4669
https://orcid.org/0000-0002-7901-4100
https://orcid.org/0000-0002-7901-4100
https://orcid.org/0000-0002-7901-4100
https://orcid.org/0000-0002-7901-4100
https://orcid.org/0000-0002-7901-4100
https://orcid.org/0000-0002-7901-4100
https://orcid.org/0000-0002-7901-4100
https://orcid.org/0000-0002-7901-4100
https://orcid.org/0000-0002-3377-4737
https://orcid.org/0000-0002-3377-4737
https://orcid.org/0000-0002-3377-4737
https://orcid.org/0000-0002-3377-4737
https://orcid.org/0000-0002-3377-4737
https://orcid.org/0000-0002-3377-4737
https://orcid.org/0000-0002-3377-4737
https://orcid.org/0000-0002-3377-4737
https://orcid.org/0000-0003-1753-524X
https://orcid.org/0000-0003-1753-524X
https://orcid.org/0000-0003-1753-524X
https://orcid.org/0000-0003-1753-524X
https://orcid.org/0000-0003-1753-524X
https://orcid.org/0000-0003-1753-524X
https://orcid.org/0000-0003-1753-524X
https://orcid.org/0000-0003-1753-524X
https://orcid.org/0000-0003-3853-3593
https://orcid.org/0000-0003-3853-3593
https://orcid.org/0000-0003-3853-3593
https://orcid.org/0000-0003-3853-3593
https://orcid.org/0000-0003-3853-3593
https://orcid.org/0000-0003-3853-3593
https://orcid.org/0000-0003-3853-3593
https://orcid.org/0000-0003-3853-3593
https://orcid.org/0000-0002-2728-9612
https://orcid.org/0000-0002-2728-9612
https://orcid.org/0000-0002-2728-9612
https://orcid.org/0000-0002-2728-9612
https://orcid.org/0000-0002-2728-9612
https://orcid.org/0000-0002-2728-9612
https://orcid.org/0000-0002-2728-9612
https://orcid.org/0000-0002-2728-9612
https://orcid.org/0000-0002-4263-2706
https://orcid.org/0000-0002-4263-2706
https://orcid.org/0000-0002-4263-2706
https://orcid.org/0000-0002-4263-2706
https://orcid.org/0000-0002-4263-2706
https://orcid.org/0000-0002-4263-2706
https://orcid.org/0000-0002-4263-2706
https://orcid.org/0000-0002-4263-2706
https://orcid.org/0000-0003-3768-9908
https://orcid.org/0000-0003-3768-9908
https://orcid.org/0000-0003-3768-9908
https://orcid.org/0000-0003-3768-9908
https://orcid.org/0000-0003-3768-9908
https://orcid.org/0000-0003-3768-9908
https://orcid.org/0000-0003-3768-9908
https://orcid.org/0000-0003-3768-9908
https://orcid.org/0000-0003-3768-9908
https://orcid.org/0000-0001-8700-3455
https://orcid.org/0000-0001-8700-3455
https://orcid.org/0000-0001-8700-3455
https://orcid.org/0000-0001-8700-3455
https://orcid.org/0000-0001-8700-3455
https://orcid.org/0000-0001-8700-3455
https://orcid.org/0000-0001-8700-3455
https://orcid.org/0000-0001-8700-3455
https://orcid.org/0000-0002-0995-2329
https://orcid.org/0000-0002-0995-2329
https://orcid.org/0000-0002-0995-2329
https://orcid.org/0000-0002-0995-2329
https://orcid.org/0000-0002-0995-2329
https://orcid.org/0000-0002-0995-2329
https://orcid.org/0000-0002-0995-2329
https://orcid.org/0000-0002-0995-2329
https://orcid.org/0000-0003-0038-5468
https://orcid.org/0000-0003-0038-5468
https://orcid.org/0000-0003-0038-5468
https://orcid.org/0000-0003-0038-5468
https://orcid.org/0000-0003-0038-5468
https://orcid.org/0000-0003-0038-5468
https://orcid.org/0000-0003-0038-5468
https://orcid.org/0000-0003-0038-5468
https://orcid.org/0000-0002-5769-8601
https://orcid.org/0000-0002-5769-8601
https://orcid.org/0000-0002-5769-8601
https://orcid.org/0000-0002-5769-8601
https://orcid.org/0000-0002-5769-8601
https://orcid.org/0000-0002-5769-8601
https://orcid.org/0000-0002-5769-8601
https://orcid.org/0000-0002-5769-8601
https://orcid.org/0000-0002-5833-413X
https://orcid.org/0000-0002-5833-413X
https://orcid.org/0000-0002-5833-413X
https://orcid.org/0000-0002-5833-413X
https://orcid.org/0000-0002-5833-413X
https://orcid.org/0000-0002-5833-413X
https://orcid.org/0000-0002-5833-413X
https://orcid.org/0000-0002-5833-413X
https://orcid.org/0000-0003-1433-0716
https://orcid.org/0000-0003-1433-0716
https://orcid.org/0000-0003-1433-0716
https://orcid.org/0000-0003-1433-0716
https://orcid.org/0000-0003-1433-0716
https://orcid.org/0000-0003-1433-0716
https://orcid.org/0000-0003-1433-0716
https://orcid.org/0000-0003-1433-0716
https://orcid.org/0000-0001-5403-3762
https://orcid.org/0000-0001-5403-3762
https://orcid.org/0000-0001-5403-3762
https://orcid.org/0000-0001-5403-3762
https://orcid.org/0000-0001-5403-3762
https://orcid.org/0000-0001-5403-3762
https://orcid.org/0000-0001-5403-3762
https://orcid.org/0000-0001-5403-3762
https://orcid.org/0000-0001-5550-6592
https://orcid.org/0000-0001-5550-6592
https://orcid.org/0000-0001-5550-6592
https://orcid.org/0000-0001-5550-6592
https://orcid.org/0000-0001-5550-6592
https://orcid.org/0000-0001-5550-6592
https://orcid.org/0000-0001-5550-6592
https://orcid.org/0000-0001-5550-6592
https://orcid.org/0000-0001-9092-3965
https://orcid.org/0000-0001-9092-3965
https://orcid.org/0000-0001-9092-3965
https://orcid.org/0000-0001-9092-3965
https://orcid.org/0000-0001-9092-3965
https://orcid.org/0000-0001-9092-3965
https://orcid.org/0000-0001-9092-3965
https://orcid.org/0000-0001-9092-3965
https://orcid.org/0000-0002-9339-8622
https://orcid.org/0000-0002-9339-8622
https://orcid.org/0000-0002-9339-8622
https://orcid.org/0000-0002-9339-8622
https://orcid.org/0000-0002-9339-8622
https://orcid.org/0000-0002-9339-8622
https://orcid.org/0000-0002-9339-8622
https://orcid.org/0000-0002-9339-8622
https://orcid.org/0000-0003-4094-9942
https://orcid.org/0000-0003-4094-9942
https://orcid.org/0000-0003-4094-9942
https://orcid.org/0000-0003-4094-9942
https://orcid.org/0000-0003-4094-9942
https://orcid.org/0000-0003-4094-9942
https://orcid.org/0000-0003-4094-9942
https://orcid.org/0000-0003-4094-9942
https://orcid.org/0000-0003-2165-2967
https://orcid.org/0000-0003-2165-2967
https://orcid.org/0000-0003-2165-2967
https://orcid.org/0000-0003-2165-2967
https://orcid.org/0000-0003-2165-2967
https://orcid.org/0000-0003-2165-2967
https://orcid.org/0000-0003-2165-2967
https://orcid.org/0000-0003-2165-2967
https://orcid.org/0000-0003-0949-7298
https://orcid.org/0000-0003-0949-7298
https://orcid.org/0000-0003-0949-7298
https://orcid.org/0000-0003-0949-7298
https://orcid.org/0000-0003-0949-7298
https://orcid.org/0000-0003-0949-7298
https://orcid.org/0000-0003-0949-7298
https://orcid.org/0000-0003-0949-7298
https://orcid.org/0000-0002-6870-4202
https://orcid.org/0000-0002-6870-4202
https://orcid.org/0000-0002-6870-4202
https://orcid.org/0000-0002-6870-4202
https://orcid.org/0000-0002-6870-4202
https://orcid.org/0000-0002-6870-4202
https://orcid.org/0000-0002-6870-4202
https://orcid.org/0000-0002-6870-4202
https://orcid.org/0000-0001-8026-7597
https://orcid.org/0000-0001-8026-7597
https://orcid.org/0000-0001-8026-7597
https://orcid.org/0000-0001-8026-7597
https://orcid.org/0000-0001-8026-7597
https://orcid.org/0000-0001-8026-7597
https://orcid.org/0000-0001-8026-7597
https://orcid.org/0000-0001-8026-7597
https://orcid.org/0000-0003-4258-9338
https://orcid.org/0000-0003-4258-9338
https://orcid.org/0000-0003-4258-9338
https://orcid.org/0000-0003-4258-9338
https://orcid.org/0000-0003-4258-9338
https://orcid.org/0000-0003-4258-9338
https://orcid.org/0000-0003-4258-9338
https://orcid.org/0000-0003-4258-9338
https://orcid.org/0000-0001-8912-5587
https://orcid.org/0000-0001-8912-5587
https://orcid.org/0000-0001-8912-5587
https://orcid.org/0000-0001-8912-5587
https://orcid.org/0000-0001-8912-5587
https://orcid.org/0000-0001-8912-5587
https://orcid.org/0000-0001-8912-5587
https://orcid.org/0000-0001-8912-5587
https://orcid.org/0000-0003-3140-8933
https://orcid.org/0000-0003-3140-8933
https://orcid.org/0000-0003-3140-8933
https://orcid.org/0000-0003-3140-8933
https://orcid.org/0000-0003-3140-8933
https://orcid.org/0000-0003-3140-8933
https://orcid.org/0000-0003-3140-8933
https://orcid.org/0000-0003-3140-8933
https://orcid.org/0000-0003-3243-1393
https://orcid.org/0000-0003-3243-1393
https://orcid.org/0000-0003-3243-1393
https://orcid.org/0000-0003-3243-1393
https://orcid.org/0000-0003-3243-1393
https://orcid.org/0000-0003-3243-1393
https://orcid.org/0000-0003-3243-1393
https://orcid.org/0000-0003-3243-1393
https://orcid.org/0000-0002-6714-5429
https://orcid.org/0000-0002-6714-5429
https://orcid.org/0000-0002-6714-5429
https://orcid.org/0000-0002-6714-5429
https://orcid.org/0000-0002-6714-5429
https://orcid.org/0000-0002-6714-5429
https://orcid.org/0000-0002-6714-5429
https://orcid.org/0000-0002-6714-5429
https://orcid.org/0000-0001-7170-8733
https://orcid.org/0000-0001-7170-8733
https://orcid.org/0000-0001-7170-8733
https://orcid.org/0000-0001-7170-8733
https://orcid.org/0000-0001-7170-8733
https://orcid.org/0000-0001-7170-8733
https://orcid.org/0000-0001-7170-8733
https://orcid.org/0000-0001-7170-8733
https://orcid.org/0000-0003-3452-9415
https://orcid.org/0000-0003-3452-9415
https://orcid.org/0000-0003-3452-9415
https://orcid.org/0000-0003-3452-9415
https://orcid.org/0000-0003-3452-9415
https://orcid.org/0000-0003-3452-9415
https://orcid.org/0000-0003-3452-9415
https://orcid.org/0000-0003-3452-9415
https://orcid.org/0000-0002-7214-9088
https://orcid.org/0000-0002-7214-9088
https://orcid.org/0000-0002-7214-9088
https://orcid.org/0000-0002-7214-9088
https://orcid.org/0000-0002-7214-9088
https://orcid.org/0000-0002-7214-9088
https://orcid.org/0000-0002-7214-9088
https://orcid.org/0000-0002-7214-9088
https://orcid.org/0000-0002-7439-4773
https://orcid.org/0000-0002-7439-4773
https://orcid.org/0000-0002-7439-4773
https://orcid.org/0000-0002-7439-4773
https://orcid.org/0000-0002-7439-4773
https://orcid.org/0000-0002-7439-4773
https://orcid.org/0000-0002-7439-4773
https://orcid.org/0000-0002-7439-4773
https://orcid.org/0000-0003-2731-2656
https://orcid.org/0000-0003-2731-2656
https://orcid.org/0000-0003-2731-2656
https://orcid.org/0000-0003-2731-2656
https://orcid.org/0000-0003-2731-2656
https://orcid.org/0000-0003-2731-2656
https://orcid.org/0000-0003-2731-2656
https://orcid.org/0000-0003-2731-2656
https://orcid.org/0000-0001-8114-3596
https://orcid.org/0000-0001-8114-3596
https://orcid.org/0000-0001-8114-3596
https://orcid.org/0000-0001-8114-3596
https://orcid.org/0000-0001-8114-3596
https://orcid.org/0000-0001-8114-3596
https://orcid.org/0000-0001-8114-3596
https://orcid.org/0000-0001-8114-3596
https://orcid.org/0000-0002-5520-8541
https://orcid.org/0000-0002-5520-8541
https://orcid.org/0000-0002-5520-8541
https://orcid.org/0000-0002-5520-8541
https://orcid.org/0000-0002-5520-8541
https://orcid.org/0000-0002-5520-8541
https://orcid.org/0000-0002-5520-8541
https://orcid.org/0000-0002-5520-8541
https://orcid.org/0000-0002-1985-1361
https://orcid.org/0000-0002-1985-1361
https://orcid.org/0000-0002-1985-1361
https://orcid.org/0000-0002-1985-1361
https://orcid.org/0000-0002-1985-1361
https://orcid.org/0000-0002-1985-1361
https://orcid.org/0000-0002-1985-1361
https://orcid.org/0000-0002-1985-1361
https://orcid.org/0000-0002-7435-0869
https://orcid.org/0000-0002-7435-0869
https://orcid.org/0000-0002-7435-0869
https://orcid.org/0000-0002-7435-0869
https://orcid.org/0000-0002-7435-0869
https://orcid.org/0000-0002-7435-0869
https://orcid.org/0000-0002-7435-0869
https://orcid.org/0000-0002-7435-0869
https://orcid.org/0000-0001-8104-3536
https://orcid.org/0000-0001-8104-3536
https://orcid.org/0000-0001-8104-3536
https://orcid.org/0000-0001-8104-3536
https://orcid.org/0000-0001-8104-3536
https://orcid.org/0000-0001-8104-3536
https://orcid.org/0000-0001-8104-3536
https://orcid.org/0000-0001-8104-3536
https://orcid.org/0000-0002-6504-0973
https://orcid.org/0000-0002-6504-0973
https://orcid.org/0000-0002-6504-0973
https://orcid.org/0000-0002-6504-0973
https://orcid.org/0000-0002-6504-0973
https://orcid.org/0000-0002-6504-0973
https://orcid.org/0000-0002-6504-0973
https://orcid.org/0000-0002-6504-0973
https://orcid.org/0000-0002-8262-2924
https://orcid.org/0000-0002-8262-2924
https://orcid.org/0000-0002-8262-2924
https://orcid.org/0000-0002-8262-2924
https://orcid.org/0000-0002-8262-2924
https://orcid.org/0000-0002-8262-2924
https://orcid.org/0000-0002-8262-2924
https://orcid.org/0000-0002-8262-2924
https://orcid.org/0000-0002-7026-1340
https://orcid.org/0000-0002-7026-1340
https://orcid.org/0000-0002-7026-1340
https://orcid.org/0000-0002-7026-1340
https://orcid.org/0000-0002-7026-1340
https://orcid.org/0000-0002-7026-1340
https://orcid.org/0000-0002-7026-1340
https://orcid.org/0000-0002-7026-1340
https://orcid.org/0000-0002-2823-3127
https://orcid.org/0000-0002-2823-3127
https://orcid.org/0000-0002-2823-3127
https://orcid.org/0000-0002-2823-3127
https://orcid.org/0000-0002-2823-3127
https://orcid.org/0000-0002-2823-3127
https://orcid.org/0000-0002-2823-3127
https://orcid.org/0000-0002-2823-3127
https://orcid.org/0000-0002-6427-3222
https://orcid.org/0000-0002-6427-3222
https://orcid.org/0000-0002-6427-3222
https://orcid.org/0000-0002-6427-3222
https://orcid.org/0000-0002-6427-3222
https://orcid.org/0000-0002-6427-3222
https://orcid.org/0000-0002-6427-3222
https://orcid.org/0000-0002-6427-3222
https://orcid.org/0000-0002-5243-5917
https://orcid.org/0000-0002-5243-5917
https://orcid.org/0000-0002-5243-5917
https://orcid.org/0000-0002-5243-5917
https://orcid.org/0000-0002-5243-5917
https://orcid.org/0000-0002-5243-5917
https://orcid.org/0000-0002-5243-5917
https://orcid.org/0000-0002-5243-5917
https://orcid.org/0000-0003-3600-2406
https://orcid.org/0000-0003-3600-2406
https://orcid.org/0000-0003-3600-2406
https://orcid.org/0000-0003-3600-2406
https://orcid.org/0000-0003-3600-2406
https://orcid.org/0000-0003-3600-2406
https://orcid.org/0000-0003-3600-2406
https://orcid.org/0000-0003-3600-2406
https://orcid.org/0000-0002-9225-7756
https://orcid.org/0000-0002-9225-7756
https://orcid.org/0000-0002-9225-7756
https://orcid.org/0000-0002-9225-7756
https://orcid.org/0000-0002-9225-7756
https://orcid.org/0000-0002-9225-7756
https://orcid.org/0000-0002-9225-7756
https://orcid.org/0000-0002-9225-7756
https://orcid.org/0000-0002-8581-5393
https://orcid.org/0000-0002-8581-5393
https://orcid.org/0000-0002-8581-5393
https://orcid.org/0000-0002-8581-5393
https://orcid.org/0000-0002-8581-5393
https://orcid.org/0000-0002-8581-5393
https://orcid.org/0000-0002-8581-5393
https://orcid.org/0000-0002-8581-5393
https://orcid.org/0000-0002-2003-4238
https://orcid.org/0000-0002-2003-4238
https://orcid.org/0000-0002-2003-4238
https://orcid.org/0000-0002-2003-4238
https://orcid.org/0000-0002-2003-4238
https://orcid.org/0000-0002-2003-4238
https://orcid.org/0000-0002-2003-4238
https://orcid.org/0000-0002-2003-4238
https://orcid.org/0000-0002-6335-0169
https://orcid.org/0000-0002-6335-0169
https://orcid.org/0000-0002-6335-0169
https://orcid.org/0000-0002-6335-0169
https://orcid.org/0000-0002-6335-0169
https://orcid.org/0000-0002-6335-0169
https://orcid.org/0000-0002-6335-0169
https://orcid.org/0000-0002-6335-0169
https://orcid.org/0000-0002-8042-9047
https://orcid.org/0000-0002-8042-9047
https://orcid.org/0000-0002-8042-9047
https://orcid.org/0000-0002-8042-9047
https://orcid.org/0000-0002-8042-9047
https://orcid.org/0000-0002-8042-9047
https://orcid.org/0000-0002-8042-9047
https://orcid.org/0000-0002-8042-9047
https://orcid.org/0000-0002-7031-4828
https://orcid.org/0000-0002-7031-4828
https://orcid.org/0000-0002-7031-4828
https://orcid.org/0000-0002-7031-4828
https://orcid.org/0000-0002-7031-4828
https://orcid.org/0000-0002-7031-4828
https://orcid.org/0000-0002-7031-4828
https://orcid.org/0000-0002-7031-4828
https://orcid.org/0000-0001-5078-9044
https://orcid.org/0000-0001-5078-9044
https://orcid.org/0000-0001-5078-9044
https://orcid.org/0000-0001-5078-9044
https://orcid.org/0000-0001-5078-9044
https://orcid.org/0000-0001-5078-9044
https://orcid.org/0000-0001-5078-9044
https://orcid.org/0000-0001-5078-9044
https://orcid.org/0000-0003-4366-8265
https://orcid.org/0000-0003-4366-8265
https://orcid.org/0000-0003-4366-8265
https://orcid.org/0000-0003-4366-8265
https://orcid.org/0000-0003-4366-8265
https://orcid.org/0000-0003-4366-8265
https://orcid.org/0000-0003-4366-8265
https://orcid.org/0000-0003-4366-8265
https://orcid.org/0000-0003-3258-5763
https://orcid.org/0000-0003-3258-5763
https://orcid.org/0000-0003-3258-5763
https://orcid.org/0000-0003-3258-5763
https://orcid.org/0000-0003-3258-5763
https://orcid.org/0000-0003-3258-5763
https://orcid.org/0000-0003-3258-5763
https://orcid.org/0000-0003-3258-5763
https://orcid.org/0000-0001-9143-8427
https://orcid.org/0000-0001-9143-8427
https://orcid.org/0000-0001-9143-8427
https://orcid.org/0000-0001-9143-8427
https://orcid.org/0000-0001-9143-8427
https://orcid.org/0000-0001-9143-8427
https://orcid.org/0000-0001-9143-8427
https://orcid.org/0000-0001-9143-8427
https://orcid.org/0000-0001-7758-7493
https://orcid.org/0000-0001-7758-7493
https://orcid.org/0000-0001-7758-7493
https://orcid.org/0000-0001-7758-7493
https://orcid.org/0000-0001-7758-7493
https://orcid.org/0000-0001-7758-7493
https://orcid.org/0000-0001-7758-7493
https://orcid.org/0000-0001-7758-7493
https://orcid.org/0000-0001-9602-0388
https://orcid.org/0000-0001-9602-0388
https://orcid.org/0000-0001-9602-0388
https://orcid.org/0000-0001-9602-0388
https://orcid.org/0000-0001-9602-0388
https://orcid.org/0000-0001-9602-0388
https://orcid.org/0000-0001-9602-0388
https://orcid.org/0000-0001-9602-0388
https://orcid.org/0000-0001-9200-8867
https://orcid.org/0000-0001-9200-8867
https://orcid.org/0000-0001-9200-8867
https://orcid.org/0000-0001-9200-8867
https://orcid.org/0000-0001-9200-8867
https://orcid.org/0000-0001-9200-8867
https://orcid.org/0000-0001-9200-8867
https://orcid.org/0000-0001-9200-8867
https://orcid.org/0000-0001-5620-6751
https://orcid.org/0000-0001-5620-6751
https://orcid.org/0000-0001-5620-6751
https://orcid.org/0000-0001-5620-6751
https://orcid.org/0000-0001-5620-6751
https://orcid.org/0000-0001-5620-6751
https://orcid.org/0000-0001-5620-6751
https://orcid.org/0000-0001-5620-6751
https://orcid.org/0000-0001-7663-0808
https://orcid.org/0000-0001-7663-0808
https://orcid.org/0000-0001-7663-0808
https://orcid.org/0000-0001-7663-0808
https://orcid.org/0000-0001-7663-0808
https://orcid.org/0000-0001-7663-0808
https://orcid.org/0000-0001-7663-0808
https://orcid.org/0000-0001-7663-0808
https://orcid.org/0000-0002-3780-5430
https://orcid.org/0000-0002-3780-5430
https://orcid.org/0000-0002-3780-5430
https://orcid.org/0000-0002-3780-5430
https://orcid.org/0000-0002-3780-5430
https://orcid.org/0000-0002-3780-5430
https://orcid.org/0000-0002-3780-5430
https://orcid.org/0000-0002-3780-5430
https://orcid.org/0000-0001-8798-0627
https://orcid.org/0000-0001-8798-0627
https://orcid.org/0000-0001-8798-0627
https://orcid.org/0000-0001-8798-0627
https://orcid.org/0000-0001-8798-0627
https://orcid.org/0000-0001-8798-0627
https://orcid.org/0000-0001-8798-0627
https://orcid.org/0000-0001-8798-0627
https://orcid.org/0000-0002-1019-6911
https://orcid.org/0000-0002-1019-6911
https://orcid.org/0000-0002-1019-6911
https://orcid.org/0000-0002-1019-6911
https://orcid.org/0000-0002-1019-6911
https://orcid.org/0000-0002-1019-6911
https://orcid.org/0000-0002-1019-6911
https://orcid.org/0000-0002-1019-6911
https://orcid.org/0000-0002-8680-5170
https://orcid.org/0000-0002-8680-5170
https://orcid.org/0000-0002-8680-5170
https://orcid.org/0000-0002-8680-5170
https://orcid.org/0000-0002-8680-5170
https://orcid.org/0000-0002-8680-5170
https://orcid.org/0000-0002-8680-5170
https://orcid.org/0000-0002-8680-5170
https://orcid.org/0000-0001-7099-765X
https://orcid.org/0000-0001-7099-765X
https://orcid.org/0000-0001-7099-765X
https://orcid.org/0000-0001-7099-765X
https://orcid.org/0000-0001-7099-765X
https://orcid.org/0000-0001-7099-765X
https://orcid.org/0000-0001-7099-765X
https://orcid.org/0000-0001-7099-765X
https://orcid.org/0000-0003-4977-0789
https://orcid.org/0000-0003-4977-0789
https://orcid.org/0000-0003-4977-0789
https://orcid.org/0000-0003-4977-0789
https://orcid.org/0000-0003-4977-0789
https://orcid.org/0000-0003-4977-0789
https://orcid.org/0000-0003-4977-0789
https://orcid.org/0000-0003-4977-0789
https://orcid.org/0000-0001-5895-0664
https://orcid.org/0000-0001-5895-0664
https://orcid.org/0000-0001-5895-0664
https://orcid.org/0000-0001-5895-0664
https://orcid.org/0000-0001-5895-0664
https://orcid.org/0000-0001-5895-0664
https://orcid.org/0000-0001-5895-0664
https://orcid.org/0000-0001-5895-0664


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
R. DeSalvo https://orcid.org/0000-0002-4818-0296
M. C. Díaz https://orcid.org/0000-0002-7555-8856
T. Dietrich https://orcid.org/0000-0003-2374-307X
C. Di Fronzo https://orcid.org/0000-0002-2693-6769
C. Di Giorgio https://orcid.org/0000-0003-2127-3991
F. Di Giovanni https://orcid.org/0000-0001-8568-9334
T. Di Girolamo https://orcid.org/0000-0003-2339-4471
A. Di Lieto https://orcid.org/0000-0002-4787-0754
A. Di Michele https://orcid.org/0000-0002-0357-2608
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
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://orcid.org/0000-0002-6134-7628
L. Dunn https://orcid.org/0000-0002-1769-6097
D. D’Urso https://orcid.org/0000-0002-8215-4542
T. Eckhardt https://orcid.org/0000-0002-1224-4681
G. Eddolls https://orcid.org/0000-0002-5895-4523
B. Edelman https://orcid.org/0000-0001-7648-1689
O. Edy https://orcid.org/0000-0001-9617-8724
A. Effler https://orcid.org/0000-0001-8242-3944
J. Eichholz https://orcid.org/0000-0002-2643-163X
A. Ejlli https://orcid.org/0000-0002-4149-4532
R. C. Essick https://orcid.org/0000-0001-8196-9267
H. Estellés https://orcid.org/0000-0001-6143-5532
D. Estevez https://orcid.org/0000-0002-3021-5964
M. Evans https://orcid.org/0000-0001-8459-4499
F. Fabrizi https://orcid.org/0000-0002-3809-065X
V. Fafone https://orcid.org/0000-0003-1314-1622
S. Fairhurst https://orcid.org/0000-0001-8480-1961
P. C. Fan https://orcid.org/0000-0003-3988-9022
A. M. Farah https://orcid.org/0000-0002-6121-0285
B. Farr https://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
E. Fenyvesi https://orcid.org/0000-0003-2777-3719
D. L. Ferguson https://orcid.org/0000-0002-4406-591X
A. Fernandez-Galiana https://orcid.org/0000-0002-
8940-9261
I. Ferrante https://orcid.org/0000-0002-0083-7228
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
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

R. Frey https://orcid.org/0000-0003-0341-2636
G. G. Fronzé https://orcid.org/0000-0003-0966-4279
W. E. Gabella https://orcid.org/0000-0003-2954-512X
B. U. Gadre https://orcid.org/0000-0002-1534-9761
J. R. Gair https://orcid.org/0000-0002-1671-3668
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. García-Quirós https://orcid.org/0000-0002-8059-2477
F. Garufi https://orcid.org/0000-0003-1391-6168
C. Gasbarra https://orcid.org/0000-0001-8335-9614
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
O. Gerberding https://orcid.org/0000-0001-7740-2698
L. Gergely https://orcid.org/0000-0003-3146-6201
S. Ghonge https://orcid.org/0000-0002-5476-938X
Abhirup Ghosh https://orcid.org/0000-0002-2112-8578
Archisman Ghosh https://orcid.org/0000-0003-0423-3533
Shaon Ghosh https://orcid.org/0000-0001-9901-6253
T. Ghosh https://orcid.org/0000-0001-9848-9905
J. A. Giaime https://orcid.org/0000-0002-3531-817X
P. Giri https://orcid.org/0000-0002-4628-2432
S. Gkaitatzis https://orcid.org/0000-0001-9420-7499
E. Goetz https://orcid.org/0000-0003-2666-721X
R. Goetz https://orcid.org/0000-0002-9617-5520
B. Goncharov https://orcid.org/0000-0003-3189-5807
G. González https://orcid.org/0000-0003-0199-3158
R. Gouaty https://orcid.org/0000-0001-5372-7084
A. Grado https://orcid.org/0000-0002-0501-8256
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
W. L. Griffiths https://orcid.org/0000-0001-8366-0108
H. L. Griggs https://orcid.org/0000-0001-5018-7908
A. Grimaldi https://orcid.org/0000-0002-6956-4301
H. Grote https://orcid.org/0000-0002-0797-3943
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
H. Guo https://orcid.org/0000-0002-3777-3117
Anuradha Gupta https://orcid.org/0000-0002-5441-9013
Ish Gupta https://orcid.org/0000-0001-6932-8715
F. Guzman https://orcid.org/0000-0001-9136-929X
L. Haegel https://orcid.org/0000-0002-3680-5519
O. Halim https://orcid.org/0000-0003-1326-5481
E. D. Hall https://orcid.org/0000-0001-9018-666X
W.-B. Han https://orcid.org/0000-0002-2039-0726
M. Haney https://orcid.org/0000-0001-7554-3665
O. A. Hannuksela https://orcid.org/0000-0002-3887-7137
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
D. Hartwig https://orcid.org/0000-0002-9742-0794
C.-J. Haster https://orcid.org/0000-0001-8040-9807
K. Haughian https://orcid.org/0000-0002-1223-7342
H. Hayakawa https://orcid.org/0000-0001-5370-3365
J. Healy https://orcid.org/0000-0002-5233-3320
A. Heidmann https://orcid.org/0000-0002-0784-5175

22

The Astrophysical Journal Supplement Series, 267:29 (28pp), 2023 August Abbott et al.

https://orcid.org/0000-0003-1354-7809
https://orcid.org/0000-0003-1354-7809
https://orcid.org/0000-0003-1354-7809
https://orcid.org/0000-0003-1354-7809
https://orcid.org/0000-0003-1354-7809
https://orcid.org/0000-0003-1354-7809
https://orcid.org/0000-0003-1354-7809
https://orcid.org/0000-0003-1354-7809
https://orcid.org/0000-0003-1014-8394
https://orcid.org/0000-0003-1014-8394
https://orcid.org/0000-0003-1014-8394
https://orcid.org/0000-0003-1014-8394
https://orcid.org/0000-0003-1014-8394
https://orcid.org/0000-0003-1014-8394
https://orcid.org/0000-0003-1014-8394
https://orcid.org/0000-0003-1014-8394
https://orcid.org/0000-0003-1556-8304
https://orcid.org/0000-0003-1556-8304
https://orcid.org/0000-0003-1556-8304
https://orcid.org/0000-0003-1556-8304
https://orcid.org/0000-0003-1556-8304
https://orcid.org/0000-0003-1556-8304
https://orcid.org/0000-0003-1556-8304
https://orcid.org/0000-0003-1556-8304
https://orcid.org/0000-0002-4004-947X
https://orcid.org/0000-0002-4004-947X
https://orcid.org/0000-0002-4004-947X
https://orcid.org/0000-0002-4004-947X
https://orcid.org/0000-0002-4004-947X
https://orcid.org/0000-0002-4004-947X
https://orcid.org/0000-0002-4004-947X
https://orcid.org/0000-0002-4004-947X
https://orcid.org/0000-0002-4818-0296
https://orcid.org/0000-0002-4818-0296
https://orcid.org/0000-0002-4818-0296
https://orcid.org/0000-0002-4818-0296
https://orcid.org/0000-0002-4818-0296
https://orcid.org/0000-0002-4818-0296
https://orcid.org/0000-0002-4818-0296
https://orcid.org/0000-0002-4818-0296
https://orcid.org/0000-0002-7555-8856
https://orcid.org/0000-0002-7555-8856
https://orcid.org/0000-0002-7555-8856
https://orcid.org/0000-0002-7555-8856
https://orcid.org/0000-0002-7555-8856
https://orcid.org/0000-0002-7555-8856
https://orcid.org/0000-0002-7555-8856
https://orcid.org/0000-0002-7555-8856
https://orcid.org/0000-0003-2374-307X
https://orcid.org/0000-0003-2374-307X
https://orcid.org/0000-0003-2374-307X
https://orcid.org/0000-0003-2374-307X
https://orcid.org/0000-0003-2374-307X
https://orcid.org/0000-0003-2374-307X
https://orcid.org/0000-0003-2374-307X
https://orcid.org/0000-0003-2374-307X
https://orcid.org/0000-0002-2693-6769
https://orcid.org/0000-0002-2693-6769
https://orcid.org/0000-0002-2693-6769
https://orcid.org/0000-0002-2693-6769
https://orcid.org/0000-0002-2693-6769
https://orcid.org/0000-0002-2693-6769
https://orcid.org/0000-0002-2693-6769
https://orcid.org/0000-0002-2693-6769
https://orcid.org/0000-0003-2127-3991
https://orcid.org/0000-0003-2127-3991
https://orcid.org/0000-0003-2127-3991
https://orcid.org/0000-0003-2127-3991
https://orcid.org/0000-0003-2127-3991
https://orcid.org/0000-0003-2127-3991
https://orcid.org/0000-0003-2127-3991
https://orcid.org/0000-0003-2127-3991
https://orcid.org/0000-0001-8568-9334
https://orcid.org/0000-0001-8568-9334
https://orcid.org/0000-0001-8568-9334
https://orcid.org/0000-0001-8568-9334
https://orcid.org/0000-0001-8568-9334
https://orcid.org/0000-0001-8568-9334
https://orcid.org/0000-0001-8568-9334
https://orcid.org/0000-0001-8568-9334
https://orcid.org/0000-0003-2339-4471
https://orcid.org/0000-0003-2339-4471
https://orcid.org/0000-0003-2339-4471
https://orcid.org/0000-0003-2339-4471
https://orcid.org/0000-0003-2339-4471
https://orcid.org/0000-0003-2339-4471
https://orcid.org/0000-0003-2339-4471
https://orcid.org/0000-0003-2339-4471
https://orcid.org/0000-0002-4787-0754
https://orcid.org/0000-0002-4787-0754
https://orcid.org/0000-0002-4787-0754
https://orcid.org/0000-0002-4787-0754
https://orcid.org/0000-0002-4787-0754
https://orcid.org/0000-0002-4787-0754
https://orcid.org/0000-0002-4787-0754
https://orcid.org/0000-0002-4787-0754
https://orcid.org/0000-0002-0357-2608
https://orcid.org/0000-0002-0357-2608
https://orcid.org/0000-0002-0357-2608
https://orcid.org/0000-0002-0357-2608
https://orcid.org/0000-0002-0357-2608
https://orcid.org/0000-0002-0357-2608
https://orcid.org/0000-0002-0357-2608
https://orcid.org/0000-0002-0357-2608
https://orcid.org/0000-0001-6759-5676
https://orcid.org/0000-0001-6759-5676
https://orcid.org/0000-0001-6759-5676
https://orcid.org/0000-0001-6759-5676
https://orcid.org/0000-0001-6759-5676
https://orcid.org/0000-0001-6759-5676
https://orcid.org/0000-0001-6759-5676
https://orcid.org/0000-0001-6759-5676
https://orcid.org/0000-0003-1544-8943
https://orcid.org/0000-0003-1544-8943
https://orcid.org/0000-0003-1544-8943
https://orcid.org/0000-0003-1544-8943
https://orcid.org/0000-0003-1544-8943
https://orcid.org/0000-0003-1544-8943
https://orcid.org/0000-0003-1544-8943
https://orcid.org/0000-0003-1544-8943
https://orcid.org/0000-0002-5447-3810
https://orcid.org/0000-0002-5447-3810
https://orcid.org/0000-0002-5447-3810
https://orcid.org/0000-0002-5447-3810
https://orcid.org/0000-0002-5447-3810
https://orcid.org/0000-0002-5447-3810
https://orcid.org/0000-0002-5447-3810
https://orcid.org/0000-0002-5447-3810
https://orcid.org/0000-0002-2787-1012
https://orcid.org/0000-0002-2787-1012
https://orcid.org/0000-0002-2787-1012
https://orcid.org/0000-0002-2787-1012
https://orcid.org/0000-0002-2787-1012
https://orcid.org/0000-0002-2787-1012
https://orcid.org/0000-0002-2787-1012
https://orcid.org/0000-0002-2787-1012
https://orcid.org/0000-0002-0314-956X
https://orcid.org/0000-0002-0314-956X
https://orcid.org/0000-0002-0314-956X
https://orcid.org/0000-0002-0314-956X
https://orcid.org/0000-0002-0314-956X
https://orcid.org/0000-0002-0314-956X
https://orcid.org/0000-0002-0314-956X
https://orcid.org/0000-0002-0314-956X
https://orcid.org/0000-0002-2077-4914
https://orcid.org/0000-0002-2077-4914
https://orcid.org/0000-0002-2077-4914
https://orcid.org/0000-0002-2077-4914
https://orcid.org/0000-0002-2077-4914
https://orcid.org/0000-0002-2077-4914
https://orcid.org/0000-0002-2077-4914
https://orcid.org/0000-0002-2077-4914
https://orcid.org/0000-0001-9546-5959
https://orcid.org/0000-0001-9546-5959
https://orcid.org/0000-0001-9546-5959
https://orcid.org/0000-0001-9546-5959
https://orcid.org/0000-0001-9546-5959
https://orcid.org/0000-0001-9546-5959
https://orcid.org/0000-0001-9546-5959
https://orcid.org/0000-0001-9546-5959
https://orcid.org/0000-0002-1636-0233
https://orcid.org/0000-0002-1636-0233
https://orcid.org/0000-0002-1636-0233
https://orcid.org/0000-0002-1636-0233
https://orcid.org/0000-0002-1636-0233
https://orcid.org/0000-0002-1636-0233
https://orcid.org/0000-0002-1636-0233
https://orcid.org/0000-0002-1636-0233
https://orcid.org/0000-0001-8750-8330
https://orcid.org/0000-0001-8750-8330
https://orcid.org/0000-0001-8750-8330
https://orcid.org/0000-0001-8750-8330
https://orcid.org/0000-0001-8750-8330
https://orcid.org/0000-0001-8750-8330
https://orcid.org/0000-0001-8750-8330
https://orcid.org/0000-0001-8750-8330
https://orcid.org/0000-0002-3738-2431
https://orcid.org/0000-0002-3738-2431
https://orcid.org/0000-0002-3738-2431
https://orcid.org/0000-0002-3738-2431
https://orcid.org/0000-0002-3738-2431
https://orcid.org/0000-0002-3738-2431
https://orcid.org/0000-0002-3738-2431
https://orcid.org/0000-0002-3738-2431
https://orcid.org/0000-0002-6134-7628
https://orcid.org/0000-0002-6134-7628
https://orcid.org/0000-0002-6134-7628
https://orcid.org/0000-0002-6134-7628
https://orcid.org/0000-0002-6134-7628
https://orcid.org/0000-0002-6134-7628
https://orcid.org/0000-0002-6134-7628
https://orcid.org/0000-0002-6134-7628
https://orcid.org/0000-0002-1769-6097
https://orcid.org/0000-0002-1769-6097
https://orcid.org/0000-0002-1769-6097
https://orcid.org/0000-0002-1769-6097
https://orcid.org/0000-0002-1769-6097
https://orcid.org/0000-0002-1769-6097
https://orcid.org/0000-0002-1769-6097
https://orcid.org/0000-0002-1769-6097
https://orcid.org/0000-0002-8215-4542
https://orcid.org/0000-0002-8215-4542
https://orcid.org/0000-0002-8215-4542
https://orcid.org/0000-0002-8215-4542
https://orcid.org/0000-0002-8215-4542
https://orcid.org/0000-0002-8215-4542
https://orcid.org/0000-0002-8215-4542
https://orcid.org/0000-0002-8215-4542
https://orcid.org/0000-0002-1224-4681
https://orcid.org/0000-0002-1224-4681
https://orcid.org/0000-0002-1224-4681
https://orcid.org/0000-0002-1224-4681
https://orcid.org/0000-0002-1224-4681
https://orcid.org/0000-0002-1224-4681
https://orcid.org/0000-0002-1224-4681
https://orcid.org/0000-0002-1224-4681
https://orcid.org/0000-0002-5895-4523
https://orcid.org/0000-0002-5895-4523
https://orcid.org/0000-0002-5895-4523
https://orcid.org/0000-0002-5895-4523
https://orcid.org/0000-0002-5895-4523
https://orcid.org/0000-0002-5895-4523
https://orcid.org/0000-0002-5895-4523
https://orcid.org/0000-0002-5895-4523
https://orcid.org/0000-0001-7648-1689
https://orcid.org/0000-0001-7648-1689
https://orcid.org/0000-0001-7648-1689
https://orcid.org/0000-0001-7648-1689
https://orcid.org/0000-0001-7648-1689
https://orcid.org/0000-0001-7648-1689
https://orcid.org/0000-0001-7648-1689
https://orcid.org/0000-0001-7648-1689
https://orcid.org/0000-0001-9617-8724
https://orcid.org/0000-0001-9617-8724
https://orcid.org/0000-0001-9617-8724
https://orcid.org/0000-0001-9617-8724
https://orcid.org/0000-0001-9617-8724
https://orcid.org/0000-0001-9617-8724
https://orcid.org/0000-0001-9617-8724
https://orcid.org/0000-0001-9617-8724
https://orcid.org/0000-0001-8242-3944
https://orcid.org/0000-0001-8242-3944
https://orcid.org/0000-0001-8242-3944
https://orcid.org/0000-0001-8242-3944
https://orcid.org/0000-0001-8242-3944
https://orcid.org/0000-0001-8242-3944
https://orcid.org/0000-0001-8242-3944
https://orcid.org/0000-0001-8242-3944
https://orcid.org/0000-0002-2643-163X
https://orcid.org/0000-0002-2643-163X
https://orcid.org/0000-0002-2643-163X
https://orcid.org/0000-0002-2643-163X
https://orcid.org/0000-0002-2643-163X
https://orcid.org/0000-0002-2643-163X
https://orcid.org/0000-0002-2643-163X
https://orcid.org/0000-0002-2643-163X
https://orcid.org/0000-0002-4149-4532
https://orcid.org/0000-0002-4149-4532
https://orcid.org/0000-0002-4149-4532
https://orcid.org/0000-0002-4149-4532
https://orcid.org/0000-0002-4149-4532
https://orcid.org/0000-0002-4149-4532
https://orcid.org/0000-0002-4149-4532
https://orcid.org/0000-0002-4149-4532
https://orcid.org/0000-0001-8196-9267
https://orcid.org/0000-0001-8196-9267
https://orcid.org/0000-0001-8196-9267
https://orcid.org/0000-0001-8196-9267
https://orcid.org/0000-0001-8196-9267
https://orcid.org/0000-0001-8196-9267
https://orcid.org/0000-0001-8196-9267
https://orcid.org/0000-0001-8196-9267
https://orcid.org/0000-0001-6143-5532
https://orcid.org/0000-0001-6143-5532
https://orcid.org/0000-0001-6143-5532
https://orcid.org/0000-0001-6143-5532
https://orcid.org/0000-0001-6143-5532
https://orcid.org/0000-0001-6143-5532
https://orcid.org/0000-0001-6143-5532
https://orcid.org/0000-0001-6143-5532
https://orcid.org/0000-0002-3021-5964
https://orcid.org/0000-0002-3021-5964
https://orcid.org/0000-0002-3021-5964
https://orcid.org/0000-0002-3021-5964
https://orcid.org/0000-0002-3021-5964
https://orcid.org/0000-0002-3021-5964
https://orcid.org/0000-0002-3021-5964
https://orcid.org/0000-0002-3021-5964
https://orcid.org/0000-0001-8459-4499
https://orcid.org/0000-0001-8459-4499
https://orcid.org/0000-0001-8459-4499
https://orcid.org/0000-0001-8459-4499
https://orcid.org/0000-0001-8459-4499
https://orcid.org/0000-0001-8459-4499
https://orcid.org/0000-0001-8459-4499
https://orcid.org/0000-0001-8459-4499
https://orcid.org/0000-0002-3809-065X
https://orcid.org/0000-0002-3809-065X
https://orcid.org/0000-0002-3809-065X
https://orcid.org/0000-0002-3809-065X
https://orcid.org/0000-0002-3809-065X
https://orcid.org/0000-0002-3809-065X
https://orcid.org/0000-0002-3809-065X
https://orcid.org/0000-0002-3809-065X
https://orcid.org/0000-0003-1314-1622
https://orcid.org/0000-0003-1314-1622
https://orcid.org/0000-0003-1314-1622
https://orcid.org/0000-0003-1314-1622
https://orcid.org/0000-0003-1314-1622
https://orcid.org/0000-0003-1314-1622
https://orcid.org/0000-0003-1314-1622
https://orcid.org/0000-0003-1314-1622
https://orcid.org/0000-0001-8480-1961
https://orcid.org/0000-0001-8480-1961
https://orcid.org/0000-0001-8480-1961
https://orcid.org/0000-0001-8480-1961
https://orcid.org/0000-0001-8480-1961
https://orcid.org/0000-0001-8480-1961
https://orcid.org/0000-0001-8480-1961
https://orcid.org/0000-0001-8480-1961
https://orcid.org/0000-0003-3988-9022
https://orcid.org/0000-0003-3988-9022
https://orcid.org/0000-0003-3988-9022
https://orcid.org/0000-0003-3988-9022
https://orcid.org/0000-0003-3988-9022
https://orcid.org/0000-0003-3988-9022
https://orcid.org/0000-0003-3988-9022
https://orcid.org/0000-0003-3988-9022
https://orcid.org/0000-0002-6121-0285
https://orcid.org/0000-0002-6121-0285
https://orcid.org/0000-0002-6121-0285
https://orcid.org/0000-0002-6121-0285
https://orcid.org/0000-0002-6121-0285
https://orcid.org/0000-0002-6121-0285
https://orcid.org/0000-0002-6121-0285
https://orcid.org/0000-0002-6121-0285
https://orcid.org/0000-0002-2916-9200
https://orcid.org/0000-0002-2916-9200
https://orcid.org/0000-0002-2916-9200
https://orcid.org/0000-0002-2916-9200
https://orcid.org/0000-0002-2916-9200
https://orcid.org/0000-0002-2916-9200
https://orcid.org/0000-0002-2916-9200
https://orcid.org/0000-0002-2916-9200
https://orcid.org/0000-0003-1540-8562
https://orcid.org/0000-0003-1540-8562
https://orcid.org/0000-0003-1540-8562
https://orcid.org/0000-0003-1540-8562
https://orcid.org/0000-0003-1540-8562
https://orcid.org/0000-0003-1540-8562
https://orcid.org/0000-0003-1540-8562
https://orcid.org/0000-0003-1540-8562
https://orcid.org/0000-0002-0351-6833
https://orcid.org/0000-0002-0351-6833
https://orcid.org/0000-0002-0351-6833
https://orcid.org/0000-0002-0351-6833
https://orcid.org/0000-0002-0351-6833
https://orcid.org/0000-0002-0351-6833
https://orcid.org/0000-0002-0351-6833
https://orcid.org/0000-0002-0351-6833
https://orcid.org/0000-0001-8270-9512
https://orcid.org/0000-0001-8270-9512
https://orcid.org/0000-0001-8270-9512
https://orcid.org/0000-0001-8270-9512
https://orcid.org/0000-0001-8270-9512
https://orcid.org/0000-0001-8270-9512
https://orcid.org/0000-0001-8270-9512
https://orcid.org/0000-0001-8270-9512
https://orcid.org/0000-0002-4390-9746
https://orcid.org/0000-0002-4390-9746
https://orcid.org/0000-0002-4390-9746
https://orcid.org/0000-0002-4390-9746
https://orcid.org/0000-0002-4390-9746
https://orcid.org/0000-0002-4390-9746
https://orcid.org/0000-0002-4390-9746
https://orcid.org/0000-0002-4390-9746
https://orcid.org/0000-0003-2777-3719
https://orcid.org/0000-0003-2777-3719
https://orcid.org/0000-0003-2777-3719
https://orcid.org/0000-0003-2777-3719
https://orcid.org/0000-0003-2777-3719
https://orcid.org/0000-0003-2777-3719
https://orcid.org/0000-0003-2777-3719
https://orcid.org/0000-0003-2777-3719
https://orcid.org/0000-0002-4406-591X
https://orcid.org/0000-0002-4406-591X
https://orcid.org/0000-0002-4406-591X
https://orcid.org/0000-0002-4406-591X
https://orcid.org/0000-0002-4406-591X
https://orcid.org/0000-0002-4406-591X
https://orcid.org/0000-0002-4406-591X
https://orcid.org/0000-0002-4406-591X
https://orcid.org/0000-0002-8940-9261
https://orcid.org/0000-0002-8940-9261
https://orcid.org/0000-0002-8940-9261
https://orcid.org/0000-0002-8940-9261
https://orcid.org/0000-0002-8940-9261
https://orcid.org/0000-0002-8940-9261
https://orcid.org/0000-0002-8940-9261
https://orcid.org/0000-0002-8940-9261
https://orcid.org/0000-0002-8940-9261
https://orcid.org/0000-0002-0083-7228
https://orcid.org/0000-0002-0083-7228
https://orcid.org/0000-0002-0083-7228
https://orcid.org/0000-0002-0083-7228
https://orcid.org/0000-0002-0083-7228
https://orcid.org/0000-0002-0083-7228
https://orcid.org/0000-0002-0083-7228
https://orcid.org/0000-0002-0083-7228
https://orcid.org/0000-0002-6189-3311
https://orcid.org/0000-0002-6189-3311
https://orcid.org/0000-0002-6189-3311
https://orcid.org/0000-0002-6189-3311
https://orcid.org/0000-0002-6189-3311
https://orcid.org/0000-0002-6189-3311
https://orcid.org/0000-0002-6189-3311
https://orcid.org/0000-0002-6189-3311
https://orcid.org/0000-0002-8925-0393
https://orcid.org/0000-0002-8925-0393
https://orcid.org/0000-0002-8925-0393
https://orcid.org/0000-0002-8925-0393
https://orcid.org/0000-0002-8925-0393
https://orcid.org/0000-0002-8925-0393
https://orcid.org/0000-0002-8925-0393
https://orcid.org/0000-0002-8925-0393
https://orcid.org/0000-0003-3174-0688
https://orcid.org/0000-0003-3174-0688
https://orcid.org/0000-0003-3174-0688
https://orcid.org/0000-0003-3174-0688
https://orcid.org/0000-0003-3174-0688
https://orcid.org/0000-0003-3174-0688
https://orcid.org/0000-0003-3174-0688
https://orcid.org/0000-0003-3174-0688
https://orcid.org/0000-0002-0210-516X
https://orcid.org/0000-0002-0210-516X
https://orcid.org/0000-0002-0210-516X
https://orcid.org/0000-0002-0210-516X
https://orcid.org/0000-0002-0210-516X
https://orcid.org/0000-0002-0210-516X
https://orcid.org/0000-0002-0210-516X
https://orcid.org/0000-0002-0210-516X
https://orcid.org/0000-0002-1980-5293
https://orcid.org/0000-0002-1980-5293
https://orcid.org/0000-0002-1980-5293
https://orcid.org/0000-0002-1980-5293
https://orcid.org/0000-0002-1980-5293
https://orcid.org/0000-0002-1980-5293
https://orcid.org/0000-0002-1980-5293
https://orcid.org/0000-0002-1980-5293
https://orcid.org/0000-0001-7884-9993
https://orcid.org/0000-0001-7884-9993
https://orcid.org/0000-0001-7884-9993
https://orcid.org/0000-0001-7884-9993
https://orcid.org/0000-0001-7884-9993
https://orcid.org/0000-0001-7884-9993
https://orcid.org/0000-0001-7884-9993
https://orcid.org/0000-0001-7884-9993
https://orcid.org/0000-0001-6650-2634
https://orcid.org/0000-0001-6650-2634
https://orcid.org/0000-0001-6650-2634
https://orcid.org/0000-0001-6650-2634
https://orcid.org/0000-0001-6650-2634
https://orcid.org/0000-0001-6650-2634
https://orcid.org/0000-0001-6650-2634
https://orcid.org/0000-0001-6650-2634
https://orcid.org/0000-0003-3271-2080
https://orcid.org/0000-0003-3271-2080
https://orcid.org/0000-0003-3271-2080
https://orcid.org/0000-0003-3271-2080
https://orcid.org/0000-0003-3271-2080
https://orcid.org/0000-0003-3271-2080
https://orcid.org/0000-0003-3271-2080
https://orcid.org/0000-0003-3271-2080
https://orcid.org/0000-0003-4204-6587
https://orcid.org/0000-0003-4204-6587
https://orcid.org/0000-0003-4204-6587
https://orcid.org/0000-0003-4204-6587
https://orcid.org/0000-0003-4204-6587
https://orcid.org/0000-0003-4204-6587
https://orcid.org/0000-0003-4204-6587
https://orcid.org/0000-0003-4204-6587
https://orcid.org/0000-0002-0181-8491
https://orcid.org/0000-0002-0181-8491
https://orcid.org/0000-0002-0181-8491
https://orcid.org/0000-0002-0181-8491
https://orcid.org/0000-0002-0181-8491
https://orcid.org/0000-0002-0181-8491
https://orcid.org/0000-0002-0181-8491
https://orcid.org/0000-0002-0181-8491
https://orcid.org/0000-0001-6586-9901
https://orcid.org/0000-0001-6586-9901
https://orcid.org/0000-0001-6586-9901
https://orcid.org/0000-0001-6586-9901
https://orcid.org/0000-0001-6586-9901
https://orcid.org/0000-0001-6586-9901
https://orcid.org/0000-0001-6586-9901
https://orcid.org/0000-0001-6586-9901
https://orcid.org/0000-0003-0341-2636
https://orcid.org/0000-0003-0341-2636
https://orcid.org/0000-0003-0341-2636
https://orcid.org/0000-0003-0341-2636
https://orcid.org/0000-0003-0341-2636
https://orcid.org/0000-0003-0341-2636
https://orcid.org/0000-0003-0341-2636
https://orcid.org/0000-0003-0341-2636
https://orcid.org/0000-0003-0966-4279
https://orcid.org/0000-0003-0966-4279
https://orcid.org/0000-0003-0966-4279
https://orcid.org/0000-0003-0966-4279
https://orcid.org/0000-0003-0966-4279
https://orcid.org/0000-0003-0966-4279
https://orcid.org/0000-0003-0966-4279
https://orcid.org/0000-0003-0966-4279
https://orcid.org/0000-0003-2954-512X
https://orcid.org/0000-0003-2954-512X
https://orcid.org/0000-0003-2954-512X
https://orcid.org/0000-0003-2954-512X
https://orcid.org/0000-0003-2954-512X
https://orcid.org/0000-0003-2954-512X
https://orcid.org/0000-0003-2954-512X
https://orcid.org/0000-0003-2954-512X
https://orcid.org/0000-0002-1534-9761
https://orcid.org/0000-0002-1534-9761
https://orcid.org/0000-0002-1534-9761
https://orcid.org/0000-0002-1534-9761
https://orcid.org/0000-0002-1534-9761
https://orcid.org/0000-0002-1534-9761
https://orcid.org/0000-0002-1534-9761
https://orcid.org/0000-0002-1534-9761
https://orcid.org/0000-0002-1671-3668
https://orcid.org/0000-0002-1671-3668
https://orcid.org/0000-0002-1671-3668
https://orcid.org/0000-0002-1671-3668
https://orcid.org/0000-0002-1671-3668
https://orcid.org/0000-0002-1671-3668
https://orcid.org/0000-0002-1671-3668
https://orcid.org/0000-0002-1671-3668
https://orcid.org/0000-0003-3028-4174
https://orcid.org/0000-0003-3028-4174
https://orcid.org/0000-0003-3028-4174
https://orcid.org/0000-0003-3028-4174
https://orcid.org/0000-0003-3028-4174
https://orcid.org/0000-0003-3028-4174
https://orcid.org/0000-0003-3028-4174
https://orcid.org/0000-0003-3028-4174
https://orcid.org/0000-0001-7394-0755
https://orcid.org/0000-0001-7394-0755
https://orcid.org/0000-0001-7394-0755
https://orcid.org/0000-0001-7394-0755
https://orcid.org/0000-0001-7394-0755
https://orcid.org/0000-0001-7394-0755
https://orcid.org/0000-0001-7394-0755
https://orcid.org/0000-0001-7394-0755
https://orcid.org/0000-0003-2490-404X
https://orcid.org/0000-0003-2490-404X
https://orcid.org/0000-0003-2490-404X
https://orcid.org/0000-0003-2490-404X
https://orcid.org/0000-0003-2490-404X
https://orcid.org/0000-0003-2490-404X
https://orcid.org/0000-0003-2490-404X
https://orcid.org/0000-0003-2490-404X
https://orcid.org/0000-0002-9370-8360
https://orcid.org/0000-0002-9370-8360
https://orcid.org/0000-0002-9370-8360
https://orcid.org/0000-0002-9370-8360
https://orcid.org/0000-0002-9370-8360
https://orcid.org/0000-0002-9370-8360
https://orcid.org/0000-0002-9370-8360
https://orcid.org/0000-0002-9370-8360
https://orcid.org/0000-0002-8059-2477
https://orcid.org/0000-0002-8059-2477
https://orcid.org/0000-0002-8059-2477
https://orcid.org/0000-0002-8059-2477
https://orcid.org/0000-0002-8059-2477
https://orcid.org/0000-0002-8059-2477
https://orcid.org/0000-0002-8059-2477
https://orcid.org/0000-0002-8059-2477
https://orcid.org/0000-0003-1391-6168
https://orcid.org/0000-0003-1391-6168
https://orcid.org/0000-0003-1391-6168
https://orcid.org/0000-0003-1391-6168
https://orcid.org/0000-0003-1391-6168
https://orcid.org/0000-0003-1391-6168
https://orcid.org/0000-0003-1391-6168
https://orcid.org/0000-0003-1391-6168
https://orcid.org/0000-0001-8335-9614
https://orcid.org/0000-0001-8335-9614
https://orcid.org/0000-0001-8335-9614
https://orcid.org/0000-0001-8335-9614
https://orcid.org/0000-0001-8335-9614
https://orcid.org/0000-0001-8335-9614
https://orcid.org/0000-0001-8335-9614
https://orcid.org/0000-0001-8335-9614
https://orcid.org/0000-0002-7167-9888
https://orcid.org/0000-0002-7167-9888
https://orcid.org/0000-0002-7167-9888
https://orcid.org/0000-0002-7167-9888
https://orcid.org/0000-0002-7167-9888
https://orcid.org/0000-0002-7167-9888
https://orcid.org/0000-0002-7167-9888
https://orcid.org/0000-0002-7167-9888
https://orcid.org/0000-0002-1127-7406
https://orcid.org/0000-0002-1127-7406
https://orcid.org/0000-0002-1127-7406
https://orcid.org/0000-0002-1127-7406
https://orcid.org/0000-0002-1127-7406
https://orcid.org/0000-0002-1127-7406
https://orcid.org/0000-0002-1127-7406
https://orcid.org/0000-0002-1127-7406
https://orcid.org/0000-0003-0149-2089
https://orcid.org/0000-0003-0149-2089
https://orcid.org/0000-0003-0149-2089
https://orcid.org/0000-0003-0149-2089
https://orcid.org/0000-0003-0149-2089
https://orcid.org/0000-0003-0149-2089
https://orcid.org/0000-0003-0149-2089
https://orcid.org/0000-0003-0149-2089
https://orcid.org/0000-0001-7740-2698
https://orcid.org/0000-0001-7740-2698
https://orcid.org/0000-0001-7740-2698
https://orcid.org/0000-0001-7740-2698
https://orcid.org/0000-0001-7740-2698
https://orcid.org/0000-0001-7740-2698
https://orcid.org/0000-0001-7740-2698
https://orcid.org/0000-0001-7740-2698
https://orcid.org/0000-0003-3146-6201
https://orcid.org/0000-0003-3146-6201
https://orcid.org/0000-0003-3146-6201
https://orcid.org/0000-0003-3146-6201
https://orcid.org/0000-0003-3146-6201
https://orcid.org/0000-0003-3146-6201
https://orcid.org/0000-0003-3146-6201
https://orcid.org/0000-0003-3146-6201
https://orcid.org/0000-0002-5476-938X
https://orcid.org/0000-0002-5476-938X
https://orcid.org/0000-0002-5476-938X
https://orcid.org/0000-0002-5476-938X
https://orcid.org/0000-0002-5476-938X
https://orcid.org/0000-0002-5476-938X
https://orcid.org/0000-0002-5476-938X
https://orcid.org/0000-0002-5476-938X
https://orcid.org/0000-0002-2112-8578
https://orcid.org/0000-0002-2112-8578
https://orcid.org/0000-0002-2112-8578
https://orcid.org/0000-0002-2112-8578
https://orcid.org/0000-0002-2112-8578
https://orcid.org/0000-0002-2112-8578
https://orcid.org/0000-0002-2112-8578
https://orcid.org/0000-0002-2112-8578
https://orcid.org/0000-0003-0423-3533
https://orcid.org/0000-0003-0423-3533
https://orcid.org/0000-0003-0423-3533
https://orcid.org/0000-0003-0423-3533
https://orcid.org/0000-0003-0423-3533
https://orcid.org/0000-0003-0423-3533
https://orcid.org/0000-0003-0423-3533
https://orcid.org/0000-0003-0423-3533
https://orcid.org/0000-0001-9901-6253
https://orcid.org/0000-0001-9901-6253
https://orcid.org/0000-0001-9901-6253
https://orcid.org/0000-0001-9901-6253
https://orcid.org/0000-0001-9901-6253
https://orcid.org/0000-0001-9901-6253
https://orcid.org/0000-0001-9901-6253
https://orcid.org/0000-0001-9901-6253
https://orcid.org/0000-0001-9848-9905
https://orcid.org/0000-0001-9848-9905
https://orcid.org/0000-0001-9848-9905
https://orcid.org/0000-0001-9848-9905
https://orcid.org/0000-0001-9848-9905
https://orcid.org/0000-0001-9848-9905
https://orcid.org/0000-0001-9848-9905
https://orcid.org/0000-0001-9848-9905
https://orcid.org/0000-0002-3531-817X
https://orcid.org/0000-0002-3531-817X
https://orcid.org/0000-0002-3531-817X
https://orcid.org/0000-0002-3531-817X
https://orcid.org/0000-0002-3531-817X
https://orcid.org/0000-0002-3531-817X
https://orcid.org/0000-0002-3531-817X
https://orcid.org/0000-0002-3531-817X
https://orcid.org/0000-0002-4628-2432
https://orcid.org/0000-0002-4628-2432
https://orcid.org/0000-0002-4628-2432
https://orcid.org/0000-0002-4628-2432
https://orcid.org/0000-0002-4628-2432
https://orcid.org/0000-0002-4628-2432
https://orcid.org/0000-0002-4628-2432
https://orcid.org/0000-0002-4628-2432
https://orcid.org/0000-0001-9420-7499
https://orcid.org/0000-0001-9420-7499
https://orcid.org/0000-0001-9420-7499
https://orcid.org/0000-0001-9420-7499
https://orcid.org/0000-0001-9420-7499
https://orcid.org/0000-0001-9420-7499
https://orcid.org/0000-0001-9420-7499
https://orcid.org/0000-0001-9420-7499
https://orcid.org/0000-0003-2666-721X
https://orcid.org/0000-0003-2666-721X
https://orcid.org/0000-0003-2666-721X
https://orcid.org/0000-0003-2666-721X
https://orcid.org/0000-0003-2666-721X
https://orcid.org/0000-0003-2666-721X
https://orcid.org/0000-0003-2666-721X
https://orcid.org/0000-0003-2666-721X
https://orcid.org/0000-0002-9617-5520
https://orcid.org/0000-0002-9617-5520
https://orcid.org/0000-0002-9617-5520
https://orcid.org/0000-0002-9617-5520
https://orcid.org/0000-0002-9617-5520
https://orcid.org/0000-0002-9617-5520
https://orcid.org/0000-0002-9617-5520
https://orcid.org/0000-0002-9617-5520
https://orcid.org/0000-0003-3189-5807
https://orcid.org/0000-0003-3189-5807
https://orcid.org/0000-0003-3189-5807
https://orcid.org/0000-0003-3189-5807
https://orcid.org/0000-0003-3189-5807
https://orcid.org/0000-0003-3189-5807
https://orcid.org/0000-0003-3189-5807
https://orcid.org/0000-0003-3189-5807
https://orcid.org/0000-0003-0199-3158
https://orcid.org/0000-0003-0199-3158
https://orcid.org/0000-0003-0199-3158
https://orcid.org/0000-0003-0199-3158
https://orcid.org/0000-0003-0199-3158
https://orcid.org/0000-0003-0199-3158
https://orcid.org/0000-0003-0199-3158
https://orcid.org/0000-0003-0199-3158
https://orcid.org/0000-0001-5372-7084
https://orcid.org/0000-0001-5372-7084
https://orcid.org/0000-0001-5372-7084
https://orcid.org/0000-0001-5372-7084
https://orcid.org/0000-0001-5372-7084
https://orcid.org/0000-0001-5372-7084
https://orcid.org/0000-0001-5372-7084
https://orcid.org/0000-0001-5372-7084
https://orcid.org/0000-0002-0501-8256
https://orcid.org/0000-0002-0501-8256
https://orcid.org/0000-0002-0501-8256
https://orcid.org/0000-0002-0501-8256
https://orcid.org/0000-0002-0501-8256
https://orcid.org/0000-0002-0501-8256
https://orcid.org/0000-0002-0501-8256
https://orcid.org/0000-0002-0501-8256
https://orcid.org/0000-0003-3275-1186
https://orcid.org/0000-0003-3275-1186
https://orcid.org/0000-0003-3275-1186
https://orcid.org/0000-0003-3275-1186
https://orcid.org/0000-0003-3275-1186
https://orcid.org/0000-0003-3275-1186
https://orcid.org/0000-0003-3275-1186
https://orcid.org/0000-0003-3275-1186
https://orcid.org/0000-0003-2246-6963
https://orcid.org/0000-0003-2246-6963
https://orcid.org/0000-0003-2246-6963
https://orcid.org/0000-0003-2246-6963
https://orcid.org/0000-0003-2246-6963
https://orcid.org/0000-0003-2246-6963
https://orcid.org/0000-0003-2246-6963
https://orcid.org/0000-0003-2246-6963
https://orcid.org/0000-0002-5556-9873
https://orcid.org/0000-0002-5556-9873
https://orcid.org/0000-0002-5556-9873
https://orcid.org/0000-0002-5556-9873
https://orcid.org/0000-0002-5556-9873
https://orcid.org/0000-0002-5556-9873
https://orcid.org/0000-0002-5556-9873
https://orcid.org/0000-0002-5556-9873
https://orcid.org/0000-0002-6287-8746
https://orcid.org/0000-0002-6287-8746
https://orcid.org/0000-0002-6287-8746
https://orcid.org/0000-0002-6287-8746
https://orcid.org/0000-0002-6287-8746
https://orcid.org/0000-0002-6287-8746
https://orcid.org/0000-0002-6287-8746
https://orcid.org/0000-0002-6287-8746
https://orcid.org/0000-0002-6987-6313
https://orcid.org/0000-0002-6987-6313
https://orcid.org/0000-0002-6987-6313
https://orcid.org/0000-0002-6987-6313
https://orcid.org/0000-0002-6987-6313
https://orcid.org/0000-0002-6987-6313
https://orcid.org/0000-0002-6987-6313
https://orcid.org/0000-0002-6987-6313
https://orcid.org/0000-0001-8366-0108
https://orcid.org/0000-0001-8366-0108
https://orcid.org/0000-0001-8366-0108
https://orcid.org/0000-0001-8366-0108
https://orcid.org/0000-0001-8366-0108
https://orcid.org/0000-0001-8366-0108
https://orcid.org/0000-0001-8366-0108
https://orcid.org/0000-0001-8366-0108
https://orcid.org/0000-0001-5018-7908
https://orcid.org/0000-0001-5018-7908
https://orcid.org/0000-0001-5018-7908
https://orcid.org/0000-0001-5018-7908
https://orcid.org/0000-0001-5018-7908
https://orcid.org/0000-0001-5018-7908
https://orcid.org/0000-0001-5018-7908
https://orcid.org/0000-0001-5018-7908
https://orcid.org/0000-0002-6956-4301
https://orcid.org/0000-0002-6956-4301
https://orcid.org/0000-0002-6956-4301
https://orcid.org/0000-0002-6956-4301
https://orcid.org/0000-0002-6956-4301
https://orcid.org/0000-0002-6956-4301
https://orcid.org/0000-0002-6956-4301
https://orcid.org/0000-0002-6956-4301
https://orcid.org/0000-0002-0797-3943
https://orcid.org/0000-0002-0797-3943
https://orcid.org/0000-0002-0797-3943
https://orcid.org/0000-0002-0797-3943
https://orcid.org/0000-0002-0797-3943
https://orcid.org/0000-0002-0797-3943
https://orcid.org/0000-0002-0797-3943
https://orcid.org/0000-0002-0797-3943
https://orcid.org/0000-0003-0029-5390
https://orcid.org/0000-0003-0029-5390
https://orcid.org/0000-0003-0029-5390
https://orcid.org/0000-0003-0029-5390
https://orcid.org/0000-0003-0029-5390
https://orcid.org/0000-0003-0029-5390
https://orcid.org/0000-0003-0029-5390
https://orcid.org/0000-0003-0029-5390
https://orcid.org/0000-0002-7349-1109
https://orcid.org/0000-0002-7349-1109
https://orcid.org/0000-0002-7349-1109
https://orcid.org/0000-0002-7349-1109
https://orcid.org/0000-0002-7349-1109
https://orcid.org/0000-0002-7349-1109
https://orcid.org/0000-0002-7349-1109
https://orcid.org/0000-0002-7349-1109
https://orcid.org/0000-0002-3061-9870
https://orcid.org/0000-0002-3061-9870
https://orcid.org/0000-0002-3061-9870
https://orcid.org/0000-0002-3061-9870
https://orcid.org/0000-0002-3061-9870
https://orcid.org/0000-0002-3061-9870
https://orcid.org/0000-0002-3061-9870
https://orcid.org/0000-0002-3061-9870
https://orcid.org/0000-0002-3777-3117
https://orcid.org/0000-0002-3777-3117
https://orcid.org/0000-0002-3777-3117
https://orcid.org/0000-0002-3777-3117
https://orcid.org/0000-0002-3777-3117
https://orcid.org/0000-0002-3777-3117
https://orcid.org/0000-0002-3777-3117
https://orcid.org/0000-0002-3777-3117
https://orcid.org/0000-0002-5441-9013
https://orcid.org/0000-0002-5441-9013
https://orcid.org/0000-0002-5441-9013
https://orcid.org/0000-0002-5441-9013
https://orcid.org/0000-0002-5441-9013
https://orcid.org/0000-0002-5441-9013
https://orcid.org/0000-0002-5441-9013
https://orcid.org/0000-0002-5441-9013
https://orcid.org/0000-0001-6932-8715
https://orcid.org/0000-0001-6932-8715
https://orcid.org/0000-0001-6932-8715
https://orcid.org/0000-0001-6932-8715
https://orcid.org/0000-0001-6932-8715
https://orcid.org/0000-0001-6932-8715
https://orcid.org/0000-0001-6932-8715
https://orcid.org/0000-0001-6932-8715
https://orcid.org/0000-0001-9136-929X
https://orcid.org/0000-0001-9136-929X
https://orcid.org/0000-0001-9136-929X
https://orcid.org/0000-0001-9136-929X
https://orcid.org/0000-0001-9136-929X
https://orcid.org/0000-0001-9136-929X
https://orcid.org/0000-0001-9136-929X
https://orcid.org/0000-0001-9136-929X
https://orcid.org/0000-0002-3680-5519
https://orcid.org/0000-0002-3680-5519
https://orcid.org/0000-0002-3680-5519
https://orcid.org/0000-0002-3680-5519
https://orcid.org/0000-0002-3680-5519
https://orcid.org/0000-0002-3680-5519
https://orcid.org/0000-0002-3680-5519
https://orcid.org/0000-0002-3680-5519
https://orcid.org/0000-0003-1326-5481
https://orcid.org/0000-0003-1326-5481
https://orcid.org/0000-0003-1326-5481
https://orcid.org/0000-0003-1326-5481
https://orcid.org/0000-0003-1326-5481
https://orcid.org/0000-0003-1326-5481
https://orcid.org/0000-0003-1326-5481
https://orcid.org/0000-0003-1326-5481
https://orcid.org/0000-0001-9018-666X
https://orcid.org/0000-0001-9018-666X
https://orcid.org/0000-0001-9018-666X
https://orcid.org/0000-0001-9018-666X
https://orcid.org/0000-0001-9018-666X
https://orcid.org/0000-0001-9018-666X
https://orcid.org/0000-0001-9018-666X
https://orcid.org/0000-0001-9018-666X
https://orcid.org/0000-0002-2039-0726
https://orcid.org/0000-0002-2039-0726
https://orcid.org/0000-0002-2039-0726
https://orcid.org/0000-0002-2039-0726
https://orcid.org/0000-0002-2039-0726
https://orcid.org/0000-0002-2039-0726
https://orcid.org/0000-0002-2039-0726
https://orcid.org/0000-0002-2039-0726
https://orcid.org/0000-0001-7554-3665
https://orcid.org/0000-0001-7554-3665
https://orcid.org/0000-0001-7554-3665
https://orcid.org/0000-0001-7554-3665
https://orcid.org/0000-0001-7554-3665
https://orcid.org/0000-0001-7554-3665
https://orcid.org/0000-0001-7554-3665
https://orcid.org/0000-0001-7554-3665
https://orcid.org/0000-0002-3887-7137
https://orcid.org/0000-0002-3887-7137
https://orcid.org/0000-0002-3887-7137
https://orcid.org/0000-0002-3887-7137
https://orcid.org/0000-0002-3887-7137
https://orcid.org/0000-0002-3887-7137
https://orcid.org/0000-0002-3887-7137
https://orcid.org/0000-0002-3887-7137
https://orcid.org/0000-0002-2795-7035
https://orcid.org/0000-0002-2795-7035
https://orcid.org/0000-0002-2795-7035
https://orcid.org/0000-0002-2795-7035
https://orcid.org/0000-0002-2795-7035
https://orcid.org/0000-0002-2795-7035
https://orcid.org/0000-0002-2795-7035
https://orcid.org/0000-0002-2795-7035
https://orcid.org/0000-0002-7332-9806
https://orcid.org/0000-0002-7332-9806
https://orcid.org/0000-0002-7332-9806
https://orcid.org/0000-0002-7332-9806
https://orcid.org/0000-0002-7332-9806
https://orcid.org/0000-0002-7332-9806
https://orcid.org/0000-0002-7332-9806
https://orcid.org/0000-0002-7332-9806
https://orcid.org/0000-0002-8905-7622
https://orcid.org/0000-0002-8905-7622
https://orcid.org/0000-0002-8905-7622
https://orcid.org/0000-0002-8905-7622
https://orcid.org/0000-0002-8905-7622
https://orcid.org/0000-0002-8905-7622
https://orcid.org/0000-0002-8905-7622
https://orcid.org/0000-0002-8905-7622
https://orcid.org/0000-0002-5304-9372
https://orcid.org/0000-0002-5304-9372
https://orcid.org/0000-0002-5304-9372
https://orcid.org/0000-0002-5304-9372
https://orcid.org/0000-0002-5304-9372
https://orcid.org/0000-0002-5304-9372
https://orcid.org/0000-0002-5304-9372
https://orcid.org/0000-0002-5304-9372
https://orcid.org/0000-0002-9742-0794
https://orcid.org/0000-0002-9742-0794
https://orcid.org/0000-0002-9742-0794
https://orcid.org/0000-0002-9742-0794
https://orcid.org/0000-0002-9742-0794
https://orcid.org/0000-0002-9742-0794
https://orcid.org/0000-0002-9742-0794
https://orcid.org/0000-0002-9742-0794
https://orcid.org/0000-0001-8040-9807
https://orcid.org/0000-0001-8040-9807
https://orcid.org/0000-0001-8040-9807
https://orcid.org/0000-0001-8040-9807
https://orcid.org/0000-0001-8040-9807
https://orcid.org/0000-0001-8040-9807
https://orcid.org/0000-0001-8040-9807
https://orcid.org/0000-0001-8040-9807
https://orcid.org/0000-0002-1223-7342
https://orcid.org/0000-0002-1223-7342
https://orcid.org/0000-0002-1223-7342
https://orcid.org/0000-0002-1223-7342
https://orcid.org/0000-0002-1223-7342
https://orcid.org/0000-0002-1223-7342
https://orcid.org/0000-0002-1223-7342
https://orcid.org/0000-0002-1223-7342
https://orcid.org/0000-0001-5370-3365
https://orcid.org/0000-0001-5370-3365
https://orcid.org/0000-0001-5370-3365
https://orcid.org/0000-0001-5370-3365
https://orcid.org/0000-0001-5370-3365
https://orcid.org/0000-0001-5370-3365
https://orcid.org/0000-0001-5370-3365
https://orcid.org/0000-0001-5370-3365
https://orcid.org/0000-0002-5233-3320
https://orcid.org/0000-0002-5233-3320
https://orcid.org/0000-0002-5233-3320
https://orcid.org/0000-0002-5233-3320
https://orcid.org/0000-0002-5233-3320
https://orcid.org/0000-0002-5233-3320
https://orcid.org/0000-0002-5233-3320
https://orcid.org/0000-0002-5233-3320
https://orcid.org/0000-0002-0784-5175
https://orcid.org/0000-0002-0784-5175
https://orcid.org/0000-0002-0784-5175
https://orcid.org/0000-0002-0784-5175
https://orcid.org/0000-0002-0784-5175
https://orcid.org/0000-0002-0784-5175
https://orcid.org/0000-0002-0784-5175
https://orcid.org/0000-0002-0784-5175


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
M. Hendry https://orcid.org/0000-0001-8322-5405
E. Hennes https://orcid.org/0000-0002-2246-5496
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
D. G. Holcomb https://orcid.org/0000-0001-5987-769X
N. A. Holland https://orcid.org/0000-0003-1241-1264
K. Holley-Bockelmann https://orcid.org/0000-0003-
2227-1322
I. J. Hollows https://orcid.org/0000-0002-3404-6459
Z. J. Holmes https://orcid.org/0000-0003-1311-4691
D. E. Holz https://orcid.org/0000-0002-0175-5064
D. Howell https://orcid.org/0000-0003-4253-656X
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
Q. Hu https://orcid.org/0000-0002-3033-6491
H.-Y. Huang https://orcid.org/0000-0002-1665-2383
Y.-J. Huang https://orcid.org/0000-0002-2952-8429
M. T. Hübner https://orcid.org/0000-0002-9642-3029
D. C. Y. Hui https://orcid.org/0000-0003-1753-1660
V. Hui https://orcid.org/0000-0002-0233-2346
J. Hyland https://orcid.org/0000-0003-3428-0090
A. Iakovlev https://orcid.org/0000-0003-1576-2692
B. Idzkowski https://orcid.org/0000-0001-5869-2714
A. Iess https://orcid.org/0000-0001-9658-6752
K. Inayoshi https://orcid.org/0000-0001-9840-4959
G. Iorio https://orcid.org/0000-0003-0293-503X
P. Iosif 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
Y. Itoh https://orcid.org/0000-0003-2694-8935
B. R. Iyer https://orcid.org/0000-0002-4141-5179
V. JaberianHamedan https://orcid.org/0000-0003-
3605-4169
T. Jacqmin https://orcid.org/0000-0002-0693-4838
P.-E. Jacquet https://orcid.org/0000-0001-9552-0057
S. P. Jadhav https://orcid.org/0000-0003-0554-0084
A. L. James https://orcid.org/0000-0001-9165-0807
A. Z. Jan https://orcid.org/0000-0003-2050-7231
K. Jani https://orcid.org/0000-0003-1007-8912
K. Janssens https://orcid.org/0000-0001-8760-4429
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
A. C. Jenkins https://orcid.org/0000-0003-1785-5841
J. Jiang https://orcid.org/0000-0002-0154-3854
Jian Liu https://orcid.org/0000-0001-6726-3268
H.-B. Jin https://orcid.org/0000-0002-6217-2428
A. W. Jones https://orcid.org/0000-0002-0395-0680
D. H. Jones https://orcid.org/0000-0003-3987-068X
L. Ju https://orcid.org/0000-0002-7951-4295
J. Junker https://orcid.org/0000-0002-3051-4374
T. Kajita https://orcid.org/0000-0003-1207-6638
V. Kalogera https://orcid.org/0000-0001-9236-5469
M. Kamiizumi https://orcid.org/0000-0001-7216-1784
N. Kanda https://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
C. Karathanasis https://orcid.org/0000-0002-0642-5507
S. Karki https://orcid.org/0000-0001-9982-3661
M. Kasprzack https://orcid.org/0000-0003-4618-5939
S. Katsanevas https://orcid.org/0000-0003-0324-0758
D. Keitel https://orcid.org/0000-0002-2824-626X
J. Kennington https://orcid.org/0000-0002-6899-3833
J. S. Key https://orcid.org/0000-0003-0123-7600
F. Y. Khalili https://orcid.org/0000-0001-7068-2332
S. Khan https://orcid.org/0000-0003-4953-5754
N. Kijbunchoo https://orcid.org/0000-0002-2874-1228
C. Kim https://orcid.org/0000-0003-3040-8456
K. Kim https://orcid.org/0000-0003-1653-3795
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
M. Kinley-Hanlon https://orcid.org/0000-0002-7367-8002
R. Kirchhoff https://orcid.org/0000-0003-0224-8600
J. S. Kissel https://orcid.org/0000-0002-1702-9577
A. M. Knee https://orcid.org/0000-0003-0703-947X
P. Koch https://orcid.org/0000-0003-2777-5861
S. M. Koehlenbeck https://orcid.org/0000-0002-3842-9051
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
M. Kolstein https://orcid.org/0000-0002-5482-6743
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
N. Kouvatsos https://orcid.org/0000-0002-5497-3401
N. V. Krishnendu https://orcid.org/0000-0002-3483-7517
A. Królak https://orcid.org/0000-0003-4514-7690
P. Kuijer https://orcid.org/0000-0002-6987-2048
M. Kukihara https://orcid.org/0000-0002-5491-5834
S. Kulkarni https://orcid.org/0000-0001-8057-0203
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
K. Kwak https://orcid.org/0000-0002-2304-7798
D. Laghi https://orcid.org/0000-0001-7462-3794
R. N. Lang https://orcid.org/0000-0002-4804-5537
B. Lantz https://orcid.org/0000-0002-7404-4845
A. La Rana https://orcid.org/0000-0001-8755-9322
A. Lartaux-Vollard https://orcid.org/0000-0003-1714-365X
P. D. Lasky https://orcid.org/0000-0003-3763-1386
M. Laxen https://orcid.org/0000-0001-7515-9639
A. Lazzarini https://orcid.org/0000-0002-5993-8808
P. Leaci https://orcid.org/0000-0002-3997-5046
S. Leavey https://orcid.org/0000-0001-8253-0272
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.-L. Lee https://orcid.org/0000-0002-7171-7274
M. Lenti https://orcid.org/0000-0002-2765-3955
M. Leonardi https://orcid.org/0000-0002-7641-0060
E. Leonova https://orcid.org/0000-0002-5757-4334
N. Leroy https://orcid.org/0000-0002-2321-1017

23

The Astrophysical Journal Supplement Series, 267:29 (28pp), 2023 August Abbott et al.

https://orcid.org/0000-0001-8692-2724
https://orcid.org/0000-0001-8692-2724
https://orcid.org/0000-0001-8692-2724
https://orcid.org/0000-0001-8692-2724
https://orcid.org/0000-0001-8692-2724
https://orcid.org/0000-0001-8692-2724
https://orcid.org/0000-0001-8692-2724
https://orcid.org/0000-0001-8692-2724
https://orcid.org/0000-0003-0625-5461
https://orcid.org/0000-0003-0625-5461
https://orcid.org/0000-0003-0625-5461
https://orcid.org/0000-0003-0625-5461
https://orcid.org/0000-0003-0625-5461
https://orcid.org/0000-0003-0625-5461
https://orcid.org/0000-0003-0625-5461
https://orcid.org/0000-0003-0625-5461
https://orcid.org/0000-0002-9135-6330
https://orcid.org/0000-0002-9135-6330
https://orcid.org/0000-0002-9135-6330
https://orcid.org/0000-0002-9135-6330
https://orcid.org/0000-0002-9135-6330
https://orcid.org/0000-0002-9135-6330
https://orcid.org/0000-0002-9135-6330
https://orcid.org/0000-0002-9135-6330
https://orcid.org/0000-0002-7709-8638
https://orcid.org/0000-0002-7709-8638
https://orcid.org/0000-0002-7709-8638
https://orcid.org/0000-0002-7709-8638
https://orcid.org/0000-0002-7709-8638
https://orcid.org/0000-0002-7709-8638
https://orcid.org/0000-0002-7709-8638
https://orcid.org/0000-0002-7709-8638
https://orcid.org/0000-0002-7709-8638
https://orcid.org/0000-0001-5268-4465
https://orcid.org/0000-0001-5268-4465
https://orcid.org/0000-0001-5268-4465
https://orcid.org/0000-0001-5268-4465
https://orcid.org/0000-0001-5268-4465
https://orcid.org/0000-0001-5268-4465
https://orcid.org/0000-0001-5268-4465
https://orcid.org/0000-0001-5268-4465
https://orcid.org/0000-0001-8322-5405
https://orcid.org/0000-0001-8322-5405
https://orcid.org/0000-0001-8322-5405
https://orcid.org/0000-0001-8322-5405
https://orcid.org/0000-0001-8322-5405
https://orcid.org/0000-0001-8322-5405
https://orcid.org/0000-0001-8322-5405
https://orcid.org/0000-0001-8322-5405
https://orcid.org/0000-0002-2246-5496
https://orcid.org/0000-0002-2246-5496
https://orcid.org/0000-0002-2246-5496
https://orcid.org/0000-0002-2246-5496
https://orcid.org/0000-0002-2246-5496
https://orcid.org/0000-0002-2246-5496
https://orcid.org/0000-0002-2246-5496
https://orcid.org/0000-0002-2246-5496
https://orcid.org/0000-0002-4206-3128
https://orcid.org/0000-0002-4206-3128
https://orcid.org/0000-0002-4206-3128
https://orcid.org/0000-0002-4206-3128
https://orcid.org/0000-0002-4206-3128
https://orcid.org/0000-0002-4206-3128
https://orcid.org/0000-0002-4206-3128
https://orcid.org/0000-0002-4206-3128
https://orcid.org/0000-0002-5577-2273
https://orcid.org/0000-0002-5577-2273
https://orcid.org/0000-0002-5577-2273
https://orcid.org/0000-0002-5577-2273
https://orcid.org/0000-0002-5577-2273
https://orcid.org/0000-0002-5577-2273
https://orcid.org/0000-0002-5577-2273
https://orcid.org/0000-0002-5577-2273
https://orcid.org/0000-0002-1255-3492
https://orcid.org/0000-0002-1255-3492
https://orcid.org/0000-0002-1255-3492
https://orcid.org/0000-0002-1255-3492
https://orcid.org/0000-0002-1255-3492
https://orcid.org/0000-0002-1255-3492
https://orcid.org/0000-0002-1255-3492
https://orcid.org/0000-0002-1255-3492
https://orcid.org/0000-0001-5987-769X
https://orcid.org/0000-0001-5987-769X
https://orcid.org/0000-0001-5987-769X
https://orcid.org/0000-0001-5987-769X
https://orcid.org/0000-0001-5987-769X
https://orcid.org/0000-0001-5987-769X
https://orcid.org/0000-0001-5987-769X
https://orcid.org/0000-0001-5987-769X
https://orcid.org/0000-0003-1241-1264
https://orcid.org/0000-0003-1241-1264
https://orcid.org/0000-0003-1241-1264
https://orcid.org/0000-0003-1241-1264
https://orcid.org/0000-0003-1241-1264
https://orcid.org/0000-0003-1241-1264
https://orcid.org/0000-0003-1241-1264
https://orcid.org/0000-0003-1241-1264
https://orcid.org/0000-0003-2227-1322
https://orcid.org/0000-0003-2227-1322
https://orcid.org/0000-0003-2227-1322
https://orcid.org/0000-0003-2227-1322
https://orcid.org/0000-0003-2227-1322
https://orcid.org/0000-0003-2227-1322
https://orcid.org/0000-0003-2227-1322
https://orcid.org/0000-0003-2227-1322
https://orcid.org/0000-0003-2227-1322
https://orcid.org/0000-0002-3404-6459
https://orcid.org/0000-0002-3404-6459
https://orcid.org/0000-0002-3404-6459
https://orcid.org/0000-0002-3404-6459
https://orcid.org/0000-0002-3404-6459
https://orcid.org/0000-0002-3404-6459
https://orcid.org/0000-0002-3404-6459
https://orcid.org/0000-0002-3404-6459
https://orcid.org/0000-0003-1311-4691
https://orcid.org/0000-0003-1311-4691
https://orcid.org/0000-0003-1311-4691
https://orcid.org/0000-0003-1311-4691
https://orcid.org/0000-0003-1311-4691
https://orcid.org/0000-0003-1311-4691
https://orcid.org/0000-0003-1311-4691
https://orcid.org/0000-0003-1311-4691
https://orcid.org/0000-0002-0175-5064
https://orcid.org/0000-0002-0175-5064
https://orcid.org/0000-0002-0175-5064
https://orcid.org/0000-0002-0175-5064
https://orcid.org/0000-0002-0175-5064
https://orcid.org/0000-0002-0175-5064
https://orcid.org/0000-0002-0175-5064
https://orcid.org/0000-0002-0175-5064
https://orcid.org/0000-0003-4253-656X
https://orcid.org/0000-0003-4253-656X
https://orcid.org/0000-0003-4253-656X
https://orcid.org/0000-0003-4253-656X
https://orcid.org/0000-0003-4253-656X
https://orcid.org/0000-0003-4253-656X
https://orcid.org/0000-0003-4253-656X
https://orcid.org/0000-0003-4253-656X
https://orcid.org/0000-0001-7891-2817
https://orcid.org/0000-0001-7891-2817
https://orcid.org/0000-0001-7891-2817
https://orcid.org/0000-0001-7891-2817
https://orcid.org/0000-0001-7891-2817
https://orcid.org/0000-0001-7891-2817
https://orcid.org/0000-0001-7891-2817
https://orcid.org/0000-0001-7891-2817
https://orcid.org/0000-0002-8843-6719
https://orcid.org/0000-0002-8843-6719
https://orcid.org/0000-0002-8843-6719
https://orcid.org/0000-0002-8843-6719
https://orcid.org/0000-0002-8843-6719
https://orcid.org/0000-0002-8843-6719
https://orcid.org/0000-0002-8843-6719
https://orcid.org/0000-0002-8843-6719
https://orcid.org/0000-0002-8947-723X
https://orcid.org/0000-0002-8947-723X
https://orcid.org/0000-0002-8947-723X
https://orcid.org/0000-0002-8947-723X
https://orcid.org/0000-0002-8947-723X
https://orcid.org/0000-0002-8947-723X
https://orcid.org/0000-0002-8947-723X
https://orcid.org/0000-0002-8947-723X
https://orcid.org/0000-0002-3033-6491
https://orcid.org/0000-0002-3033-6491
https://orcid.org/0000-0002-3033-6491
https://orcid.org/0000-0002-3033-6491
https://orcid.org/0000-0002-3033-6491
https://orcid.org/0000-0002-3033-6491
https://orcid.org/0000-0002-3033-6491
https://orcid.org/0000-0002-3033-6491
https://orcid.org/0000-0002-1665-2383
https://orcid.org/0000-0002-1665-2383
https://orcid.org/0000-0002-1665-2383
https://orcid.org/0000-0002-1665-2383
https://orcid.org/0000-0002-1665-2383
https://orcid.org/0000-0002-1665-2383
https://orcid.org/0000-0002-1665-2383
https://orcid.org/0000-0002-1665-2383
https://orcid.org/0000-0002-2952-8429
https://orcid.org/0000-0002-2952-8429
https://orcid.org/0000-0002-2952-8429
https://orcid.org/0000-0002-2952-8429
https://orcid.org/0000-0002-2952-8429
https://orcid.org/0000-0002-2952-8429
https://orcid.org/0000-0002-2952-8429
https://orcid.org/0000-0002-2952-8429
https://orcid.org/0000-0002-9642-3029
https://orcid.org/0000-0002-9642-3029
https://orcid.org/0000-0002-9642-3029
https://orcid.org/0000-0002-9642-3029
https://orcid.org/0000-0002-9642-3029
https://orcid.org/0000-0002-9642-3029
https://orcid.org/0000-0002-9642-3029
https://orcid.org/0000-0002-9642-3029
https://orcid.org/0000-0003-1753-1660
https://orcid.org/0000-0003-1753-1660
https://orcid.org/0000-0003-1753-1660
https://orcid.org/0000-0003-1753-1660
https://orcid.org/0000-0003-1753-1660
https://orcid.org/0000-0003-1753-1660
https://orcid.org/0000-0003-1753-1660
https://orcid.org/0000-0003-1753-1660
https://orcid.org/0000-0002-0233-2346
https://orcid.org/0000-0002-0233-2346
https://orcid.org/0000-0002-0233-2346
https://orcid.org/0000-0002-0233-2346
https://orcid.org/0000-0002-0233-2346
https://orcid.org/0000-0002-0233-2346
https://orcid.org/0000-0002-0233-2346
https://orcid.org/0000-0002-0233-2346
https://orcid.org/0000-0003-3428-0090
https://orcid.org/0000-0003-3428-0090
https://orcid.org/0000-0003-3428-0090
https://orcid.org/0000-0003-3428-0090
https://orcid.org/0000-0003-3428-0090
https://orcid.org/0000-0003-3428-0090
https://orcid.org/0000-0003-3428-0090
https://orcid.org/0000-0003-3428-0090
https://orcid.org/0000-0003-1576-2692
https://orcid.org/0000-0003-1576-2692
https://orcid.org/0000-0003-1576-2692
https://orcid.org/0000-0003-1576-2692
https://orcid.org/0000-0003-1576-2692
https://orcid.org/0000-0003-1576-2692
https://orcid.org/0000-0003-1576-2692
https://orcid.org/0000-0003-1576-2692
https://orcid.org/0000-0001-5869-2714
https://orcid.org/0000-0001-5869-2714
https://orcid.org/0000-0001-5869-2714
https://orcid.org/0000-0001-5869-2714
https://orcid.org/0000-0001-5869-2714
https://orcid.org/0000-0001-5869-2714
https://orcid.org/0000-0001-5869-2714
https://orcid.org/0000-0001-5869-2714
https://orcid.org/0000-0001-9658-6752
https://orcid.org/0000-0001-9658-6752
https://orcid.org/0000-0001-9658-6752
https://orcid.org/0000-0001-9658-6752
https://orcid.org/0000-0001-9658-6752
https://orcid.org/0000-0001-9658-6752
https://orcid.org/0000-0001-9658-6752
https://orcid.org/0000-0001-9658-6752
https://orcid.org/0000-0001-9840-4959
https://orcid.org/0000-0001-9840-4959
https://orcid.org/0000-0001-9840-4959
https://orcid.org/0000-0001-9840-4959
https://orcid.org/0000-0001-9840-4959
https://orcid.org/0000-0001-9840-4959
https://orcid.org/0000-0001-9840-4959
https://orcid.org/0000-0001-9840-4959
https://orcid.org/0000-0003-0293-503X
https://orcid.org/0000-0003-0293-503X
https://orcid.org/0000-0003-0293-503X
https://orcid.org/0000-0003-0293-503X
https://orcid.org/0000-0003-0293-503X
https://orcid.org/0000-0003-0293-503X
https://orcid.org/0000-0003-0293-503X
https://orcid.org/0000-0003-0293-503X
https://orcid.org/0000-0003-1621-7709
https://orcid.org/0000-0003-1621-7709
https://orcid.org/0000-0003-1621-7709
https://orcid.org/0000-0003-1621-7709
https://orcid.org/0000-0003-1621-7709
https://orcid.org/0000-0003-1621-7709
https://orcid.org/0000-0003-1621-7709
https://orcid.org/0000-0003-1621-7709
https://orcid.org/0000-0002-2364-2191
https://orcid.org/0000-0002-2364-2191
https://orcid.org/0000-0002-2364-2191
https://orcid.org/0000-0002-2364-2191
https://orcid.org/0000-0002-2364-2191
https://orcid.org/0000-0002-2364-2191
https://orcid.org/0000-0002-2364-2191
https://orcid.org/0000-0002-2364-2191
https://orcid.org/0000-0001-8830-8672
https://orcid.org/0000-0001-8830-8672
https://orcid.org/0000-0001-8830-8672
https://orcid.org/0000-0001-8830-8672
https://orcid.org/0000-0001-8830-8672
https://orcid.org/0000-0001-8830-8672
https://orcid.org/0000-0001-8830-8672
https://orcid.org/0000-0001-8830-8672
https://orcid.org/0000-0003-2694-8935
https://orcid.org/0000-0003-2694-8935
https://orcid.org/0000-0003-2694-8935
https://orcid.org/0000-0003-2694-8935
https://orcid.org/0000-0003-2694-8935
https://orcid.org/0000-0003-2694-8935
https://orcid.org/0000-0003-2694-8935
https://orcid.org/0000-0003-2694-8935
https://orcid.org/0000-0002-4141-5179
https://orcid.org/0000-0002-4141-5179
https://orcid.org/0000-0002-4141-5179
https://orcid.org/0000-0002-4141-5179
https://orcid.org/0000-0002-4141-5179
https://orcid.org/0000-0002-4141-5179
https://orcid.org/0000-0002-4141-5179
https://orcid.org/0000-0002-4141-5179
https://orcid.org/0000-0003-3605-4169
https://orcid.org/0000-0003-3605-4169
https://orcid.org/0000-0003-3605-4169
https://orcid.org/0000-0003-3605-4169
https://orcid.org/0000-0003-3605-4169
https://orcid.org/0000-0003-3605-4169
https://orcid.org/0000-0003-3605-4169
https://orcid.org/0000-0003-3605-4169
https://orcid.org/0000-0003-3605-4169
https://orcid.org/0000-0002-0693-4838
https://orcid.org/0000-0002-0693-4838
https://orcid.org/0000-0002-0693-4838
https://orcid.org/0000-0002-0693-4838
https://orcid.org/0000-0002-0693-4838
https://orcid.org/0000-0002-0693-4838
https://orcid.org/0000-0002-0693-4838
https://orcid.org/0000-0002-0693-4838
https://orcid.org/0000-0001-9552-0057
https://orcid.org/0000-0001-9552-0057
https://orcid.org/0000-0001-9552-0057
https://orcid.org/0000-0001-9552-0057
https://orcid.org/0000-0001-9552-0057
https://orcid.org/0000-0001-9552-0057
https://orcid.org/0000-0001-9552-0057
https://orcid.org/0000-0001-9552-0057
https://orcid.org/0000-0003-0554-0084
https://orcid.org/0000-0003-0554-0084
https://orcid.org/0000-0003-0554-0084
https://orcid.org/0000-0003-0554-0084
https://orcid.org/0000-0003-0554-0084
https://orcid.org/0000-0003-0554-0084
https://orcid.org/0000-0003-0554-0084
https://orcid.org/0000-0003-0554-0084
https://orcid.org/0000-0001-9165-0807
https://orcid.org/0000-0001-9165-0807
https://orcid.org/0000-0001-9165-0807
https://orcid.org/0000-0001-9165-0807
https://orcid.org/0000-0001-9165-0807
https://orcid.org/0000-0001-9165-0807
https://orcid.org/0000-0001-9165-0807
https://orcid.org/0000-0001-9165-0807
https://orcid.org/0000-0003-2050-7231
https://orcid.org/0000-0003-2050-7231
https://orcid.org/0000-0003-2050-7231
https://orcid.org/0000-0003-2050-7231
https://orcid.org/0000-0003-2050-7231
https://orcid.org/0000-0003-2050-7231
https://orcid.org/0000-0003-2050-7231
https://orcid.org/0000-0003-2050-7231
https://orcid.org/0000-0003-1007-8912
https://orcid.org/0000-0003-1007-8912
https://orcid.org/0000-0003-1007-8912
https://orcid.org/0000-0003-1007-8912
https://orcid.org/0000-0003-1007-8912
https://orcid.org/0000-0003-1007-8912
https://orcid.org/0000-0003-1007-8912
https://orcid.org/0000-0003-1007-8912
https://orcid.org/0000-0001-8760-4429
https://orcid.org/0000-0001-8760-4429
https://orcid.org/0000-0001-8760-4429
https://orcid.org/0000-0001-8760-4429
https://orcid.org/0000-0001-8760-4429
https://orcid.org/0000-0001-8760-4429
https://orcid.org/0000-0001-8760-4429
https://orcid.org/0000-0001-8760-4429
https://orcid.org/0000-0002-4759-143X
https://orcid.org/0000-0002-4759-143X
https://orcid.org/0000-0002-4759-143X
https://orcid.org/0000-0002-4759-143X
https://orcid.org/0000-0002-4759-143X
https://orcid.org/0000-0002-4759-143X
https://orcid.org/0000-0002-4759-143X
https://orcid.org/0000-0002-4759-143X
https://orcid.org/0000-0001-8085-3414
https://orcid.org/0000-0001-8085-3414
https://orcid.org/0000-0001-8085-3414
https://orcid.org/0000-0001-8085-3414
https://orcid.org/0000-0001-8085-3414
https://orcid.org/0000-0001-8085-3414
https://orcid.org/0000-0001-8085-3414
https://orcid.org/0000-0001-8085-3414
https://orcid.org/0000-0001-8691-3166
https://orcid.org/0000-0001-8691-3166
https://orcid.org/0000-0001-8691-3166
https://orcid.org/0000-0001-8691-3166
https://orcid.org/0000-0001-8691-3166
https://orcid.org/0000-0001-8691-3166
https://orcid.org/0000-0001-8691-3166
https://orcid.org/0000-0001-8691-3166
https://orcid.org/0000-0003-1785-5841
https://orcid.org/0000-0003-1785-5841
https://orcid.org/0000-0003-1785-5841
https://orcid.org/0000-0003-1785-5841
https://orcid.org/0000-0003-1785-5841
https://orcid.org/0000-0003-1785-5841
https://orcid.org/0000-0003-1785-5841
https://orcid.org/0000-0003-1785-5841
https://orcid.org/0000-0002-0154-3854
https://orcid.org/0000-0002-0154-3854
https://orcid.org/0000-0002-0154-3854
https://orcid.org/0000-0002-0154-3854
https://orcid.org/0000-0002-0154-3854
https://orcid.org/0000-0002-0154-3854
https://orcid.org/0000-0002-0154-3854
https://orcid.org/0000-0002-0154-3854
https://orcid.org/0000-0001-6726-3268
https://orcid.org/0000-0001-6726-3268
https://orcid.org/0000-0001-6726-3268
https://orcid.org/0000-0001-6726-3268
https://orcid.org/0000-0001-6726-3268
https://orcid.org/0000-0001-6726-3268
https://orcid.org/0000-0001-6726-3268
https://orcid.org/0000-0001-6726-3268
https://orcid.org/0000-0002-6217-2428
https://orcid.org/0000-0002-6217-2428
https://orcid.org/0000-0002-6217-2428
https://orcid.org/0000-0002-6217-2428
https://orcid.org/0000-0002-6217-2428
https://orcid.org/0000-0002-6217-2428
https://orcid.org/0000-0002-6217-2428
https://orcid.org/0000-0002-6217-2428
https://orcid.org/0000-0002-0395-0680
https://orcid.org/0000-0002-0395-0680
https://orcid.org/0000-0002-0395-0680
https://orcid.org/0000-0002-0395-0680
https://orcid.org/0000-0002-0395-0680
https://orcid.org/0000-0002-0395-0680
https://orcid.org/0000-0002-0395-0680
https://orcid.org/0000-0002-0395-0680
https://orcid.org/0000-0003-3987-068X
https://orcid.org/0000-0003-3987-068X
https://orcid.org/0000-0003-3987-068X
https://orcid.org/0000-0003-3987-068X
https://orcid.org/0000-0003-3987-068X
https://orcid.org/0000-0003-3987-068X
https://orcid.org/0000-0003-3987-068X
https://orcid.org/0000-0003-3987-068X
https://orcid.org/0000-0002-7951-4295
https://orcid.org/0000-0002-7951-4295
https://orcid.org/0000-0002-7951-4295
https://orcid.org/0000-0002-7951-4295
https://orcid.org/0000-0002-7951-4295
https://orcid.org/0000-0002-7951-4295
https://orcid.org/0000-0002-7951-4295
https://orcid.org/0000-0002-7951-4295
https://orcid.org/0000-0002-3051-4374
https://orcid.org/0000-0002-3051-4374
https://orcid.org/0000-0002-3051-4374
https://orcid.org/0000-0002-3051-4374
https://orcid.org/0000-0002-3051-4374
https://orcid.org/0000-0002-3051-4374
https://orcid.org/0000-0002-3051-4374
https://orcid.org/0000-0002-3051-4374
https://orcid.org/0000-0003-1207-6638
https://orcid.org/0000-0003-1207-6638
https://orcid.org/0000-0003-1207-6638
https://orcid.org/0000-0003-1207-6638
https://orcid.org/0000-0003-1207-6638
https://orcid.org/0000-0003-1207-6638
https://orcid.org/0000-0003-1207-6638
https://orcid.org/0000-0003-1207-6638
https://orcid.org/0000-0001-9236-5469
https://orcid.org/0000-0001-9236-5469
https://orcid.org/0000-0001-9236-5469
https://orcid.org/0000-0001-9236-5469
https://orcid.org/0000-0001-9236-5469
https://orcid.org/0000-0001-9236-5469
https://orcid.org/0000-0001-9236-5469
https://orcid.org/0000-0001-9236-5469
https://orcid.org/0000-0001-7216-1784
https://orcid.org/0000-0001-7216-1784
https://orcid.org/0000-0001-7216-1784
https://orcid.org/0000-0001-7216-1784
https://orcid.org/0000-0001-7216-1784
https://orcid.org/0000-0001-7216-1784
https://orcid.org/0000-0001-7216-1784
https://orcid.org/0000-0001-7216-1784
https://orcid.org/0000-0001-6291-0227
https://orcid.org/0000-0001-6291-0227
https://orcid.org/0000-0001-6291-0227
https://orcid.org/0000-0001-6291-0227
https://orcid.org/0000-0001-6291-0227
https://orcid.org/0000-0001-6291-0227
https://orcid.org/0000-0001-6291-0227
https://orcid.org/0000-0001-6291-0227
https://orcid.org/0000-0002-4825-6764
https://orcid.org/0000-0002-4825-6764
https://orcid.org/0000-0002-4825-6764
https://orcid.org/0000-0002-4825-6764
https://orcid.org/0000-0002-4825-6764
https://orcid.org/0000-0002-4825-6764
https://orcid.org/0000-0002-4825-6764
https://orcid.org/0000-0002-4825-6764
https://orcid.org/0000-0002-6072-8189
https://orcid.org/0000-0002-6072-8189
https://orcid.org/0000-0002-6072-8189
https://orcid.org/0000-0002-6072-8189
https://orcid.org/0000-0002-6072-8189
https://orcid.org/0000-0002-6072-8189
https://orcid.org/0000-0002-6072-8189
https://orcid.org/0000-0002-6072-8189
https://orcid.org/0000-0001-5318-1253
https://orcid.org/0000-0001-5318-1253
https://orcid.org/0000-0001-5318-1253
https://orcid.org/0000-0001-5318-1253
https://orcid.org/0000-0001-5318-1253
https://orcid.org/0000-0001-5318-1253
https://orcid.org/0000-0001-5318-1253
https://orcid.org/0000-0001-5318-1253
https://orcid.org/0000-0001-8189-4920
https://orcid.org/0000-0001-8189-4920
https://orcid.org/0000-0001-8189-4920
https://orcid.org/0000-0001-8189-4920
https://orcid.org/0000-0001-8189-4920
https://orcid.org/0000-0001-8189-4920
https://orcid.org/0000-0001-8189-4920
https://orcid.org/0000-0001-8189-4920
https://orcid.org/0000-0002-0642-5507
https://orcid.org/0000-0002-0642-5507
https://orcid.org/0000-0002-0642-5507
https://orcid.org/0000-0002-0642-5507
https://orcid.org/0000-0002-0642-5507
https://orcid.org/0000-0002-0642-5507
https://orcid.org/0000-0002-0642-5507
https://orcid.org/0000-0002-0642-5507
https://orcid.org/0000-0001-9982-3661
https://orcid.org/0000-0001-9982-3661
https://orcid.org/0000-0001-9982-3661
https://orcid.org/0000-0001-9982-3661
https://orcid.org/0000-0001-9982-3661
https://orcid.org/0000-0001-9982-3661
https://orcid.org/0000-0001-9982-3661
https://orcid.org/0000-0001-9982-3661
https://orcid.org/0000-0003-4618-5939
https://orcid.org/0000-0003-4618-5939
https://orcid.org/0000-0003-4618-5939
https://orcid.org/0000-0003-4618-5939
https://orcid.org/0000-0003-4618-5939
https://orcid.org/0000-0003-4618-5939
https://orcid.org/0000-0003-4618-5939
https://orcid.org/0000-0003-4618-5939
https://orcid.org/0000-0003-0324-0758
https://orcid.org/0000-0003-0324-0758
https://orcid.org/0000-0003-0324-0758
https://orcid.org/0000-0003-0324-0758
https://orcid.org/0000-0003-0324-0758
https://orcid.org/0000-0003-0324-0758
https://orcid.org/0000-0003-0324-0758
https://orcid.org/0000-0003-0324-0758
https://orcid.org/0000-0002-2824-626X
https://orcid.org/0000-0002-2824-626X
https://orcid.org/0000-0002-2824-626X
https://orcid.org/0000-0002-2824-626X
https://orcid.org/0000-0002-2824-626X
https://orcid.org/0000-0002-2824-626X
https://orcid.org/0000-0002-2824-626X
https://orcid.org/0000-0002-2824-626X
https://orcid.org/0000-0002-6899-3833
https://orcid.org/0000-0002-6899-3833
https://orcid.org/0000-0002-6899-3833
https://orcid.org/0000-0002-6899-3833
https://orcid.org/0000-0002-6899-3833
https://orcid.org/0000-0002-6899-3833
https://orcid.org/0000-0002-6899-3833
https://orcid.org/0000-0002-6899-3833
https://orcid.org/0000-0003-0123-7600
https://orcid.org/0000-0003-0123-7600
https://orcid.org/0000-0003-0123-7600
https://orcid.org/0000-0003-0123-7600
https://orcid.org/0000-0003-0123-7600
https://orcid.org/0000-0003-0123-7600
https://orcid.org/0000-0003-0123-7600
https://orcid.org/0000-0003-0123-7600
https://orcid.org/0000-0001-7068-2332
https://orcid.org/0000-0001-7068-2332
https://orcid.org/0000-0001-7068-2332
https://orcid.org/0000-0001-7068-2332
https://orcid.org/0000-0001-7068-2332
https://orcid.org/0000-0001-7068-2332
https://orcid.org/0000-0001-7068-2332
https://orcid.org/0000-0001-7068-2332
https://orcid.org/0000-0003-4953-5754
https://orcid.org/0000-0003-4953-5754
https://orcid.org/0000-0003-4953-5754
https://orcid.org/0000-0003-4953-5754
https://orcid.org/0000-0003-4953-5754
https://orcid.org/0000-0003-4953-5754
https://orcid.org/0000-0003-4953-5754
https://orcid.org/0000-0003-4953-5754
https://orcid.org/0000-0002-2874-1228
https://orcid.org/0000-0002-2874-1228
https://orcid.org/0000-0002-2874-1228
https://orcid.org/0000-0002-2874-1228
https://orcid.org/0000-0002-2874-1228
https://orcid.org/0000-0002-2874-1228
https://orcid.org/0000-0002-2874-1228
https://orcid.org/0000-0002-2874-1228
https://orcid.org/0000-0003-3040-8456
https://orcid.org/0000-0003-3040-8456
https://orcid.org/0000-0003-3040-8456
https://orcid.org/0000-0003-3040-8456
https://orcid.org/0000-0003-3040-8456
https://orcid.org/0000-0003-3040-8456
https://orcid.org/0000-0003-3040-8456
https://orcid.org/0000-0003-3040-8456
https://orcid.org/0000-0003-1653-3795
https://orcid.org/0000-0003-1653-3795
https://orcid.org/0000-0003-1653-3795
https://orcid.org/0000-0003-1653-3795
https://orcid.org/0000-0003-1653-3795
https://orcid.org/0000-0003-1653-3795
https://orcid.org/0000-0003-1653-3795
https://orcid.org/0000-0003-1653-3795
https://orcid.org/0000-0003-1437-4647
https://orcid.org/0000-0003-1437-4647
https://orcid.org/0000-0003-1437-4647
https://orcid.org/0000-0003-1437-4647
https://orcid.org/0000-0003-1437-4647
https://orcid.org/0000-0003-1437-4647
https://orcid.org/0000-0003-1437-4647
https://orcid.org/0000-0003-1437-4647
https://orcid.org/0000-0001-8720-6113
https://orcid.org/0000-0001-8720-6113
https://orcid.org/0000-0001-8720-6113
https://orcid.org/0000-0001-8720-6113
https://orcid.org/0000-0001-8720-6113
https://orcid.org/0000-0001-8720-6113
https://orcid.org/0000-0001-8720-6113
https://orcid.org/0000-0001-8720-6113
https://orcid.org/0000-0001-9879-6884
https://orcid.org/0000-0001-9879-6884
https://orcid.org/0000-0001-9879-6884
https://orcid.org/0000-0001-9879-6884
https://orcid.org/0000-0001-9879-6884
https://orcid.org/0000-0001-9879-6884
https://orcid.org/0000-0001-9879-6884
https://orcid.org/0000-0001-9879-6884
https://orcid.org/0000-0002-7367-8002
https://orcid.org/0000-0002-7367-8002
https://orcid.org/0000-0002-7367-8002
https://orcid.org/0000-0002-7367-8002
https://orcid.org/0000-0002-7367-8002
https://orcid.org/0000-0002-7367-8002
https://orcid.org/0000-0002-7367-8002
https://orcid.org/0000-0002-7367-8002
https://orcid.org/0000-0003-0224-8600
https://orcid.org/0000-0003-0224-8600
https://orcid.org/0000-0003-0224-8600
https://orcid.org/0000-0003-0224-8600
https://orcid.org/0000-0003-0224-8600
https://orcid.org/0000-0003-0224-8600
https://orcid.org/0000-0003-0224-8600
https://orcid.org/0000-0003-0224-8600
https://orcid.org/0000-0002-1702-9577
https://orcid.org/0000-0002-1702-9577
https://orcid.org/0000-0002-1702-9577
https://orcid.org/0000-0002-1702-9577
https://orcid.org/0000-0002-1702-9577
https://orcid.org/0000-0002-1702-9577
https://orcid.org/0000-0002-1702-9577
https://orcid.org/0000-0002-1702-9577
https://orcid.org/0000-0003-0703-947X
https://orcid.org/0000-0003-0703-947X
https://orcid.org/0000-0003-0703-947X
https://orcid.org/0000-0003-0703-947X
https://orcid.org/0000-0003-0703-947X
https://orcid.org/0000-0003-0703-947X
https://orcid.org/0000-0003-0703-947X
https://orcid.org/0000-0003-0703-947X
https://orcid.org/0000-0003-2777-5861
https://orcid.org/0000-0003-2777-5861
https://orcid.org/0000-0003-2777-5861
https://orcid.org/0000-0003-2777-5861
https://orcid.org/0000-0003-2777-5861
https://orcid.org/0000-0003-2777-5861
https://orcid.org/0000-0003-2777-5861
https://orcid.org/0000-0003-2777-5861
https://orcid.org/0000-0002-3842-9051
https://orcid.org/0000-0002-3842-9051
https://orcid.org/0000-0002-3842-9051
https://orcid.org/0000-0002-3842-9051
https://orcid.org/0000-0002-3842-9051
https://orcid.org/0000-0002-3842-9051
https://orcid.org/0000-0002-3842-9051
https://orcid.org/0000-0002-3842-9051
https://orcid.org/0000-0002-2896-1992
https://orcid.org/0000-0002-2896-1992
https://orcid.org/0000-0002-2896-1992
https://orcid.org/0000-0002-2896-1992
https://orcid.org/0000-0002-2896-1992
https://orcid.org/0000-0002-2896-1992
https://orcid.org/0000-0002-2896-1992
https://orcid.org/0000-0002-2896-1992
https://orcid.org/0000-0002-5793-6665
https://orcid.org/0000-0002-5793-6665
https://orcid.org/0000-0002-5793-6665
https://orcid.org/0000-0002-5793-6665
https://orcid.org/0000-0002-5793-6665
https://orcid.org/0000-0002-5793-6665
https://orcid.org/0000-0002-5793-6665
https://orcid.org/0000-0002-5793-6665
https://orcid.org/0000-0002-6719-8686
https://orcid.org/0000-0002-6719-8686
https://orcid.org/0000-0002-6719-8686
https://orcid.org/0000-0002-6719-8686
https://orcid.org/0000-0002-6719-8686
https://orcid.org/0000-0002-6719-8686
https://orcid.org/0000-0002-6719-8686
https://orcid.org/0000-0002-6719-8686
https://orcid.org/0000-0002-5482-6743
https://orcid.org/0000-0002-5482-6743
https://orcid.org/0000-0002-5482-6743
https://orcid.org/0000-0002-5482-6743
https://orcid.org/0000-0002-5482-6743
https://orcid.org/0000-0002-5482-6743
https://orcid.org/0000-0002-5482-6743
https://orcid.org/0000-0002-5482-6743
https://orcid.org/0000-0002-5105-344X
https://orcid.org/0000-0002-5105-344X
https://orcid.org/0000-0002-5105-344X
https://orcid.org/0000-0002-5105-344X
https://orcid.org/0000-0002-5105-344X
https://orcid.org/0000-0002-5105-344X
https://orcid.org/0000-0002-5105-344X
https://orcid.org/0000-0002-5105-344X
https://orcid.org/0000-0002-1347-0680
https://orcid.org/0000-0002-1347-0680
https://orcid.org/0000-0002-1347-0680
https://orcid.org/0000-0002-1347-0680
https://orcid.org/0000-0002-1347-0680
https://orcid.org/0000-0002-1347-0680
https://orcid.org/0000-0002-1347-0680
https://orcid.org/0000-0002-1347-0680
https://orcid.org/0000-0002-3839-3909
https://orcid.org/0000-0002-3839-3909
https://orcid.org/0000-0002-3839-3909
https://orcid.org/0000-0002-3839-3909
https://orcid.org/0000-0002-3839-3909
https://orcid.org/0000-0002-3839-3909
https://orcid.org/0000-0002-3839-3909
https://orcid.org/0000-0002-3839-3909
https://orcid.org/0000-0002-5497-3401
https://orcid.org/0000-0002-5497-3401
https://orcid.org/0000-0002-5497-3401
https://orcid.org/0000-0002-5497-3401
https://orcid.org/0000-0002-5497-3401
https://orcid.org/0000-0002-5497-3401
https://orcid.org/0000-0002-5497-3401
https://orcid.org/0000-0002-5497-3401
https://orcid.org/0000-0002-3483-7517
https://orcid.org/0000-0002-3483-7517
https://orcid.org/0000-0002-3483-7517
https://orcid.org/0000-0002-3483-7517
https://orcid.org/0000-0002-3483-7517
https://orcid.org/0000-0002-3483-7517
https://orcid.org/0000-0002-3483-7517
https://orcid.org/0000-0002-3483-7517
https://orcid.org/0000-0003-4514-7690
https://orcid.org/0000-0003-4514-7690
https://orcid.org/0000-0003-4514-7690
https://orcid.org/0000-0003-4514-7690
https://orcid.org/0000-0003-4514-7690
https://orcid.org/0000-0003-4514-7690
https://orcid.org/0000-0003-4514-7690
https://orcid.org/0000-0003-4514-7690
https://orcid.org/0000-0002-6987-2048
https://orcid.org/0000-0002-6987-2048
https://orcid.org/0000-0002-6987-2048
https://orcid.org/0000-0002-6987-2048
https://orcid.org/0000-0002-6987-2048
https://orcid.org/0000-0002-6987-2048
https://orcid.org/0000-0002-6987-2048
https://orcid.org/0000-0002-6987-2048
https://orcid.org/0000-0002-5491-5834
https://orcid.org/0000-0002-5491-5834
https://orcid.org/0000-0002-5491-5834
https://orcid.org/0000-0002-5491-5834
https://orcid.org/0000-0002-5491-5834
https://orcid.org/0000-0002-5491-5834
https://orcid.org/0000-0002-5491-5834
https://orcid.org/0000-0002-5491-5834
https://orcid.org/0000-0001-8057-0203
https://orcid.org/0000-0001-8057-0203
https://orcid.org/0000-0001-8057-0203
https://orcid.org/0000-0001-8057-0203
https://orcid.org/0000-0001-8057-0203
https://orcid.org/0000-0001-8057-0203
https://orcid.org/0000-0001-8057-0203
https://orcid.org/0000-0001-8057-0203
https://orcid.org/0000-0002-2288-4252
https://orcid.org/0000-0002-2288-4252
https://orcid.org/0000-0002-2288-4252
https://orcid.org/0000-0002-2288-4252
https://orcid.org/0000-0002-2288-4252
https://orcid.org/0000-0002-2288-4252
https://orcid.org/0000-0002-2288-4252
https://orcid.org/0000-0002-2288-4252
https://orcid.org/0000-0001-5523-4603
https://orcid.org/0000-0001-5523-4603
https://orcid.org/0000-0001-5523-4603
https://orcid.org/0000-0001-5523-4603
https://orcid.org/0000-0001-5523-4603
https://orcid.org/0000-0001-5523-4603
https://orcid.org/0000-0001-5523-4603
https://orcid.org/0000-0001-5523-4603
https://orcid.org/0000-0003-3126-5100
https://orcid.org/0000-0003-3126-5100
https://orcid.org/0000-0003-3126-5100
https://orcid.org/0000-0003-3126-5100
https://orcid.org/0000-0003-3126-5100
https://orcid.org/0000-0003-3126-5100
https://orcid.org/0000-0003-3126-5100
https://orcid.org/0000-0003-3126-5100
https://orcid.org/0000-0003-0630-3902
https://orcid.org/0000-0003-0630-3902
https://orcid.org/0000-0003-0630-3902
https://orcid.org/0000-0003-0630-3902
https://orcid.org/0000-0003-0630-3902
https://orcid.org/0000-0003-0630-3902
https://orcid.org/0000-0003-0630-3902
https://orcid.org/0000-0003-0630-3902
https://orcid.org/0000-0001-6538-1447
https://orcid.org/0000-0001-6538-1447
https://orcid.org/0000-0001-6538-1447
https://orcid.org/0000-0001-6538-1447
https://orcid.org/0000-0001-6538-1447
https://orcid.org/0000-0001-6538-1447
https://orcid.org/0000-0001-6538-1447
https://orcid.org/0000-0001-6538-1447
https://orcid.org/0000-0002-2304-7798
https://orcid.org/0000-0002-2304-7798
https://orcid.org/0000-0002-2304-7798
https://orcid.org/0000-0002-2304-7798
https://orcid.org/0000-0002-2304-7798
https://orcid.org/0000-0002-2304-7798
https://orcid.org/0000-0002-2304-7798
https://orcid.org/0000-0002-2304-7798
https://orcid.org/0000-0001-7462-3794
https://orcid.org/0000-0001-7462-3794
https://orcid.org/0000-0001-7462-3794
https://orcid.org/0000-0001-7462-3794
https://orcid.org/0000-0001-7462-3794
https://orcid.org/0000-0001-7462-3794
https://orcid.org/0000-0001-7462-3794
https://orcid.org/0000-0001-7462-3794
https://orcid.org/0000-0002-4804-5537
https://orcid.org/0000-0002-4804-5537
https://orcid.org/0000-0002-4804-5537
https://orcid.org/0000-0002-4804-5537
https://orcid.org/0000-0002-4804-5537
https://orcid.org/0000-0002-4804-5537
https://orcid.org/0000-0002-4804-5537
https://orcid.org/0000-0002-4804-5537
https://orcid.org/0000-0002-7404-4845
https://orcid.org/0000-0002-7404-4845
https://orcid.org/0000-0002-7404-4845
https://orcid.org/0000-0002-7404-4845
https://orcid.org/0000-0002-7404-4845
https://orcid.org/0000-0002-7404-4845
https://orcid.org/0000-0002-7404-4845
https://orcid.org/0000-0002-7404-4845
https://orcid.org/0000-0001-8755-9322
https://orcid.org/0000-0001-8755-9322
https://orcid.org/0000-0001-8755-9322
https://orcid.org/0000-0001-8755-9322
https://orcid.org/0000-0001-8755-9322
https://orcid.org/0000-0001-8755-9322
https://orcid.org/0000-0001-8755-9322
https://orcid.org/0000-0001-8755-9322
https://orcid.org/0000-0003-1714-365X
https://orcid.org/0000-0003-1714-365X
https://orcid.org/0000-0003-1714-365X
https://orcid.org/0000-0003-1714-365X
https://orcid.org/0000-0003-1714-365X
https://orcid.org/0000-0003-1714-365X
https://orcid.org/0000-0003-1714-365X
https://orcid.org/0000-0003-1714-365X
https://orcid.org/0000-0003-3763-1386
https://orcid.org/0000-0003-3763-1386
https://orcid.org/0000-0003-3763-1386
https://orcid.org/0000-0003-3763-1386
https://orcid.org/0000-0003-3763-1386
https://orcid.org/0000-0003-3763-1386
https://orcid.org/0000-0003-3763-1386
https://orcid.org/0000-0003-3763-1386
https://orcid.org/0000-0001-7515-9639
https://orcid.org/0000-0001-7515-9639
https://orcid.org/0000-0001-7515-9639
https://orcid.org/0000-0001-7515-9639
https://orcid.org/0000-0001-7515-9639
https://orcid.org/0000-0001-7515-9639
https://orcid.org/0000-0001-7515-9639
https://orcid.org/0000-0001-7515-9639
https://orcid.org/0000-0002-5993-8808
https://orcid.org/0000-0002-5993-8808
https://orcid.org/0000-0002-5993-8808
https://orcid.org/0000-0002-5993-8808
https://orcid.org/0000-0002-5993-8808
https://orcid.org/0000-0002-5993-8808
https://orcid.org/0000-0002-5993-8808
https://orcid.org/0000-0002-5993-8808
https://orcid.org/0000-0002-3997-5046
https://orcid.org/0000-0002-3997-5046
https://orcid.org/0000-0002-3997-5046
https://orcid.org/0000-0002-3997-5046
https://orcid.org/0000-0002-3997-5046
https://orcid.org/0000-0002-3997-5046
https://orcid.org/0000-0002-3997-5046
https://orcid.org/0000-0002-3997-5046
https://orcid.org/0000-0001-8253-0272
https://orcid.org/0000-0001-8253-0272
https://orcid.org/0000-0001-8253-0272
https://orcid.org/0000-0001-8253-0272
https://orcid.org/0000-0001-8253-0272
https://orcid.org/0000-0001-8253-0272
https://orcid.org/0000-0001-8253-0272
https://orcid.org/0000-0001-8253-0272
https://orcid.org/0000-0002-9186-7034
https://orcid.org/0000-0002-9186-7034
https://orcid.org/0000-0002-9186-7034
https://orcid.org/0000-0002-9186-7034
https://orcid.org/0000-0002-9186-7034
https://orcid.org/0000-0002-9186-7034
https://orcid.org/0000-0002-9186-7034
https://orcid.org/0000-0002-9186-7034
https://orcid.org/0000-0003-4412-7161
https://orcid.org/0000-0003-4412-7161
https://orcid.org/0000-0003-4412-7161
https://orcid.org/0000-0003-4412-7161
https://orcid.org/0000-0003-4412-7161
https://orcid.org/0000-0003-4412-7161
https://orcid.org/0000-0003-4412-7161
https://orcid.org/0000-0003-4412-7161
https://orcid.org/0000-0002-1998-3209
https://orcid.org/0000-0002-1998-3209
https://orcid.org/0000-0002-1998-3209
https://orcid.org/0000-0002-1998-3209
https://orcid.org/0000-0002-1998-3209
https://orcid.org/0000-0002-1998-3209
https://orcid.org/0000-0002-1998-3209
https://orcid.org/0000-0002-1998-3209
https://orcid.org/0000-0003-0470-3718
https://orcid.org/0000-0003-0470-3718
https://orcid.org/0000-0003-0470-3718
https://orcid.org/0000-0003-0470-3718
https://orcid.org/0000-0003-0470-3718
https://orcid.org/0000-0003-0470-3718
https://orcid.org/0000-0003-0470-3718
https://orcid.org/0000-0003-0470-3718
https://orcid.org/0000-0002-7171-7274
https://orcid.org/0000-0002-7171-7274
https://orcid.org/0000-0002-7171-7274
https://orcid.org/0000-0002-7171-7274
https://orcid.org/0000-0002-7171-7274
https://orcid.org/0000-0002-7171-7274
https://orcid.org/0000-0002-7171-7274
https://orcid.org/0000-0002-7171-7274
https://orcid.org/0000-0002-2765-3955
https://orcid.org/0000-0002-2765-3955
https://orcid.org/0000-0002-2765-3955
https://orcid.org/0000-0002-2765-3955
https://orcid.org/0000-0002-2765-3955
https://orcid.org/0000-0002-2765-3955
https://orcid.org/0000-0002-2765-3955
https://orcid.org/0000-0002-2765-3955
https://orcid.org/0000-0002-7641-0060
https://orcid.org/0000-0002-7641-0060
https://orcid.org/0000-0002-7641-0060
https://orcid.org/0000-0002-7641-0060
https://orcid.org/0000-0002-7641-0060
https://orcid.org/0000-0002-7641-0060
https://orcid.org/0000-0002-7641-0060
https://orcid.org/0000-0002-7641-0060
https://orcid.org/0000-0002-5757-4334
https://orcid.org/0000-0002-5757-4334
https://orcid.org/0000-0002-5757-4334
https://orcid.org/0000-0002-5757-4334
https://orcid.org/0000-0002-5757-4334
https://orcid.org/0000-0002-5757-4334
https://orcid.org/0000-0002-5757-4334
https://orcid.org/0000-0002-5757-4334
https://orcid.org/0000-0002-2321-1017
https://orcid.org/0000-0002-2321-1017
https://orcid.org/0000-0002-2321-1017
https://orcid.org/0000-0002-2321-1017
https://orcid.org/0000-0002-2321-1017
https://orcid.org/0000-0002-2321-1017
https://orcid.org/0000-0002-2321-1017
https://orcid.org/0000-0002-2321-1017


M. Lethuillier https://orcid.org/0000-0001-6185-2045
K. L. Li https://orcid.org/0000-0001-8229-2024
X. Li https://orcid.org/0000-0002-3780-7735
C.-Y. Lin https://orcid.org/0000-0002-7489-7418
E. T. Lin https://orcid.org/0000-0002-0030-8051
F-L. Lin https://orcid.org/0000-0002-4277-7219
H. L. Lin https://orcid.org/0000-0002-3528-5726
L. C.-C. Lin https://orcid.org/0000-0003-4083-9567
T. B. Littenberg https://orcid.org/0000-0002-9574-578X
G. C. Liu https://orcid.org/0000-0001-5663-3016
R. K. L. Lo https://orcid.org/0000-0003-1561-6716
A. Longo https://orcid.org/0000-0003-4254-8579
M. Lorenzini https://orcid.org/0000-0002-2765-7905
G. Losurdo https://orcid.org/0000-0003-0452-746X
J. D. Lough https://orcid.org/0000-0002-5160-0239
C. O. Lousto https://orcid.org/0000-0002-6400-9640
D. Lumaca https://orcid.org/0000-0002-3628-1591
A. W. Lussier https://orcid.org/0000-0002-4507-1123
M. Ma’arif https://orcid.org/0000-0001-8472-7095
R. Macas https://orcid.org/0000-0002-6096-8297
D. M. Macleod https://orcid.org/0000-0002-1395-8694
I. A. O. MacMillan https://orcid.org/0000-0002-6927-1031
A. Macquet https://orcid.org/0000-0001-5955-6415
C. Magazzù https://orcid.org/0000-0002-9913-381X
R. M. Magee https://orcid.org/0000-0001-9769-531X
R. Maggiore https://orcid.org/0000-0001-5140-779X
M. Magnozzi https://orcid.org/0000-0003-4512-8430
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
D. Marín Pina https://orcid.org/0000-0001-6482-1842
F. Marion https://orcid.org/0000-0002-8184-1017
S. Márka https://orcid.org/0000-0002-3957-1324
Z. Márka https://orcid.org/0000-0003-1306-5260
C. Markakis https://orcid.org/0000-0002-5524-0410
S. Marsat https://orcid.org/0000-0001-9449-1071
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
H. Masalehdan https://orcid.org/0000-0002-4589-0815
M. Masso Reid https://orcid.org/0000-0001-6177-8105
S. Mastrogiovanni https://orcid.org/0000-0003-1606-4183
M. Mateu-Lucena https://orcid.org/0000-0003-4817-6913
M. Matiushechkina https://orcid.org/0000-0002-9957-8720
N. Mavalvala https://orcid.org/0000-0003-0219-9706
D. E. McClelland https://orcid.org/0000-0001-6210-5842
L. McCuller https://orcid.org/0000-0003-0851-0593
C. McIsaac https://orcid.org/0000-0003-2484-2256
J. McIver https://orcid.org/0000-0003-0316-1355
A. McLeod https://orcid.org/0000-0001-5424-8368
D. Meacher https://orcid.org/0000-0001-5882-0368
M. Mehmet https://orcid.org/0000-0001-9432-7108
A. Menendez-Vazquez https://orcid.org/0000-0002-
0828-8219
C. S. Menoni https://orcid.org/0000-0001-9185-2572
R. A. Mercer https://orcid.org/0000-0001-8372-3914
C. Messenger https://orcid.org/0000-0001-7488-5022
P. M. Meyers https://orcid.org/0000-0002-2689-0190
F. Meylahn https://orcid.org/0000-0002-9556-142X
A. Miani https://orcid.org/0000-0001-7737-3129

I. Michaloliakos https://orcid.org/0000-0003-2980-358X
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
A. L. Miller https://orcid.org/0000-0002-4890-7627
B. Miller https://orcid.org/0000-0002-4048-5570
S. 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
M. Miravet-Tenés https://orcid.org/0000-0002-8766-1156
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
G. Mitselmakher https://orcid.org/0000-0001-5745-3658
O. Miyakawa https://orcid.org/0000-0002-9085-7600
S. Miyoki https://orcid.org/0000-0002-1213-8416
Geoffrey Mo https://orcid.org/0000-0001-6331-112X
L. M. Modafferi https://orcid.org/0000-0002-3422-6986
S. R. Mohite https://orcid.org/0000-0003-1356-7156
M. Molina-Ruiz https://orcid.org/0000-0003-4892-3042
J. Moragues https://orcid.org/0000-0003-2361-2811
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
S. Morisaki https://orcid.org/0000-0002-8445-6747
G. Morras https://orcid.org/0000-0002-9977-8546
B. Mours https://orcid.org/0000-0002-6444-6402
C. M. Mow-Lowry https://orcid.org/0000-0002-0351-4555
S. Mozzon https://orcid.org/0000-0002-8855-2509
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
E. A. Muñiz https://orcid.org/0000-0001-8844-421X
P. G. Murray https://orcid.org/0000-0002-8218-2404
T. Nagar https://orcid.org/0000-0002-2747-0497
K. Nakamura https://orcid.org/0000-0001-6148-4289
H. Nakano https://orcid.org/0000-0001-7665-0796
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
S. Nesseris https://orcid.org/0000-0002-0567-0324
S. W. S. Ng https://orcid.org/0000-0001-5843-1434
C. Nguyen https://orcid.org/0000-0001-8623-0306
L. Nguyen Quynh https://orcid.org/0000-0002-1828-3702
A. Nishizawa https://orcid.org/0000-0003-3562-0990
S. Nissanke https://orcid.org/0000-0001-6573-7773
E. Nitoglia https://orcid.org/0000-0001-8906-9159
J. Novak https://orcid.org/0000-0002-6029-4712
J. F. Nuño Siles https://orcid.org/0000-0001-8304-8066
L. K. Nuttall https://orcid.org/0000-0002-8599-8791
E. Oelker https://orcid.org/0000-0002-3916-1595
M. Oertel https://orcid.org/0000-0002-1884-8654
J. J. Oh https://orcid.org/0000-0001-5417-862X
K. Oh https://orcid.org/0000-0002-5037-951X
S. H. Oh https://orcid.org/0000-0003-1184-7453
M. Ohashi https://orcid.org/0000-0001-8072-0304
M. Ohkawa https://orcid.org/0000-0002-1380-1419
F. Ohme https://orcid.org/0000-0003-0493-5607
A. S. Oliveira https://orcid.org/0000-0001-5755-5865
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

24

The Astrophysical Journal Supplement Series, 267:29 (28pp), 2023 August Abbott et al.

https://orcid.org/0000-0001-6185-2045
https://orcid.org/0000-0001-6185-2045
https://orcid.org/0000-0001-6185-2045
https://orcid.org/0000-0001-6185-2045
https://orcid.org/0000-0001-6185-2045
https://orcid.org/0000-0001-6185-2045
https://orcid.org/0000-0001-6185-2045
https://orcid.org/0000-0001-6185-2045
https://orcid.org/0000-0001-8229-2024
https://orcid.org/0000-0001-8229-2024
https://orcid.org/0000-0001-8229-2024
https://orcid.org/0000-0001-8229-2024
https://orcid.org/0000-0001-8229-2024
https://orcid.org/0000-0001-8229-2024
https://orcid.org/0000-0001-8229-2024
https://orcid.org/0000-0001-8229-2024
https://orcid.org/0000-0002-3780-7735
https://orcid.org/0000-0002-3780-7735
https://orcid.org/0000-0002-3780-7735
https://orcid.org/0000-0002-3780-7735
https://orcid.org/0000-0002-3780-7735
https://orcid.org/0000-0002-3780-7735
https://orcid.org/0000-0002-3780-7735
https://orcid.org/0000-0002-3780-7735
https://orcid.org/0000-0002-7489-7418
https://orcid.org/0000-0002-7489-7418
https://orcid.org/0000-0002-7489-7418
https://orcid.org/0000-0002-7489-7418
https://orcid.org/0000-0002-7489-7418
https://orcid.org/0000-0002-7489-7418
https://orcid.org/0000-0002-7489-7418
https://orcid.org/0000-0002-7489-7418
https://orcid.org/0000-0002-0030-8051
https://orcid.org/0000-0002-0030-8051
https://orcid.org/0000-0002-0030-8051
https://orcid.org/0000-0002-0030-8051
https://orcid.org/0000-0002-0030-8051
https://orcid.org/0000-0002-0030-8051
https://orcid.org/0000-0002-0030-8051
https://orcid.org/0000-0002-0030-8051
https://orcid.org/0000-0002-4277-7219
https://orcid.org/0000-0002-4277-7219
https://orcid.org/0000-0002-4277-7219
https://orcid.org/0000-0002-4277-7219
https://orcid.org/0000-0002-4277-7219
https://orcid.org/0000-0002-4277-7219
https://orcid.org/0000-0002-4277-7219
https://orcid.org/0000-0002-4277-7219
https://orcid.org/0000-0002-3528-5726
https://orcid.org/0000-0002-3528-5726
https://orcid.org/0000-0002-3528-5726
https://orcid.org/0000-0002-3528-5726
https://orcid.org/0000-0002-3528-5726
https://orcid.org/0000-0002-3528-5726
https://orcid.org/0000-0002-3528-5726
https://orcid.org/0000-0002-3528-5726
https://orcid.org/0000-0003-4083-9567
https://orcid.org/0000-0003-4083-9567
https://orcid.org/0000-0003-4083-9567
https://orcid.org/0000-0003-4083-9567
https://orcid.org/0000-0003-4083-9567
https://orcid.org/0000-0003-4083-9567
https://orcid.org/0000-0003-4083-9567
https://orcid.org/0000-0003-4083-9567
https://orcid.org/0000-0002-9574-578X
https://orcid.org/0000-0002-9574-578X
https://orcid.org/0000-0002-9574-578X
https://orcid.org/0000-0002-9574-578X
https://orcid.org/0000-0002-9574-578X
https://orcid.org/0000-0002-9574-578X
https://orcid.org/0000-0002-9574-578X
https://orcid.org/0000-0002-9574-578X
https://orcid.org/0000-0001-5663-3016
https://orcid.org/0000-0001-5663-3016
https://orcid.org/0000-0001-5663-3016
https://orcid.org/0000-0001-5663-3016
https://orcid.org/0000-0001-5663-3016
https://orcid.org/0000-0001-5663-3016
https://orcid.org/0000-0001-5663-3016
https://orcid.org/0000-0001-5663-3016
https://orcid.org/0000-0003-1561-6716
https://orcid.org/0000-0003-1561-6716
https://orcid.org/0000-0003-1561-6716
https://orcid.org/0000-0003-1561-6716
https://orcid.org/0000-0003-1561-6716
https://orcid.org/0000-0003-1561-6716
https://orcid.org/0000-0003-1561-6716
https://orcid.org/0000-0003-1561-6716
https://orcid.org/0000-0003-4254-8579
https://orcid.org/0000-0003-4254-8579
https://orcid.org/0000-0003-4254-8579
https://orcid.org/0000-0003-4254-8579
https://orcid.org/0000-0003-4254-8579
https://orcid.org/0000-0003-4254-8579
https://orcid.org/0000-0003-4254-8579
https://orcid.org/0000-0003-4254-8579
https://orcid.org/0000-0002-2765-7905
https://orcid.org/0000-0002-2765-7905
https://orcid.org/0000-0002-2765-7905
https://orcid.org/0000-0002-2765-7905
https://orcid.org/0000-0002-2765-7905
https://orcid.org/0000-0002-2765-7905
https://orcid.org/0000-0002-2765-7905
https://orcid.org/0000-0002-2765-7905
https://orcid.org/0000-0003-0452-746X
https://orcid.org/0000-0003-0452-746X
https://orcid.org/0000-0003-0452-746X
https://orcid.org/0000-0003-0452-746X
https://orcid.org/0000-0003-0452-746X
https://orcid.org/0000-0003-0452-746X
https://orcid.org/0000-0003-0452-746X
https://orcid.org/0000-0003-0452-746X
https://orcid.org/0000-0002-5160-0239
https://orcid.org/0000-0002-5160-0239
https://orcid.org/0000-0002-5160-0239
https://orcid.org/0000-0002-5160-0239
https://orcid.org/0000-0002-5160-0239
https://orcid.org/0000-0002-5160-0239
https://orcid.org/0000-0002-5160-0239
https://orcid.org/0000-0002-5160-0239
https://orcid.org/0000-0002-6400-9640
https://orcid.org/0000-0002-6400-9640
https://orcid.org/0000-0002-6400-9640
https://orcid.org/0000-0002-6400-9640
https://orcid.org/0000-0002-6400-9640
https://orcid.org/0000-0002-6400-9640
https://orcid.org/0000-0002-6400-9640
https://orcid.org/0000-0002-6400-9640
https://orcid.org/0000-0002-3628-1591
https://orcid.org/0000-0002-3628-1591
https://orcid.org/0000-0002-3628-1591
https://orcid.org/0000-0002-3628-1591
https://orcid.org/0000-0002-3628-1591
https://orcid.org/0000-0002-3628-1591
https://orcid.org/0000-0002-3628-1591
https://orcid.org/0000-0002-3628-1591
https://orcid.org/0000-0002-4507-1123
https://orcid.org/0000-0002-4507-1123
https://orcid.org/0000-0002-4507-1123
https://orcid.org/0000-0002-4507-1123
https://orcid.org/0000-0002-4507-1123
https://orcid.org/0000-0002-4507-1123
https://orcid.org/0000-0002-4507-1123
https://orcid.org/0000-0002-4507-1123
https://orcid.org/0000-0001-8472-7095
https://orcid.org/0000-0001-8472-7095
https://orcid.org/0000-0001-8472-7095
https://orcid.org/0000-0001-8472-7095
https://orcid.org/0000-0001-8472-7095
https://orcid.org/0000-0001-8472-7095
https://orcid.org/0000-0001-8472-7095
https://orcid.org/0000-0001-8472-7095
https://orcid.org/0000-0002-6096-8297
https://orcid.org/0000-0002-6096-8297
https://orcid.org/0000-0002-6096-8297
https://orcid.org/0000-0002-6096-8297
https://orcid.org/0000-0002-6096-8297
https://orcid.org/0000-0002-6096-8297
https://orcid.org/0000-0002-6096-8297
https://orcid.org/0000-0002-6096-8297
https://orcid.org/0000-0002-1395-8694
https://orcid.org/0000-0002-1395-8694
https://orcid.org/0000-0002-1395-8694
https://orcid.org/0000-0002-1395-8694
https://orcid.org/0000-0002-1395-8694
https://orcid.org/0000-0002-1395-8694
https://orcid.org/0000-0002-1395-8694
https://orcid.org/0000-0002-1395-8694
https://orcid.org/0000-0002-6927-1031
https://orcid.org/0000-0002-6927-1031
https://orcid.org/0000-0002-6927-1031
https://orcid.org/0000-0002-6927-1031
https://orcid.org/0000-0002-6927-1031
https://orcid.org/0000-0002-6927-1031
https://orcid.org/0000-0002-6927-1031
https://orcid.org/0000-0002-6927-1031
https://orcid.org/0000-0001-5955-6415
https://orcid.org/0000-0001-5955-6415
https://orcid.org/0000-0001-5955-6415
https://orcid.org/0000-0001-5955-6415
https://orcid.org/0000-0001-5955-6415
https://orcid.org/0000-0001-5955-6415
https://orcid.org/0000-0001-5955-6415
https://orcid.org/0000-0001-5955-6415
https://orcid.org/0000-0002-9913-381X
https://orcid.org/0000-0002-9913-381X
https://orcid.org/0000-0002-9913-381X
https://orcid.org/0000-0002-9913-381X
https://orcid.org/0000-0002-9913-381X
https://orcid.org/0000-0002-9913-381X
https://orcid.org/0000-0002-9913-381X
https://orcid.org/0000-0002-9913-381X
https://orcid.org/0000-0001-9769-531X
https://orcid.org/0000-0001-9769-531X
https://orcid.org/0000-0001-9769-531X
https://orcid.org/0000-0001-9769-531X
https://orcid.org/0000-0001-9769-531X
https://orcid.org/0000-0001-9769-531X
https://orcid.org/0000-0001-9769-531X
https://orcid.org/0000-0001-9769-531X
https://orcid.org/0000-0001-5140-779X
https://orcid.org/0000-0001-5140-779X
https://orcid.org/0000-0001-5140-779X
https://orcid.org/0000-0001-5140-779X
https://orcid.org/0000-0001-5140-779X
https://orcid.org/0000-0001-5140-779X
https://orcid.org/0000-0001-5140-779X
https://orcid.org/0000-0001-5140-779X
https://orcid.org/0000-0003-4512-8430
https://orcid.org/0000-0003-4512-8430
https://orcid.org/0000-0003-4512-8430
https://orcid.org/0000-0003-4512-8430
https://orcid.org/0000-0003-4512-8430
https://orcid.org/0000-0003-4512-8430
https://orcid.org/0000-0003-4512-8430
https://orcid.org/0000-0003-4512-8430
https://orcid.org/0000-0001-6333-8621
https://orcid.org/0000-0001-6333-8621
https://orcid.org/0000-0001-6333-8621
https://orcid.org/0000-0001-6333-8621
https://orcid.org/0000-0001-6333-8621
https://orcid.org/0000-0001-6333-8621
https://orcid.org/0000-0001-6333-8621
https://orcid.org/0000-0001-6333-8621
https://orcid.org/0000-0001-7902-8505
https://orcid.org/0000-0001-7902-8505
https://orcid.org/0000-0001-7902-8505
https://orcid.org/0000-0001-7902-8505
https://orcid.org/0000-0001-7902-8505
https://orcid.org/0000-0001-7902-8505
https://orcid.org/0000-0001-7902-8505
https://orcid.org/0000-0001-7902-8505
https://orcid.org/0000-0003-4736-6678
https://orcid.org/0000-0003-4736-6678
https://orcid.org/0000-0003-4736-6678
https://orcid.org/0000-0003-4736-6678
https://orcid.org/0000-0003-4736-6678
https://orcid.org/0000-0003-4736-6678
https://orcid.org/0000-0003-4736-6678
https://orcid.org/0000-0003-4736-6678
https://orcid.org/0000-0002-7778-1189
https://orcid.org/0000-0002-7778-1189
https://orcid.org/0000-0002-7778-1189
https://orcid.org/0000-0002-7778-1189
https://orcid.org/0000-0002-7778-1189
https://orcid.org/0000-0002-7778-1189
https://orcid.org/0000-0002-7778-1189
https://orcid.org/0000-0002-7778-1189
https://orcid.org/0000-0002-4424-5726
https://orcid.org/0000-0002-4424-5726
https://orcid.org/0000-0002-4424-5726
https://orcid.org/0000-0002-4424-5726
https://orcid.org/0000-0002-4424-5726
https://orcid.org/0000-0002-4424-5726
https://orcid.org/0000-0002-4424-5726
https://orcid.org/0000-0002-4424-5726
https://orcid.org/0000-0001-8799-2548
https://orcid.org/0000-0001-8799-2548
https://orcid.org/0000-0001-8799-2548
https://orcid.org/0000-0001-8799-2548
https://orcid.org/0000-0001-8799-2548
https://orcid.org/0000-0001-8799-2548
https://orcid.org/0000-0001-8799-2548
https://orcid.org/0000-0001-8799-2548
https://orcid.org/0000-0001-6482-1842
https://orcid.org/0000-0001-6482-1842
https://orcid.org/0000-0001-6482-1842
https://orcid.org/0000-0001-6482-1842
https://orcid.org/0000-0001-6482-1842
https://orcid.org/0000-0001-6482-1842
https://orcid.org/0000-0001-6482-1842
https://orcid.org/0000-0001-6482-1842
https://orcid.org/0000-0002-8184-1017
https://orcid.org/0000-0002-8184-1017
https://orcid.org/0000-0002-8184-1017
https://orcid.org/0000-0002-8184-1017
https://orcid.org/0000-0002-8184-1017
https://orcid.org/0000-0002-8184-1017
https://orcid.org/0000-0002-8184-1017
https://orcid.org/0000-0002-8184-1017
https://orcid.org/0000-0002-3957-1324
https://orcid.org/0000-0002-3957-1324
https://orcid.org/0000-0002-3957-1324
https://orcid.org/0000-0002-3957-1324
https://orcid.org/0000-0002-3957-1324
https://orcid.org/0000-0002-3957-1324
https://orcid.org/0000-0002-3957-1324
https://orcid.org/0000-0002-3957-1324
https://orcid.org/0000-0003-1306-5260
https://orcid.org/0000-0003-1306-5260
https://orcid.org/0000-0003-1306-5260
https://orcid.org/0000-0003-1306-5260
https://orcid.org/0000-0003-1306-5260
https://orcid.org/0000-0003-1306-5260
https://orcid.org/0000-0003-1306-5260
https://orcid.org/0000-0003-1306-5260
https://orcid.org/0000-0002-5524-0410
https://orcid.org/0000-0002-5524-0410
https://orcid.org/0000-0002-5524-0410
https://orcid.org/0000-0002-5524-0410
https://orcid.org/0000-0002-5524-0410
https://orcid.org/0000-0002-5524-0410
https://orcid.org/0000-0002-5524-0410
https://orcid.org/0000-0002-5524-0410
https://orcid.org/0000-0001-9449-1071
https://orcid.org/0000-0001-9449-1071
https://orcid.org/0000-0001-9449-1071
https://orcid.org/0000-0001-9449-1071
https://orcid.org/0000-0001-9449-1071
https://orcid.org/0000-0001-9449-1071
https://orcid.org/0000-0001-9449-1071
https://orcid.org/0000-0001-9449-1071
https://orcid.org/0000-0001-7300-9151
https://orcid.org/0000-0001-7300-9151
https://orcid.org/0000-0001-7300-9151
https://orcid.org/0000-0001-7300-9151
https://orcid.org/0000-0001-7300-9151
https://orcid.org/0000-0001-7300-9151
https://orcid.org/0000-0001-7300-9151
https://orcid.org/0000-0001-7300-9151
https://orcid.org/0000-0001-9664-2216
https://orcid.org/0000-0001-9664-2216
https://orcid.org/0000-0001-9664-2216
https://orcid.org/0000-0001-9664-2216
https://orcid.org/0000-0001-9664-2216
https://orcid.org/0000-0001-9664-2216
https://orcid.org/0000-0001-9664-2216
https://orcid.org/0000-0001-9664-2216
https://orcid.org/0000-0001-5852-2301
https://orcid.org/0000-0001-5852-2301
https://orcid.org/0000-0001-5852-2301
https://orcid.org/0000-0001-5852-2301
https://orcid.org/0000-0001-5852-2301
https://orcid.org/0000-0001-5852-2301
https://orcid.org/0000-0001-5852-2301
https://orcid.org/0000-0001-5852-2301
https://orcid.org/0000-0002-4589-0815
https://orcid.org/0000-0002-4589-0815
https://orcid.org/0000-0002-4589-0815
https://orcid.org/0000-0002-4589-0815
https://orcid.org/0000-0002-4589-0815
https://orcid.org/0000-0002-4589-0815
https://orcid.org/0000-0002-4589-0815
https://orcid.org/0000-0002-4589-0815
https://orcid.org/0000-0001-6177-8105
https://orcid.org/0000-0001-6177-8105
https://orcid.org/0000-0001-6177-8105
https://orcid.org/0000-0001-6177-8105
https://orcid.org/0000-0001-6177-8105
https://orcid.org/0000-0001-6177-8105
https://orcid.org/0000-0001-6177-8105
https://orcid.org/0000-0001-6177-8105
https://orcid.org/0000-0003-1606-4183
https://orcid.org/0000-0003-1606-4183
https://orcid.org/0000-0003-1606-4183
https://orcid.org/0000-0003-1606-4183
https://orcid.org/0000-0003-1606-4183
https://orcid.org/0000-0003-1606-4183
https://orcid.org/0000-0003-1606-4183
https://orcid.org/0000-0003-1606-4183
https://orcid.org/0000-0003-4817-6913
https://orcid.org/0000-0003-4817-6913
https://orcid.org/0000-0003-4817-6913
https://orcid.org/0000-0003-4817-6913
https://orcid.org/0000-0003-4817-6913
https://orcid.org/0000-0003-4817-6913
https://orcid.org/0000-0003-4817-6913
https://orcid.org/0000-0003-4817-6913
https://orcid.org/0000-0002-9957-8720
https://orcid.org/0000-0002-9957-8720
https://orcid.org/0000-0002-9957-8720
https://orcid.org/0000-0002-9957-8720
https://orcid.org/0000-0002-9957-8720
https://orcid.org/0000-0002-9957-8720
https://orcid.org/0000-0002-9957-8720
https://orcid.org/0000-0002-9957-8720
https://orcid.org/0000-0003-0219-9706
https://orcid.org/0000-0003-0219-9706
https://orcid.org/0000-0003-0219-9706
https://orcid.org/0000-0003-0219-9706
https://orcid.org/0000-0003-0219-9706
https://orcid.org/0000-0003-0219-9706
https://orcid.org/0000-0003-0219-9706
https://orcid.org/0000-0003-0219-9706
https://orcid.org/0000-0001-6210-5842
https://orcid.org/0000-0001-6210-5842
https://orcid.org/0000-0001-6210-5842
https://orcid.org/0000-0001-6210-5842
https://orcid.org/0000-0001-6210-5842
https://orcid.org/0000-0001-6210-5842
https://orcid.org/0000-0001-6210-5842
https://orcid.org/0000-0001-6210-5842
https://orcid.org/0000-0003-0851-0593
https://orcid.org/0000-0003-0851-0593
https://orcid.org/0000-0003-0851-0593
https://orcid.org/0000-0003-0851-0593
https://orcid.org/0000-0003-0851-0593
https://orcid.org/0000-0003-0851-0593
https://orcid.org/0000-0003-0851-0593
https://orcid.org/0000-0003-0851-0593
https://orcid.org/0000-0003-2484-2256
https://orcid.org/0000-0003-2484-2256
https://orcid.org/0000-0003-2484-2256
https://orcid.org/0000-0003-2484-2256
https://orcid.org/0000-0003-2484-2256
https://orcid.org/0000-0003-2484-2256
https://orcid.org/0000-0003-2484-2256
https://orcid.org/0000-0003-2484-2256
https://orcid.org/0000-0003-0316-1355
https://orcid.org/0000-0003-0316-1355
https://orcid.org/0000-0003-0316-1355
https://orcid.org/0000-0003-0316-1355
https://orcid.org/0000-0003-0316-1355
https://orcid.org/0000-0003-0316-1355
https://orcid.org/0000-0003-0316-1355
https://orcid.org/0000-0003-0316-1355
https://orcid.org/0000-0001-5424-8368
https://orcid.org/0000-0001-5424-8368
https://orcid.org/0000-0001-5424-8368
https://orcid.org/0000-0001-5424-8368
https://orcid.org/0000-0001-5424-8368
https://orcid.org/0000-0001-5424-8368
https://orcid.org/0000-0001-5424-8368
https://orcid.org/0000-0001-5424-8368
https://orcid.org/0000-0001-5882-0368
https://orcid.org/0000-0001-5882-0368
https://orcid.org/0000-0001-5882-0368
https://orcid.org/0000-0001-5882-0368
https://orcid.org/0000-0001-5882-0368
https://orcid.org/0000-0001-5882-0368
https://orcid.org/0000-0001-5882-0368
https://orcid.org/0000-0001-5882-0368
https://orcid.org/0000-0001-9432-7108
https://orcid.org/0000-0001-9432-7108
https://orcid.org/0000-0001-9432-7108
https://orcid.org/0000-0001-9432-7108
https://orcid.org/0000-0001-9432-7108
https://orcid.org/0000-0001-9432-7108
https://orcid.org/0000-0001-9432-7108
https://orcid.org/0000-0001-9432-7108
https://orcid.org/0000-0002-0828-8219
https://orcid.org/0000-0002-0828-8219
https://orcid.org/0000-0002-0828-8219
https://orcid.org/0000-0002-0828-8219
https://orcid.org/0000-0002-0828-8219
https://orcid.org/0000-0002-0828-8219
https://orcid.org/0000-0002-0828-8219
https://orcid.org/0000-0002-0828-8219
https://orcid.org/0000-0002-0828-8219
https://orcid.org/0000-0001-9185-2572
https://orcid.org/0000-0001-9185-2572
https://orcid.org/0000-0001-9185-2572
https://orcid.org/0000-0001-9185-2572
https://orcid.org/0000-0001-9185-2572
https://orcid.org/0000-0001-9185-2572
https://orcid.org/0000-0001-9185-2572
https://orcid.org/0000-0001-9185-2572
https://orcid.org/0000-0001-8372-3914
https://orcid.org/0000-0001-8372-3914
https://orcid.org/0000-0001-8372-3914
https://orcid.org/0000-0001-8372-3914
https://orcid.org/0000-0001-8372-3914
https://orcid.org/0000-0001-8372-3914
https://orcid.org/0000-0001-8372-3914
https://orcid.org/0000-0001-8372-3914
https://orcid.org/0000-0001-7488-5022
https://orcid.org/0000-0001-7488-5022
https://orcid.org/0000-0001-7488-5022
https://orcid.org/0000-0001-7488-5022
https://orcid.org/0000-0001-7488-5022
https://orcid.org/0000-0001-7488-5022
https://orcid.org/0000-0001-7488-5022
https://orcid.org/0000-0001-7488-5022
https://orcid.org/0000-0002-2689-0190
https://orcid.org/0000-0002-2689-0190
https://orcid.org/0000-0002-2689-0190
https://orcid.org/0000-0002-2689-0190
https://orcid.org/0000-0002-2689-0190
https://orcid.org/0000-0002-2689-0190
https://orcid.org/0000-0002-2689-0190
https://orcid.org/0000-0002-2689-0190
https://orcid.org/0000-0002-9556-142X
https://orcid.org/0000-0002-9556-142X
https://orcid.org/0000-0002-9556-142X
https://orcid.org/0000-0002-9556-142X
https://orcid.org/0000-0002-9556-142X
https://orcid.org/0000-0002-9556-142X
https://orcid.org/0000-0002-9556-142X
https://orcid.org/0000-0002-9556-142X
https://orcid.org/0000-0001-7737-3129
https://orcid.org/0000-0001-7737-3129
https://orcid.org/0000-0001-7737-3129
https://orcid.org/0000-0001-7737-3129
https://orcid.org/0000-0001-7737-3129
https://orcid.org/0000-0001-7737-3129
https://orcid.org/0000-0001-7737-3129
https://orcid.org/0000-0001-7737-3129
https://orcid.org/0000-0003-2980-358X
https://orcid.org/0000-0003-2980-358X
https://orcid.org/0000-0003-2980-358X
https://orcid.org/0000-0003-2980-358X
https://orcid.org/0000-0003-2980-358X
https://orcid.org/0000-0003-2980-358X
https://orcid.org/0000-0003-2980-358X
https://orcid.org/0000-0003-2980-358X
https://orcid.org/0000-0003-0606-725X
https://orcid.org/0000-0003-0606-725X
https://orcid.org/0000-0003-0606-725X
https://orcid.org/0000-0003-0606-725X
https://orcid.org/0000-0003-0606-725X
https://orcid.org/0000-0003-0606-725X
https://orcid.org/0000-0003-0606-725X
https://orcid.org/0000-0003-0606-725X
https://orcid.org/0000-0002-2218-4002
https://orcid.org/0000-0002-2218-4002
https://orcid.org/0000-0002-2218-4002
https://orcid.org/0000-0002-2218-4002
https://orcid.org/0000-0002-2218-4002
https://orcid.org/0000-0002-2218-4002
https://orcid.org/0000-0002-2218-4002
https://orcid.org/0000-0002-2218-4002
https://orcid.org/0000-0001-5532-3622
https://orcid.org/0000-0001-5532-3622
https://orcid.org/0000-0001-5532-3622
https://orcid.org/0000-0001-5532-3622
https://orcid.org/0000-0001-5532-3622
https://orcid.org/0000-0001-5532-3622
https://orcid.org/0000-0001-5532-3622
https://orcid.org/0000-0001-5532-3622
https://orcid.org/0000-0002-8820-407X
https://orcid.org/0000-0002-8820-407X
https://orcid.org/0000-0002-8820-407X
https://orcid.org/0000-0002-8820-407X
https://orcid.org/0000-0002-8820-407X
https://orcid.org/0000-0002-8820-407X
https://orcid.org/0000-0002-8820-407X
https://orcid.org/0000-0002-8820-407X
https://orcid.org/0000-0002-4890-7627
https://orcid.org/0000-0002-4890-7627
https://orcid.org/0000-0002-4890-7627
https://orcid.org/0000-0002-4890-7627
https://orcid.org/0000-0002-4890-7627
https://orcid.org/0000-0002-4890-7627
https://orcid.org/0000-0002-4890-7627
https://orcid.org/0000-0002-4890-7627
https://orcid.org/0000-0002-4048-5570
https://orcid.org/0000-0002-4048-5570
https://orcid.org/0000-0002-4048-5570
https://orcid.org/0000-0002-4048-5570
https://orcid.org/0000-0002-4048-5570
https://orcid.org/0000-0002-4048-5570
https://orcid.org/0000-0002-4048-5570
https://orcid.org/0000-0002-4048-5570
https://orcid.org/0000-0001-5670-7046
https://orcid.org/0000-0001-5670-7046
https://orcid.org/0000-0001-5670-7046
https://orcid.org/0000-0001-5670-7046
https://orcid.org/0000-0001-5670-7046
https://orcid.org/0000-0001-5670-7046
https://orcid.org/0000-0001-5670-7046
https://orcid.org/0000-0001-5670-7046
https://orcid.org/0000-0002-8659-5898
https://orcid.org/0000-0002-8659-5898
https://orcid.org/0000-0002-8659-5898
https://orcid.org/0000-0002-8659-5898
https://orcid.org/0000-0002-8659-5898
https://orcid.org/0000-0002-8659-5898
https://orcid.org/0000-0002-8659-5898
https://orcid.org/0000-0002-8659-5898
https://orcid.org/0000-0001-7348-9765
https://orcid.org/0000-0001-7348-9765
https://orcid.org/0000-0001-7348-9765
https://orcid.org/0000-0001-7348-9765
https://orcid.org/0000-0001-7348-9765
https://orcid.org/0000-0001-7348-9765
https://orcid.org/0000-0001-7348-9765
https://orcid.org/0000-0001-7348-9765
https://orcid.org/0000-0002-8766-1156
https://orcid.org/0000-0002-8766-1156
https://orcid.org/0000-0002-8766-1156
https://orcid.org/0000-0002-8766-1156
https://orcid.org/0000-0002-8766-1156
https://orcid.org/0000-0002-8766-1156
https://orcid.org/0000-0002-8766-1156
https://orcid.org/0000-0002-8766-1156
https://orcid.org/0000-0002-7881-1677
https://orcid.org/0000-0002-7881-1677
https://orcid.org/0000-0002-7881-1677
https://orcid.org/0000-0002-7881-1677
https://orcid.org/0000-0002-7881-1677
https://orcid.org/0000-0002-7881-1677
https://orcid.org/0000-0002-7881-1677
https://orcid.org/0000-0002-7881-1677
https://orcid.org/0000-0002-0800-4626
https://orcid.org/0000-0002-0800-4626
https://orcid.org/0000-0002-0800-4626
https://orcid.org/0000-0002-0800-4626
https://orcid.org/0000-0002-0800-4626
https://orcid.org/0000-0002-0800-4626
https://orcid.org/0000-0002-0800-4626
https://orcid.org/0000-0002-0800-4626
https://orcid.org/0000-0002-6983-4981
https://orcid.org/0000-0002-6983-4981
https://orcid.org/0000-0002-6983-4981
https://orcid.org/0000-0002-6983-4981
https://orcid.org/0000-0002-6983-4981
https://orcid.org/0000-0002-6983-4981
https://orcid.org/0000-0002-6983-4981
https://orcid.org/0000-0002-6983-4981
https://orcid.org/0000-0001-5745-3658
https://orcid.org/0000-0001-5745-3658
https://orcid.org/0000-0001-5745-3658
https://orcid.org/0000-0001-5745-3658
https://orcid.org/0000-0001-5745-3658
https://orcid.org/0000-0001-5745-3658
https://orcid.org/0000-0001-5745-3658
https://orcid.org/0000-0001-5745-3658
https://orcid.org/0000-0002-9085-7600
https://orcid.org/0000-0002-9085-7600
https://orcid.org/0000-0002-9085-7600
https://orcid.org/0000-0002-9085-7600
https://orcid.org/0000-0002-9085-7600
https://orcid.org/0000-0002-9085-7600
https://orcid.org/0000-0002-9085-7600
https://orcid.org/0000-0002-9085-7600
https://orcid.org/0000-0002-1213-8416
https://orcid.org/0000-0002-1213-8416
https://orcid.org/0000-0002-1213-8416
https://orcid.org/0000-0002-1213-8416
https://orcid.org/0000-0002-1213-8416
https://orcid.org/0000-0002-1213-8416
https://orcid.org/0000-0002-1213-8416
https://orcid.org/0000-0002-1213-8416
https://orcid.org/0000-0001-6331-112X
https://orcid.org/0000-0001-6331-112X
https://orcid.org/0000-0001-6331-112X
https://orcid.org/0000-0001-6331-112X
https://orcid.org/0000-0001-6331-112X
https://orcid.org/0000-0001-6331-112X
https://orcid.org/0000-0001-6331-112X
https://orcid.org/0000-0001-6331-112X
https://orcid.org/0000-0002-3422-6986
https://orcid.org/0000-0002-3422-6986
https://orcid.org/0000-0002-3422-6986
https://orcid.org/0000-0002-3422-6986
https://orcid.org/0000-0002-3422-6986
https://orcid.org/0000-0002-3422-6986
https://orcid.org/0000-0002-3422-6986
https://orcid.org/0000-0002-3422-6986
https://orcid.org/0000-0003-1356-7156
https://orcid.org/0000-0003-1356-7156
https://orcid.org/0000-0003-1356-7156
https://orcid.org/0000-0003-1356-7156
https://orcid.org/0000-0003-1356-7156
https://orcid.org/0000-0003-1356-7156
https://orcid.org/0000-0003-1356-7156
https://orcid.org/0000-0003-1356-7156
https://orcid.org/0000-0003-4892-3042
https://orcid.org/0000-0003-4892-3042
https://orcid.org/0000-0003-4892-3042
https://orcid.org/0000-0003-4892-3042
https://orcid.org/0000-0003-4892-3042
https://orcid.org/0000-0003-4892-3042
https://orcid.org/0000-0003-4892-3042
https://orcid.org/0000-0003-4892-3042
https://orcid.org/0000-0003-2361-2811
https://orcid.org/0000-0003-2361-2811
https://orcid.org/0000-0003-2361-2811
https://orcid.org/0000-0003-2361-2811
https://orcid.org/0000-0003-2361-2811
https://orcid.org/0000-0003-2361-2811
https://orcid.org/0000-0003-2361-2811
https://orcid.org/0000-0003-2361-2811
https://orcid.org/0000-0001-7714-7076
https://orcid.org/0000-0001-7714-7076
https://orcid.org/0000-0001-7714-7076
https://orcid.org/0000-0001-7714-7076
https://orcid.org/0000-0001-7714-7076
https://orcid.org/0000-0001-7714-7076
https://orcid.org/0000-0001-7714-7076
https://orcid.org/0000-0001-7714-7076
https://orcid.org/0000-0002-2986-2371
https://orcid.org/0000-0002-2986-2371
https://orcid.org/0000-0002-2986-2371
https://orcid.org/0000-0002-2986-2371
https://orcid.org/0000-0002-2986-2371
https://orcid.org/0000-0002-2986-2371
https://orcid.org/0000-0002-2986-2371
https://orcid.org/0000-0002-2986-2371
https://orcid.org/0000-0002-0496-032X
https://orcid.org/0000-0002-0496-032X
https://orcid.org/0000-0002-0496-032X
https://orcid.org/0000-0002-0496-032X
https://orcid.org/0000-0002-0496-032X
https://orcid.org/0000-0002-0496-032X
https://orcid.org/0000-0002-0496-032X
https://orcid.org/0000-0002-0496-032X
https://orcid.org/0000-0002-8445-6747
https://orcid.org/0000-0002-8445-6747
https://orcid.org/0000-0002-8445-6747
https://orcid.org/0000-0002-8445-6747
https://orcid.org/0000-0002-8445-6747
https://orcid.org/0000-0002-8445-6747
https://orcid.org/0000-0002-8445-6747
https://orcid.org/0000-0002-8445-6747
https://orcid.org/0000-0002-9977-8546
https://orcid.org/0000-0002-9977-8546
https://orcid.org/0000-0002-9977-8546
https://orcid.org/0000-0002-9977-8546
https://orcid.org/0000-0002-9977-8546
https://orcid.org/0000-0002-9977-8546
https://orcid.org/0000-0002-9977-8546
https://orcid.org/0000-0002-9977-8546
https://orcid.org/0000-0002-6444-6402
https://orcid.org/0000-0002-6444-6402
https://orcid.org/0000-0002-6444-6402
https://orcid.org/0000-0002-6444-6402
https://orcid.org/0000-0002-6444-6402
https://orcid.org/0000-0002-6444-6402
https://orcid.org/0000-0002-6444-6402
https://orcid.org/0000-0002-6444-6402
https://orcid.org/0000-0002-0351-4555
https://orcid.org/0000-0002-0351-4555
https://orcid.org/0000-0002-0351-4555
https://orcid.org/0000-0002-0351-4555
https://orcid.org/0000-0002-0351-4555
https://orcid.org/0000-0002-0351-4555
https://orcid.org/0000-0002-0351-4555
https://orcid.org/0000-0002-0351-4555
https://orcid.org/0000-0002-8855-2509
https://orcid.org/0000-0002-8855-2509
https://orcid.org/0000-0002-8855-2509
https://orcid.org/0000-0002-8855-2509
https://orcid.org/0000-0002-8855-2509
https://orcid.org/0000-0002-8855-2509
https://orcid.org/0000-0002-8855-2509
https://orcid.org/0000-0002-8855-2509
https://orcid.org/0000-0001-7335-9418
https://orcid.org/0000-0001-7335-9418
https://orcid.org/0000-0001-7335-9418
https://orcid.org/0000-0001-7335-9418
https://orcid.org/0000-0001-7335-9418
https://orcid.org/0000-0001-7335-9418
https://orcid.org/0000-0001-7335-9418
https://orcid.org/0000-0001-7335-9418
https://orcid.org/0000-0002-3373-5236
https://orcid.org/0000-0002-3373-5236
https://orcid.org/0000-0002-3373-5236
https://orcid.org/0000-0002-3373-5236
https://orcid.org/0000-0002-3373-5236
https://orcid.org/0000-0002-3373-5236
https://orcid.org/0000-0002-3373-5236
https://orcid.org/0000-0002-3373-5236
https://orcid.org/0000-0002-8666-9156
https://orcid.org/0000-0002-8666-9156
https://orcid.org/0000-0002-8666-9156
https://orcid.org/0000-0002-8666-9156
https://orcid.org/0000-0002-8666-9156
https://orcid.org/0000-0002-8666-9156
https://orcid.org/0000-0002-8666-9156
https://orcid.org/0000-0002-8666-9156
https://orcid.org/0000-0001-8844-421X
https://orcid.org/0000-0001-8844-421X
https://orcid.org/0000-0001-8844-421X
https://orcid.org/0000-0001-8844-421X
https://orcid.org/0000-0001-8844-421X
https://orcid.org/0000-0001-8844-421X
https://orcid.org/0000-0001-8844-421X
https://orcid.org/0000-0001-8844-421X
https://orcid.org/0000-0002-8218-2404
https://orcid.org/0000-0002-8218-2404
https://orcid.org/0000-0002-8218-2404
https://orcid.org/0000-0002-8218-2404
https://orcid.org/0000-0002-8218-2404
https://orcid.org/0000-0002-8218-2404
https://orcid.org/0000-0002-8218-2404
https://orcid.org/0000-0002-8218-2404
https://orcid.org/0000-0002-2747-0497
https://orcid.org/0000-0002-2747-0497
https://orcid.org/0000-0002-2747-0497
https://orcid.org/0000-0002-2747-0497
https://orcid.org/0000-0002-2747-0497
https://orcid.org/0000-0002-2747-0497
https://orcid.org/0000-0002-2747-0497
https://orcid.org/0000-0002-2747-0497
https://orcid.org/0000-0001-6148-4289
https://orcid.org/0000-0001-6148-4289
https://orcid.org/0000-0001-6148-4289
https://orcid.org/0000-0001-6148-4289
https://orcid.org/0000-0001-6148-4289
https://orcid.org/0000-0001-6148-4289
https://orcid.org/0000-0001-6148-4289
https://orcid.org/0000-0001-6148-4289
https://orcid.org/0000-0001-7665-0796
https://orcid.org/0000-0001-7665-0796
https://orcid.org/0000-0001-7665-0796
https://orcid.org/0000-0001-7665-0796
https://orcid.org/0000-0001-7665-0796
https://orcid.org/0000-0001-7665-0796
https://orcid.org/0000-0001-7665-0796
https://orcid.org/0000-0001-7665-0796
https://orcid.org/0000-0001-5558-2595
https://orcid.org/0000-0001-5558-2595
https://orcid.org/0000-0001-5558-2595
https://orcid.org/0000-0001-5558-2595
https://orcid.org/0000-0001-5558-2595
https://orcid.org/0000-0001-5558-2595
https://orcid.org/0000-0001-5558-2595
https://orcid.org/0000-0001-5558-2595
https://orcid.org/0000-0003-2918-0730
https://orcid.org/0000-0003-2918-0730
https://orcid.org/0000-0003-2918-0730
https://orcid.org/0000-0003-2918-0730
https://orcid.org/0000-0003-2918-0730
https://orcid.org/0000-0003-2918-0730
https://orcid.org/0000-0003-2918-0730
https://orcid.org/0000-0003-2918-0730
https://orcid.org/0000-0002-6814-7792
https://orcid.org/0000-0002-6814-7792
https://orcid.org/0000-0002-6814-7792
https://orcid.org/0000-0002-6814-7792
https://orcid.org/0000-0002-6814-7792
https://orcid.org/0000-0002-6814-7792
https://orcid.org/0000-0002-6814-7792
https://orcid.org/0000-0002-6814-7792
https://orcid.org/0000-0002-0567-0324
https://orcid.org/0000-0002-0567-0324
https://orcid.org/0000-0002-0567-0324
https://orcid.org/0000-0002-0567-0324
https://orcid.org/0000-0002-0567-0324
https://orcid.org/0000-0002-0567-0324
https://orcid.org/0000-0002-0567-0324
https://orcid.org/0000-0002-0567-0324
https://orcid.org/0000-0001-5843-1434
https://orcid.org/0000-0001-5843-1434
https://orcid.org/0000-0001-5843-1434
https://orcid.org/0000-0001-5843-1434
https://orcid.org/0000-0001-5843-1434
https://orcid.org/0000-0001-5843-1434
https://orcid.org/0000-0001-5843-1434
https://orcid.org/0000-0001-5843-1434
https://orcid.org/0000-0001-8623-0306
https://orcid.org/0000-0001-8623-0306
https://orcid.org/0000-0001-8623-0306
https://orcid.org/0000-0001-8623-0306
https://orcid.org/0000-0001-8623-0306
https://orcid.org/0000-0001-8623-0306
https://orcid.org/0000-0001-8623-0306
https://orcid.org/0000-0001-8623-0306
https://orcid.org/0000-0002-1828-3702
https://orcid.org/0000-0002-1828-3702
https://orcid.org/0000-0002-1828-3702
https://orcid.org/0000-0002-1828-3702
https://orcid.org/0000-0002-1828-3702
https://orcid.org/0000-0002-1828-3702
https://orcid.org/0000-0002-1828-3702
https://orcid.org/0000-0002-1828-3702
https://orcid.org/0000-0003-3562-0990
https://orcid.org/0000-0003-3562-0990
https://orcid.org/0000-0003-3562-0990
https://orcid.org/0000-0003-3562-0990
https://orcid.org/0000-0003-3562-0990
https://orcid.org/0000-0003-3562-0990
https://orcid.org/0000-0003-3562-0990
https://orcid.org/0000-0003-3562-0990
https://orcid.org/0000-0001-6573-7773
https://orcid.org/0000-0001-6573-7773
https://orcid.org/0000-0001-6573-7773
https://orcid.org/0000-0001-6573-7773
https://orcid.org/0000-0001-6573-7773
https://orcid.org/0000-0001-6573-7773
https://orcid.org/0000-0001-6573-7773
https://orcid.org/0000-0001-6573-7773
https://orcid.org/0000-0001-8906-9159
https://orcid.org/0000-0001-8906-9159
https://orcid.org/0000-0001-8906-9159
https://orcid.org/0000-0001-8906-9159
https://orcid.org/0000-0001-8906-9159
https://orcid.org/0000-0001-8906-9159
https://orcid.org/0000-0001-8906-9159
https://orcid.org/0000-0001-8906-9159
https://orcid.org/0000-0002-6029-4712
https://orcid.org/0000-0002-6029-4712
https://orcid.org/0000-0002-6029-4712
https://orcid.org/0000-0002-6029-4712
https://orcid.org/0000-0002-6029-4712
https://orcid.org/0000-0002-6029-4712
https://orcid.org/0000-0002-6029-4712
https://orcid.org/0000-0002-6029-4712
https://orcid.org/0000-0001-8304-8066
https://orcid.org/0000-0001-8304-8066
https://orcid.org/0000-0001-8304-8066
https://orcid.org/0000-0001-8304-8066
https://orcid.org/0000-0001-8304-8066
https://orcid.org/0000-0001-8304-8066
https://orcid.org/0000-0001-8304-8066
https://orcid.org/0000-0001-8304-8066
https://orcid.org/0000-0002-8599-8791
https://orcid.org/0000-0002-8599-8791
https://orcid.org/0000-0002-8599-8791
https://orcid.org/0000-0002-8599-8791
https://orcid.org/0000-0002-8599-8791
https://orcid.org/0000-0002-8599-8791
https://orcid.org/0000-0002-8599-8791
https://orcid.org/0000-0002-8599-8791
https://orcid.org/0000-0002-3916-1595
https://orcid.org/0000-0002-3916-1595
https://orcid.org/0000-0002-3916-1595
https://orcid.org/0000-0002-3916-1595
https://orcid.org/0000-0002-3916-1595
https://orcid.org/0000-0002-3916-1595
https://orcid.org/0000-0002-3916-1595
https://orcid.org/0000-0002-3916-1595
https://orcid.org/0000-0002-1884-8654
https://orcid.org/0000-0002-1884-8654
https://orcid.org/0000-0002-1884-8654
https://orcid.org/0000-0002-1884-8654
https://orcid.org/0000-0002-1884-8654
https://orcid.org/0000-0002-1884-8654
https://orcid.org/0000-0002-1884-8654
https://orcid.org/0000-0002-1884-8654
https://orcid.org/0000-0001-5417-862X
https://orcid.org/0000-0001-5417-862X
https://orcid.org/0000-0001-5417-862X
https://orcid.org/0000-0001-5417-862X
https://orcid.org/0000-0001-5417-862X
https://orcid.org/0000-0001-5417-862X
https://orcid.org/0000-0001-5417-862X
https://orcid.org/0000-0001-5417-862X
https://orcid.org/0000-0002-5037-951X
https://orcid.org/0000-0002-5037-951X
https://orcid.org/0000-0002-5037-951X
https://orcid.org/0000-0002-5037-951X
https://orcid.org/0000-0002-5037-951X
https://orcid.org/0000-0002-5037-951X
https://orcid.org/0000-0002-5037-951X
https://orcid.org/0000-0002-5037-951X
https://orcid.org/0000-0003-1184-7453
https://orcid.org/0000-0003-1184-7453
https://orcid.org/0000-0003-1184-7453
https://orcid.org/0000-0003-1184-7453
https://orcid.org/0000-0003-1184-7453
https://orcid.org/0000-0003-1184-7453
https://orcid.org/0000-0003-1184-7453
https://orcid.org/0000-0003-1184-7453
https://orcid.org/0000-0001-8072-0304
https://orcid.org/0000-0001-8072-0304
https://orcid.org/0000-0001-8072-0304
https://orcid.org/0000-0001-8072-0304
https://orcid.org/0000-0001-8072-0304
https://orcid.org/0000-0001-8072-0304
https://orcid.org/0000-0001-8072-0304
https://orcid.org/0000-0001-8072-0304
https://orcid.org/0000-0002-1380-1419
https://orcid.org/0000-0002-1380-1419
https://orcid.org/0000-0002-1380-1419
https://orcid.org/0000-0002-1380-1419
https://orcid.org/0000-0002-1380-1419
https://orcid.org/0000-0002-1380-1419
https://orcid.org/0000-0002-1380-1419
https://orcid.org/0000-0002-1380-1419
https://orcid.org/0000-0003-0493-5607
https://orcid.org/0000-0003-0493-5607
https://orcid.org/0000-0003-0493-5607
https://orcid.org/0000-0003-0493-5607
https://orcid.org/0000-0003-0493-5607
https://orcid.org/0000-0003-0493-5607
https://orcid.org/0000-0003-0493-5607
https://orcid.org/0000-0003-0493-5607
https://orcid.org/0000-0001-5755-5865
https://orcid.org/0000-0001-5755-5865
https://orcid.org/0000-0001-5755-5865
https://orcid.org/0000-0001-5755-5865
https://orcid.org/0000-0001-5755-5865
https://orcid.org/0000-0001-5755-5865
https://orcid.org/0000-0001-5755-5865
https://orcid.org/0000-0001-5755-5865
https://orcid.org/0000-0002-7497-871X
https://orcid.org/0000-0002-7497-871X
https://orcid.org/0000-0002-7497-871X
https://orcid.org/0000-0002-7497-871X
https://orcid.org/0000-0002-7497-871X
https://orcid.org/0000-0002-7497-871X
https://orcid.org/0000-0002-7497-871X
https://orcid.org/0000-0002-7497-871X
https://orcid.org/0000-0002-7518-6677
https://orcid.org/0000-0002-7518-6677
https://orcid.org/0000-0002-7518-6677
https://orcid.org/0000-0002-7518-6677
https://orcid.org/0000-0002-7518-6677
https://orcid.org/0000-0002-7518-6677
https://orcid.org/0000-0002-7518-6677
https://orcid.org/0000-0002-7518-6677
https://orcid.org/0000-0002-3874-8335
https://orcid.org/0000-0002-3874-8335
https://orcid.org/0000-0002-3874-8335
https://orcid.org/0000-0002-3874-8335
https://orcid.org/0000-0002-3874-8335
https://orcid.org/0000-0002-3874-8335
https://orcid.org/0000-0002-3874-8335
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
E. O’Shea https://orcid.org/0000-0002-0230-9533
S. Oshino https://orcid.org/0000-0002-2794-6029
S. Ossokine https://orcid.org/0000-0002-2579-1246
D. J. Ottaway https://orcid.org/0000-0001-6794-1591
S. Pal https://orcid.org/0000-0003-2172-8589
C. Palomba https://orcid.org/0000-0002-4450-9883
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. Parisi https://orcid.org/0000-0003-0251-8914
J. Park https://orcid.org/0000-0002-7510-0079
W. Parker https://orcid.org/0000-0002-7711-4423
D. Pascucci https://orcid.org/0000-0003-1907-0175
R. Passaquieti https://orcid.org/0000-0003-4753-9428
B. Patricelli https://orcid.org/0000-0001-6709-0969
S. Paul https://orcid.org/0000-0002-4449-1732
E. Payne https://orcid.org/0000-0003-4507-8373
R. Pegna https://orcid.org/0000-0002-6532-671X
A. Pele https://orcid.org/0000-0002-1873-3769
F. E. Peña Arellano https://orcid.org/0000-0002-8516-5159
S. Penn https://orcid.org/0000-0003-4956-0853
C. Périgois https://orcid.org/0000-0002-9779-2838
A. Perreca https://orcid.org/0000-0002-6269-2490
J. Petermann https://orcid.org/0000-0002-8949-3803
H. P. Pfeiffer https://orcid.org/0000-0001-9288-519X
K. A. Pham https://orcid.org/0000-0002-7650-1034
K. S. Phukon https://orcid.org/0000-0003-1561-0760
O. J. Piccinni https://orcid.org/0000-0001-5478-3950
M. Pichot https://orcid.org/0000-0002-4439-8968
L. Pierini https://orcid.org/0000-0003-0945-2196
V. Pierro https://orcid.org/0000-0002-6020-5521
F. Pilo https://orcid.org/0000-0003-4967-7090
I. M. Pinto https://orcid.org/0000-0002-2679-4457
B. J. Piotrzkowski https://orcid.org/0000-0001-8919-0899
M. 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
R. Poggiani https://orcid.org/0000-0002-9968-2464
E. Polini https://orcid.org/0000-0003-4059-0765
L. Pompili https://orcid.org/0000-0002-0710-6778
J. Portell https://orcid.org/0000-0002-8886-8925
R. Poulton https://orcid.org/0000-0003-2049-520X
G. Pratten https://orcid.org/0000-0003-4984-0775
G. A. Prodi https://orcid.org/0000-0001-5256-915X
J. Pullin https://orcid.org/0000-0001-8248-603X
M. Punturo https://orcid.org/0000-0001-8722-4485
M. Pürrer https://orcid.org/0000-0002-3329-9788
H. Qi https://orcid.org/0000-0001-6339-1537
G. Raaijmakers https://orcid.org/0000-0002-9397-786X
P. Raffai https://orcid.org/0000-0001-7576-0141
K. E. Ramirez https://orcid.org/0000-0003-2194-7669
A. Ramos-Buades https://orcid.org/0000-0002-6874-7421
A. Ray https://orcid.org/0000-0002-7322-4748
V. Raymond https://orcid.org/0000-0003-0066-0095
N. Raza https://orcid.org/0000-0002-8549-9124
M. Razzano https://orcid.org/0000-0003-4825-1629
T. Regimbau https://orcid.org/0000-0002-0631-1198
L. Rei https://orcid.org/0000-0002-8690-9180
D. H. Reitze https://orcid.org/0000-0002-5756-1111

P. Relton https://orcid.org/0000-0003-2756-3391
P. Rettegno https://orcid.org/0000-0001-8088-3517
B. Revenu https://orcid.org/0000-0002-7629-4805
F. Ricci https://orcid.org/0000-0001-5742-5980
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. Romero https://orcid.org/0000-0003-2275-4164
I. M. Romero-Shaw https://orcid.org/0000-0002-4181-8090
S. Ronchini https://orcid.org/0000-0003-0020-687X
T. J. Roocke https://orcid.org/0000-0003-2640-9683
M. P. Ross https://orcid.org/0000-0002-8955-5269
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
J. Sadiq https://orcid.org/0000-0001-5931-3624
S. Saha https://orcid.org/0000-0002-3333-8070
M. Sakellariadou https://orcid.org/0000-0002-2715-1517
T. Sako https://orcid.org/0000-0002-7003-6493
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
A. Samajdar https://orcid.org/0000-0002-0857-6018
J. H. Sanchez https://orcid.org/0000-0001-7080-4176
N. Sanchis-Gual https://orcid.org/0000-0001-5375-7494
A. Sanuy https://orcid.org/0000-0002-5767-3623
N. Sarin https://orcid.org/0000-0003-2700-1030
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
O. Sauter https://orcid.org/0000-0003-2293-1554
R. L. Savage https://orcid.org/0000-0003-3317-1036
V. Savant https://orcid.org/0000-0002-4117-2269
T. Sawada https://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
R. Schnabel https://orcid.org/0000-0003-2896-4218
E. Schwartz https://orcid.org/0000-0001-8922-7794
J. Scott https://orcid.org/0000-0001-6701-6515
S. M. Scott https://orcid.org/0000-0002-9875-7700
M. Seglar-Arroyo https://orcid.org/0000-0001-8654-409X
Y. Sekiguchi https://orcid.org/0000-0002-2648-3835
Y. Setyawati https://orcid.org/0000-0003-3718-4491
M. S. Shahriar https://orcid.org/0000-0002-7981-954X
M. A. Shaikh https://orcid.org/0000-0003-0826-6164
L. Shao https://orcid.org/0000-0002-1334-8853
P. Shawhan https://orcid.org/0000-0002-8249-8070
N. S. Shcheblanov https://orcid.org/0000-0001-8696-2435
Y. Shikano https://orcid.org/0000-0003-2107-7536
H. Shimizu https://orcid.org/0000-0002-4221-0300
K. Shimode https://orcid.org/0000-0002-5682-8750
H. Shinkai https://orcid.org/0000-0003-1082-2844
D. H. Shoemaker https://orcid.org/0000-0002-4147-2560
D. M. Shoemaker https://orcid.org/0000-0002-9899-6357
D. Sigg https://orcid.org/0000-0003-4606-6526
L. Silenzi https://orcid.org/0000-0001-7316-3239
L. P. Singer https://orcid.org/0000-0001-9898-5597
D. Singh https://orcid.org/0000-0001-9675-4584

25

The Astrophysical Journal Supplement Series, 267:29 (28pp), 2023 August Abbott et al.

https://orcid.org/0000-0003-3563-8576
https://orcid.org/0000-0003-3563-8576
https://orcid.org/0000-0003-3563-8576
https://orcid.org/0000-0003-3563-8576
https://orcid.org/0000-0003-3563-8576
https://orcid.org/0000-0003-3563-8576
https://orcid.org/0000-0003-3563-8576
https://orcid.org/0000-0003-3563-8576
https://orcid.org/0000-0001-5832-8517
https://orcid.org/0000-0001-5832-8517
https://orcid.org/0000-0001-5832-8517
https://orcid.org/0000-0001-5832-8517
https://orcid.org/0000-0001-5832-8517
https://orcid.org/0000-0001-5832-8517
https://orcid.org/0000-0001-5832-8517
https://orcid.org/0000-0001-5832-8517
https://orcid.org/0000-0002-0230-9533
https://orcid.org/0000-0002-0230-9533
https://orcid.org/0000-0002-0230-9533
https://orcid.org/0000-0002-0230-9533
https://orcid.org/0000-0002-0230-9533
https://orcid.org/0000-0002-0230-9533
https://orcid.org/0000-0002-0230-9533
https://orcid.org/0000-0002-0230-9533
https://orcid.org/0000-0002-2794-6029
https://orcid.org/0000-0002-2794-6029
https://orcid.org/0000-0002-2794-6029
https://orcid.org/0000-0002-2794-6029
https://orcid.org/0000-0002-2794-6029
https://orcid.org/0000-0002-2794-6029
https://orcid.org/0000-0002-2794-6029
https://orcid.org/0000-0002-2794-6029
https://orcid.org/0000-0002-2579-1246
https://orcid.org/0000-0002-2579-1246
https://orcid.org/0000-0002-2579-1246
https://orcid.org/0000-0002-2579-1246
https://orcid.org/0000-0002-2579-1246
https://orcid.org/0000-0002-2579-1246
https://orcid.org/0000-0002-2579-1246
https://orcid.org/0000-0002-2579-1246
https://orcid.org/0000-0001-6794-1591
https://orcid.org/0000-0001-6794-1591
https://orcid.org/0000-0001-6794-1591
https://orcid.org/0000-0001-6794-1591
https://orcid.org/0000-0001-6794-1591
https://orcid.org/0000-0001-6794-1591
https://orcid.org/0000-0001-6794-1591
https://orcid.org/0000-0001-6794-1591
https://orcid.org/0000-0003-2172-8589
https://orcid.org/0000-0003-2172-8589
https://orcid.org/0000-0003-2172-8589
https://orcid.org/0000-0003-2172-8589
https://orcid.org/0000-0003-2172-8589
https://orcid.org/0000-0003-2172-8589
https://orcid.org/0000-0003-2172-8589
https://orcid.org/0000-0003-2172-8589
https://orcid.org/0000-0002-4450-9883
https://orcid.org/0000-0002-4450-9883
https://orcid.org/0000-0002-4450-9883
https://orcid.org/0000-0002-4450-9883
https://orcid.org/0000-0002-4450-9883
https://orcid.org/0000-0002-4450-9883
https://orcid.org/0000-0002-4450-9883
https://orcid.org/0000-0002-4450-9883
https://orcid.org/0000-0002-1473-9880
https://orcid.org/0000-0002-1473-9880
https://orcid.org/0000-0002-1473-9880
https://orcid.org/0000-0002-1473-9880
https://orcid.org/0000-0002-1473-9880
https://orcid.org/0000-0002-1473-9880
https://orcid.org/0000-0002-1473-9880
https://orcid.org/0000-0002-1473-9880
https://orcid.org/0000-0002-7537-3210
https://orcid.org/0000-0002-7537-3210
https://orcid.org/0000-0002-7537-3210
https://orcid.org/0000-0002-7537-3210
https://orcid.org/0000-0002-7537-3210
https://orcid.org/0000-0002-7537-3210
https://orcid.org/0000-0002-7537-3210
https://orcid.org/0000-0002-7537-3210
https://orcid.org/0000-0001-8898-1963
https://orcid.org/0000-0001-8898-1963
https://orcid.org/0000-0001-8898-1963
https://orcid.org/0000-0001-8898-1963
https://orcid.org/0000-0001-8898-1963
https://orcid.org/0000-0001-8898-1963
https://orcid.org/0000-0001-8898-1963
https://orcid.org/0000-0001-8898-1963
https://orcid.org/0000-0003-0251-8914
https://orcid.org/0000-0003-0251-8914
https://orcid.org/0000-0003-0251-8914
https://orcid.org/0000-0003-0251-8914
https://orcid.org/0000-0003-0251-8914
https://orcid.org/0000-0003-0251-8914
https://orcid.org/0000-0003-0251-8914
https://orcid.org/0000-0003-0251-8914
https://orcid.org/0000-0002-7510-0079
https://orcid.org/0000-0002-7510-0079
https://orcid.org/0000-0002-7510-0079
https://orcid.org/0000-0002-7510-0079
https://orcid.org/0000-0002-7510-0079
https://orcid.org/0000-0002-7510-0079
https://orcid.org/0000-0002-7510-0079
https://orcid.org/0000-0002-7510-0079
https://orcid.org/0000-0002-7711-4423
https://orcid.org/0000-0002-7711-4423
https://orcid.org/0000-0002-7711-4423
https://orcid.org/0000-0002-7711-4423
https://orcid.org/0000-0002-7711-4423
https://orcid.org/0000-0002-7711-4423
https://orcid.org/0000-0002-7711-4423
https://orcid.org/0000-0002-7711-4423
https://orcid.org/0000-0003-1907-0175
https://orcid.org/0000-0003-1907-0175
https://orcid.org/0000-0003-1907-0175
https://orcid.org/0000-0003-1907-0175
https://orcid.org/0000-0003-1907-0175
https://orcid.org/0000-0003-1907-0175
https://orcid.org/0000-0003-1907-0175
https://orcid.org/0000-0003-1907-0175
https://orcid.org/0000-0003-4753-9428
https://orcid.org/0000-0003-4753-9428
https://orcid.org/0000-0003-4753-9428
https://orcid.org/0000-0003-4753-9428
https://orcid.org/0000-0003-4753-9428
https://orcid.org/0000-0003-4753-9428
https://orcid.org/0000-0003-4753-9428
https://orcid.org/0000-0003-4753-9428
https://orcid.org/0000-0001-6709-0969
https://orcid.org/0000-0001-6709-0969
https://orcid.org/0000-0001-6709-0969
https://orcid.org/0000-0001-6709-0969
https://orcid.org/0000-0001-6709-0969
https://orcid.org/0000-0001-6709-0969
https://orcid.org/0000-0001-6709-0969
https://orcid.org/0000-0001-6709-0969
https://orcid.org/0000-0002-4449-1732
https://orcid.org/0000-0002-4449-1732
https://orcid.org/0000-0002-4449-1732
https://orcid.org/0000-0002-4449-1732
https://orcid.org/0000-0002-4449-1732
https://orcid.org/0000-0002-4449-1732
https://orcid.org/0000-0002-4449-1732
https://orcid.org/0000-0002-4449-1732
https://orcid.org/0000-0003-4507-8373
https://orcid.org/0000-0003-4507-8373
https://orcid.org/0000-0003-4507-8373
https://orcid.org/0000-0003-4507-8373
https://orcid.org/0000-0003-4507-8373
https://orcid.org/0000-0003-4507-8373
https://orcid.org/0000-0003-4507-8373
https://orcid.org/0000-0003-4507-8373
https://orcid.org/0000-0002-6532-671X
https://orcid.org/0000-0002-6532-671X
https://orcid.org/0000-0002-6532-671X
https://orcid.org/0000-0002-6532-671X
https://orcid.org/0000-0002-6532-671X
https://orcid.org/0000-0002-6532-671X
https://orcid.org/0000-0002-6532-671X
https://orcid.org/0000-0002-6532-671X
https://orcid.org/0000-0002-1873-3769
https://orcid.org/0000-0002-1873-3769
https://orcid.org/0000-0002-1873-3769
https://orcid.org/0000-0002-1873-3769
https://orcid.org/0000-0002-1873-3769
https://orcid.org/0000-0002-1873-3769
https://orcid.org/0000-0002-1873-3769
https://orcid.org/0000-0002-1873-3769
https://orcid.org/0000-0002-8516-5159
https://orcid.org/0000-0002-8516-5159
https://orcid.org/0000-0002-8516-5159
https://orcid.org/0000-0002-8516-5159
https://orcid.org/0000-0002-8516-5159
https://orcid.org/0000-0002-8516-5159
https://orcid.org/0000-0002-8516-5159
https://orcid.org/0000-0002-8516-5159
https://orcid.org/0000-0003-4956-0853
https://orcid.org/0000-0003-4956-0853
https://orcid.org/0000-0003-4956-0853
https://orcid.org/0000-0003-4956-0853
https://orcid.org/0000-0003-4956-0853
https://orcid.org/0000-0003-4956-0853
https://orcid.org/0000-0003-4956-0853
https://orcid.org/0000-0003-4956-0853
https://orcid.org/0000-0002-9779-2838
https://orcid.org/0000-0002-9779-2838
https://orcid.org/0000-0002-9779-2838
https://orcid.org/0000-0002-9779-2838
https://orcid.org/0000-0002-9779-2838
https://orcid.org/0000-0002-9779-2838
https://orcid.org/0000-0002-9779-2838
https://orcid.org/0000-0002-9779-2838
https://orcid.org/0000-0002-6269-2490
https://orcid.org/0000-0002-6269-2490
https://orcid.org/0000-0002-6269-2490
https://orcid.org/0000-0002-6269-2490
https://orcid.org/0000-0002-6269-2490
https://orcid.org/0000-0002-6269-2490
https://orcid.org/0000-0002-6269-2490
https://orcid.org/0000-0002-6269-2490
https://orcid.org/0000-0002-8949-3803
https://orcid.org/0000-0002-8949-3803
https://orcid.org/0000-0002-8949-3803
https://orcid.org/0000-0002-8949-3803
https://orcid.org/0000-0002-8949-3803
https://orcid.org/0000-0002-8949-3803
https://orcid.org/0000-0002-8949-3803
https://orcid.org/0000-0002-8949-3803
https://orcid.org/0000-0001-9288-519X
https://orcid.org/0000-0001-9288-519X
https://orcid.org/0000-0001-9288-519X
https://orcid.org/0000-0001-9288-519X
https://orcid.org/0000-0001-9288-519X
https://orcid.org/0000-0001-9288-519X
https://orcid.org/0000-0001-9288-519X
https://orcid.org/0000-0001-9288-519X
https://orcid.org/0000-0002-7650-1034
https://orcid.org/0000-0002-7650-1034
https://orcid.org/0000-0002-7650-1034
https://orcid.org/0000-0002-7650-1034
https://orcid.org/0000-0002-7650-1034
https://orcid.org/0000-0002-7650-1034
https://orcid.org/0000-0002-7650-1034
https://orcid.org/0000-0002-7650-1034
https://orcid.org/0000-0003-1561-0760
https://orcid.org/0000-0003-1561-0760
https://orcid.org/0000-0003-1561-0760
https://orcid.org/0000-0003-1561-0760
https://orcid.org/0000-0003-1561-0760
https://orcid.org/0000-0003-1561-0760
https://orcid.org/0000-0003-1561-0760
https://orcid.org/0000-0003-1561-0760
https://orcid.org/0000-0001-5478-3950
https://orcid.org/0000-0001-5478-3950
https://orcid.org/0000-0001-5478-3950
https://orcid.org/0000-0001-5478-3950
https://orcid.org/0000-0001-5478-3950
https://orcid.org/0000-0001-5478-3950
https://orcid.org/0000-0001-5478-3950
https://orcid.org/0000-0001-5478-3950
https://orcid.org/0000-0002-4439-8968
https://orcid.org/0000-0002-4439-8968
https://orcid.org/0000-0002-4439-8968
https://orcid.org/0000-0002-4439-8968
https://orcid.org/0000-0002-4439-8968
https://orcid.org/0000-0002-4439-8968
https://orcid.org/0000-0002-4439-8968
https://orcid.org/0000-0002-4439-8968
https://orcid.org/0000-0003-0945-2196
https://orcid.org/0000-0003-0945-2196
https://orcid.org/0000-0003-0945-2196
https://orcid.org/0000-0003-0945-2196
https://orcid.org/0000-0003-0945-2196
https://orcid.org/0000-0003-0945-2196
https://orcid.org/0000-0003-0945-2196
https://orcid.org/0000-0003-0945-2196
https://orcid.org/0000-0002-6020-5521
https://orcid.org/0000-0002-6020-5521
https://orcid.org/0000-0002-6020-5521
https://orcid.org/0000-0002-6020-5521
https://orcid.org/0000-0002-6020-5521
https://orcid.org/0000-0002-6020-5521
https://orcid.org/0000-0002-6020-5521
https://orcid.org/0000-0002-6020-5521
https://orcid.org/0000-0003-4967-7090
https://orcid.org/0000-0003-4967-7090
https://orcid.org/0000-0003-4967-7090
https://orcid.org/0000-0003-4967-7090
https://orcid.org/0000-0003-4967-7090
https://orcid.org/0000-0003-4967-7090
https://orcid.org/0000-0003-4967-7090
https://orcid.org/0000-0003-4967-7090
https://orcid.org/0000-0002-2679-4457
https://orcid.org/0000-0002-2679-4457
https://orcid.org/0000-0002-2679-4457
https://orcid.org/0000-0002-2679-4457
https://orcid.org/0000-0002-2679-4457
https://orcid.org/0000-0002-2679-4457
https://orcid.org/0000-0002-2679-4457
https://orcid.org/0000-0002-2679-4457
https://orcid.org/0000-0001-8919-0899
https://orcid.org/0000-0001-8919-0899
https://orcid.org/0000-0001-8919-0899
https://orcid.org/0000-0001-8919-0899
https://orcid.org/0000-0001-8919-0899
https://orcid.org/0000-0001-8919-0899
https://orcid.org/0000-0001-8919-0899
https://orcid.org/0000-0001-8919-0899
https://orcid.org/0000-0003-4548-526X
https://orcid.org/0000-0003-4548-526X
https://orcid.org/0000-0003-4548-526X
https://orcid.org/0000-0003-4548-526X
https://orcid.org/0000-0003-4548-526X
https://orcid.org/0000-0003-4548-526X
https://orcid.org/0000-0003-4548-526X
https://orcid.org/0000-0003-4548-526X
https://orcid.org/0000-0001-8032-4416
https://orcid.org/0000-0001-8032-4416
https://orcid.org/0000-0001-8032-4416
https://orcid.org/0000-0001-8032-4416
https://orcid.org/0000-0001-8032-4416
https://orcid.org/0000-0001-8032-4416
https://orcid.org/0000-0001-8032-4416
https://orcid.org/0000-0001-8032-4416
https://orcid.org/0000-0002-3820-8451
https://orcid.org/0000-0002-3820-8451
https://orcid.org/0000-0002-3820-8451
https://orcid.org/0000-0002-3820-8451
https://orcid.org/0000-0002-3820-8451
https://orcid.org/0000-0002-3820-8451
https://orcid.org/0000-0002-3820-8451
https://orcid.org/0000-0002-3820-8451
https://orcid.org/0000-0001-8278-7406
https://orcid.org/0000-0001-8278-7406
https://orcid.org/0000-0001-8278-7406
https://orcid.org/0000-0001-8278-7406
https://orcid.org/0000-0001-8278-7406
https://orcid.org/0000-0001-8278-7406
https://orcid.org/0000-0001-8278-7406
https://orcid.org/0000-0001-8278-7406
https://orcid.org/0000-0002-5737-6346
https://orcid.org/0000-0002-5737-6346
https://orcid.org/0000-0002-5737-6346
https://orcid.org/0000-0002-5737-6346
https://orcid.org/0000-0002-5737-6346
https://orcid.org/0000-0002-5737-6346
https://orcid.org/0000-0002-5737-6346
https://orcid.org/0000-0002-5737-6346
https://orcid.org/0000-0002-9968-2464
https://orcid.org/0000-0002-9968-2464
https://orcid.org/0000-0002-9968-2464
https://orcid.org/0000-0002-9968-2464
https://orcid.org/0000-0002-9968-2464
https://orcid.org/0000-0002-9968-2464
https://orcid.org/0000-0002-9968-2464
https://orcid.org/0000-0002-9968-2464
https://orcid.org/0000-0003-4059-0765
https://orcid.org/0000-0003-4059-0765
https://orcid.org/0000-0003-4059-0765
https://orcid.org/0000-0003-4059-0765
https://orcid.org/0000-0003-4059-0765
https://orcid.org/0000-0003-4059-0765
https://orcid.org/0000-0003-4059-0765
https://orcid.org/0000-0003-4059-0765
https://orcid.org/0000-0002-0710-6778
https://orcid.org/0000-0002-0710-6778
https://orcid.org/0000-0002-0710-6778
https://orcid.org/0000-0002-0710-6778
https://orcid.org/0000-0002-0710-6778
https://orcid.org/0000-0002-0710-6778
https://orcid.org/0000-0002-0710-6778
https://orcid.org/0000-0002-0710-6778
https://orcid.org/0000-0002-8886-8925
https://orcid.org/0000-0002-8886-8925
https://orcid.org/0000-0002-8886-8925
https://orcid.org/0000-0002-8886-8925
https://orcid.org/0000-0002-8886-8925
https://orcid.org/0000-0002-8886-8925
https://orcid.org/0000-0002-8886-8925
https://orcid.org/0000-0002-8886-8925
https://orcid.org/0000-0003-2049-520X
https://orcid.org/0000-0003-2049-520X
https://orcid.org/0000-0003-2049-520X
https://orcid.org/0000-0003-2049-520X
https://orcid.org/0000-0003-2049-520X
https://orcid.org/0000-0003-2049-520X
https://orcid.org/0000-0003-2049-520X
https://orcid.org/0000-0003-2049-520X
https://orcid.org/0000-0003-4984-0775
https://orcid.org/0000-0003-4984-0775
https://orcid.org/0000-0003-4984-0775
https://orcid.org/0000-0003-4984-0775
https://orcid.org/0000-0003-4984-0775
https://orcid.org/0000-0003-4984-0775
https://orcid.org/0000-0003-4984-0775
https://orcid.org/0000-0003-4984-0775
https://orcid.org/0000-0001-5256-915X
https://orcid.org/0000-0001-5256-915X
https://orcid.org/0000-0001-5256-915X
https://orcid.org/0000-0001-5256-915X
https://orcid.org/0000-0001-5256-915X
https://orcid.org/0000-0001-5256-915X
https://orcid.org/0000-0001-5256-915X
https://orcid.org/0000-0001-5256-915X
https://orcid.org/0000-0001-8248-603X
https://orcid.org/0000-0001-8248-603X
https://orcid.org/0000-0001-8248-603X
https://orcid.org/0000-0001-8248-603X
https://orcid.org/0000-0001-8248-603X
https://orcid.org/0000-0001-8248-603X
https://orcid.org/0000-0001-8248-603X
https://orcid.org/0000-0001-8248-603X
https://orcid.org/0000-0001-8722-4485
https://orcid.org/0000-0001-8722-4485
https://orcid.org/0000-0001-8722-4485
https://orcid.org/0000-0001-8722-4485
https://orcid.org/0000-0001-8722-4485
https://orcid.org/0000-0001-8722-4485
https://orcid.org/0000-0001-8722-4485
https://orcid.org/0000-0001-8722-4485
https://orcid.org/0000-0002-3329-9788
https://orcid.org/0000-0002-3329-9788
https://orcid.org/0000-0002-3329-9788
https://orcid.org/0000-0002-3329-9788
https://orcid.org/0000-0002-3329-9788
https://orcid.org/0000-0002-3329-9788
https://orcid.org/0000-0002-3329-9788
https://orcid.org/0000-0002-3329-9788
https://orcid.org/0000-0001-6339-1537
https://orcid.org/0000-0001-6339-1537
https://orcid.org/0000-0001-6339-1537
https://orcid.org/0000-0001-6339-1537
https://orcid.org/0000-0001-6339-1537
https://orcid.org/0000-0001-6339-1537
https://orcid.org/0000-0001-6339-1537
https://orcid.org/0000-0001-6339-1537
https://orcid.org/0000-0002-9397-786X
https://orcid.org/0000-0002-9397-786X
https://orcid.org/0000-0002-9397-786X
https://orcid.org/0000-0002-9397-786X
https://orcid.org/0000-0002-9397-786X
https://orcid.org/0000-0002-9397-786X
https://orcid.org/0000-0002-9397-786X
https://orcid.org/0000-0002-9397-786X
https://orcid.org/0000-0001-7576-0141
https://orcid.org/0000-0001-7576-0141
https://orcid.org/0000-0001-7576-0141
https://orcid.org/0000-0001-7576-0141
https://orcid.org/0000-0001-7576-0141
https://orcid.org/0000-0001-7576-0141
https://orcid.org/0000-0001-7576-0141
https://orcid.org/0000-0001-7576-0141
https://orcid.org/0000-0003-2194-7669
https://orcid.org/0000-0003-2194-7669
https://orcid.org/0000-0003-2194-7669
https://orcid.org/0000-0003-2194-7669
https://orcid.org/0000-0003-2194-7669
https://orcid.org/0000-0003-2194-7669
https://orcid.org/0000-0003-2194-7669
https://orcid.org/0000-0003-2194-7669
https://orcid.org/0000-0002-6874-7421
https://orcid.org/0000-0002-6874-7421
https://orcid.org/0000-0002-6874-7421
https://orcid.org/0000-0002-6874-7421
https://orcid.org/0000-0002-6874-7421
https://orcid.org/0000-0002-6874-7421
https://orcid.org/0000-0002-6874-7421
https://orcid.org/0000-0002-6874-7421
https://orcid.org/0000-0002-7322-4748
https://orcid.org/0000-0002-7322-4748
https://orcid.org/0000-0002-7322-4748
https://orcid.org/0000-0002-7322-4748
https://orcid.org/0000-0002-7322-4748
https://orcid.org/0000-0002-7322-4748
https://orcid.org/0000-0002-7322-4748
https://orcid.org/0000-0002-7322-4748
https://orcid.org/0000-0003-0066-0095
https://orcid.org/0000-0003-0066-0095
https://orcid.org/0000-0003-0066-0095
https://orcid.org/0000-0003-0066-0095
https://orcid.org/0000-0003-0066-0095
https://orcid.org/0000-0003-0066-0095
https://orcid.org/0000-0003-0066-0095
https://orcid.org/0000-0003-0066-0095
https://orcid.org/0000-0002-8549-9124
https://orcid.org/0000-0002-8549-9124
https://orcid.org/0000-0002-8549-9124
https://orcid.org/0000-0002-8549-9124
https://orcid.org/0000-0002-8549-9124
https://orcid.org/0000-0002-8549-9124
https://orcid.org/0000-0002-8549-9124
https://orcid.org/0000-0002-8549-9124
https://orcid.org/0000-0003-4825-1629
https://orcid.org/0000-0003-4825-1629
https://orcid.org/0000-0003-4825-1629
https://orcid.org/0000-0003-4825-1629
https://orcid.org/0000-0003-4825-1629
https://orcid.org/0000-0003-4825-1629
https://orcid.org/0000-0003-4825-1629
https://orcid.org/0000-0003-4825-1629
https://orcid.org/0000-0002-0631-1198
https://orcid.org/0000-0002-0631-1198
https://orcid.org/0000-0002-0631-1198
https://orcid.org/0000-0002-0631-1198
https://orcid.org/0000-0002-0631-1198
https://orcid.org/0000-0002-0631-1198
https://orcid.org/0000-0002-0631-1198
https://orcid.org/0000-0002-0631-1198
https://orcid.org/0000-0002-8690-9180
https://orcid.org/0000-0002-8690-9180
https://orcid.org/0000-0002-8690-9180
https://orcid.org/0000-0002-8690-9180
https://orcid.org/0000-0002-8690-9180
https://orcid.org/0000-0002-8690-9180
https://orcid.org/0000-0002-8690-9180
https://orcid.org/0000-0002-8690-9180
https://orcid.org/0000-0002-5756-1111
https://orcid.org/0000-0002-5756-1111
https://orcid.org/0000-0002-5756-1111
https://orcid.org/0000-0002-5756-1111
https://orcid.org/0000-0002-5756-1111
https://orcid.org/0000-0002-5756-1111
https://orcid.org/0000-0002-5756-1111
https://orcid.org/0000-0002-5756-1111
https://orcid.org/0000-0003-2756-3391
https://orcid.org/0000-0003-2756-3391
https://orcid.org/0000-0003-2756-3391
https://orcid.org/0000-0003-2756-3391
https://orcid.org/0000-0003-2756-3391
https://orcid.org/0000-0003-2756-3391
https://orcid.org/0000-0003-2756-3391
https://orcid.org/0000-0003-2756-3391
https://orcid.org/0000-0001-8088-3517
https://orcid.org/0000-0001-8088-3517
https://orcid.org/0000-0001-8088-3517
https://orcid.org/0000-0001-8088-3517
https://orcid.org/0000-0001-8088-3517
https://orcid.org/0000-0001-8088-3517
https://orcid.org/0000-0001-8088-3517
https://orcid.org/0000-0001-8088-3517
https://orcid.org/0000-0002-7629-4805
https://orcid.org/0000-0002-7629-4805
https://orcid.org/0000-0002-7629-4805
https://orcid.org/0000-0002-7629-4805
https://orcid.org/0000-0002-7629-4805
https://orcid.org/0000-0002-7629-4805
https://orcid.org/0000-0002-7629-4805
https://orcid.org/0000-0002-7629-4805
https://orcid.org/0000-0001-5742-5980
https://orcid.org/0000-0001-5742-5980
https://orcid.org/0000-0001-5742-5980
https://orcid.org/0000-0001-5742-5980
https://orcid.org/0000-0001-5742-5980
https://orcid.org/0000-0001-5742-5980
https://orcid.org/0000-0001-5742-5980
https://orcid.org/0000-0001-5742-5980
https://orcid.org/0000-0002-1472-4806
https://orcid.org/0000-0002-1472-4806
https://orcid.org/0000-0002-1472-4806
https://orcid.org/0000-0002-1472-4806
https://orcid.org/0000-0002-1472-4806
https://orcid.org/0000-0002-1472-4806
https://orcid.org/0000-0002-1472-4806
https://orcid.org/0000-0002-1472-4806
https://orcid.org/0000-0002-6418-5812
https://orcid.org/0000-0002-6418-5812
https://orcid.org/0000-0002-6418-5812
https://orcid.org/0000-0002-6418-5812
https://orcid.org/0000-0002-6418-5812
https://orcid.org/0000-0002-6418-5812
https://orcid.org/0000-0002-6418-5812
https://orcid.org/0000-0002-6418-5812
https://orcid.org/0000-0001-5799-4155
https://orcid.org/0000-0001-5799-4155
https://orcid.org/0000-0001-5799-4155
https://orcid.org/0000-0001-5799-4155
https://orcid.org/0000-0001-5799-4155
https://orcid.org/0000-0001-5799-4155
https://orcid.org/0000-0001-5799-4155
https://orcid.org/0000-0001-5799-4155
https://orcid.org/0000-0002-1382-9016
https://orcid.org/0000-0002-1382-9016
https://orcid.org/0000-0002-1382-9016
https://orcid.org/0000-0002-1382-9016
https://orcid.org/0000-0002-1382-9016
https://orcid.org/0000-0002-1382-9016
https://orcid.org/0000-0002-1382-9016
https://orcid.org/0000-0002-1382-9016
https://orcid.org/0000-0003-0589-9687
https://orcid.org/0000-0003-0589-9687
https://orcid.org/0000-0003-0589-9687
https://orcid.org/0000-0003-0589-9687
https://orcid.org/0000-0003-0589-9687
https://orcid.org/0000-0003-0589-9687
https://orcid.org/0000-0003-0589-9687
https://orcid.org/0000-0003-0589-9687
https://orcid.org/0000-0002-9388-2799
https://orcid.org/0000-0002-9388-2799
https://orcid.org/0000-0002-9388-2799
https://orcid.org/0000-0002-9388-2799
https://orcid.org/0000-0002-9388-2799
https://orcid.org/0000-0002-9388-2799
https://orcid.org/0000-0002-9388-2799
https://orcid.org/0000-0002-9388-2799
https://orcid.org/0000-0003-2275-4164
https://orcid.org/0000-0003-2275-4164
https://orcid.org/0000-0003-2275-4164
https://orcid.org/0000-0003-2275-4164
https://orcid.org/0000-0003-2275-4164
https://orcid.org/0000-0003-2275-4164
https://orcid.org/0000-0003-2275-4164
https://orcid.org/0000-0003-2275-4164
https://orcid.org/0000-0002-4181-8090
https://orcid.org/0000-0002-4181-8090
https://orcid.org/0000-0002-4181-8090
https://orcid.org/0000-0002-4181-8090
https://orcid.org/0000-0002-4181-8090
https://orcid.org/0000-0002-4181-8090
https://orcid.org/0000-0002-4181-8090
https://orcid.org/0000-0002-4181-8090
https://orcid.org/0000-0003-0020-687X
https://orcid.org/0000-0003-0020-687X
https://orcid.org/0000-0003-0020-687X
https://orcid.org/0000-0003-0020-687X
https://orcid.org/0000-0003-0020-687X
https://orcid.org/0000-0003-0020-687X
https://orcid.org/0000-0003-0020-687X
https://orcid.org/0000-0003-0020-687X
https://orcid.org/0000-0003-2640-9683
https://orcid.org/0000-0003-2640-9683
https://orcid.org/0000-0003-2640-9683
https://orcid.org/0000-0003-2640-9683
https://orcid.org/0000-0003-2640-9683
https://orcid.org/0000-0003-2640-9683
https://orcid.org/0000-0003-2640-9683
https://orcid.org/0000-0003-2640-9683
https://orcid.org/0000-0002-8955-5269
https://orcid.org/0000-0002-8955-5269
https://orcid.org/0000-0002-8955-5269
https://orcid.org/0000-0002-8955-5269
https://orcid.org/0000-0002-8955-5269
https://orcid.org/0000-0002-8955-5269
https://orcid.org/0000-0002-8955-5269
https://orcid.org/0000-0002-8955-5269
https://orcid.org/0000-0002-7378-6353
https://orcid.org/0000-0002-7378-6353
https://orcid.org/0000-0002-7378-6353
https://orcid.org/0000-0002-7378-6353
https://orcid.org/0000-0002-7378-6353
https://orcid.org/0000-0002-7378-6353
https://orcid.org/0000-0002-7378-6353
https://orcid.org/0000-0002-7378-6353
https://orcid.org/0000-0002-0995-595X
https://orcid.org/0000-0002-0995-595X
https://orcid.org/0000-0002-0995-595X
https://orcid.org/0000-0002-0995-595X
https://orcid.org/0000-0002-0995-595X
https://orcid.org/0000-0002-0995-595X
https://orcid.org/0000-0002-0995-595X
https://orcid.org/0000-0002-0995-595X
https://orcid.org/0000-0002-0525-2317
https://orcid.org/0000-0002-0525-2317
https://orcid.org/0000-0002-0525-2317
https://orcid.org/0000-0002-0525-2317
https://orcid.org/0000-0002-0525-2317
https://orcid.org/0000-0002-0525-2317
https://orcid.org/0000-0002-0525-2317
https://orcid.org/0000-0002-0525-2317
https://orcid.org/0000-0001-5931-3624
https://orcid.org/0000-0001-5931-3624
https://orcid.org/0000-0001-5931-3624
https://orcid.org/0000-0001-5931-3624
https://orcid.org/0000-0001-5931-3624
https://orcid.org/0000-0001-5931-3624
https://orcid.org/0000-0001-5931-3624
https://orcid.org/0000-0001-5931-3624
https://orcid.org/0000-0002-3333-8070
https://orcid.org/0000-0002-3333-8070
https://orcid.org/0000-0002-3333-8070
https://orcid.org/0000-0002-3333-8070
https://orcid.org/0000-0002-3333-8070
https://orcid.org/0000-0002-3333-8070
https://orcid.org/0000-0002-3333-8070
https://orcid.org/0000-0002-3333-8070
https://orcid.org/0000-0002-2715-1517
https://orcid.org/0000-0002-2715-1517
https://orcid.org/0000-0002-2715-1517
https://orcid.org/0000-0002-2715-1517
https://orcid.org/0000-0002-2715-1517
https://orcid.org/0000-0002-2715-1517
https://orcid.org/0000-0002-2715-1517
https://orcid.org/0000-0002-2715-1517
https://orcid.org/0000-0002-7003-6493
https://orcid.org/0000-0002-7003-6493
https://orcid.org/0000-0002-7003-6493
https://orcid.org/0000-0002-7003-6493
https://orcid.org/0000-0002-7003-6493
https://orcid.org/0000-0002-7003-6493
https://orcid.org/0000-0002-7003-6493
https://orcid.org/0000-0002-7003-6493
https://orcid.org/0000-0003-4924-7322
https://orcid.org/0000-0003-4924-7322
https://orcid.org/0000-0003-4924-7322
https://orcid.org/0000-0003-4924-7322
https://orcid.org/0000-0003-4924-7322
https://orcid.org/0000-0003-4924-7322
https://orcid.org/0000-0003-4924-7322
https://orcid.org/0000-0003-4924-7322
https://orcid.org/0000-0001-7049-4438
https://orcid.org/0000-0001-7049-4438
https://orcid.org/0000-0001-7049-4438
https://orcid.org/0000-0001-7049-4438
https://orcid.org/0000-0001-7049-4438
https://orcid.org/0000-0001-7049-4438
https://orcid.org/0000-0001-7049-4438
https://orcid.org/0000-0001-7049-4438
https://orcid.org/0000-0002-3836-7751
https://orcid.org/0000-0002-3836-7751
https://orcid.org/0000-0002-3836-7751
https://orcid.org/0000-0002-3836-7751
https://orcid.org/0000-0002-3836-7751
https://orcid.org/0000-0002-3836-7751
https://orcid.org/0000-0002-3836-7751
https://orcid.org/0000-0002-3836-7751
https://orcid.org/0000-0002-9511-3846
https://orcid.org/0000-0002-9511-3846
https://orcid.org/0000-0002-9511-3846
https://orcid.org/0000-0002-9511-3846
https://orcid.org/0000-0002-9511-3846
https://orcid.org/0000-0002-9511-3846
https://orcid.org/0000-0002-9511-3846
https://orcid.org/0000-0002-9511-3846
https://orcid.org/0000-0002-6620-6672
https://orcid.org/0000-0002-6620-6672
https://orcid.org/0000-0002-6620-6672
https://orcid.org/0000-0002-6620-6672
https://orcid.org/0000-0002-6620-6672
https://orcid.org/0000-0002-6620-6672
https://orcid.org/0000-0002-6620-6672
https://orcid.org/0000-0002-6620-6672
https://orcid.org/0000-0002-0857-6018
https://orcid.org/0000-0002-0857-6018
https://orcid.org/0000-0002-0857-6018
https://orcid.org/0000-0002-0857-6018
https://orcid.org/0000-0002-0857-6018
https://orcid.org/0000-0002-0857-6018
https://orcid.org/0000-0002-0857-6018
https://orcid.org/0000-0002-0857-6018
https://orcid.org/0000-0001-7080-4176
https://orcid.org/0000-0001-7080-4176
https://orcid.org/0000-0001-7080-4176
https://orcid.org/0000-0001-7080-4176
https://orcid.org/0000-0001-7080-4176
https://orcid.org/0000-0001-7080-4176
https://orcid.org/0000-0001-7080-4176
https://orcid.org/0000-0001-7080-4176
https://orcid.org/0000-0001-5375-7494
https://orcid.org/0000-0001-5375-7494
https://orcid.org/0000-0001-5375-7494
https://orcid.org/0000-0001-5375-7494
https://orcid.org/0000-0001-5375-7494
https://orcid.org/0000-0001-5375-7494
https://orcid.org/0000-0001-5375-7494
https://orcid.org/0000-0001-5375-7494
https://orcid.org/0000-0002-5767-3623
https://orcid.org/0000-0002-5767-3623
https://orcid.org/0000-0002-5767-3623
https://orcid.org/0000-0002-5767-3623
https://orcid.org/0000-0002-5767-3623
https://orcid.org/0000-0002-5767-3623
https://orcid.org/0000-0002-5767-3623
https://orcid.org/0000-0002-5767-3623
https://orcid.org/0000-0003-2700-1030
https://orcid.org/0000-0003-2700-1030
https://orcid.org/0000-0003-2700-1030
https://orcid.org/0000-0003-2700-1030
https://orcid.org/0000-0003-2700-1030
https://orcid.org/0000-0003-2700-1030
https://orcid.org/0000-0003-2700-1030
https://orcid.org/0000-0003-2700-1030
https://orcid.org/0000-0001-7357-0889
https://orcid.org/0000-0001-7357-0889
https://orcid.org/0000-0001-7357-0889
https://orcid.org/0000-0001-7357-0889
https://orcid.org/0000-0001-7357-0889
https://orcid.org/0000-0001-7357-0889
https://orcid.org/0000-0001-7357-0889
https://orcid.org/0000-0001-7357-0889
https://orcid.org/0000-0002-4920-2784
https://orcid.org/0000-0002-4920-2784
https://orcid.org/0000-0002-4920-2784
https://orcid.org/0000-0002-4920-2784
https://orcid.org/0000-0002-4920-2784
https://orcid.org/0000-0002-4920-2784
https://orcid.org/0000-0002-4920-2784
https://orcid.org/0000-0002-4920-2784
https://orcid.org/0000-0002-3077-8951
https://orcid.org/0000-0002-3077-8951
https://orcid.org/0000-0002-3077-8951
https://orcid.org/0000-0002-3077-8951
https://orcid.org/0000-0002-3077-8951
https://orcid.org/0000-0002-3077-8951
https://orcid.org/0000-0002-3077-8951
https://orcid.org/0000-0002-3077-8951
https://orcid.org/0000-0003-2293-1554
https://orcid.org/0000-0003-2293-1554
https://orcid.org/0000-0003-2293-1554
https://orcid.org/0000-0003-2293-1554
https://orcid.org/0000-0003-2293-1554
https://orcid.org/0000-0003-2293-1554
https://orcid.org/0000-0003-2293-1554
https://orcid.org/0000-0003-2293-1554
https://orcid.org/0000-0003-3317-1036
https://orcid.org/0000-0003-3317-1036
https://orcid.org/0000-0003-3317-1036
https://orcid.org/0000-0003-3317-1036
https://orcid.org/0000-0003-3317-1036
https://orcid.org/0000-0003-3317-1036
https://orcid.org/0000-0003-3317-1036
https://orcid.org/0000-0003-3317-1036
https://orcid.org/0000-0002-4117-2269
https://orcid.org/0000-0002-4117-2269
https://orcid.org/0000-0002-4117-2269
https://orcid.org/0000-0002-4117-2269
https://orcid.org/0000-0002-4117-2269
https://orcid.org/0000-0002-4117-2269
https://orcid.org/0000-0002-4117-2269
https://orcid.org/0000-0002-4117-2269
https://orcid.org/0000-0001-5726-7150
https://orcid.org/0000-0001-5726-7150
https://orcid.org/0000-0001-5726-7150
https://orcid.org/0000-0001-5726-7150
https://orcid.org/0000-0001-5726-7150
https://orcid.org/0000-0001-5726-7150
https://orcid.org/0000-0001-5726-7150
https://orcid.org/0000-0001-5726-7150
https://orcid.org/0000-0001-9298-004X
https://orcid.org/0000-0001-9298-004X
https://orcid.org/0000-0001-9298-004X
https://orcid.org/0000-0001-9298-004X
https://orcid.org/0000-0001-9298-004X
https://orcid.org/0000-0001-9298-004X
https://orcid.org/0000-0001-9298-004X
https://orcid.org/0000-0001-9298-004X
https://orcid.org/0000-0003-1542-1791
https://orcid.org/0000-0003-1542-1791
https://orcid.org/0000-0003-1542-1791
https://orcid.org/0000-0003-1542-1791
https://orcid.org/0000-0003-1542-1791
https://orcid.org/0000-0003-1542-1791
https://orcid.org/0000-0003-1542-1791
https://orcid.org/0000-0003-1542-1791
https://orcid.org/0000-0003-2896-4218
https://orcid.org/0000-0003-2896-4218
https://orcid.org/0000-0003-2896-4218
https://orcid.org/0000-0003-2896-4218
https://orcid.org/0000-0003-2896-4218
https://orcid.org/0000-0003-2896-4218
https://orcid.org/0000-0003-2896-4218
https://orcid.org/0000-0003-2896-4218
https://orcid.org/0000-0001-8922-7794
https://orcid.org/0000-0001-8922-7794
https://orcid.org/0000-0001-8922-7794
https://orcid.org/0000-0001-8922-7794
https://orcid.org/0000-0001-8922-7794
https://orcid.org/0000-0001-8922-7794
https://orcid.org/0000-0001-8922-7794
https://orcid.org/0000-0001-8922-7794
https://orcid.org/0000-0001-6701-6515
https://orcid.org/0000-0001-6701-6515
https://orcid.org/0000-0001-6701-6515
https://orcid.org/0000-0001-6701-6515
https://orcid.org/0000-0001-6701-6515
https://orcid.org/0000-0001-6701-6515
https://orcid.org/0000-0001-6701-6515
https://orcid.org/0000-0001-6701-6515
https://orcid.org/0000-0002-9875-7700
https://orcid.org/0000-0002-9875-7700
https://orcid.org/0000-0002-9875-7700
https://orcid.org/0000-0002-9875-7700
https://orcid.org/0000-0002-9875-7700
https://orcid.org/0000-0002-9875-7700
https://orcid.org/0000-0002-9875-7700
https://orcid.org/0000-0002-9875-7700
https://orcid.org/0000-0001-8654-409X
https://orcid.org/0000-0001-8654-409X
https://orcid.org/0000-0001-8654-409X
https://orcid.org/0000-0001-8654-409X
https://orcid.org/0000-0001-8654-409X
https://orcid.org/0000-0001-8654-409X
https://orcid.org/0000-0001-8654-409X
https://orcid.org/0000-0001-8654-409X
https://orcid.org/0000-0002-2648-3835
https://orcid.org/0000-0002-2648-3835
https://orcid.org/0000-0002-2648-3835
https://orcid.org/0000-0002-2648-3835
https://orcid.org/0000-0002-2648-3835
https://orcid.org/0000-0002-2648-3835
https://orcid.org/0000-0002-2648-3835
https://orcid.org/0000-0002-2648-3835
https://orcid.org/0000-0003-3718-4491
https://orcid.org/0000-0003-3718-4491
https://orcid.org/0000-0003-3718-4491
https://orcid.org/0000-0003-3718-4491
https://orcid.org/0000-0003-3718-4491
https://orcid.org/0000-0003-3718-4491
https://orcid.org/0000-0003-3718-4491
https://orcid.org/0000-0003-3718-4491
https://orcid.org/0000-0002-7981-954X
https://orcid.org/0000-0002-7981-954X
https://orcid.org/0000-0002-7981-954X
https://orcid.org/0000-0002-7981-954X
https://orcid.org/0000-0002-7981-954X
https://orcid.org/0000-0002-7981-954X
https://orcid.org/0000-0002-7981-954X
https://orcid.org/0000-0002-7981-954X
https://orcid.org/0000-0003-0826-6164
https://orcid.org/0000-0003-0826-6164
https://orcid.org/0000-0003-0826-6164
https://orcid.org/0000-0003-0826-6164
https://orcid.org/0000-0003-0826-6164
https://orcid.org/0000-0003-0826-6164
https://orcid.org/0000-0003-0826-6164
https://orcid.org/0000-0003-0826-6164
https://orcid.org/0000-0002-1334-8853
https://orcid.org/0000-0002-1334-8853
https://orcid.org/0000-0002-1334-8853
https://orcid.org/0000-0002-1334-8853
https://orcid.org/0000-0002-1334-8853
https://orcid.org/0000-0002-1334-8853
https://orcid.org/0000-0002-1334-8853
https://orcid.org/0000-0002-1334-8853
https://orcid.org/0000-0002-8249-8070
https://orcid.org/0000-0002-8249-8070
https://orcid.org/0000-0002-8249-8070
https://orcid.org/0000-0002-8249-8070
https://orcid.org/0000-0002-8249-8070
https://orcid.org/0000-0002-8249-8070
https://orcid.org/0000-0002-8249-8070
https://orcid.org/0000-0002-8249-8070
https://orcid.org/0000-0001-8696-2435
https://orcid.org/0000-0001-8696-2435
https://orcid.org/0000-0001-8696-2435
https://orcid.org/0000-0001-8696-2435
https://orcid.org/0000-0001-8696-2435
https://orcid.org/0000-0001-8696-2435
https://orcid.org/0000-0001-8696-2435
https://orcid.org/0000-0001-8696-2435
https://orcid.org/0000-0003-2107-7536
https://orcid.org/0000-0003-2107-7536
https://orcid.org/0000-0003-2107-7536
https://orcid.org/0000-0003-2107-7536
https://orcid.org/0000-0003-2107-7536
https://orcid.org/0000-0003-2107-7536
https://orcid.org/0000-0003-2107-7536
https://orcid.org/0000-0003-2107-7536
https://orcid.org/0000-0002-4221-0300
https://orcid.org/0000-0002-4221-0300
https://orcid.org/0000-0002-4221-0300
https://orcid.org/0000-0002-4221-0300
https://orcid.org/0000-0002-4221-0300
https://orcid.org/0000-0002-4221-0300
https://orcid.org/0000-0002-4221-0300
https://orcid.org/0000-0002-4221-0300
https://orcid.org/0000-0002-5682-8750
https://orcid.org/0000-0002-5682-8750
https://orcid.org/0000-0002-5682-8750
https://orcid.org/0000-0002-5682-8750
https://orcid.org/0000-0002-5682-8750
https://orcid.org/0000-0002-5682-8750
https://orcid.org/0000-0002-5682-8750
https://orcid.org/0000-0002-5682-8750
https://orcid.org/0000-0003-1082-2844
https://orcid.org/0000-0003-1082-2844
https://orcid.org/0000-0003-1082-2844
https://orcid.org/0000-0003-1082-2844
https://orcid.org/0000-0003-1082-2844
https://orcid.org/0000-0003-1082-2844
https://orcid.org/0000-0003-1082-2844
https://orcid.org/0000-0003-1082-2844
https://orcid.org/0000-0002-4147-2560
https://orcid.org/0000-0002-4147-2560
https://orcid.org/0000-0002-4147-2560
https://orcid.org/0000-0002-4147-2560
https://orcid.org/0000-0002-4147-2560
https://orcid.org/0000-0002-4147-2560
https://orcid.org/0000-0002-4147-2560
https://orcid.org/0000-0002-4147-2560
https://orcid.org/0000-0002-9899-6357
https://orcid.org/0000-0002-9899-6357
https://orcid.org/0000-0002-9899-6357
https://orcid.org/0000-0002-9899-6357
https://orcid.org/0000-0002-9899-6357
https://orcid.org/0000-0002-9899-6357
https://orcid.org/0000-0002-9899-6357
https://orcid.org/0000-0002-9899-6357
https://orcid.org/0000-0003-4606-6526
https://orcid.org/0000-0003-4606-6526
https://orcid.org/0000-0003-4606-6526
https://orcid.org/0000-0003-4606-6526
https://orcid.org/0000-0003-4606-6526
https://orcid.org/0000-0003-4606-6526
https://orcid.org/0000-0003-4606-6526
https://orcid.org/0000-0003-4606-6526
https://orcid.org/0000-0001-7316-3239
https://orcid.org/0000-0001-7316-3239
https://orcid.org/0000-0001-7316-3239
https://orcid.org/0000-0001-7316-3239
https://orcid.org/0000-0001-7316-3239
https://orcid.org/0000-0001-7316-3239
https://orcid.org/0000-0001-7316-3239
https://orcid.org/0000-0001-7316-3239
https://orcid.org/0000-0001-9898-5597
https://orcid.org/0000-0001-9898-5597
https://orcid.org/0000-0001-9898-5597
https://orcid.org/0000-0001-9898-5597
https://orcid.org/0000-0001-9898-5597
https://orcid.org/0000-0001-9898-5597
https://orcid.org/0000-0001-9898-5597
https://orcid.org/0000-0001-9898-5597
https://orcid.org/0000-0001-9675-4584
https://orcid.org/0000-0001-9675-4584
https://orcid.org/0000-0001-9675-4584
https://orcid.org/0000-0001-9675-4584
https://orcid.org/0000-0001-9675-4584
https://orcid.org/0000-0001-9675-4584
https://orcid.org/0000-0001-9675-4584
https://orcid.org/0000-0001-9675-4584


M. K. Singh https://orcid.org/0000-0001-8081-4888
N. Singh https://orcid.org/0000-0002-1135-3456
A. Singha https://orcid.org/0000-0002-9944-5573
A. M. Sintes https://orcid.org/0000-0001-9050-7515
V. Skliris https://orcid.org/0000-0003-0902-9216
B. J. J. Slagmolen https://orcid.org/0000-0002-2471-3828
J. R. Smith https://orcid.org/0000-0003-0638-9670
R. J. E. Smith https://orcid.org/0000-0001-8516-3324
J. Soldateschi https://orcid.org/0000-0002-5458-5206
S. N. Somala https://orcid.org/0000-0003-2663-3351
K. Somiya https://orcid.org/0000-0003-2601-2264
K. Soni https://orcid.org/0000-0001-8051-7883
S. Soni https://orcid.org/0000-0003-3856-8534
N. Sorrentino https://orcid.org/0000-0002-1855-5966
H. Sotani https://orcid.org/0000-0002-3239-2921
A. P. Spencer https://orcid.org/0000-0003-4418-3366
M. Spera https://orcid.org/0000-0003-0930-6930
D. A. Steer https://orcid.org/0000-0002-8781-1273
S. Steinlechner https://orcid.org/0000-0003-4710-8548
N. Stergioulas https://orcid.org/0000-0002-5490-5302
G. Stratta https://orcid.org/0000-0003-1055-7980
A. L. Stuver https://orcid.org/0000-0003-0324-5735
S. Sudhagar https://orcid.org/0000-0001-8578-4665
H. G. Suh https://orcid.org/0000-0003-2662-3903
A. G. Sullivan https://orcid.org/0000-0002-9545-7286
T. Z. Summerscales https://orcid.org/0000-0002-4522-5591
L. Sun https://orcid.org/0000-0001-7959-892X
A. Sur https://orcid.org/0000-0001-6635-5080
J. Suresh https://orcid.org/0000-0003-2389-6666
P. J. Sutton https://orcid.org/0000-0003-1614-3922
Takamasa Suzuki https://orcid.org/0000-0003-3030-6599
B. L. Swinkels https://orcid.org/0000-0002-3066-3601
M. J. Szczepańczyk 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
S. C. Tait https://orcid.org/0000-0003-0327-953X
H. Takahashi https://orcid.org/0000-0003-0596-4397
R. Takahashi https://orcid.org/0000-0003-1367-5149
H. Takeda https://orcid.org/0000-0001-9937-2557
C. Talbot https://orcid.org/0000-0003-2053-5582
N. Tamanini https://orcid.org/0000-0001-8760-5421
T. Tanaka https://orcid.org/0000-0001-8406-5183
L. Tao https://orcid.org/0000-0003-4382-5507
E. N. Tapia San Martín https://orcid.org/0000-0002-
4817-5606
A. Taruya https://orcid.org/0000-0002-4016-1955
J. D. Tasson https://orcid.org/0000-0002-4777-5087
R. Tenorio https://orcid.org/0000-0002-3582-2587
J. E. S. Terhune https://orcid.org/0000-0001-9078-4993
L. Terkowski https://orcid.org/0000-0003-4622-1215
L. M. Thomas https://orcid.org/0000-0003-3271-6436
J. E. Thompson https://orcid.org/0000-0002-0419-5517
Shubhanshu Tiwari https://orcid.org/0000-0003-1611-6625
Srishti Tiwari https://orcid.org/0000-0002-3284-6110
V. Tiwari https://orcid.org/0000-0002-1602-4176
A. E. Tolley https://orcid.org/0000-0001-9841-943X
T. Tomaru https://orcid.org/0000-0002-8927-9014
T. Tomura https://orcid.org/0000-0002-7504-8258
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

F. Travasso https://orcid.org/0000-0002-4653-6156
J. Trenado https://orcid.org/0000-0002-0714-108X
M. C. Tringali https://orcid.org/0000-0001-5087-189X
A. Tripathee https://orcid.org/0000-0002-6976-5576
A. Trovato https://orcid.org/0000-0002-9714-1904
T. Tsang https://orcid.org/0000-0003-3666-686X
M. Tse https://orcid.org/0000-0003-1510-4921
T. Tsutsui https://orcid.org/0000-0002-2909-0471
K. Turbang https://orcid.org/0000-0002-9296-8603
D. Tuyenbayev https://orcid.org/0000-0002-4378-5835
H. Ubach https://orcid.org/0000-0002-0679-9074
A. S. Ubhi https://orcid.org/0000-0002-3240-6000
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
T. Ushiba https://orcid.org/0000-0002-5059-4033
A. Utina https://orcid.org/0000-0003-2975-9208
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
G. Valdes https://orcid.org/0000-0001-5411-380X
M. Valentini https://orcid.org/0000-0003-1215-4552
V. Valsan https://orcid.org/0000-0003-0315-4091
M. van Beuzekom https://orcid.org/0000-0002-0500-1286
M. van Dael https://orcid.org/0000-0002-6061-8131
J. F. J. van den Brand https://orcid.org/0000-0003-
4434-5353
H. van Haevermaet https://orcid.org/0000-0003-2386-957X
J. V. van Heijningen https://orcid.org/0000-0002-
8391-7513
Z. van Ranst https://orcid.org/0000-0002-0460-6224
N. van Remortel https://orcid.org/0000-0003-4180-8199
V. Varma https://orcid.org/0000-0002-9994-1761
M. Vasúth https://orcid.org/0000-0003-4573-8781
A. Vecchio https://orcid.org/0000-0002-6254-1617
J. Veitch https://orcid.org/0000-0002-6508-0713
P. J. Veitch https://orcid.org/0000-0002-2597-435X
J. Venneberg https://orcid.org/0000-0002-2508-2044
G. Venugopalan https://orcid.org/0000-0003-4414-9918
P. Verdier https://orcid.org/0000-0003-3090-2948
D. Verkindt https://orcid.org/0000-0003-4344-7227
Y. Verma https://orcid.org/0000-0003-4147-3173
S. M. Vermeulen https://orcid.org/0000-0003-4227-8214
D. Veske https://orcid.org/0000-0003-4225-0895
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
A. Virtuoso https://orcid.org/0000-0003-1837-1021
S. Vitale https://orcid.org/0000-0003-2700-0767
C. Vorvick https://orcid.org/0000-0003-1591-3358
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
M. Was https://orcid.org/0000-0002-1890-1128
T. Washimi https://orcid.org/0000-0001-5792-4907
J. Watchi https://orcid.org/0000-0002-9154-6433
A. J. Weinstein https://orcid.org/0000-0002-0928-6784
R. A. Weller https://orcid.org/0000-0002-2280-219X
K. Wette https://orcid.org/0000-0002-4394-7179

26

The Astrophysical Journal Supplement Series, 267:29 (28pp), 2023 August Abbott et al.

https://orcid.org/0000-0001-8081-4888
https://orcid.org/0000-0001-8081-4888
https://orcid.org/0000-0001-8081-4888
https://orcid.org/0000-0001-8081-4888
https://orcid.org/0000-0001-8081-4888
https://orcid.org/0000-0001-8081-4888
https://orcid.org/0000-0001-8081-4888
https://orcid.org/0000-0001-8081-4888
https://orcid.org/0000-0002-1135-3456
https://orcid.org/0000-0002-1135-3456
https://orcid.org/0000-0002-1135-3456
https://orcid.org/0000-0002-1135-3456
https://orcid.org/0000-0002-1135-3456
https://orcid.org/0000-0002-1135-3456
https://orcid.org/0000-0002-1135-3456
https://orcid.org/0000-0002-1135-3456
https://orcid.org/0000-0002-9944-5573
https://orcid.org/0000-0002-9944-5573
https://orcid.org/0000-0002-9944-5573
https://orcid.org/0000-0002-9944-5573
https://orcid.org/0000-0002-9944-5573
https://orcid.org/0000-0002-9944-5573
https://orcid.org/0000-0002-9944-5573
https://orcid.org/0000-0002-9944-5573
https://orcid.org/0000-0001-9050-7515
https://orcid.org/0000-0001-9050-7515
https://orcid.org/0000-0001-9050-7515
https://orcid.org/0000-0001-9050-7515
https://orcid.org/0000-0001-9050-7515
https://orcid.org/0000-0001-9050-7515
https://orcid.org/0000-0001-9050-7515
https://orcid.org/0000-0001-9050-7515
https://orcid.org/0000-0003-0902-9216
https://orcid.org/0000-0003-0902-9216
https://orcid.org/0000-0003-0902-9216
https://orcid.org/0000-0003-0902-9216
https://orcid.org/0000-0003-0902-9216
https://orcid.org/0000-0003-0902-9216
https://orcid.org/0000-0003-0902-9216
https://orcid.org/0000-0003-0902-9216
https://orcid.org/0000-0002-2471-3828
https://orcid.org/0000-0002-2471-3828
https://orcid.org/0000-0002-2471-3828
https://orcid.org/0000-0002-2471-3828
https://orcid.org/0000-0002-2471-3828
https://orcid.org/0000-0002-2471-3828
https://orcid.org/0000-0002-2471-3828
https://orcid.org/0000-0002-2471-3828
https://orcid.org/0000-0003-0638-9670
https://orcid.org/0000-0003-0638-9670
https://orcid.org/0000-0003-0638-9670
https://orcid.org/0000-0003-0638-9670
https://orcid.org/0000-0003-0638-9670
https://orcid.org/0000-0003-0638-9670
https://orcid.org/0000-0003-0638-9670
https://orcid.org/0000-0003-0638-9670
https://orcid.org/0000-0001-8516-3324
https://orcid.org/0000-0001-8516-3324
https://orcid.org/0000-0001-8516-3324
https://orcid.org/0000-0001-8516-3324
https://orcid.org/0000-0001-8516-3324
https://orcid.org/0000-0001-8516-3324
https://orcid.org/0000-0001-8516-3324
https://orcid.org/0000-0001-8516-3324
https://orcid.org/0000-0002-5458-5206
https://orcid.org/0000-0002-5458-5206
https://orcid.org/0000-0002-5458-5206
https://orcid.org/0000-0002-5458-5206
https://orcid.org/0000-0002-5458-5206
https://orcid.org/0000-0002-5458-5206
https://orcid.org/0000-0002-5458-5206
https://orcid.org/0000-0002-5458-5206
https://orcid.org/0000-0003-2663-3351
https://orcid.org/0000-0003-2663-3351
https://orcid.org/0000-0003-2663-3351
https://orcid.org/0000-0003-2663-3351
https://orcid.org/0000-0003-2663-3351
https://orcid.org/0000-0003-2663-3351
https://orcid.org/0000-0003-2663-3351
https://orcid.org/0000-0003-2663-3351
https://orcid.org/0000-0003-2601-2264
https://orcid.org/0000-0003-2601-2264
https://orcid.org/0000-0003-2601-2264
https://orcid.org/0000-0003-2601-2264
https://orcid.org/0000-0003-2601-2264
https://orcid.org/0000-0003-2601-2264
https://orcid.org/0000-0003-2601-2264
https://orcid.org/0000-0003-2601-2264
https://orcid.org/0000-0001-8051-7883
https://orcid.org/0000-0001-8051-7883
https://orcid.org/0000-0001-8051-7883
https://orcid.org/0000-0001-8051-7883
https://orcid.org/0000-0001-8051-7883
https://orcid.org/0000-0001-8051-7883
https://orcid.org/0000-0001-8051-7883
https://orcid.org/0000-0001-8051-7883
https://orcid.org/0000-0003-3856-8534
https://orcid.org/0000-0003-3856-8534
https://orcid.org/0000-0003-3856-8534
https://orcid.org/0000-0003-3856-8534
https://orcid.org/0000-0003-3856-8534
https://orcid.org/0000-0003-3856-8534
https://orcid.org/0000-0003-3856-8534
https://orcid.org/0000-0003-3856-8534
https://orcid.org/0000-0002-1855-5966
https://orcid.org/0000-0002-1855-5966
https://orcid.org/0000-0002-1855-5966
https://orcid.org/0000-0002-1855-5966
https://orcid.org/0000-0002-1855-5966
https://orcid.org/0000-0002-1855-5966
https://orcid.org/0000-0002-1855-5966
https://orcid.org/0000-0002-1855-5966
https://orcid.org/0000-0002-3239-2921
https://orcid.org/0000-0002-3239-2921
https://orcid.org/0000-0002-3239-2921
https://orcid.org/0000-0002-3239-2921
https://orcid.org/0000-0002-3239-2921
https://orcid.org/0000-0002-3239-2921
https://orcid.org/0000-0002-3239-2921
https://orcid.org/0000-0002-3239-2921
https://orcid.org/0000-0003-4418-3366
https://orcid.org/0000-0003-4418-3366
https://orcid.org/0000-0003-4418-3366
https://orcid.org/0000-0003-4418-3366
https://orcid.org/0000-0003-4418-3366
https://orcid.org/0000-0003-4418-3366
https://orcid.org/0000-0003-4418-3366
https://orcid.org/0000-0003-4418-3366
https://orcid.org/0000-0003-0930-6930
https://orcid.org/0000-0003-0930-6930
https://orcid.org/0000-0003-0930-6930
https://orcid.org/0000-0003-0930-6930
https://orcid.org/0000-0003-0930-6930
https://orcid.org/0000-0003-0930-6930
https://orcid.org/0000-0003-0930-6930
https://orcid.org/0000-0003-0930-6930
https://orcid.org/0000-0002-8781-1273
https://orcid.org/0000-0002-8781-1273
https://orcid.org/0000-0002-8781-1273
https://orcid.org/0000-0002-8781-1273
https://orcid.org/0000-0002-8781-1273
https://orcid.org/0000-0002-8781-1273
https://orcid.org/0000-0002-8781-1273
https://orcid.org/0000-0002-8781-1273
https://orcid.org/0000-0003-4710-8548
https://orcid.org/0000-0003-4710-8548
https://orcid.org/0000-0003-4710-8548
https://orcid.org/0000-0003-4710-8548
https://orcid.org/0000-0003-4710-8548
https://orcid.org/0000-0003-4710-8548
https://orcid.org/0000-0003-4710-8548
https://orcid.org/0000-0003-4710-8548
https://orcid.org/0000-0002-5490-5302
https://orcid.org/0000-0002-5490-5302
https://orcid.org/0000-0002-5490-5302
https://orcid.org/0000-0002-5490-5302
https://orcid.org/0000-0002-5490-5302
https://orcid.org/0000-0002-5490-5302
https://orcid.org/0000-0002-5490-5302
https://orcid.org/0000-0002-5490-5302
https://orcid.org/0000-0003-1055-7980
https://orcid.org/0000-0003-1055-7980
https://orcid.org/0000-0003-1055-7980
https://orcid.org/0000-0003-1055-7980
https://orcid.org/0000-0003-1055-7980
https://orcid.org/0000-0003-1055-7980
https://orcid.org/0000-0003-1055-7980
https://orcid.org/0000-0003-1055-7980
https://orcid.org/0000-0003-0324-5735
https://orcid.org/0000-0003-0324-5735
https://orcid.org/0000-0003-0324-5735
https://orcid.org/0000-0003-0324-5735
https://orcid.org/0000-0003-0324-5735
https://orcid.org/0000-0003-0324-5735
https://orcid.org/0000-0003-0324-5735
https://orcid.org/0000-0003-0324-5735
https://orcid.org/0000-0001-8578-4665
https://orcid.org/0000-0001-8578-4665
https://orcid.org/0000-0001-8578-4665
https://orcid.org/0000-0001-8578-4665
https://orcid.org/0000-0001-8578-4665
https://orcid.org/0000-0001-8578-4665
https://orcid.org/0000-0001-8578-4665
https://orcid.org/0000-0001-8578-4665
https://orcid.org/0000-0003-2662-3903
https://orcid.org/0000-0003-2662-3903
https://orcid.org/0000-0003-2662-3903
https://orcid.org/0000-0003-2662-3903
https://orcid.org/0000-0003-2662-3903
https://orcid.org/0000-0003-2662-3903
https://orcid.org/0000-0003-2662-3903
https://orcid.org/0000-0003-2662-3903
https://orcid.org/0000-0002-9545-7286
https://orcid.org/0000-0002-9545-7286
https://orcid.org/0000-0002-9545-7286
https://orcid.org/0000-0002-9545-7286
https://orcid.org/0000-0002-9545-7286
https://orcid.org/0000-0002-9545-7286
https://orcid.org/0000-0002-9545-7286
https://orcid.org/0000-0002-9545-7286
https://orcid.org/0000-0002-4522-5591
https://orcid.org/0000-0002-4522-5591
https://orcid.org/0000-0002-4522-5591
https://orcid.org/0000-0002-4522-5591
https://orcid.org/0000-0002-4522-5591
https://orcid.org/0000-0002-4522-5591
https://orcid.org/0000-0002-4522-5591
https://orcid.org/0000-0002-4522-5591
https://orcid.org/0000-0001-7959-892X
https://orcid.org/0000-0001-7959-892X
https://orcid.org/0000-0001-7959-892X
https://orcid.org/0000-0001-7959-892X
https://orcid.org/0000-0001-7959-892X
https://orcid.org/0000-0001-7959-892X
https://orcid.org/0000-0001-7959-892X
https://orcid.org/0000-0001-7959-892X
https://orcid.org/0000-0001-6635-5080
https://orcid.org/0000-0001-6635-5080
https://orcid.org/0000-0001-6635-5080
https://orcid.org/0000-0001-6635-5080
https://orcid.org/0000-0001-6635-5080
https://orcid.org/0000-0001-6635-5080
https://orcid.org/0000-0001-6635-5080
https://orcid.org/0000-0001-6635-5080
https://orcid.org/0000-0003-2389-6666
https://orcid.org/0000-0003-2389-6666
https://orcid.org/0000-0003-2389-6666
https://orcid.org/0000-0003-2389-6666
https://orcid.org/0000-0003-2389-6666
https://orcid.org/0000-0003-2389-6666
https://orcid.org/0000-0003-2389-6666
https://orcid.org/0000-0003-2389-6666
https://orcid.org/0000-0003-1614-3922
https://orcid.org/0000-0003-1614-3922
https://orcid.org/0000-0003-1614-3922
https://orcid.org/0000-0003-1614-3922
https://orcid.org/0000-0003-1614-3922
https://orcid.org/0000-0003-1614-3922
https://orcid.org/0000-0003-1614-3922
https://orcid.org/0000-0003-1614-3922
https://orcid.org/0000-0003-3030-6599
https://orcid.org/0000-0003-3030-6599
https://orcid.org/0000-0003-3030-6599
https://orcid.org/0000-0003-3030-6599
https://orcid.org/0000-0003-3030-6599
https://orcid.org/0000-0003-3030-6599
https://orcid.org/0000-0003-3030-6599
https://orcid.org/0000-0003-3030-6599
https://orcid.org/0000-0002-3066-3601
https://orcid.org/0000-0002-3066-3601
https://orcid.org/0000-0002-3066-3601
https://orcid.org/0000-0002-3066-3601
https://orcid.org/0000-0002-3066-3601
https://orcid.org/0000-0002-3066-3601
https://orcid.org/0000-0002-3066-3601
https://orcid.org/0000-0002-3066-3601
https://orcid.org/0000-0002-6167-6149
https://orcid.org/0000-0002-6167-6149
https://orcid.org/0000-0002-6167-6149
https://orcid.org/0000-0002-6167-6149
https://orcid.org/0000-0002-6167-6149
https://orcid.org/0000-0002-6167-6149
https://orcid.org/0000-0002-6167-6149
https://orcid.org/0000-0002-6167-6149
https://orcid.org/0000-0002-1339-9167
https://orcid.org/0000-0002-1339-9167
https://orcid.org/0000-0002-1339-9167
https://orcid.org/0000-0002-1339-9167
https://orcid.org/0000-0002-1339-9167
https://orcid.org/0000-0002-1339-9167
https://orcid.org/0000-0002-1339-9167
https://orcid.org/0000-0002-1339-9167
https://orcid.org/0000-0003-1353-0441
https://orcid.org/0000-0003-1353-0441
https://orcid.org/0000-0003-1353-0441
https://orcid.org/0000-0003-1353-0441
https://orcid.org/0000-0003-1353-0441
https://orcid.org/0000-0003-1353-0441
https://orcid.org/0000-0003-1353-0441
https://orcid.org/0000-0003-1353-0441
https://orcid.org/0000-0001-8530-9178
https://orcid.org/0000-0001-8530-9178
https://orcid.org/0000-0001-8530-9178
https://orcid.org/0000-0001-8530-9178
https://orcid.org/0000-0001-8530-9178
https://orcid.org/0000-0001-8530-9178
https://orcid.org/0000-0001-8530-9178
https://orcid.org/0000-0001-8530-9178
https://orcid.org/0000-0003-0327-953X
https://orcid.org/0000-0003-0327-953X
https://orcid.org/0000-0003-0327-953X
https://orcid.org/0000-0003-0327-953X
https://orcid.org/0000-0003-0327-953X
https://orcid.org/0000-0003-0327-953X
https://orcid.org/0000-0003-0327-953X
https://orcid.org/0000-0003-0327-953X
https://orcid.org/0000-0003-0596-4397
https://orcid.org/0000-0003-0596-4397
https://orcid.org/0000-0003-0596-4397
https://orcid.org/0000-0003-0596-4397
https://orcid.org/0000-0003-0596-4397
https://orcid.org/0000-0003-0596-4397
https://orcid.org/0000-0003-0596-4397
https://orcid.org/0000-0003-0596-4397
https://orcid.org/0000-0003-1367-5149
https://orcid.org/0000-0003-1367-5149
https://orcid.org/0000-0003-1367-5149
https://orcid.org/0000-0003-1367-5149
https://orcid.org/0000-0003-1367-5149
https://orcid.org/0000-0003-1367-5149
https://orcid.org/0000-0003-1367-5149
https://orcid.org/0000-0003-1367-5149
https://orcid.org/0000-0001-9937-2557
https://orcid.org/0000-0001-9937-2557
https://orcid.org/0000-0001-9937-2557
https://orcid.org/0000-0001-9937-2557
https://orcid.org/0000-0001-9937-2557
https://orcid.org/0000-0001-9937-2557
https://orcid.org/0000-0001-9937-2557
https://orcid.org/0000-0001-9937-2557
https://orcid.org/0000-0003-2053-5582
https://orcid.org/0000-0003-2053-5582
https://orcid.org/0000-0003-2053-5582
https://orcid.org/0000-0003-2053-5582
https://orcid.org/0000-0003-2053-5582
https://orcid.org/0000-0003-2053-5582
https://orcid.org/0000-0003-2053-5582
https://orcid.org/0000-0003-2053-5582
https://orcid.org/0000-0001-8760-5421
https://orcid.org/0000-0001-8760-5421
https://orcid.org/0000-0001-8760-5421
https://orcid.org/0000-0001-8760-5421
https://orcid.org/0000-0001-8760-5421
https://orcid.org/0000-0001-8760-5421
https://orcid.org/0000-0001-8760-5421
https://orcid.org/0000-0001-8760-5421
https://orcid.org/0000-0001-8406-5183
https://orcid.org/0000-0001-8406-5183
https://orcid.org/0000-0001-8406-5183
https://orcid.org/0000-0001-8406-5183
https://orcid.org/0000-0001-8406-5183
https://orcid.org/0000-0001-8406-5183
https://orcid.org/0000-0001-8406-5183
https://orcid.org/0000-0001-8406-5183
https://orcid.org/0000-0003-4382-5507
https://orcid.org/0000-0003-4382-5507
https://orcid.org/0000-0003-4382-5507
https://orcid.org/0000-0003-4382-5507
https://orcid.org/0000-0003-4382-5507
https://orcid.org/0000-0003-4382-5507
https://orcid.org/0000-0003-4382-5507
https://orcid.org/0000-0003-4382-5507
https://orcid.org/0000-0002-4817-5606
https://orcid.org/0000-0002-4817-5606
https://orcid.org/0000-0002-4817-5606
https://orcid.org/0000-0002-4817-5606
https://orcid.org/0000-0002-4817-5606
https://orcid.org/0000-0002-4817-5606
https://orcid.org/0000-0002-4817-5606
https://orcid.org/0000-0002-4817-5606
https://orcid.org/0000-0002-4817-5606
https://orcid.org/0000-0002-4016-1955
https://orcid.org/0000-0002-4016-1955
https://orcid.org/0000-0002-4016-1955
https://orcid.org/0000-0002-4016-1955
https://orcid.org/0000-0002-4016-1955
https://orcid.org/0000-0002-4016-1955
https://orcid.org/0000-0002-4016-1955
https://orcid.org/0000-0002-4016-1955
https://orcid.org/0000-0002-4777-5087
https://orcid.org/0000-0002-4777-5087
https://orcid.org/0000-0002-4777-5087
https://orcid.org/0000-0002-4777-5087
https://orcid.org/0000-0002-4777-5087
https://orcid.org/0000-0002-4777-5087
https://orcid.org/0000-0002-4777-5087
https://orcid.org/0000-0002-4777-5087
https://orcid.org/0000-0002-3582-2587
https://orcid.org/0000-0002-3582-2587
https://orcid.org/0000-0002-3582-2587
https://orcid.org/0000-0002-3582-2587
https://orcid.org/0000-0002-3582-2587
https://orcid.org/0000-0002-3582-2587
https://orcid.org/0000-0002-3582-2587
https://orcid.org/0000-0002-3582-2587
https://orcid.org/0000-0001-9078-4993
https://orcid.org/0000-0001-9078-4993
https://orcid.org/0000-0001-9078-4993
https://orcid.org/0000-0001-9078-4993
https://orcid.org/0000-0001-9078-4993
https://orcid.org/0000-0001-9078-4993
https://orcid.org/0000-0001-9078-4993
https://orcid.org/0000-0001-9078-4993
https://orcid.org/0000-0003-4622-1215
https://orcid.org/0000-0003-4622-1215
https://orcid.org/0000-0003-4622-1215
https://orcid.org/0000-0003-4622-1215
https://orcid.org/0000-0003-4622-1215
https://orcid.org/0000-0003-4622-1215
https://orcid.org/0000-0003-4622-1215
https://orcid.org/0000-0003-4622-1215
https://orcid.org/0000-0003-3271-6436
https://orcid.org/0000-0003-3271-6436
https://orcid.org/0000-0003-3271-6436
https://orcid.org/0000-0003-3271-6436
https://orcid.org/0000-0003-3271-6436
https://orcid.org/0000-0003-3271-6436
https://orcid.org/0000-0003-3271-6436
https://orcid.org/0000-0003-3271-6436
https://orcid.org/0000-0002-0419-5517
https://orcid.org/0000-0002-0419-5517
https://orcid.org/0000-0002-0419-5517
https://orcid.org/0000-0002-0419-5517
https://orcid.org/0000-0002-0419-5517
https://orcid.org/0000-0002-0419-5517
https://orcid.org/0000-0002-0419-5517
https://orcid.org/0000-0002-0419-5517
https://orcid.org/0000-0003-1611-6625
https://orcid.org/0000-0003-1611-6625
https://orcid.org/0000-0003-1611-6625
https://orcid.org/0000-0003-1611-6625
https://orcid.org/0000-0003-1611-6625
https://orcid.org/0000-0003-1611-6625
https://orcid.org/0000-0003-1611-6625
https://orcid.org/0000-0003-1611-6625
https://orcid.org/0000-0002-3284-6110
https://orcid.org/0000-0002-3284-6110
https://orcid.org/0000-0002-3284-6110
https://orcid.org/0000-0002-3284-6110
https://orcid.org/0000-0002-3284-6110
https://orcid.org/0000-0002-3284-6110
https://orcid.org/0000-0002-3284-6110
https://orcid.org/0000-0002-3284-6110
https://orcid.org/0000-0002-1602-4176
https://orcid.org/0000-0002-1602-4176
https://orcid.org/0000-0002-1602-4176
https://orcid.org/0000-0002-1602-4176
https://orcid.org/0000-0002-1602-4176
https://orcid.org/0000-0002-1602-4176
https://orcid.org/0000-0002-1602-4176
https://orcid.org/0000-0002-1602-4176
https://orcid.org/0000-0001-9841-943X
https://orcid.org/0000-0001-9841-943X
https://orcid.org/0000-0001-9841-943X
https://orcid.org/0000-0001-9841-943X
https://orcid.org/0000-0001-9841-943X
https://orcid.org/0000-0001-9841-943X
https://orcid.org/0000-0001-9841-943X
https://orcid.org/0000-0001-9841-943X
https://orcid.org/0000-0002-8927-9014
https://orcid.org/0000-0002-8927-9014
https://orcid.org/0000-0002-8927-9014
https://orcid.org/0000-0002-8927-9014
https://orcid.org/0000-0002-8927-9014
https://orcid.org/0000-0002-8927-9014
https://orcid.org/0000-0002-8927-9014
https://orcid.org/0000-0002-8927-9014
https://orcid.org/0000-0002-7504-8258
https://orcid.org/0000-0002-7504-8258
https://orcid.org/0000-0002-7504-8258
https://orcid.org/0000-0002-7504-8258
https://orcid.org/0000-0002-7504-8258
https://orcid.org/0000-0002-7504-8258
https://orcid.org/0000-0002-7504-8258
https://orcid.org/0000-0002-7504-8258
https://orcid.org/0000-0001-8709-5118
https://orcid.org/0000-0001-8709-5118
https://orcid.org/0000-0001-8709-5118
https://orcid.org/0000-0001-8709-5118
https://orcid.org/0000-0001-8709-5118
https://orcid.org/0000-0001-8709-5118
https://orcid.org/0000-0001-8709-5118
https://orcid.org/0000-0001-8709-5118
https://orcid.org/0000-0001-5833-4052
https://orcid.org/0000-0001-5833-4052
https://orcid.org/0000-0001-5833-4052
https://orcid.org/0000-0001-5833-4052
https://orcid.org/0000-0001-5833-4052
https://orcid.org/0000-0001-5833-4052
https://orcid.org/0000-0001-5833-4052
https://orcid.org/0000-0001-5833-4052
https://orcid.org/0000-0002-5465-9607
https://orcid.org/0000-0002-5465-9607
https://orcid.org/0000-0002-5465-9607
https://orcid.org/0000-0002-5465-9607
https://orcid.org/0000-0002-5465-9607
https://orcid.org/0000-0002-5465-9607
https://orcid.org/0000-0002-5465-9607
https://orcid.org/0000-0002-5465-9607
https://orcid.org/0000-0001-7763-5758
https://orcid.org/0000-0001-7763-5758
https://orcid.org/0000-0001-7763-5758
https://orcid.org/0000-0001-7763-5758
https://orcid.org/0000-0001-7763-5758
https://orcid.org/0000-0001-7763-5758
https://orcid.org/0000-0001-7763-5758
https://orcid.org/0000-0001-7763-5758
https://orcid.org/0000-0002-4653-6156
https://orcid.org/0000-0002-4653-6156
https://orcid.org/0000-0002-4653-6156
https://orcid.org/0000-0002-4653-6156
https://orcid.org/0000-0002-4653-6156
https://orcid.org/0000-0002-4653-6156
https://orcid.org/0000-0002-4653-6156
https://orcid.org/0000-0002-4653-6156
https://orcid.org/0000-0002-0714-108X
https://orcid.org/0000-0002-0714-108X
https://orcid.org/0000-0002-0714-108X
https://orcid.org/0000-0002-0714-108X
https://orcid.org/0000-0002-0714-108X
https://orcid.org/0000-0002-0714-108X
https://orcid.org/0000-0002-0714-108X
https://orcid.org/0000-0002-0714-108X
https://orcid.org/0000-0001-5087-189X
https://orcid.org/0000-0001-5087-189X
https://orcid.org/0000-0001-5087-189X
https://orcid.org/0000-0001-5087-189X
https://orcid.org/0000-0001-5087-189X
https://orcid.org/0000-0001-5087-189X
https://orcid.org/0000-0001-5087-189X
https://orcid.org/0000-0001-5087-189X
https://orcid.org/0000-0002-6976-5576
https://orcid.org/0000-0002-6976-5576
https://orcid.org/0000-0002-6976-5576
https://orcid.org/0000-0002-6976-5576
https://orcid.org/0000-0002-6976-5576
https://orcid.org/0000-0002-6976-5576
https://orcid.org/0000-0002-6976-5576
https://orcid.org/0000-0002-6976-5576
https://orcid.org/0000-0002-9714-1904
https://orcid.org/0000-0002-9714-1904
https://orcid.org/0000-0002-9714-1904
https://orcid.org/0000-0002-9714-1904
https://orcid.org/0000-0002-9714-1904
https://orcid.org/0000-0002-9714-1904
https://orcid.org/0000-0002-9714-1904
https://orcid.org/0000-0002-9714-1904
https://orcid.org/0000-0003-3666-686X
https://orcid.org/0000-0003-3666-686X
https://orcid.org/0000-0003-3666-686X
https://orcid.org/0000-0003-3666-686X
https://orcid.org/0000-0003-3666-686X
https://orcid.org/0000-0003-3666-686X
https://orcid.org/0000-0003-3666-686X
https://orcid.org/0000-0003-3666-686X
https://orcid.org/0000-0003-1510-4921
https://orcid.org/0000-0003-1510-4921
https://orcid.org/0000-0003-1510-4921
https://orcid.org/0000-0003-1510-4921
https://orcid.org/0000-0003-1510-4921
https://orcid.org/0000-0003-1510-4921
https://orcid.org/0000-0003-1510-4921
https://orcid.org/0000-0003-1510-4921
https://orcid.org/0000-0002-2909-0471
https://orcid.org/0000-0002-2909-0471
https://orcid.org/0000-0002-2909-0471
https://orcid.org/0000-0002-2909-0471
https://orcid.org/0000-0002-2909-0471
https://orcid.org/0000-0002-2909-0471
https://orcid.org/0000-0002-2909-0471
https://orcid.org/0000-0002-2909-0471
https://orcid.org/0000-0002-9296-8603
https://orcid.org/0000-0002-9296-8603
https://orcid.org/0000-0002-9296-8603
https://orcid.org/0000-0002-9296-8603
https://orcid.org/0000-0002-9296-8603
https://orcid.org/0000-0002-9296-8603
https://orcid.org/0000-0002-9296-8603
https://orcid.org/0000-0002-9296-8603
https://orcid.org/0000-0002-4378-5835
https://orcid.org/0000-0002-4378-5835
https://orcid.org/0000-0002-4378-5835
https://orcid.org/0000-0002-4378-5835
https://orcid.org/0000-0002-4378-5835
https://orcid.org/0000-0002-4378-5835
https://orcid.org/0000-0002-4378-5835
https://orcid.org/0000-0002-4378-5835
https://orcid.org/0000-0002-0679-9074
https://orcid.org/0000-0002-0679-9074
https://orcid.org/0000-0002-0679-9074
https://orcid.org/0000-0002-0679-9074
https://orcid.org/0000-0002-0679-9074
https://orcid.org/0000-0002-0679-9074
https://orcid.org/0000-0002-0679-9074
https://orcid.org/0000-0002-0679-9074
https://orcid.org/0000-0002-3240-6000
https://orcid.org/0000-0002-3240-6000
https://orcid.org/0000-0002-3240-6000
https://orcid.org/0000-0002-3240-6000
https://orcid.org/0000-0002-3240-6000
https://orcid.org/0000-0002-3240-6000
https://orcid.org/0000-0002-3240-6000
https://orcid.org/0000-0002-3240-6000
https://orcid.org/0000-0003-0030-3653
https://orcid.org/0000-0003-0030-3653
https://orcid.org/0000-0003-0030-3653
https://orcid.org/0000-0003-0030-3653
https://orcid.org/0000-0003-0030-3653
https://orcid.org/0000-0003-0030-3653
https://orcid.org/0000-0003-0030-3653
https://orcid.org/0000-0003-0030-3653
https://orcid.org/0000-0003-2148-1694
https://orcid.org/0000-0003-2148-1694
https://orcid.org/0000-0003-2148-1694
https://orcid.org/0000-0003-2148-1694
https://orcid.org/0000-0003-2148-1694
https://orcid.org/0000-0003-2148-1694
https://orcid.org/0000-0003-2148-1694
https://orcid.org/0000-0003-2148-1694
https://orcid.org/0000-0001-6877-3278
https://orcid.org/0000-0001-6877-3278
https://orcid.org/0000-0001-6877-3278
https://orcid.org/0000-0001-6877-3278
https://orcid.org/0000-0001-6877-3278
https://orcid.org/0000-0001-6877-3278
https://orcid.org/0000-0001-6877-3278
https://orcid.org/0000-0001-6877-3278
https://orcid.org/0000-0003-4375-098X
https://orcid.org/0000-0003-4375-098X
https://orcid.org/0000-0003-4375-098X
https://orcid.org/0000-0003-4375-098X
https://orcid.org/0000-0003-4375-098X
https://orcid.org/0000-0003-4375-098X
https://orcid.org/0000-0003-4375-098X
https://orcid.org/0000-0003-4375-098X
https://orcid.org/0000-0003-3227-6055
https://orcid.org/0000-0003-3227-6055
https://orcid.org/0000-0003-3227-6055
https://orcid.org/0000-0003-3227-6055
https://orcid.org/0000-0003-3227-6055
https://orcid.org/0000-0003-3227-6055
https://orcid.org/0000-0003-3227-6055
https://orcid.org/0000-0003-3227-6055
https://orcid.org/0000-0002-5059-4033
https://orcid.org/0000-0002-5059-4033
https://orcid.org/0000-0002-5059-4033
https://orcid.org/0000-0002-5059-4033
https://orcid.org/0000-0002-5059-4033
https://orcid.org/0000-0002-5059-4033
https://orcid.org/0000-0002-5059-4033
https://orcid.org/0000-0002-5059-4033
https://orcid.org/0000-0003-2975-9208
https://orcid.org/0000-0003-2975-9208
https://orcid.org/0000-0003-2975-9208
https://orcid.org/0000-0003-2975-9208
https://orcid.org/0000-0003-2975-9208
https://orcid.org/0000-0003-2975-9208
https://orcid.org/0000-0003-2975-9208
https://orcid.org/0000-0003-2975-9208
https://orcid.org/0000-0003-2357-2338
https://orcid.org/0000-0003-2357-2338
https://orcid.org/0000-0003-2357-2338
https://orcid.org/0000-0003-2357-2338
https://orcid.org/0000-0003-2357-2338
https://orcid.org/0000-0003-2357-2338
https://orcid.org/0000-0003-2357-2338
https://orcid.org/0000-0003-2357-2338
https://orcid.org/0000-0003-1843-7545
https://orcid.org/0000-0003-1843-7545
https://orcid.org/0000-0003-1843-7545
https://orcid.org/0000-0003-1843-7545
https://orcid.org/0000-0003-1843-7545
https://orcid.org/0000-0003-1843-7545
https://orcid.org/0000-0003-1843-7545
https://orcid.org/0000-0003-1843-7545
https://orcid.org/0000-0002-7656-6882
https://orcid.org/0000-0002-7656-6882
https://orcid.org/0000-0002-7656-6882
https://orcid.org/0000-0002-7656-6882
https://orcid.org/0000-0002-7656-6882
https://orcid.org/0000-0002-7656-6882
https://orcid.org/0000-0002-7656-6882
https://orcid.org/0000-0002-7656-6882
https://orcid.org/0000-0001-5411-380X
https://orcid.org/0000-0001-5411-380X
https://orcid.org/0000-0001-5411-380X
https://orcid.org/0000-0001-5411-380X
https://orcid.org/0000-0001-5411-380X
https://orcid.org/0000-0001-5411-380X
https://orcid.org/0000-0001-5411-380X
https://orcid.org/0000-0001-5411-380X
https://orcid.org/0000-0003-1215-4552
https://orcid.org/0000-0003-1215-4552
https://orcid.org/0000-0003-1215-4552
https://orcid.org/0000-0003-1215-4552
https://orcid.org/0000-0003-1215-4552
https://orcid.org/0000-0003-1215-4552
https://orcid.org/0000-0003-1215-4552
https://orcid.org/0000-0003-1215-4552
https://orcid.org/0000-0003-0315-4091
https://orcid.org/0000-0003-0315-4091
https://orcid.org/0000-0003-0315-4091
https://orcid.org/0000-0003-0315-4091
https://orcid.org/0000-0003-0315-4091
https://orcid.org/0000-0003-0315-4091
https://orcid.org/0000-0003-0315-4091
https://orcid.org/0000-0003-0315-4091
https://orcid.org/0000-0002-0500-1286
https://orcid.org/0000-0002-0500-1286
https://orcid.org/0000-0002-0500-1286
https://orcid.org/0000-0002-0500-1286
https://orcid.org/0000-0002-0500-1286
https://orcid.org/0000-0002-0500-1286
https://orcid.org/0000-0002-0500-1286
https://orcid.org/0000-0002-0500-1286
https://orcid.org/0000-0002-6061-8131
https://orcid.org/0000-0002-6061-8131
https://orcid.org/0000-0002-6061-8131
https://orcid.org/0000-0002-6061-8131
https://orcid.org/0000-0002-6061-8131
https://orcid.org/0000-0002-6061-8131
https://orcid.org/0000-0002-6061-8131
https://orcid.org/0000-0002-6061-8131
https://orcid.org/0000-0003-4434-5353
https://orcid.org/0000-0003-4434-5353
https://orcid.org/0000-0003-4434-5353
https://orcid.org/0000-0003-4434-5353
https://orcid.org/0000-0003-4434-5353
https://orcid.org/0000-0003-4434-5353
https://orcid.org/0000-0003-4434-5353
https://orcid.org/0000-0003-4434-5353
https://orcid.org/0000-0003-4434-5353
https://orcid.org/0000-0003-2386-957X
https://orcid.org/0000-0003-2386-957X
https://orcid.org/0000-0003-2386-957X
https://orcid.org/0000-0003-2386-957X
https://orcid.org/0000-0003-2386-957X
https://orcid.org/0000-0003-2386-957X
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/0000-0002-8391-7513
https://orcid.org/0000-0002-8391-7513
https://orcid.org/0000-0002-8391-7513
https://orcid.org/0000-0002-8391-7513
https://orcid.org/0000-0002-8391-7513
https://orcid.org/0000-0002-8391-7513
https://orcid.org/0000-0002-8391-7513
https://orcid.org/0000-0002-0460-6224
https://orcid.org/0000-0002-0460-6224
https://orcid.org/0000-0002-0460-6224
https://orcid.org/0000-0002-0460-6224
https://orcid.org/0000-0002-0460-6224
https://orcid.org/0000-0002-0460-6224
https://orcid.org/0000-0002-0460-6224
https://orcid.org/0000-0002-0460-6224
https://orcid.org/0000-0003-4180-8199
https://orcid.org/0000-0003-4180-8199
https://orcid.org/0000-0003-4180-8199
https://orcid.org/0000-0003-4180-8199
https://orcid.org/0000-0003-4180-8199
https://orcid.org/0000-0003-4180-8199
https://orcid.org/0000-0003-4180-8199
https://orcid.org/0000-0003-4180-8199
https://orcid.org/0000-0002-9994-1761
https://orcid.org/0000-0002-9994-1761
https://orcid.org/0000-0002-9994-1761
https://orcid.org/0000-0002-9994-1761
https://orcid.org/0000-0002-9994-1761
https://orcid.org/0000-0002-9994-1761
https://orcid.org/0000-0002-9994-1761
https://orcid.org/0000-0002-9994-1761
https://orcid.org/0000-0003-4573-8781
https://orcid.org/0000-0003-4573-8781
https://orcid.org/0000-0003-4573-8781
https://orcid.org/0000-0003-4573-8781
https://orcid.org/0000-0003-4573-8781
https://orcid.org/0000-0003-4573-8781
https://orcid.org/0000-0003-4573-8781
https://orcid.org/0000-0003-4573-8781
https://orcid.org/0000-0002-6254-1617
https://orcid.org/0000-0002-6254-1617
https://orcid.org/0000-0002-6254-1617
https://orcid.org/0000-0002-6254-1617
https://orcid.org/0000-0002-6254-1617
https://orcid.org/0000-0002-6254-1617
https://orcid.org/0000-0002-6254-1617
https://orcid.org/0000-0002-6254-1617
https://orcid.org/0000-0002-6508-0713
https://orcid.org/0000-0002-6508-0713
https://orcid.org/0000-0002-6508-0713
https://orcid.org/0000-0002-6508-0713
https://orcid.org/0000-0002-6508-0713
https://orcid.org/0000-0002-6508-0713
https://orcid.org/0000-0002-6508-0713
https://orcid.org/0000-0002-6508-0713
https://orcid.org/0000-0002-2597-435X
https://orcid.org/0000-0002-2597-435X
https://orcid.org/0000-0002-2597-435X
https://orcid.org/0000-0002-2597-435X
https://orcid.org/0000-0002-2597-435X
https://orcid.org/0000-0002-2597-435X
https://orcid.org/0000-0002-2597-435X
https://orcid.org/0000-0002-2597-435X
https://orcid.org/0000-0002-2508-2044
https://orcid.org/0000-0002-2508-2044
https://orcid.org/0000-0002-2508-2044
https://orcid.org/0000-0002-2508-2044
https://orcid.org/0000-0002-2508-2044
https://orcid.org/0000-0002-2508-2044
https://orcid.org/0000-0002-2508-2044
https://orcid.org/0000-0002-2508-2044
https://orcid.org/0000-0003-4414-9918
https://orcid.org/0000-0003-4414-9918
https://orcid.org/0000-0003-4414-9918
https://orcid.org/0000-0003-4414-9918
https://orcid.org/0000-0003-4414-9918
https://orcid.org/0000-0003-4414-9918
https://orcid.org/0000-0003-4414-9918
https://orcid.org/0000-0003-4414-9918
https://orcid.org/0000-0003-3090-2948
https://orcid.org/0000-0003-3090-2948
https://orcid.org/0000-0003-3090-2948
https://orcid.org/0000-0003-3090-2948
https://orcid.org/0000-0003-3090-2948
https://orcid.org/0000-0003-3090-2948
https://orcid.org/0000-0003-3090-2948
https://orcid.org/0000-0003-3090-2948
https://orcid.org/0000-0003-4344-7227
https://orcid.org/0000-0003-4344-7227
https://orcid.org/0000-0003-4344-7227
https://orcid.org/0000-0003-4344-7227
https://orcid.org/0000-0003-4344-7227
https://orcid.org/0000-0003-4344-7227
https://orcid.org/0000-0003-4344-7227
https://orcid.org/0000-0003-4344-7227
https://orcid.org/0000-0003-4147-3173
https://orcid.org/0000-0003-4147-3173
https://orcid.org/0000-0003-4147-3173
https://orcid.org/0000-0003-4147-3173
https://orcid.org/0000-0003-4147-3173
https://orcid.org/0000-0003-4147-3173
https://orcid.org/0000-0003-4147-3173
https://orcid.org/0000-0003-4147-3173
https://orcid.org/0000-0003-4227-8214
https://orcid.org/0000-0003-4227-8214
https://orcid.org/0000-0003-4227-8214
https://orcid.org/0000-0003-4227-8214
https://orcid.org/0000-0003-4227-8214
https://orcid.org/0000-0003-4227-8214
https://orcid.org/0000-0003-4227-8214
https://orcid.org/0000-0003-4227-8214
https://orcid.org/0000-0003-4225-0895
https://orcid.org/0000-0003-4225-0895
https://orcid.org/0000-0003-4225-0895
https://orcid.org/0000-0003-4225-0895
https://orcid.org/0000-0003-4225-0895
https://orcid.org/0000-0003-4225-0895
https://orcid.org/0000-0003-4225-0895
https://orcid.org/0000-0003-4225-0895
https://orcid.org/0000-0003-0624-6231
https://orcid.org/0000-0003-0624-6231
https://orcid.org/0000-0003-0624-6231
https://orcid.org/0000-0003-0624-6231
https://orcid.org/0000-0003-0624-6231
https://orcid.org/0000-0003-0624-6231
https://orcid.org/0000-0003-0624-6231
https://orcid.org/0000-0003-0624-6231
https://orcid.org/0000-0002-4241-1428
https://orcid.org/0000-0002-4241-1428
https://orcid.org/0000-0002-4241-1428
https://orcid.org/0000-0002-4241-1428
https://orcid.org/0000-0002-4241-1428
https://orcid.org/0000-0002-4241-1428
https://orcid.org/0000-0002-4241-1428
https://orcid.org/0000-0002-4241-1428
https://orcid.org/0000-0002-4103-0666
https://orcid.org/0000-0002-4103-0666
https://orcid.org/0000-0002-4103-0666
https://orcid.org/0000-0002-4103-0666
https://orcid.org/0000-0002-4103-0666
https://orcid.org/0000-0002-4103-0666
https://orcid.org/0000-0002-4103-0666
https://orcid.org/0000-0002-4103-0666
https://orcid.org/0000-0001-7983-1963
https://orcid.org/0000-0001-7983-1963
https://orcid.org/0000-0001-7983-1963
https://orcid.org/0000-0001-7983-1963
https://orcid.org/0000-0001-7983-1963
https://orcid.org/0000-0001-7983-1963
https://orcid.org/0000-0001-7983-1963
https://orcid.org/0000-0001-7983-1963
https://orcid.org/0000-0002-0442-1916
https://orcid.org/0000-0002-0442-1916
https://orcid.org/0000-0002-0442-1916
https://orcid.org/0000-0002-0442-1916
https://orcid.org/0000-0002-0442-1916
https://orcid.org/0000-0002-0442-1916
https://orcid.org/0000-0002-0442-1916
https://orcid.org/0000-0002-0442-1916
https://orcid.org/0000-0003-1837-1021
https://orcid.org/0000-0003-1837-1021
https://orcid.org/0000-0003-1837-1021
https://orcid.org/0000-0003-1837-1021
https://orcid.org/0000-0003-1837-1021
https://orcid.org/0000-0003-1837-1021
https://orcid.org/0000-0003-1837-1021
https://orcid.org/0000-0003-1837-1021
https://orcid.org/0000-0003-2700-0767
https://orcid.org/0000-0003-2700-0767
https://orcid.org/0000-0003-2700-0767
https://orcid.org/0000-0003-2700-0767
https://orcid.org/0000-0003-2700-0767
https://orcid.org/0000-0003-2700-0767
https://orcid.org/0000-0003-2700-0767
https://orcid.org/0000-0003-2700-0767
https://orcid.org/0000-0003-1591-3358
https://orcid.org/0000-0003-1591-3358
https://orcid.org/0000-0003-1591-3358
https://orcid.org/0000-0003-1591-3358
https://orcid.org/0000-0003-1591-3358
https://orcid.org/0000-0003-1591-3358
https://orcid.org/0000-0003-1591-3358
https://orcid.org/0000-0003-1591-3358
https://orcid.org/0000-0002-6823-911X
https://orcid.org/0000-0002-6823-911X
https://orcid.org/0000-0002-6823-911X
https://orcid.org/0000-0002-6823-911X
https://orcid.org/0000-0002-6823-911X
https://orcid.org/0000-0002-6823-911X
https://orcid.org/0000-0002-6823-911X
https://orcid.org/0000-0002-6823-911X
https://orcid.org/0000-0002-5703-4469
https://orcid.org/0000-0002-5703-4469
https://orcid.org/0000-0002-5703-4469
https://orcid.org/0000-0002-5703-4469
https://orcid.org/0000-0002-5703-4469
https://orcid.org/0000-0002-5703-4469
https://orcid.org/0000-0002-5703-4469
https://orcid.org/0000-0002-5703-4469
https://orcid.org/0000-0002-7255-4251
https://orcid.org/0000-0002-7255-4251
https://orcid.org/0000-0002-7255-4251
https://orcid.org/0000-0002-7255-4251
https://orcid.org/0000-0002-7255-4251
https://orcid.org/0000-0002-7255-4251
https://orcid.org/0000-0002-7255-4251
https://orcid.org/0000-0002-7255-4251
https://orcid.org/0000-0002-1890-1128
https://orcid.org/0000-0002-1890-1128
https://orcid.org/0000-0002-1890-1128
https://orcid.org/0000-0002-1890-1128
https://orcid.org/0000-0002-1890-1128
https://orcid.org/0000-0002-1890-1128
https://orcid.org/0000-0002-1890-1128
https://orcid.org/0000-0002-1890-1128
https://orcid.org/0000-0001-5792-4907
https://orcid.org/0000-0001-5792-4907
https://orcid.org/0000-0001-5792-4907
https://orcid.org/0000-0001-5792-4907
https://orcid.org/0000-0001-5792-4907
https://orcid.org/0000-0001-5792-4907
https://orcid.org/0000-0001-5792-4907
https://orcid.org/0000-0001-5792-4907
https://orcid.org/0000-0002-9154-6433
https://orcid.org/0000-0002-9154-6433
https://orcid.org/0000-0002-9154-6433
https://orcid.org/0000-0002-9154-6433
https://orcid.org/0000-0002-9154-6433
https://orcid.org/0000-0002-9154-6433
https://orcid.org/0000-0002-9154-6433
https://orcid.org/0000-0002-9154-6433
https://orcid.org/0000-0002-0928-6784
https://orcid.org/0000-0002-0928-6784
https://orcid.org/0000-0002-0928-6784
https://orcid.org/0000-0002-0928-6784
https://orcid.org/0000-0002-0928-6784
https://orcid.org/0000-0002-0928-6784
https://orcid.org/0000-0002-0928-6784
https://orcid.org/0000-0002-0928-6784
https://orcid.org/0000-0002-2280-219X
https://orcid.org/0000-0002-2280-219X
https://orcid.org/0000-0002-2280-219X
https://orcid.org/0000-0002-2280-219X
https://orcid.org/0000-0002-2280-219X
https://orcid.org/0000-0002-2280-219X
https://orcid.org/0000-0002-2280-219X
https://orcid.org/0000-0002-2280-219X
https://orcid.org/0000-0002-4394-7179
https://orcid.org/0000-0002-4394-7179
https://orcid.org/0000-0002-4394-7179
https://orcid.org/0000-0002-4394-7179
https://orcid.org/0000-0002-4394-7179
https://orcid.org/0000-0002-4394-7179
https://orcid.org/0000-0002-4394-7179
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
A. R. Williamson https://orcid.org/0000-0002-7627-8688
J. L. Willis https://orcid.org/0000-0002-9929-0225
B. Willke https://orcid.org/0000-0003-0524-2925
G. Woan https://orcid.org/0000-0003-0381-0394
J. K. Wofford https://orcid.org/0000-0002-4301-2859
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
D. M. Wysocki https://orcid.org/0000-0001-9138-4078
L. Xiao https://orcid.org/0000-0003-2703-449X
V. A. Xu https://orcid.org/0000-0002-3020-3293
N. Yadav https://orcid.org/0000-0002-1423-8525
H. Yamamoto https://orcid.org/0000-0001-6919-9570
K. Yamamoto https://orcid.org/0000-0002-3033-2845
T. Yamamoto https://orcid.org/0000-0002-0808-4822
T. S. Yamamoto https://orcid.org/0000-0002-8181-924X
R. Yamazaki https://orcid.org/0000-0002-1251-7889
F. W. Yang https://orcid.org/0000-0001-9873-6259
K. Z. Yang https://orcid.org/0000-0001-8083-4037
A. B. Yelikar https://orcid.org/0000-0002-8065-1174
J. Yokoyama https://orcid.org/0000-0001-7127-4808
J. Yoo https://orcid.org/0000-0002-3251-0924
Hang Yu https://orcid.org/0000-0002-6011-6190
Haocun Yu https://orcid.org/0000-0002-7597-098X
M. Zeeshan https://orcid.org/0000-0002-6494-7303
S. Zeidler https://orcid.org/0000-0001-7949-1292
M. Zevin https://orcid.org/0000-0002-0147-0835
J. Zhang https://orcid.org/0000-0002-3931-3851
R. Zhang https://orcid.org/0000-0001-8095-483X
C. Zhao https://orcid.org/0000-0001-5825-2401
Yuhang Zhao https://orcid.org/0000-0003-2542-4734
Y. Zheng https://orcid.org/0000-0002-5432-1331
H. Zhong https://orcid.org/0000-0001-8324-5158
X. J. Zhu https://orcid.org/0000-0001-7049-6468
Z.-H. Zhu https://orcid.org/0000-0002-3567-6743
A. B. Zimmerman https://orcid.org/0000-0002-7453-6372
J. Zweizig https://orcid.org/0000-0002-1521-3397

References

Aasi, J., Abbott, B. P., Abbott, R., et al. 2014, CQGra, 31, 165014
Aasi, J., Abbott, B. P., Abbott, R., et al. 2015, CQGra, 32, 074001
Abadie, J., Abbott, B. P., Abbott, R., et al. 2011, NatPh, 7, 962
Abbott, B. P., Abbott, R., Adhikari, R., et al. 2009, RPPh, 72, 076901
Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2016, PhRvL, 116, 061102
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, ApJL, 892, L3
Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2020c, CQGra, 37, 055002
Abbott, R., Abbott, T. D., Abraham, S., et al. 2020d, PhRvD, 102, 043015
Abbott, R., Abbott, T. D., Abraham, S., et al. 2020e, PhRvL, 125, 101102
Abbott, R., Abbott, T. D., Abraham, S., et al. 2020f, ApJL, 896, L44
Abbott, R., Abbott, T. D., Abraham, S., et al. 2021a, PhRvX, 11, 021053
Abbott, R., Abbott, T. D., Acernese, F., et al. 2021b, arXiv:2108.01045
Abbott, R., Abbott, T. D., Acernese, F., et al. 2021c, arXiv:2111.03606
Abbott, R., Abbott, T. D., Abraham, S., et al. 2021d, SoftX, 13, 100658
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., Abraham, S., et al. 2021g, ApJL, 915, L5

Abbott, R., Abe, H., Acernese, F., et al. 2022, PTEP, 2022, 063F01
Abe, H., Adhikari, R. X., Akutsu, T., et al. 2022, PTEP, in press
Acernese, F., Amico, P., Al-Shourbagy, M., et al. 2005, CQGra, 22, S1041
Acernese, F., Agathos, M., Agatsuma, K., et al. 2015, CQGra, 32, 024001
Acernese, F., Agathos, M., Aiello, L., et al. 2019, PhRvL, 123, 231108
Acernese, F., Agathos, M., Ain, A., et al. 2022a, arXiv:2205.01555
Acernese, F., Agathos, M., Ain, A., et al. 2022b, CQGra, 39, 045006
Acernese, F., Agathos, M., Ain, A., et al. 2022c, arXiv:2210.15633
Akutsu, T., Saito, Y., Sakakibara, Y., et al. 2016, OMExp, 6, 1613
Akutsu, T., Ando, M., Araki, S., et al. 2018, PTEP, 2018, 013F01
Akutsu, T., Ando, M., Arai, K., et al. 2021, PTEP, 2021, 05A101
Allen, B., & Romano, J. D. 1999, PhRvD, 59, 102001
Ashton, G., Hübner, M., Lasky, P. D., et al. 2019, ApJS, 241, 27
Astone, P., Colla, A., D’Antonio, S., Frasca, S., & Palomba, C. 2014, PhRvD,

90, 042002
Aubin, F., Brighenti, F., Chierici, R., et al. 2021, CQGra, 38, 095004
Barsotti, L., Harms, J., & Schnabel, R. 2019, RPPh, 82, 016905
Biwer, C., Barker, D., Batch, J. C., et al. 2017, PhRvD, 95, 062002
Buikema, A., Cahillane, C., Mansell, G. L., et al. 2020, PhRvD, 102, 062003
Callister, T. A., & Farr, W. M. 2023, arXiv:2302.07289
Capano, C. D., Abedi, J., Kastha, S., et al. 2022, arXiv:2209.00640
Capano, C. D., Cabero, M., Westerweck, J., et al. 2021, arXiv:2105.05238
Chen, D., Naticchioni, L., Khalaidovski, A., et al. 2014, CQGra, 31, 224001
Chen, H.-Y., Holz, D. E., Miller, J., et al. 2021, CQGra, 38, 055010
Cornish, N. J., Littenberg, T. B., Bécsy, B., et al. 2021, PhRvD, 103, 044006
Davies, G. S., Dent, T., Tápai, M., et al. 2020, PhRvD, 102, 022004
Davis, D., Littenberg, T. B., Romero-Shaw, I. M., et al. 2022, CQGra, 39,

245013
Davis, D., Massinger, T., Lundgren, A., et al. 2019, CQGra, 36, 055011
Davis, D., Massinger, T., Lundgren, A., et al. 2021, CQGra, 38, 135014
Dooley, K. L., Leong, J. R., Adams, T., et al. 2016, CQGra, 33, 075009
Ellis, G. 2012, Control System Design Guide (4th ed.; Oxford: Butterworth-

Heinemann)
Essick, R., Godwin, P., Hanna, C., Blackburn, L., & Katsavounidis, E. 2020,

MLS&T, 2, 015004
Estellés, H., Husa, S., Colleoni, M., et al. 2022, ApJ, 924, 79
Estevez, D., Mours, B., Rolland, L., et al. 2022, Online h(t) Reconstruction for

Virgo O3 Data: Start of O3, Advanced Virgo Activity Report VIR-0652B-
19, https://tds.virgo-gw.eu/?content=3&r=16152

Finn, L. S., & Chernoff, D. F. 1993, PhRvD, 47, 2198
Fisher, R. P., Hemming, G., Bizouard, M.-A., et al. 2021, SoftX, 14, 100677
Glanzer, J., Banagiri, S., Coughlin, S. B., et al. 2023, CQGra, 40, 065004
Harris, C. R., Millman, K. J., van der Walt, S. J., et al. 2020, Natur, 585, 357
Hoy, C., & Raymond, V. 2021, SoftX, 15, 100765
Hunter, J. D. 2007, CSE, 9, 90
Klimenko, S., Vedovato, G., Drago, M., et al. 2016, PhRvD, 93, 042004
Koziol, Q., & Robinson, D. 2018, HDF5-Version 1.12.0, v1.12.0, DOE

CODE, doi:10.11578/dc.20180330.1
Krishnan, B., Sintes, A. M., Papa, M. A., et al. 2004, PhRvD, 70, 082001
LIGO Laboratory 2022, LIGO Data Management Plan LIGO-M1000066-v29,

https://dcc.ligo.org/LIGO-M1000066/public
LIGO Scientific Collaboration 2018, LIGO Algorithm Library - LALSuite,

doi:10.7935/GT1W-FZ16
LIGO Scientific Collaboration, & Virgo Collaboration 2009, Specification of a

Common Data Frame Format for Interferometric Gravitational Wave
Detectors VIR-067A-08, LIGO-T970130, https://dcc.ligo.org/LIGO-
T970130/public

LIGO Scientific Collaboration, & Virgo Collaboration 2016, Data Quality
Vetoes Applied to the Analysis of GW150914 LIGO-T1600011, https://
dcc.ligo.org/LIGO-T1600011/public

LIGO Scientific Collaboration, & Virgo Collaboration 2019, Memorandum of
Understanding between Virgo and LIGO LIGO-M060038, VIR-0091A,
https://dcc.ligo.org/LIGO-M060038/public

LIGO Scientific Collaboration, & Virgo Collaboration 2021a, LIGO and Virgo
Calibration Uncertainty (O1, O2 and O3) T2100313, https://dcc.ligo.org/
T2100313/public

LIGO Scientific Collaboration, & Virgo Collaboration 2021b, GWTC-2.1:
Deep Extended Catalog of Compact Binary Coalescences Observed by
LIGO and Virgo during the First Half of the Third Observing Run—
Candidate Data Release, v3, Zenodo, doi:10.5281/zenodo.5759108

LIGO Scientific Collaboration, & Virgo Collaboration 2021c, GWTC-2.1: Deep
Extended Catalog of Compact Binary Coalescences Observed by LIGO and
Virgo during the First Half of the Third Observing Run—Sensitivity of Search
Pipelines to Simulated Signals, v1, Zenodo, doi:10.5281/zenodo.5117799

LIGO Scientific Collaboration, & Virgo Collaboration 2022a, GWTC-2.1:
Deep Extended Catalog of Compact Binary Coalescences Observed by
LIGO and Virgo during the First Half of the Third Observing Run—Data

27

The Astrophysical Journal Supplement Series, 267:29 (28pp), 2023 August Abbott et al.

https://orcid.org/0000-0001-5710-6576
https://orcid.org/0000-0001-5710-6576
https://orcid.org/0000-0001-5710-6576
https://orcid.org/0000-0001-5710-6576
https://orcid.org/0000-0001-5710-6576
https://orcid.org/0000-0001-5710-6576
https://orcid.org/0000-0001-5710-6576
https://orcid.org/0000-0001-5710-6576
https://orcid.org/0000-0002-8501-8669
https://orcid.org/0000-0002-8501-8669
https://orcid.org/0000-0002-8501-8669
https://orcid.org/0000-0002-8501-8669
https://orcid.org/0000-0002-8501-8669
https://orcid.org/0000-0002-8501-8669
https://orcid.org/0000-0002-8501-8669
https://orcid.org/0000-0002-8501-8669
https://orcid.org/0000-0002-8833-7438
https://orcid.org/0000-0002-8833-7438
https://orcid.org/0000-0002-8833-7438
https://orcid.org/0000-0002-8833-7438
https://orcid.org/0000-0002-8833-7438
https://orcid.org/0000-0002-8833-7438
https://orcid.org/0000-0002-8833-7438
https://orcid.org/0000-0002-8833-7438
https://orcid.org/0000-0002-7290-9411
https://orcid.org/0000-0002-7290-9411
https://orcid.org/0000-0002-7290-9411
https://orcid.org/0000-0002-7290-9411
https://orcid.org/0000-0002-7290-9411
https://orcid.org/0000-0002-7290-9411
https://orcid.org/0000-0002-7290-9411
https://orcid.org/0000-0002-7290-9411
https://orcid.org/0000-0003-3772-198X
https://orcid.org/0000-0003-3772-198X
https://orcid.org/0000-0003-3772-198X
https://orcid.org/0000-0003-3772-198X
https://orcid.org/0000-0003-3772-198X
https://orcid.org/0000-0003-3772-198X
https://orcid.org/0000-0003-3772-198X
https://orcid.org/0000-0003-3772-198X
https://orcid.org/0000-0003-2198-2974
https://orcid.org/0000-0003-2198-2974
https://orcid.org/0000-0003-2198-2974
https://orcid.org/0000-0003-2198-2974
https://orcid.org/0000-0003-2198-2974
https://orcid.org/0000-0003-2198-2974
https://orcid.org/0000-0003-2198-2974
https://orcid.org/0000-0003-2198-2974
https://orcid.org/0000-0002-7627-8688
https://orcid.org/0000-0002-7627-8688
https://orcid.org/0000-0002-7627-8688
https://orcid.org/0000-0002-7627-8688
https://orcid.org/0000-0002-7627-8688
https://orcid.org/0000-0002-7627-8688
https://orcid.org/0000-0002-7627-8688
https://orcid.org/0000-0002-7627-8688
https://orcid.org/0000-0002-9929-0225
https://orcid.org/0000-0002-9929-0225
https://orcid.org/0000-0002-9929-0225
https://orcid.org/0000-0002-9929-0225
https://orcid.org/0000-0002-9929-0225
https://orcid.org/0000-0002-9929-0225
https://orcid.org/0000-0002-9929-0225
https://orcid.org/0000-0002-9929-0225
https://orcid.org/0000-0003-0524-2925
https://orcid.org/0000-0003-0524-2925
https://orcid.org/0000-0003-0524-2925
https://orcid.org/0000-0003-0524-2925
https://orcid.org/0000-0003-0524-2925
https://orcid.org/0000-0003-0524-2925
https://orcid.org/0000-0003-0524-2925
https://orcid.org/0000-0003-0524-2925
https://orcid.org/0000-0003-0381-0394
https://orcid.org/0000-0003-0381-0394
https://orcid.org/0000-0003-0381-0394
https://orcid.org/0000-0003-0381-0394
https://orcid.org/0000-0003-0381-0394
https://orcid.org/0000-0003-0381-0394
https://orcid.org/0000-0003-0381-0394
https://orcid.org/0000-0003-0381-0394
https://orcid.org/0000-0002-4301-2859
https://orcid.org/0000-0002-4301-2859
https://orcid.org/0000-0002-4301-2859
https://orcid.org/0000-0002-4301-2859
https://orcid.org/0000-0002-4301-2859
https://orcid.org/0000-0002-4301-2859
https://orcid.org/0000-0002-4301-2859
https://orcid.org/0000-0002-4301-2859
https://orcid.org/0000-0003-4145-4394
https://orcid.org/0000-0003-4145-4394
https://orcid.org/0000-0003-4145-4394
https://orcid.org/0000-0003-4145-4394
https://orcid.org/0000-0003-4145-4394
https://orcid.org/0000-0003-4145-4394
https://orcid.org/0000-0003-4145-4394
https://orcid.org/0000-0003-4145-4394
https://orcid.org/0000-0003-2166-0027
https://orcid.org/0000-0003-2166-0027
https://orcid.org/0000-0003-2166-0027
https://orcid.org/0000-0003-2166-0027
https://orcid.org/0000-0003-2166-0027
https://orcid.org/0000-0003-2166-0027
https://orcid.org/0000-0003-2166-0027
https://orcid.org/0000-0003-2166-0027
https://orcid.org/0000-0003-1829-7482
https://orcid.org/0000-0003-1829-7482
https://orcid.org/0000-0003-1829-7482
https://orcid.org/0000-0003-1829-7482
https://orcid.org/0000-0003-1829-7482
https://orcid.org/0000-0003-1829-7482
https://orcid.org/0000-0003-1829-7482
https://orcid.org/0000-0003-1829-7482
https://orcid.org/0000-0003-3191-8845
https://orcid.org/0000-0003-3191-8845
https://orcid.org/0000-0003-3191-8845
https://orcid.org/0000-0003-3191-8845
https://orcid.org/0000-0003-3191-8845
https://orcid.org/0000-0003-3191-8845
https://orcid.org/0000-0003-3191-8845
https://orcid.org/0000-0003-3191-8845
https://orcid.org/0000-0003-2849-3751
https://orcid.org/0000-0003-2849-3751
https://orcid.org/0000-0003-2849-3751
https://orcid.org/0000-0003-2849-3751
https://orcid.org/0000-0003-2849-3751
https://orcid.org/0000-0003-2849-3751
https://orcid.org/0000-0003-2849-3751
https://orcid.org/0000-0003-2849-3751
https://orcid.org/0000-0001-9138-4078
https://orcid.org/0000-0001-9138-4078
https://orcid.org/0000-0001-9138-4078
https://orcid.org/0000-0001-9138-4078
https://orcid.org/0000-0001-9138-4078
https://orcid.org/0000-0001-9138-4078
https://orcid.org/0000-0001-9138-4078
https://orcid.org/0000-0001-9138-4078
https://orcid.org/0000-0003-2703-449X
https://orcid.org/0000-0003-2703-449X
https://orcid.org/0000-0003-2703-449X
https://orcid.org/0000-0003-2703-449X
https://orcid.org/0000-0003-2703-449X
https://orcid.org/0000-0003-2703-449X
https://orcid.org/0000-0003-2703-449X
https://orcid.org/0000-0003-2703-449X
https://orcid.org/0000-0002-3020-3293
https://orcid.org/0000-0002-3020-3293
https://orcid.org/0000-0002-3020-3293
https://orcid.org/0000-0002-3020-3293
https://orcid.org/0000-0002-3020-3293
https://orcid.org/0000-0002-3020-3293
https://orcid.org/0000-0002-3020-3293
https://orcid.org/0000-0002-3020-3293
https://orcid.org/0000-0002-1423-8525
https://orcid.org/0000-0002-1423-8525
https://orcid.org/0000-0002-1423-8525
https://orcid.org/0000-0002-1423-8525
https://orcid.org/0000-0002-1423-8525
https://orcid.org/0000-0002-1423-8525
https://orcid.org/0000-0002-1423-8525
https://orcid.org/0000-0002-1423-8525
https://orcid.org/0000-0001-6919-9570
https://orcid.org/0000-0001-6919-9570
https://orcid.org/0000-0001-6919-9570
https://orcid.org/0000-0001-6919-9570
https://orcid.org/0000-0001-6919-9570
https://orcid.org/0000-0001-6919-9570
https://orcid.org/0000-0001-6919-9570
https://orcid.org/0000-0001-6919-9570
https://orcid.org/0000-0002-3033-2845
https://orcid.org/0000-0002-3033-2845
https://orcid.org/0000-0002-3033-2845
https://orcid.org/0000-0002-3033-2845
https://orcid.org/0000-0002-3033-2845
https://orcid.org/0000-0002-3033-2845
https://orcid.org/0000-0002-3033-2845
https://orcid.org/0000-0002-3033-2845
https://orcid.org/0000-0002-0808-4822
https://orcid.org/0000-0002-0808-4822
https://orcid.org/0000-0002-0808-4822
https://orcid.org/0000-0002-0808-4822
https://orcid.org/0000-0002-0808-4822
https://orcid.org/0000-0002-0808-4822
https://orcid.org/0000-0002-0808-4822
https://orcid.org/0000-0002-0808-4822
https://orcid.org/0000-0002-8181-924X
https://orcid.org/0000-0002-8181-924X
https://orcid.org/0000-0002-8181-924X
https://orcid.org/0000-0002-8181-924X
https://orcid.org/0000-0002-8181-924X
https://orcid.org/0000-0002-8181-924X
https://orcid.org/0000-0002-8181-924X
https://orcid.org/0000-0002-8181-924X
https://orcid.org/0000-0002-1251-7889
https://orcid.org/0000-0002-1251-7889
https://orcid.org/0000-0002-1251-7889
https://orcid.org/0000-0002-1251-7889
https://orcid.org/0000-0002-1251-7889
https://orcid.org/0000-0002-1251-7889
https://orcid.org/0000-0002-1251-7889
https://orcid.org/0000-0002-1251-7889
https://orcid.org/0000-0001-9873-6259
https://orcid.org/0000-0001-9873-6259
https://orcid.org/0000-0001-9873-6259
https://orcid.org/0000-0001-9873-6259
https://orcid.org/0000-0001-9873-6259
https://orcid.org/0000-0001-9873-6259
https://orcid.org/0000-0001-9873-6259
https://orcid.org/0000-0001-9873-6259
https://orcid.org/0000-0001-8083-4037
https://orcid.org/0000-0001-8083-4037
https://orcid.org/0000-0001-8083-4037
https://orcid.org/0000-0001-8083-4037
https://orcid.org/0000-0001-8083-4037
https://orcid.org/0000-0001-8083-4037
https://orcid.org/0000-0001-8083-4037
https://orcid.org/0000-0001-8083-4037
https://orcid.org/0000-0002-8065-1174
https://orcid.org/0000-0002-8065-1174
https://orcid.org/0000-0002-8065-1174
https://orcid.org/0000-0002-8065-1174
https://orcid.org/0000-0002-8065-1174
https://orcid.org/0000-0002-8065-1174
https://orcid.org/0000-0002-8065-1174
https://orcid.org/0000-0002-8065-1174
https://orcid.org/0000-0001-7127-4808
https://orcid.org/0000-0001-7127-4808
https://orcid.org/0000-0001-7127-4808
https://orcid.org/0000-0001-7127-4808
https://orcid.org/0000-0001-7127-4808
https://orcid.org/0000-0001-7127-4808
https://orcid.org/0000-0001-7127-4808
https://orcid.org/0000-0001-7127-4808
https://orcid.org/0000-0002-3251-0924
https://orcid.org/0000-0002-3251-0924
https://orcid.org/0000-0002-3251-0924
https://orcid.org/0000-0002-3251-0924
https://orcid.org/0000-0002-3251-0924
https://orcid.org/0000-0002-3251-0924
https://orcid.org/0000-0002-3251-0924
https://orcid.org/0000-0002-3251-0924
https://orcid.org/0000-0002-6011-6190
https://orcid.org/0000-0002-6011-6190
https://orcid.org/0000-0002-6011-6190
https://orcid.org/0000-0002-6011-6190
https://orcid.org/0000-0002-6011-6190
https://orcid.org/0000-0002-6011-6190
https://orcid.org/0000-0002-6011-6190
https://orcid.org/0000-0002-6011-6190
https://orcid.org/0000-0002-7597-098X
https://orcid.org/0000-0002-7597-098X
https://orcid.org/0000-0002-7597-098X
https://orcid.org/0000-0002-7597-098X
https://orcid.org/0000-0002-7597-098X
https://orcid.org/0000-0002-7597-098X
https://orcid.org/0000-0002-7597-098X
https://orcid.org/0000-0002-7597-098X
https://orcid.org/0000-0002-6494-7303
https://orcid.org/0000-0002-6494-7303
https://orcid.org/0000-0002-6494-7303
https://orcid.org/0000-0002-6494-7303
https://orcid.org/0000-0002-6494-7303
https://orcid.org/0000-0002-6494-7303
https://orcid.org/0000-0002-6494-7303
https://orcid.org/0000-0002-6494-7303
https://orcid.org/0000-0001-7949-1292
https://orcid.org/0000-0001-7949-1292
https://orcid.org/0000-0001-7949-1292
https://orcid.org/0000-0001-7949-1292
https://orcid.org/0000-0001-7949-1292
https://orcid.org/0000-0001-7949-1292
https://orcid.org/0000-0001-7949-1292
https://orcid.org/0000-0001-7949-1292
https://orcid.org/0000-0002-0147-0835
https://orcid.org/0000-0002-0147-0835
https://orcid.org/0000-0002-0147-0835
https://orcid.org/0000-0002-0147-0835
https://orcid.org/0000-0002-0147-0835
https://orcid.org/0000-0002-0147-0835
https://orcid.org/0000-0002-0147-0835
https://orcid.org/0000-0002-0147-0835
https://orcid.org/0000-0002-3931-3851
https://orcid.org/0000-0002-3931-3851
https://orcid.org/0000-0002-3931-3851
https://orcid.org/0000-0002-3931-3851
https://orcid.org/0000-0002-3931-3851
https://orcid.org/0000-0002-3931-3851
https://orcid.org/0000-0002-3931-3851
https://orcid.org/0000-0002-3931-3851
https://orcid.org/0000-0001-8095-483X
https://orcid.org/0000-0001-8095-483X
https://orcid.org/0000-0001-8095-483X
https://orcid.org/0000-0001-8095-483X
https://orcid.org/0000-0001-8095-483X
https://orcid.org/0000-0001-8095-483X
https://orcid.org/0000-0001-8095-483X
https://orcid.org/0000-0001-8095-483X
https://orcid.org/0000-0001-5825-2401
https://orcid.org/0000-0001-5825-2401
https://orcid.org/0000-0001-5825-2401
https://orcid.org/0000-0001-5825-2401
https://orcid.org/0000-0001-5825-2401
https://orcid.org/0000-0001-5825-2401
https://orcid.org/0000-0001-5825-2401
https://orcid.org/0000-0001-5825-2401
https://orcid.org/0000-0003-2542-4734
https://orcid.org/0000-0003-2542-4734
https://orcid.org/0000-0003-2542-4734
https://orcid.org/0000-0003-2542-4734
https://orcid.org/0000-0003-2542-4734
https://orcid.org/0000-0003-2542-4734
https://orcid.org/0000-0003-2542-4734
https://orcid.org/0000-0003-2542-4734
https://orcid.org/0000-0002-5432-1331
https://orcid.org/0000-0002-5432-1331
https://orcid.org/0000-0002-5432-1331
https://orcid.org/0000-0002-5432-1331
https://orcid.org/0000-0002-5432-1331
https://orcid.org/0000-0002-5432-1331
https://orcid.org/0000-0002-5432-1331
https://orcid.org/0000-0002-5432-1331
https://orcid.org/0000-0001-8324-5158
https://orcid.org/0000-0001-8324-5158
https://orcid.org/0000-0001-8324-5158
https://orcid.org/0000-0001-8324-5158
https://orcid.org/0000-0001-8324-5158
https://orcid.org/0000-0001-8324-5158
https://orcid.org/0000-0001-8324-5158
https://orcid.org/0000-0001-8324-5158
https://orcid.org/0000-0001-7049-6468
https://orcid.org/0000-0001-7049-6468
https://orcid.org/0000-0001-7049-6468
https://orcid.org/0000-0001-7049-6468
https://orcid.org/0000-0001-7049-6468
https://orcid.org/0000-0001-7049-6468
https://orcid.org/0000-0001-7049-6468
https://orcid.org/0000-0001-7049-6468
https://orcid.org/0000-0002-3567-6743
https://orcid.org/0000-0002-3567-6743
https://orcid.org/0000-0002-3567-6743
https://orcid.org/0000-0002-3567-6743
https://orcid.org/0000-0002-3567-6743
https://orcid.org/0000-0002-3567-6743
https://orcid.org/0000-0002-3567-6743
https://orcid.org/0000-0002-3567-6743
https://orcid.org/0000-0002-7453-6372
https://orcid.org/0000-0002-7453-6372
https://orcid.org/0000-0002-7453-6372
https://orcid.org/0000-0002-7453-6372
https://orcid.org/0000-0002-7453-6372
https://orcid.org/0000-0002-7453-6372
https://orcid.org/0000-0002-7453-6372
https://orcid.org/0000-0002-7453-6372
https://orcid.org/0000-0002-1521-3397
https://orcid.org/0000-0002-1521-3397
https://orcid.org/0000-0002-1521-3397
https://orcid.org/0000-0002-1521-3397
https://orcid.org/0000-0002-1521-3397
https://orcid.org/0000-0002-1521-3397
https://orcid.org/0000-0002-1521-3397
https://orcid.org/0000-0002-1521-3397
https://doi.org/10.1088/0264-9381/31/16/165014
https://ui.adsabs.harvard.edu/abs/2014CQGra..31p5014A/abstract
https://doi.org/10.1088/0264-9381/32/7/074001
https://ui.adsabs.harvard.edu/abs/2015CQGra..32g4001L/abstract
https://doi.org/10.1038/nphys2083
https://ui.adsabs.harvard.edu/abs/2011NatPh...7..962L/abstract
https://doi.org/10.1088/0034-4885/72/7/076901
https://ui.adsabs.harvard.edu/abs/2009RPPh...72g6901A/abstract
https://doi.org/10.1103/PhysRevLett.116.061102
https://ui.adsabs.harvard.edu/abs/2016PhRvL.116f1102A/abstract
https://doi.org/10.1007/s41114-020-00026-9
https://ui.adsabs.harvard.edu/abs/2020LRR....23....3A/abstract
https://doi.org/10.3847/2041-8213/ab75f5
https://ui.adsabs.harvard.edu/abs/2020ApJ...892L...3A/abstract
https://doi.org/10.1088/1361-6382/ab685e
https://ui.adsabs.harvard.edu/abs/2020CQGra..37e5002A/abstract
https://doi.org/10.1103/PhysRevD.102.043015
https://ui.adsabs.harvard.edu/abs/2020PhRvD.102D3015A/abstract
https://doi.org/10.1103/PhysRevLett.125.101102
https://ui.adsabs.harvard.edu/abs/2020PhRvL.125j1102A/abstract
https://doi.org/10.3847/2041-8213/ab960f
https://ui.adsabs.harvard.edu/abs/2020ApJ...896L..44A/abstract
https://doi.org/10.1103/PhysRevX.11.021053
https://ui.adsabs.harvard.edu/abs/2021PhRvX..11b1053A/abstract
http://arxiv.org/abs/2108.01045
http://arxiv.org/abs/2111.03606
https://doi.org/10.1016/j.softx.2021.100658
https://ui.adsabs.harvard.edu/abs/2021SoftX..1300658A/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/10.3847/2041-8213/ac082e
https://ui.adsabs.harvard.edu/abs/2021ApJ...915L...5A/abstract
https://doi.org/10.1093/ptep/ptac073
https://ui.adsabs.harvard.edu/abs/2022PTEP.2022f3F01A/abstract
https://doi.org/10.1093/ptep/ptac093
https://doi.org/10.1088/0264-9381/22/18/S18
https://ui.adsabs.harvard.edu/abs/2005CQGra..22S1041A/abstract
https://doi.org/10.1088/0264-9381/32/2/024001
https://ui.adsabs.harvard.edu/abs/2015CQGra..32b4001A/abstract
https://doi.org/10.1103/PhysRevLett.123.231108
https://ui.adsabs.harvard.edu/abs/2019PhRvL.123w1108A/abstract
http://arxiv.org/abs/2205.01555
https://doi.org/10.1088/1361-6382/ac3c8e
https://ui.adsabs.harvard.edu/abs/2022CQGra..39d5006A/abstract
http://arxiv.org/abs/2210.15633
https://doi.org/10.1364/OME.6.001613
https://ui.adsabs.harvard.edu/abs/2016OMExp...6.1613A/abstract
https://doi.org/10.1093/ptep/ptx180
https://ui.adsabs.harvard.edu/abs/2018PTEP.2018a3F01A/abstract
https://doi.org/10.1093/ptep/ptaa125
https://ui.adsabs.harvard.edu/abs/2021PTEP.2021eA101A/abstract
https://doi.org/10.1103/PhysRevD.59.102001
https://ui.adsabs.harvard.edu/abs/1999PhRvD..59j2001A/abstract
https://doi.org/10.3847/1538-4365/ab06fc
https://ui.adsabs.harvard.edu/abs/2019ApJS..241...27A/abstract
https://doi.org/10.1103/90.042002
https://ui.adsabs.harvard.edu/abs/2014PhRvD..90d2002A/abstract
https://ui.adsabs.harvard.edu/abs/2014PhRvD..90d2002A/abstract
https://doi.org/10.1088/1361-6382/abe913
https://ui.adsabs.harvard.edu/abs/2021CQGra..38i5004A/abstract
https://doi.org/10.1088/1361-6633/aab906
https://ui.adsabs.harvard.edu/abs/2019RPPh...82a6905B/abstract
https://doi.org/10.1103/PhysRevD.95.062002
https://ui.adsabs.harvard.edu/abs/2017PhRvD..95f2002B/abstract
https://doi.org/10.1103/102.062003
https://ui.adsabs.harvard.edu/abs/2020PhRvD.102f2003B/abstract
http://arxiv.org/abs/2302.07289
http://arxiv.org/abs/2209.00640
http://arxiv.org/abs/2105.05238
https://doi.org/10.1088/0264-9381/31/22/224001
https://ui.adsabs.harvard.edu/abs/2014CQGra..31v4001C/abstract
https://doi.org/10.1088/1361-6382/abd594
https://ui.adsabs.harvard.edu/abs/2021CQGra..38e5010C/abstract
https://doi.org/10.1103/PhysRevD.103.044006
https://ui.adsabs.harvard.edu/abs/2021PhRvD.103d4006C/abstract
https://doi.org/10.1103/PhysRevD.102.022004
https://ui.adsabs.harvard.edu/abs/2020PhRvD.102b2004D/abstract
https://doi.org/10.1088/1361-6382/aca238
https://ui.adsabs.harvard.edu/abs/2022CQGra..39x5013D/abstract
https://ui.adsabs.harvard.edu/abs/2022CQGra..39x5013D/abstract
https://doi.org/10.1088/1361-6382/ab01c5
https://ui.adsabs.harvard.edu/abs/2019CQGra..36e5011D/abstract
https://doi.org/10.1088/1361-6382/abfd85
https://ui.adsabs.harvard.edu/abs/2021CQGra..38m5014D/abstract
https://doi.org/10.1088/0264-9381/33/7/075009
https://ui.adsabs.harvard.edu/abs/2016CQGra..33g5009D/abstract
https://doi.org/10.1088/2632-2153/abab5f
https://doi.org/10.3847/1538-4357/ac33a0
https://ui.adsabs.harvard.edu/abs/2022ApJ...924...79E/abstract
https://tds.virgo-gw.eu/?content=3%26r=16152
https://doi.org/10.1103/PhysRevD.47.2198
https://ui.adsabs.harvard.edu/abs/1993PhRvD..47.2198F/abstract
https://doi.org/10.1016/j.softx.2021.100677
https://ui.adsabs.harvard.edu/abs/2021SoftX..1400677F/abstract
https://doi.org/10.1088/1361-6382/acb633
https://ui.adsabs.harvard.edu/abs/2023CQGra..40f5004G/abstract
https://doi.org/10.1038/s41586-020-2649-2
https://ui.adsabs.harvard.edu/abs/2020Natur.585..357H/abstract
https://doi.org/10.1016/j.softx.2021.100765
https://ui.adsabs.harvard.edu/abs/2021SoftX..1500765H/abstract
https://doi.org/10.1109/MCSE.2007.55
https://ui.adsabs.harvard.edu/abs/2007CSE.....9...90H/abstract
https://doi.org/10.1103/PhysRevD.93.042004
https://ui.adsabs.harvard.edu/abs/2016PhRvD..93D2004K/abstract
http://doi.org/10.11578/dc.20180330.1
https://doi.org/10.1103/PhysRevD.70.082001
https://ui.adsabs.harvard.edu/abs/2004PhRvD..70h2001K/abstract
https://dcc.ligo.org/LIGO-M1000066/public
http://doi.org/10.7935/GT1W-FZ16
https://dcc.ligo.org/LIGO-T970130/public
https://dcc.ligo.org/LIGO-T970130/public
https://dcc.ligo.org/LIGO-T1600011/public
https://dcc.ligo.org/LIGO-T1600011/public
https://dcc.ligo.org/LIGO-M060038/public
https://dcc.ligo.org/T2100313/public
https://dcc.ligo.org/T2100313/public
http://doi.org/10.5281/zenodo.5759108
http://doi.org/10.5281/zenodo.5117799


Quality Products for GW Searches, v1, Zenodo, doi:10.5281/zenodo.
6477646

LIGO Scientific Collaboration, & Virgo Collaboration 2022b, GWTC-2.1: Deep
Extended Catalog of Compact Binary Coalescences Observed by LIGO and
Virgo during the First Half of the Third Observing Run—Parameter
Estimation Data Release, v2, Zenodo, doi:10.5281/zenodo.6513631

LIGO Scientific Collaboration, & Virgo Collaboration 2022c, GWTC-2.1:
Deep Extended Catalog of Compact Binary Coalescences Observed by
LIGO and Virgo during the First Half of the Third Observing Run—Glitch
Modelling for Events, v1, Zenodo, doi:10.5281/zenodo.6477076

LIGO Scientific Collaboration, Virgo Collaboration, KAGRA Collaboration
2021a, GWTC-3: Compact Binary Coalescences Observed by LIGO and
Virgo during the Second Part of the Third Observing Run—Candidate Data
Release, v1, Zenodo, doi:10.5281/zenodo.5546665

LIGO Scientific Collaboration, Virgo Collaboration, KAGRA Collaboration
2021b, GWTC-3: Compact Binary Coalescences Observed by LIGO and
Virgo during the Second Part of the Third Observing Run—O3 Search
Sensitivity Estimates, doi:10.5281/zenodo.7890437

LIGO Scientific Collaboration, Virgo Collaboration, KAGRA Collaboration
2021c, GWTC-3: Compact Binary Coalescences Observed by LIGO and
Virgo during the Second Part of the Third Observing Run—Data Quality
Products for GW Searches, v1, Zenodo, doi:10.5281/zenodo.5636796

LIGO Scientific CollaborationVirgo Collaboration, KAGRA Collaboration
2021d, GWTC-3: Compact Binary Coalescences Observed by LIGO and
Virgo during the Second Part of the Third Observing Run—Parameter
Estimation Data Release, v1, Zenodo, doi:10.5281/zenodo.5546663

LIGO Scientific Collaboration, Virgo Collaboration, KAGRA Collaboration
2021e, GWTC-3: Compact Binary Coalescences Observed by LIGO and
Virgo during the Second Part of the Third Observing Run—Glitch
Modelling for Events, v1, Zenodo, doi:10.5281/zenodo.5546680

LIGO Scientific Collaboration, Virgo Collaboration, KAGRA Collaboration
2021f, Data Distribution of Constraints on the Cosmic Expansion History
from the GWTC-3, v1, Zenodo, doi:10.5281/zenodo.5645777

LIGO Scientific Collaboration, Virgo Collaboration, KAGRA Collaboration
2023a, GWTC-3: Compact Binary Coalescences Observed by LIGO and
Virgo during the Second Part of the Third Observing Run—O1+O2+O3
Search Sensitivity Estimates, v2, Zenodo, doi:10.5281/zenodo.7890398

LIGO Scientific Collaboration, Virgo Collaboration, KAGRA Collaboration
2023b, The Population of Merging Compact Binaries Inferred Using
Gravitational Waves through GWTC-3—Data Release, v2, Zenodo, doi:10.
5281/zenodo.7843926

Lough, J., Schreiber, E., Bergamin, F., et al. 2021, PhRvL, 126, 041102
Lyu, Z., Jiang, N., & Yagi, K. 2022, PhRvD, 105, 064001
Macleod, D. M., Areeda, J. S., Coughlin, S. B., Massinger, T. J., &

Urban, A. L. 2021c, SoftX, 13, 100657
Macleod, D., Coughlin, S., Davis, D., et al. 2021b, gwpy/gwsumm, v2.1.0,

Zenodo, doi:10.5281/zenodo.4975045
Macleod, D., Goetz, E., Bidler, J., et al. 2021a, gwdetchar/gwdetchar, v2.1.1,

Zenodo, doi:10.5281/zenodo.597016
Macleod, D., Urban, A. L., Isi, M., et al. 2021c, gwpy/gwpy, v3.0.5, Zenodo,

doi:10.5281/zenodo.597016
Mukund, N., Lough, J., Affeldt, C., et al. 2020, PhRvD, 101, 102006
Nitz, A. H., Kumar, S., Wang, Y.-F., et al. 2023, ApJ, 946, 59
Nitz, A. H., & Wang, Y.-F. 2022, PhRvD, 106, 023024
Nyquist, H. 1924, BSTJ, 3, 324
Olsen, S., Venumadhav, T., Mushkin, J., et al. 2022, PhRvD, 106, 043009
Périgois, C., Mapelli, M., Santoliquido, F., Bouffanais, Y., & Rufolo, R. 2023,

arXiv:2301.01312
Robinet, F., Arnaud, N., Leroy, N., et al. 2020, SoftX, 12, 100620
Rolland, L., Seglar-Arroyo, M., & Verkindt, D. 2019, Reprocessing of h(t) for

the Last Two Weeks of O3a, Virgo Note VIR-1201A-19, https://tds.virgo-
gw.eu/ql/?c=15041

Roulet, J., Chia, H. S., Olsen, S., et al. 2021, PhRvD, 104, 083010
Sachdev, S., Caudill, S., Fong, H., et al. 2019, arXiv:1901.08580
Sathyaprakash, B. S., & Schutz, B. F. 2009, LRR, 12, 2
Schnabel, R., Mavalvala, N., Mc Clelland, D. E., & Lam, P. K. 2010, NatCo,

1, 121
Smith, J. R., Abbott, T., Hirose, E., et al. 2011, CQGra, 28, 235005
Steltner, B., Papa, M. A., Eggenstein, H. B., et al. 2023, ApJ, 952, 55
Sun, L., et al. 2020, CQGra, 37, 225008
Sun, L., Goetz, E., Kissel, J. S., et al. 2021, arXiv:2107.00129
Tse, M., Yu, H., Kijbunchoo, N., et al. 2019, PhRvL, 123, 231107
Vajente, G., Huang, Y., Isi, M., et al. 2020, PhRvD, 101, 042003
Viets, A., Wade, M., Urban, A. L., et al. 2018, CQGra, 35, 095015
Virtanen, P., Gommers, R., Oliphant, T. E., et al. 2020, NatMe, 17, 261
Wang, Y.-F., Brown, S. M., Shao, L., & Zhao, W. 2022, PhRvD, 106, 084005
Waskom, M. 2021, JOSS, 6, 3021
Weisberg, J. M., & Huang, Y. 2016, ApJ, 829, 55
Weitzel, D., Bockelman, B., Brown, D. A., et al. 2017, arXiv:1705.06202
Whelan, J. T., Tenorio, R., Wofford, J. K., et al. 2023, ApJ, 949, 117
Zweizig, Z., Maros, E., Hanks, J., & Areeda, J. 2021, Description of the NDS2

Protocol, https://wiki.ligo.org/Computing/NDSClient

28

The Astrophysical Journal Supplement Series, 267:29 (28pp), 2023 August Abbott et al.

http://doi.org/10.5281/zenodo.6477646
http://doi.org/10.5281/zenodo.6477646
http://doi.org/10.5281/zenodo.6513631
http://doi.org/10.5281/zenodo.6477076
http://doi.org/10.5281/zenodo.5546665
http://doi.org/10.5281/zenodo.7890437
http://doi.org/10.5281/zenodo.5636796
http://doi.org/10.5281/zenodo.5546663
http://doi.org/10.5281/zenodo.5546680
http://doi.org/10.5281/zenodo.5645777
http://doi.org/10.5281/zenodo.7890398
http://doi.org/10.5281/zenodo.7843926
http://doi.org/10.5281/zenodo.7843926
https://doi.org/10.1103/PhysRevLett.126.041102
https://ui.adsabs.harvard.edu/abs/2021PhRvL.126D1102L/abstract
https://doi.org/10.1103/PhysRevD.105.064001
https://ui.adsabs.harvard.edu/abs/2022PhRvD.105f4001L/abstract
https://doi.org/10.1016/j.softx.2021.100657
https://ui.adsabs.harvard.edu/abs/2021SoftX..1300657M/abstract
http://doi.org/10.5281/zenodo.4975045
http://doi.org/10.5281/zenodo.597016
http://doi.org/10.5281/zenodo.597016
https://doi.org/10.1103/PhysRevD.101.102006
https://ui.adsabs.harvard.edu/abs/2020PhRvD.101j2006M/abstract
https://doi.org/10.3847/1538-4357/aca591
https://ui.adsabs.harvard.edu/abs/2023ApJ...946...59N/abstract
https://doi.org/10.1103/PhysRevD.106.023024
https://ui.adsabs.harvard.edu/abs/2022PhRvD.106B3024N/abstract
https://doi.org/10.1002/j.1538-7305.1924.tb01361.x
https://doi.org/10.1103/PhysRevD.106.043009
https://ui.adsabs.harvard.edu/abs/2022PhRvD.106D3009O/abstract
http://arxiv.org/abs/2301.01312
https://doi.org/10.1016/j.softx.2020.100620
https://ui.adsabs.harvard.edu/abs/2020SoftX..1200620R/abstract
https://tds.virgo-gw.eu/ql/?c=15041
https://tds.virgo-gw.eu/ql/?c=15041
https://doi.org/10.1103/PhysRevD.104.083010
https://ui.adsabs.harvard.edu/abs/2021PhRvD.104h3010R/abstract
http://arxiv.org/abs/1901.08580
https://doi.org/10.12942/lrr-2009-2
https://ui.adsabs.harvard.edu/abs/2009LRR....12....2S/abstract
https://doi.org/10.1038/ncomms1122
https://ui.adsabs.harvard.edu/abs/2010NatCo...1..121S/abstract
https://ui.adsabs.harvard.edu/abs/2010NatCo...1..121S/abstract
https://doi.org/10.1088/0264-9381/28/23/235005
https://ui.adsabs.harvard.edu/abs/2011CQGra..28w5005S/abstract
https://doi.org/10.3847/1538-4357/acdad4
https://ui.adsabs.harvard.edu/abs/2023ApJ...952...55S/abstract
https://doi.org/10.1088/1361-6382/abb14e
https://ui.adsabs.harvard.edu/abs/2020CQGra..37v5008S/abstract
http://arxiv.org/abs/2107.00129
https://doi.org/10.1103/PhysRevLett.123.231107
https://ui.adsabs.harvard.edu/abs/2019PhRvL.123w1107T/abstract
https://doi.org/10.1103/PhysRevD.101.042003
https://ui.adsabs.harvard.edu/abs/2020PhRvD.101D2003V/abstract
https://doi.org/10.1088/1361-6382/aab658
https://ui.adsabs.harvard.edu/abs/2018CQGra..35i5015V/abstract
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.106.084005
https://ui.adsabs.harvard.edu/abs/2022PhRvD.106h4005W/abstract
https://doi.org/10.21105/joss.03021
https://ui.adsabs.harvard.edu/abs/2021JOSS....6.3021W/abstract
https://doi.org/10.3847/0004-637X/829/1/55
https://ui.adsabs.harvard.edu/abs/2016ApJ...829...55W/abstract
http://arXiv.org/abs/1705.06202
https://doi.org/10.3847/1538-4357/acc8d7
https://ui.adsabs.harvard.edu/abs/2023ApJ...949..117W/abstract
https://wiki.ligo.org/Computing/NDSClient

	1. Introduction
	2. Instruments
	2.1. Detector Performance
	2.2. Calibration
	2.3. Detector Noise Characterization and Data Quality
	2.4. Signal Injections

	3. Strain Data
	3.1. GWOSC File Formats
	3.2. Data Quality and Injections in GWOSC Files
	3.3. Alternate Versions of the Strain Data

	4. Online Event Catalogs
	4.1. Parameter Estimation and Other Science Data Products
	4.2. Low-latency Alerts

	5. Technical Validation
	6. Usage Notes
	6.1. Salient Features of GW Data
	6.2. List of Observing Segments
	6.3. Software and Support

	7. Summary
	Acknowledgments
	References

