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Abstract

We present results from a search for X-ray/gamma-ray counterparts of gravitational-wave (GW) candidates from
the third observing run (O3) of the LIGO-Virgo—-KAGRA network using the Swift Burst Alert Telescope (Swift-
BAT). The search includes 636 GW candidates received with low latency, 86 of which have been confirmed by the
offline analysis and included in the third cumulative Gravitational-Wave Transient Catalogs (GWTC-3). Targeted
searches were carried out on the entire GW sample using the maximum-likelihood Non-imaging Transient
Reconstruction and Temporal Search pipeline on the BAT data made available via the GUANO infrastructure. We
do not detect any significant electromagnetic emission that is temporally and spatially coincident with any of the
GW candidates. We report flux upper limits in the 15-350 keV band as a function of sk¥ position for all the catalog
candidates. For GW candidates where the Swift-BAT false alarm rate is less than 10 ~ Hz, we compute the GW—
BAT joint false alarm rate. Finally, the derived Swift-BAT upper limits are used to infer constraints on the putative
electromagnetic emission associated with binary black hole mergers.

Uni ed Astronomy Thesaurus concefiamma-ray bursts (629); Gravitational waves (678); Transient

detection (1957)

1. Introduction

The discovery of gravitational waves (GWs) from coalescing
binary black holes (BBH) by the Laser Interferometer
Gravitational-Wave Observatory (LIGO) opened a new
window to the Universe (B. P. Abbott et al. 2016a). In
addition to GWs, compact binary mergers with at least one
neutron star (NS) component are likely to generate electro-
magnetic (EM) radiation (e.g., E. Nakar 2020; K. Kyutoku
et al. 2021). Coincident detection of EM emission from
compact binary mergers provides a complete picture of the
merger process and can have huge implications for our
understanding of the Universe. Such coincidences play a
crucial role in tracing the properties of the source host galaxy
(K. D. Alexander et al. 2017; E. Troja et al. 2017), mitigating
degeneracies in GW parameter estimation (S. A. Hughes &
D. E. Holz 2003; B. P. Abbott et al. 2017a; H. Wang &
D. Giannios 2021), placing constraints on the NS equation of
state (A. Bauswein et al. 2017; D. Radice et al. 2018), and
investigating the expansion rate of the Universe, thereby testing
cosmological models (B. F. Schutz 1986; S. Nissanke et al.
2013; B. P. Abbott et al. 2017a, 2017b; K. Hotokezaka et al.
2019). Additionally, they allow for the measurement of arrival
time differences between photons and gravitons, providing
limits on the mass of a graviton, and exploring potential
violations to the equivalence principle and Lorentz invariance
(B. P. Abbott 2017e).

The joint detection of the first GW event consistent with a
binary NS (BNS) coalescence, GW170817 (B. P. Abbott et al.
2017a), and a coincident short gamma-ray burst,
GRB 170817A (A. Goldstein et al. 2017; V. Savchenko et al.
2017), accompanied by the optical/infrared kilonovacounter-
part, AT 2017gfo (I. Arcavi et al. 2017; D. A. Coulter et al.
2017; P. S. Cowperthwaite et al. 2017; M. R. Drout et al. 2017;
P. A. Evans et al. 2017; E. Pian et al. 2017; S. J. Smartt et al.
2017; N. R. Tanvir et al. 2017) and the GRB afterglow (in the
X-rays; R. Margutti et al. 2017; E. Troja et al. 2017 and radio:
G. Hallinan et al. 2017), together ushered in a new era in the
field of multi-messenger astrophysics and forever impacted our
comprehension of compact binary coalescences (CBC) invol-
ving an EM counterpart. Massive coordinated EM follow-up
efforts were dedicated to deeply monitor the error regions
derived from the joint sky localization of GW detectors
and high-energy satellites, helping to reduce the initial
three detector network sky localization from 28 deg® to
within a few arcseconds of the host galaxy NGC 4993
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(B. P. Abbott et al. 2017a, 2017d). The spectacular spectral and
light-curve evolution of this transient (B. P. Abbott et al.
2017d; V. A. Villar et al. 2017) suggested that this explosive
event was an active site for r-process nucleosynthesis
(D. A. Coulter et al. 2017; M. R. Drout et al. 2017; E. Pian
et al. 2017; S. J. Smartt et al. 2017; for a detailed review of the
multi-messenger observations of GWI170817, see, e.g.,
E. Nakar 2020; R. Margutti & R. Chornock 2021).

The expected EM counterpart emission from BNS or neutron
star—black hole (NSBH) mergers can potentially be weak due to
various factors, such as considerable source distances, an off-
axis viewing angle, or a limited amount of ejected mass. For
the specific case of GW170817, despite a coincident GRB
detection, it took nearly half a day to localize the host galaxy
and begin observations of the kilonova (B. P. Abbott et al.
2017a). Prompt targeted searches around the GW trigger times,
leveraging facilities with enhanced localization capabilities, can
refine search strategies and assist optical or infrared (IR)
facilities in correctly identifying and pursuing transient
candidates for subsequent follow-up studies. In addition to
prompt searches, Fermi-GBM analysis of triggers from the first
and second LIGO-Virgo observing runs showed that targeted
of ine searches are capable of recovering additional candidate
joint events that may be of astrophysical relevance (R. Hamb-
urg et al. 2020; M. Pillas et al. 2023). Temporal and spatial
coincidence information can be used to derive the joint false
alarm rate (FAR). These estimates have the potential to elevate
subthreshold triggers in either the GW or GRB domains to the
status of an above-threshold candidate detection (A. H. Nitz
et al. 2019).

Unlike Fermi, Swift has been, for a long time, incapable of
relaying a continuous stream of event-mode data to the ground
in real time. Such a capability was enabled through the
Gamma-ray Urgent Archiver for Novel Opportunities
(GUANO; A. Tohuvavohu et al. 2020) infrastructure
(described in Section 2), which recovers event data from the
Swift Burst Alert Telescope (BAT; S. D. Barthelmy et al.
2005), that then get processed by the Non-Imaging Transient
Reconstruction And TEmporal Search (NITRATES; J. DeLau-
nay & A. Tohuvavohu 2022) pipeline (see Section 4) to search
for subthreshold transient candidates.”** In addition to other
astronomical transients, such as GRBs, fast radio bursts

324 Live reporting of the status of the real-time Swift-BAT subthreshold

analysis can be found at https://guano.swift.psu.edu, where the user can
monitor all the triggers ingested by GUANO and visualize the main results of
the NITRATES analysis.
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(FRBs), and high-energy neutrinos, the GUANO-NITRATES
infrastructure performs targeted searches on GW events
communicated by the LIGO-Virgo—-KAGRA (LVK) Colla-
boration, to detect possible GRBs associated with CBCs.

The impact and potential of Swift Burst Alert Telescope
(Swift-BAT) subthreshold searches are crucial for multi-
messenger related goals. Indeed, deeper targeted searches
increase the joint detection horizon, thus enhancing the
probability of finding weak EM counterparts of CBCs in the
hard X-ray domain. Moreover, thanks to the high spatial
accuracy enabled by the BAT coded mask, subthreshold
searches open the possibility of recovering the position of the
candidate EM event at the precision level of a few arcminutes,
which will be fundamental to drive the subsequent follow-up
with ground- and space-based EM facilities.

Currently, the targeted search analysis carried out thanks to
GUANO has enabled the discovery of more than 35 GRBs with
arcminute localization. A total of seven of the detected GRBs
have a duration <2s (e.g., J. DeLaunay et al. 2020; A. Tohu-
vavohu et al. 2022a), hence they are potentially associated with
CBCs containing at least one NS. GUANO data have also been
used for the localization of 29 long GRBs through imaging
(e.g., J. DeLaunay et al. 2021a) and non-imaging analysis
techniques (e.g., J. DeLaunay et al. 2021b; A. Tohuvavohu
et al. 2022b). GRB 220107A, detected during BAT slew and
localized with arcminute precision, enabled the first optical
redshift measured using GUANO data (J. DeLaunay et al.
2022). The arcminute localization of GRB 211106A enabled
prompt multiband follow-up and led to the discovery of the first
afterglow in the millimeter band from a short GRB (A. Tohu-
vavohu et al. 2021). With GUANO, one can additionally
recover coarse localization information on GRB-like transients
that originate from outside the BAT field of view (FOV; e.g.,
J. DeLaunay et al. 2023).

In addition to the application to real-time analysis, the
availability of BAT data enables us to perform a systematic,
deeper targeted search focused on archival LVK triggers. The
goal of this study is to perform such an analysis on all the LVK
triggers received during the third LIGO-Virgo observing run,
during which the GUANO pipeline started to be fully
operational. The run duration was comprised of two segments:
O3a, which operated from 2019 April 1, 15:00 UTC to 2019
October 1, 15:00; and O3b, which operated from 2019
November 1, 15:00 UTC, to 2020 March 27, 17:00 UTC.
The alerts distributed during the third observation run (O3)
were reporting the following parameters: FAR, the signal
classification (CBC or unmodeled Burst), and the associated
astrophysical probabilities. The results of O3 are summarized
in Gravitational-Wave Transient Catalog data releases GWTC-
2 (R. Abbott et al. 2021), GWTC-2.1 (R. Abbott et al. 2024),
and GWTC-3 (R. Abbott et al. 2023).

In this work, we use Swift-BAT observations to carry out
offline targeted subthreshold searches for EM counterparts of
the GW triggers obtained during O3. The rest of the paper is
organized as follows: In Section 2, we describe the Swift-BAT
instrument and its new capabilities, and in Section 3, we
provide details about the GW trigger sample used for the
analysis. In Section 4, we summarize the targeted search
method adopted for the analysis. We present the results from
our targeted search analysis on the various subcategories of
triggers in Section 5, and discuss the scientific interpretation in
Section 6.
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2. Swift-BAT

The Neil Gehrels Swift Observatory (henceforth, Swift) is a
GRB-focused mission launched in 2004, with three onboard
payloads—the Burst Alert Telescope (BAT), the X-ray
Telescope (XRT), and the UltraViolet/Optical Telescope
(UVOT)—covering the EM spectrum from hard X-rays and
gamma-rays all the way to the optical (N. Gehrels et al. 2004).
The BAT instrument (S. D. Barthelmy et al. 2005) is a hard
X-ray coded mask imager with a wide FOV that operates in the
broad energy band of 15-350keV. It is the primary instrument
that detects GRBs and performs an onboard imaging analysis
via a cross-correlation between the spatial pattern of the counts
across the detector array and the pattern of the coded mask. The
sensitivity of BAT is capable of providing arcminute localiza-
tions of GRBs triggered onboard (N. Gehrels et al. 2004). Due
to the lack of continuous downlinking of timing, spatial, and
energy information for each detector count (event-mode data),
carrying out targeted searches offline has not been possible in
the past. A new infrastructure, called GUANO, was incorpo-
rated into the Swift-BAT operations in 2019. Details of the
GUANO operations can be found in A. Tohuvavohu et al.
(2020). From the outset, GUANO has demonstrated that
recovering event-mode data from astrophysically compelling
time windows can enhance the overall transient detection rate
and sensitivity of BAT (A. Tohuvavohu et al. 2020).

3. Gravitational-wave Trigger Sample

This paper focuses on the Swift-BAT subthreshold analysis of
a sample of GW triggers with a FAR< 2 per day, distributed by
the LVK Collaboration during O3. The subthreshold GW alerts
were received by the EM follow-up groups that were part of a
Memorandum of Understanding with the LVK Collaboration.
For candidates found with CBC search pipelines (S. Hooper
et al. 2012; C. Messick et al. 2017; A. H. Nitz et al. 2018;
S. Sachdev et al. 2019; F. Aubin et al. 2021; T. Dal Canton et al.
2021) and Burst search pipelines (S. Klimenko et al. 2005;
S. Klimenko et al. 2016), the alerts contain basic information
about the GW FAR, the probability of the candidate being
astrophysical (Paswo), and the trigger time. In the case of CBC
candidates, the alerts received with low latency report the Pasro
split in the four CBC classes: BBH, BNS, NSBH, and Mass
Gap. The Mass Gap category includes CBC candidates in which
at least one component has a mass in the range [3-5] M, . Using
the GW trigger information received with low latency, we can
further perform a search for associations in BAT data.

From the list of 1552 alerts that were communicated via low-
latency channels, we obtained successful GUANO data dumps
for 636 triggers. The GW information of the candidates
received with low latency are reported in Table 1. The FAR and
the Pasiro classification reported here correspond to the preferred
event, namely the one with the highest SNR. Swift-BAT event-
mode data coincident with the GW trigger time were made
available for these triggers in real time via the GUANO data
dumps. Post-processing of the data was carried out on this
sample from O3 using the NITRATES analysis pipeline (see
Section 4).

Out of the 636 low-latency alerts, a total of 86 GW
candidates have been confirmed by the offline analysis and
included in the GWTC-2.1 and GWTC-3 data releases
(R. Abbott et al. 2023, 2024). Among the 86 confirmed
candidates, 14 triggers have Py > 0.5 and 72 triggers have
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Pasto < 0.5. We indicate the details of the confirmed candidates
With Pasiro > 0.5 and Paseo < 0.5 in Table 2 and Table 3,
respectively. The values of FAR, P,s0, and CBC Class given in
Table 2 and Table 3 are derived from offline analyses, as
reported in the GWTC-2.1 and GWTC-3 data releases, and
hence they are considered more reliable than the values
obtained with low latency, reported in Table 1. The FAR and
the P.suo Classification reported in Tables 2 and 3 come from
the pipeline that gives the highest value of p,g . For high-
significance events, if multiple pipelines derive a Pugo; 1, We
select the one with highest SNR. According to these rules, in
the case of S200225q, reported in Table 2, the selected pipeline
is cWB, but the event is classified as CBC. The CBC class is
determined by the highest among Pggy, Pnseh, and Pens. In
Tables 2 and 3, we report the value of pPcjs defined as
maX| Pggy » Pnsen » Peng- It is possible that some candidates
marked as “Burst” in Table 1 are then reclassified as “CBC” by
the offline analysis. Therefore, for each catalog event, the most
updated group is the one reported in Tables 2 and 3.

In Figure 1, we show the histograms of the Pagyo
probabilities for all the low-latency CBC candidates processed
by GUANO, for a total of 424 candidates, divided into 67
BBH, 130 BNS, 148 NSBH, and 79 Mass Gap events
(Figure 2, left panel). In the offline post-processing of GW
candidates, the Mass Gap classification was removed, classify-
ing an object with M > 3M, as a black hole. This implies that
all the CBC events with at least one component mass in the
range [3-5]M are redistributed into the BBH and NSBH
classes. The distribution of the updated P,g classification
released by LVK is overplotted in Figure 1, and the classes are
divided in 39 BBH, 22 BNS, and 17 NSBH candidates
(Figure 2, right panel).

3.1. GW Sky Localization

For the selection of the GW sky localization for each
candidate, we adopt the following scheme:

1. Above-threshold GW candidat€he GW candidate is
contained in the list of high-probability (Paswo> 0.5)
candidates reported in Table 2 of GWTC-2.1 (R. Abbott
et al. 2024) or Table 1 of GWTC-3 (R. Abbott et al.
2023). The GW sky localizations are downloaded from
the parameter estimation data releases of GWTC-2.1 and
GWTC-3.>* We use the results derived from a
combination of IMRPhenomXPHM (G. Pratten et al.
2021) and SEOBNRv4PHM (S. Ossokine et al. 2020)
waveforms (labeled as “Mixed” in the release).

2. Subthreshold GW candidatéThe GW candidate is
classified as low-probability (Pasuo < 0.5) in the offline
analysis. The GW sky localization is produced by
BAYESTAR (L. P. Singer & L. R. Price 2016;
L. P. Singer et al. 2016) and is taken from the GWTC-
3 release, which contains both O3b events and updated
03a events. If multiple events are present for a single GW
candidate, the pipeline with the highest Pago 1S
considered for the selection of the sky localization.

3. Nonconrmed low-latency GW candidateThe GW
candidate has an associated low-latency alert, but the
event has not been confirmed by the offline analysis. The

325 GWTC-2.1 release doi:10.5281/zenodo.6513631, GWTC-3 release
doi:10.5281/zenodo.8177023.
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GW sky localization is downloaded from GraceDB,
selecting the preferred event.

4. Targeted Searches Using GUANO-NITRATES

Targeted searches are carried out in real time for all types of
transients, such as GRBs, FRBs, and neutrino events, as well as
GW triggers, on the event-mode data obtained using GUANO.
The targeted search pipeline that is currently operational is
NITRATES. This is a maximum-likelihood framework that
forward models signals through the entire instrument response
(J. DeLaunay & A. Tohuvavohu 2022). The BAT responses are
created by simulating the photon paths through all detector
segments using Geant4, which is a particle-interaction
simulator software toolkit (J. Allison et al. 2016). Unlike the
standard BAT responses, the NITRATES responses account for
all the detectors on the focal plane, regardless of their coding
by the mask. The responses also encode details on the gamma-
ray interactions inside the instrument, which carry additional
information. This approach enables substantial sensitivity gain,
compared to the conventional technique of cross-correlation
imaging, which translates to a 50% increase in the detection
horizon distance for a GRB 170817A-like burst compared to
the onboard imaging. Details of the NITRATES response
generation and the analysis pipeline are provided in J. DeLau-
nay & A. Tohuvavohu (2022).

A GRB-like transient signal is described using the sky
localization and parameters that are specific to the assumed
spectral model (the peak energy and spectral slope). This
framework then computes the significance of each signal using
a test statistic (TS) by maximizing the log-likelihood (LLH) as
a function of signal parameters. The likelihood ratio test
statistic ~ is used to compare the source signal+ background
model (described using a set of parameters, g, that
maximizes the LLH) to a background-only model (described
by the set of parameters, ZEEQ, that maximizes the LLH in the
off-time window) and is defined as follows (J. DeLaunay &
A. Tohuvavohu 2022):

- 2[LLH( & NOD LLH( s@ SN, (D)

where N°" represents on-time data.
The search pipeline workflow can be summarized as follows:

1. The event-mode data are cleaned and filtered to discard
potential glitches and artifacts from cosmic rays, and to
flag poorly behaving detectors. Good time intervals
(GTIs) are determined, where there are quality data for
the analysis.

2. A time window of 50s (from the pre- and post-trigger
intervals) is identified as the background interval. It is
then utilized to model contributions to the background
from known bright sources and diffuse sources.

3. To narrow down the search parameter space, a set of
simple analyses are performed to select a list of
interesting start times and durations (hereafter referred
to as time seeds) as well as portions of the BAT FOV
(position seeds).

4. Finally, the log-likelihoods are computed for all para-
meters corresponding to the shortlisted time and position
seeds.

In essence, the set of signal parameters that maximizes the log-
likelihood is the most preferred set of parameters.


https://doi.org/10.5281/zenodo.10600302
https://doi.org/10.5281/zenodo.8177023
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Figure 1. Distribution of the P,y values for the CBC triggers detected during O3, with available GUANO data dumps. We distinguish with different colors the

triggers received in low latency and the ones confirmed by offline analysis.

The NITRATES likelihood analysis outperforms the
onboard mask-weighted imaging analysis by delivering super-
ior sensitivity, given the increased effective area (see Figure 2
in J. DeLaunay & A. Tohuvavohu 2022). At the cost of a
significantly increased computational time, this method is
capable of delivering arcminute-scale localization for events
that fall inside the BAT FOV, even when the transient event
does not trigger the onboard Swift-BAT instrument (A. Tohu-
vavohu et al. 2021; J. DeLaunay et al. 2022; A. Tohuvav-
ohu 2023). The NITRATES pipeline has the ability to
distinguish between bursts that come from in- or outside the
BAT FOV. NITRATES has also accurately localized suffi-
ciently bright bursts outside the FOV (J. DeLaunay &
A. Tohuvavohu 2022).

Swift-BAT GUANO was operating during the O3 and was
successfully procuring event-mode information in response to
GW subthreshold triggers (A. Tohuvavohu et al. 2020). We
describe the targeted search analysis that has been carried out

13

using NITRATES version 0.0.1, which was available in early
2022.%*® The targeted search analysis that was operational in
03 corresponded to a preliminary version of the NITRATES
code that has since undergone several stages of development.
The most updated version is publicly available on GitHub.?*’

During O3, for a total of 636 GW triggers, GUANO dumped
either 200 s or 90 s of event-mode data, for public triggers and
for privately communicated triggers, respectively. The choice
of the width of the temporal window is made to avoid an
overload of downlink data in the process of GUANO data
dump. The targeted search pipeline was run in a time window
of +20s centered around the trigger time. The search was
carried out on eight time bins (0.128 s, 0.256's, 0.512's, 1.024 s,
2.048 s, 4.096s, 8.192s, and 16.384 s) and nine energy bins
(between 15 and 350keV). The results from the search are

326 hitps: //github.com/Swift-BAT /NITRATES /tree/py2
327 hitps:/ /github.com/Swift-BAT /NITRATES


https://github.com/Swift-BAT/NITRATES/tree/py2
https://github.com/Swift-BAT/NITRATES
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Figure 2. Left: distribution of the CBC triggers from O3 received in low latency, which had successful GUANO data dumps, divided in the BBH, NSBH, BNS, and
Mass Gap classes. Right: analogous distribution for the CBC candidates confirmed by the offline analysis. In the post-processing, the Mass Gap classification has been

subsumed into BBH and NSBH.

reported using the following set of parameters: (1) the
maximum +/ TS describes the statistical significance of a
potential detection (see Section 5); (2) LLH,, indicates the
preference of the search to be in a location inside or outside
the BAT FOV, and (3) LLHp.. indicates the confidence of
the search in localizing the source to arcminute scales. The
maximum +/ TS is empirically mapped to a FAR using the
distribution of TS values found from analyzing 51ks of
random data (see Section 7.6 in J. DeLaunay &
A. Tohuvavohu 2022).

The NITRATES search was performed on the ROAR
supercomputing cluster on a set of 200 virtual cores for a total
of 600 x 800 CPU hours for the entire GW sample.

5. Results from NITRATES

The targeted search analysis provides a list of top candidates
whose spatial, temporal, and spectral parameters maximize the
log-likelihood. In order for a candidate to be qualified as a
confident detection, we require that the resulting detection
significance parameter /TS must exceed the threshold value of
8, corresponding to a FAR 4 x 10 °Hz. Being a targeted
search, the NITRATES analysis can give a false positive with
JTS 8 with a probability that follows a Poissonian
distribution:

1

1 e FAR t

P(Net - 1) P(Neet O 9(9%
with t= 40s being the width of the search window. This
leads to a pretrial p-value of 1.6 x 10 >. Since the NITRATES
analysis is performed on all GW triggers with a
FAR< 2day !, and considering that there are
Ngw searcn = 5 independent GW pipelines, the rate of expected
false-positive candidates falling within the temporal search
window around a GW trigger with VTS 8is 5x2x

1.6 x 10 */days 1/(60 days).***

328 Since the GW pipelines are not totally independent, a realistic value of
Ngw search 18 likely below 5, leading to an overall rate of false NITRATES
candidates below 1/(60 day).
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For the entire sample of 636 low-latency triggers processed
using NITRATES, we have no candidates that qualify as a
detection of a signal of astrophysical origin. None of the top
candidates within the * 20 s search window are coincident with
the GW triggers. A temporal coincidence with a GW trigger is
claimed if the NITRATES search finds a candidate with
JTS 8and [to tsarel < 20s, where to is the GW trigger
time and ty,, is the starting time of the temporal bin with the
highest ranking statistics. A detailed list of all the NITRATES
results for the entire sample analyzed during O3 is provided in
Table 1. We discuss specific false-positive candidates in
Section 5.1.

If the GW trigger time is included in the time window
corresponding to the slew mode of BAT, the analysis cannot be
performed using NITRATES, since the targeted search requires
stable attitude information to compute the background.
Similarly, some triggers have insufficient exposure time,
preventing the NITRATES analysis. In this case, neither TS
results nor flux upper limits can be computed. As a cut to
narrow down the parameter space, the targeted search selects
time seeds as described in Section 4. If there are no time seeds
that pass the preliminary cuts, then there will be no final
likelihood computations. Results for these types of triggers are
indicated as NFL (No Final Likelihood) in Table 1. In the case
of NFL triggers, though, the flux upper limit can be computed,
since a full likelihood analysis is not required.

5.1. False Positives

We did not find any candidate associations from any of the
triggers with BAT. However, the targeted search pipeline did
result in the detection of six candidates with a significance
above the NITRATES detection threshold of /TS & These
candidates were examined to understand our false-positive
population. $200327j (VTS _ 22), S200324ax (VTS _ 11),
and S200225af (TS _ 10.5 are triggers that occurred during
the passage of Swift in the proximity of the South Atlantic
Anomaly (SAA). The background characterization becomes
unreliable when the spacecraft is either entering or leaving the
SAA on account of increased background contamination.
Analyses close to the SAA are not considered to be during
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good data times and are not accounted for in the NITRATES
FAR distribution. The pipeline expanded into these times that
lack good data, in order to search for any exceptional signals.

S200130ai corresponds to a subthreshold GW trigger at
To = 2020-01-30T09:59:58 that was identified by the CBC
search as an NSBH candidate with a P, = 0.008 and a GW
FAR 1.8 x 10 °Hz. It was detected using NITRATES at a
significance of JTS _ 163 with a LLHy,= 19.68 and

LLHpea = 2.14, consistent with a sky localization outside the
BAT FOV. The highest log-likelihood candidate was identified
to arise 1.5 s prior to the GW trigger time. Due to the low value
of LLHpeak, we do not have an arcminute-level precision on
the sky localization. The candidate was associated with a Fermi
trigger 602071201 (GCN 26944; Fermi GBM Team 2020) and
was classified as a long GRB. The Fermi localization is
R.A.= 1375 deg, decl.= 51.3 deg, with a statistical
uncertainty of 3!5 degrees. The Interplanetary Gamma-Ray
Burst Timing Network (IPN) further localized the event in a 3
error box with an area of 1487 arcmin® and centered at an
R.A. = 134.742 deg and decl. = 49.627 deg (K. Hurley et al.
2020). Although this event presents a temporal coincidence
with the GW trigger, on account of the lack of spatial
coincidence with the GW location, this event is discarded from
being associated with the GW subthreshold trigger. Addition-
ally, this low-latency GW candidate has not been confirmed by
offline analyses.

In S190919au, a peculiar dip (20 s) in the background may
have contributed to a false elevation in the signal detection
statistic, by causing an underrepresentation of the background
rate. For S190919u, we obtain a TS _8.Q which corre-
sponds to a FAR of 4 x 10 ° Hz. Including the two events
confirmed to be unrelated to their corresponding GW trigger,
the search identified three events with VTS 8 during good
data times. This is compatible with the Poissonian error bars of
the expected number of false positives, which corresponds to
(4 x 10 *Hz) x (40s) x 636 GW triggers 1. Additionally,
there is substantial uncertainty on the empirically derived
NITRATES FAR at TS 2 8.Q due to the low-number
statistics (see Figure 16 in J. DeLaunay & A. Tohuvav-
ohu 2022). Including the finite statistics used to determine the
NITRATES FAR, the 90% confidence interval on the expected
number of false positives is 0.1-3.1.

5.2. Computation of Flux Upper Limits

Since each GW trigger processed in this analysis resulted in
a nondetection in Swift-BAT, we estimate the flux upper limits
in the following manner. The NITRATES analysis generates
rates curves in the 15-350keV energy band from the GTIs of
the filtered event list. The number of active detectors
corresponding to each trigger is read out from its respective
detector mask file. A linear fit is carried out to the background
window of duration 50s. We then estimate the 5 count rate
and the corresponding uncertainty over the full signal window,
which has a+20s duration. This is computed for all of the
eight time bins (see Section 4). We further convert the 5 count
rates to flux upper limits, as a function of sky position, in the
15-350keV band, by convolving different spectral models
with the NITRATES responses for each time bin iteration. We
select 929 grid points on the sky and interpolate upper limit
values for locations in between. We assume the following
different spectral templates:
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1. Band function (D. Band et al. 1993) with a soft template
(Epeak = 70keV, =-19, =-3.7)

2. Band function with a normal template (Epe.c = 230 keV,

=-1.0, =-2.3)

3. Cutoff power-law function with a hard
(Epeak = 1500keV, = 1.5)

4. Cutoff power-law function that has been used to describe
GRB 170817A (Epea= 185keV, = 0.62) (A. Goldstein
et al. 2017)

template

The parameters and  correspond to the low-energy and
high-energy photon indices of the spectrum, respectively. The
first three spectral templates are identical to the ones that are
routinely adopted by Fermi-GBM (A. Goldstein et al. 2016). In
the rest of the paper, all the results are reported assuming a
Normal spectral template.

Calling = (R.A., decl.) the coordinate variable, for each
temporal bin and spectral template, we convert the upper limit
map f yp( ) into a unique marginalized upper limit value:

G 8(3)

TG P d ,
uL 658 oL ( )Pew( )

where Pgw( ) is the posterior probability distribution of the
GW sky position. The notation means that the integral
is limited to the region of the sky not occulted by the Earth. We
report in Table 1 the marginalized flux upper limits for a 1s
time bin, assuming the normal spectral template. In Figure 3,
we provide the sky maps reporting both the flux upper limits as
a function of sky position and the GW contours (50% and 90%
credible levels) for the GW candidates with Pagio > 0.5.
As additional information, we also report the quantity
in BAT> Which quantifies the probability that the GW source is
inside the BAT coded FOV and corresponds to

f BAT Pew( )d , (4)
Yoir

where the integral is limited to the solid angle ;,, namely the
portion of the sky where the BAT partial coding fraction is
larger than 0.01. The location of ;,, i.e., the BAT FOV, is
identified by the yellow region in the sky maps of Figure 3. The
higher the ;, gaT, the better the BAT covering of the GW error
region, and the more constraining the derived upper limit. The
flux upper limits as a function of ;, gar for all GW trigger
candidates are shown in Figure 4. We also indicate with
different markers the sample of low-latency triggers, the
confirmed list of subthreshold candidates (P,suo < 0.5), and
the above-threshold candidates (P,swo > 0.5). In Table 1, we
also report the probability that the GW source is occulted by
the Earth, defined as

E - Pew( )d ,

00

(58

where is the solid angle subtended by the Earth from the
Swift reference system.
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Figure 4. The 15-350 keV flux upper limit f y; derived with NITRATES as a function of ;, gaT, namely the probability that the GW candidate is contained inside the
BAT FOV. The plot includes all the GW candidates received during O3, including both Burst and CBC events. With different symbols, we distinguish the GW
candidates received in low latency and the ones confirmed and included in the O3 catalog, separated in Pygyo > 0.5 and Pygyo < 0.5. The dashed and solid red lines are
the 50% and 90% containment regions of the scatter plot, respectively. The one-dimensional histograms of f y; and i, paT are reported on the sides. The color bar

indicates the value of

RAVEN joint alert the adopted temporal window is [t, 10,
to+ 20s]. Since none of the BAT candidates analyzed in this
work have a confident estimation of the sky localization, we
adopt a uniform posterior probability on the full sky for the EM
candidate. Hence, by definition, we set | = 1. The
candidate triggers a RAVEN alert when the FARgrg cw Q
N FARmax with N; being the trial factor of the joint search
and FARmax (1/30)day ' for CBC events and FARmax
lyr ' for Burst events. The trial factor corresponds to
N = Sow(Ssw + 1), where S;w is the number of search GW
pipelines: four for CBC events and three for Burst events
(B. Piotrzkowski 2022). Since the GW pipelines are not fully
independent, a realistic value of the trial factor is smaller than
the one adopted here, therefore the RAVEN threshold can be
considered as a conservative estimate of the significance of a
joint detection.

We quote the derived joint FARs, along with other trigger-
specific  details, only for those triggers with a
FARGRrB,max 10 3Hz in Table 4. We find that, after rejecting
false positives, two CBC events pass the joint FAR detection
threshold to trigger a RAVEN alert. Specifically, S191110x
TS 7.2 and S200108p TS 7.4 have respective
joint FARs of 3.02 x 10 *yr "and 21.3 yr '. These values are
obtained considering the GW FAR received with the low-
latency alert. In the offline analysis of the GW candidates,
neither S191110x or S200108p have been confirmed. We
therefore conclude that, considering the offline joint analysis of
GW and Swift-BAT data, none of the candidates are eligible to
claim a significant joint detection.

In Figure 6, we report the location in the GW FAR—/TS
plane of all the candidates that pass the condition
FARGwmax 2day ' and FARgremax 10 3Hz (e,
JTS 2 7, to be considered for a potential joint alert. The
astrophysical origin of all the candidates with /TS 8 has
been rejected as discussed in Section 5.1, and therefore they are

18

, the probability that the GW candidate is occulted by the Earth.

not reported in Figure 6. The dashed black and red lines mark
the separation line for the event to pass the RAVEN alert
threshold, for CBC and Burst candidates, respectively.
Candidates below those lines would have triggered a RAVEN
alert.

6. Science Discussion

In this section, we describe how the upper limits derived
from the joint subthreshold search can be used to infer
constraints about possible EM emission from the GW
candidates. Starting from a model of the EM emission, the
luminosity in the BAT band can be estimated; its value will
depend on some internal parameters of the model ( ,..., ).
The goal is to explore the model parameter space and test if the
estimated flux is in agreement with the upper limit constraints
derived in this paper.

For this purpose, a knowledge of the distance of the GW
candidate is needed, and the GW sky localization is used to
extract the posterior distribution P(Dy). Since only CBC events
have such information, Burst events are not considered in this
discussion. For the CBC events, we consider a phenomen-
ological model that describes the probability distribution of the
luminosity L (in the 15-350 keV rest frame):

f)EL 0 f (L). (12

Here, the f parameter is a proxy for the EM-bright nature of the
event, i.e., gven aGCBC source described by a set of GW
parameters Ry, f ( Rw) corresponds to the probability that the
EM luminosity of the source is nonzero. On the other hand,

(L) is the intrinsic luminosity function of the EM transient
associated with the specific CBC class. In the case of BNS and
NSBH candidates, the assumption on (L) should be informed
by our prior knowledge of the luminosity function of merger-
driven GRBs. A detailed study of the impact of this work on
our knowledge of merger-driven GRBs luminosity function

PL @
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Figure 5. Upper limits on the luminosity computed in the rest-frame 1 keV-10 MeV energy band, as a function of the mean luminosity distance extracted from the sky
localization map of each GW candidate. The color bar indicates the quantity ;, paT, namely the probability that the GW candidate is located inside the BAT coded
FOV. With different symbols, we distinguish the GW candidates received in low latency and the ones confirmed and included in the O3 catalog, separated in

paslm > 05 and paslro < 05

will be reported in a follow-up paper. In this section, instead,
we focus only on the BBH class, for which no strong prior
exists for (L). For simplicity, and in order to show the
constraining power of our joint subthreshold search, we assume
that the EM process associated with BBH, if present, produces
a universal, viewing-angle-independent luminosity L,. There-
fore, in the scenario specified above, we have ( |,K, = (f,
Lo) and

P(L) @ f)((L 0 E(L

Lo) P(L;f,Ly.H13

Once the model for the EM emission is specified, the
probability distribution of the predicted flux is

P() 5 ( (19

where Pem( ) P(Lo/45 kD?) is the flux probabili distribu-
tion in the assumption that the source is EM bright. Hence, for
the ith candidate, the probability that the predicted flux is below

1 0 fRu(), E

19

the estimated upper limit f ; corresponds to

.. @i
R( Gg) (G f) f ; R()d, G195
valid in the limit in which the GW candidate is assumed to be
real. Therefore, given a candidate GW with a probability of
being astrophysical P,swoi = i, there are only three possibilities
to have a nondetection in BAT:

1. The source is not astrophysical, with a probability 1 i
2. The source is astrophysical, but it is occulted by the
Earth, with a probability ; ;
3. The source is astrophysical, it is not occulted by the Earth,
and the predicted flux by the EM model is below the BAT
G upper limit, with a probability (1 P < o).

This allows us to define a nondetection likelihood corresp-
onding to

$ @ ) QI (1Q ¢ )RE o)l €19
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Figure 6. Distribution in the GW FAR—/TS plane of all the triggers that
passed the threshold FARgrg < 10 * Hz. Triggers in the regions below the
black and red dashed lines (marked with a green cross) would have triggered
the RAVEN alert system, for CBC and Burst events, respectively. The plot

does not include all the triggers that have a /TS 8 which turned out to be
spurious artifacts.

Additionally, there is also the possibility that the GW source is
astrophysical, but misclassified. As we discuss later, this has a
negligible impact on our analysis. In the case of Ly O,
Pf <fo) 1, so & | 1 For very large values of L,
instead, Pi(f < fy;) 0 and therefore § (L i) Q e
This last result shows how, even if the luminosity predicted by
the model is exceedingly large, a nondetection can occur if the
GW source is not real (1 i), or if it is real but occulted by the
Earth ( ; ). Since the analysis is focused only on BBH events,
we consider only those candidates that have Pggpy> PnsBH»
Pens- By definition, Pgpn + Pnspr + PeNs = Pastos and typi-
cally for the candidates classified as BBH, we have that
Peeu ? PnseH> Pens. The last condition allows us to consider
Equation (16) still valid if we replace ; with Pggp i, since the
contribution of Pnsgu; and Ppnsi to the nondetection
probability is negligible. For all the excluded cases that have
PerH < PnsBH> Pens, We verified that pggy = 10 4. therefore,
their inclusion in the analysis would contribute minimally to
our results.

Given the definition of Equation (16), $ indicates the
probability, given a set of ( |,..., ) EM parameters, that the
BAT upper limit is not violated, taking into account the
possible non-astrophysical origin of the candidate and also the
probability that, even if astrophysical, the source is occulted by
the Earth and therefore not detectable by Swift. Having a
collection of E|,K , Ey GW candidates, the posterior distribu-

tion of the model parameters can be obtained following the
Bayes theorem,

P(Lo, f Eny &)
N N

i (LoR(f) & G i (Lo) (f)dLodQ (17
i1 i1
where (Lg) and (f) are the prior distributions of Ly and f. We
assume a log-uniform prior for both Ly and f in the respective

intervals 46 logg[Lo(ergs?y] 53and 3 logy(f) O
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Figure 7. Constraints on the two parameters L, and f of the model for the
putative EM counterpart of BBH mergers. The color map reports the likelihood
§, for the full analysis including all the O3 catalog events with P,go > 0.5. Lo
is in units of ergs '. The thick blue solid and dashed contours indicate the
exclusion regions in the [Lo, f] plane at 90% and 50% credibility levels,
respectively. The magenta solid and dashed lines report the same contours, but
for an analysis that includes all O3 catalog events, with no cut in Pugyo-

The choices of the prior boundaries are poorly informed by
theoretical expectations, which are still affected by large
uncertainties. Instead, the priors are chosen on the basis of the
(@pical rgnge of the upper-limit luminosity derived in this work for
BBH events and the total number of candidates considered in this
analysis. The constraints reported in the following may strongly
depend on the choice of the prior boundaries. Therefore, the final
goal of this simulation, more than deriving strong limits on the
putative EM model, is to show the predictive power of the present
analysis in the context of model inference and how this analysis
can improve with the addition of more GW events in the future.

In the specific case of our simulation, we consider all the
GW candidates released in GWTC-3 (R. Abbott et al. 2023),
including both the above-threshold (Paswo> 0.5) and the
subthreshold (Paswo < 0.5) candidates. For the latter, we
emphasize that the classification of the CBC candidate as
BBH merger is valid under the condition that the subthreshold
GW event is of astrophysical origin. The simulation described
in this section is set up in such a way that this assumption is
taken into account for the final constraints of the physical
parameters. All the low-latency candidates not confirmed by
the offline analysis are not included in the simulation. The
considered BBH sample with full NITRATES results and
available flux upper limits consists of 32 events, 12 of which
have pasuo > 0.5.

In order to compute numerically the functional behavior of
the likelihood, we set up a simulation to evaluate P(L,
fl[E;,K ,EN) in the full [Lo, f] plane defined by the prior
boundaries. The details of the simulation setup are reported in
Appendjx B. The results of the simulation for the sample of
above-tireshold BBH candidates are reported in Figure 7,
where the color map indicates the value of $ « §,
normalized by the maximum max($) over the full domain.
The contour levels defining the 50% and 90% exclusion
regions are reported as well. For comparison, in Figure 7, we
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also include the same contour levels obtained with an analysis
that considers all the BBH candidates without imposing any cut
on the P,sro.- The level of constraining power of the analysis
can be quantified by defining the fraction of the full parameter
space excluded with a credibility level , corresponding to

R /kot, 1 (19

where |, = dfdL,, representing the integral extended to the
full parameter domain, and with

[ " dfdLg, (19
s

corresponding to the dimension of the region Sof the parameter
space excluded with a credibility level . The analysis
performed using only BBH with P> 0.5 gives Ryge =
26.0%, while the analysis performed with the inclusion of
subthreshold BBH candidates gives Rygq, = 26.5%. This result
indicates that, with the inclusion of GW subthreshold events,
the analysis allows us to exclude a slightly larger portion of the
parameter space, compared to an analysis carried out using
only events with high Pagiro-

Figures 8 and 9 report the posterior distribution of P(f) and
P(Ly), respectively, obtained as

P(f)  "P(Lo, fE, ,R)dLo (20y

and
P(Lo) , &) df.

Both P(Ly) and P(f) are normalized such that max[P(Lg)]
max[P(f)] 1. The posterior is reported in magenta and blue
for both samples, with and without cut in Py, respectively. The
50% and 90% upper limits are reported as well. From the shape of
the posteriors, it is evident that both the L and f posteriors change
slightly if no cut in P,y is applied. For the sample with
Pasto > 0.5, the 50% and 90% upper limits for f are
l0g6( f5000) 1.76and log, o( fyge,) 0.48 while those for
Lo are log [Lososderg syl  47.6and log[Logosderg sl
48.8, respectively.

“P(Lo, f B

(2)y
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Figure 9. Posterior distribution of 10g; (L), including the 50% and 90% upper
limits with the dotted—dashed and dashed lines, respectively. The function is
derived from Figure 7, marginalizing over f.

In the limit of a collection of triggers that correspond only to
non-astrophysical events, i.e., all with ;= 0, the likelihood is
constant in the full parameter space, not allowing us to infer
any constraints on the EM model parameters. On the other
hand, if we increase the fraction of confident GW events and
we keep fixed the total number N, their distance distribution
P(Dp), and the derived upper limits, then we obtain that $
decreases accordingly. This implies that, as the number of
events with ; close to 1 increases, the overall exclusion region
in the ( 1,..., ) parameter space increases as well. This
demonstrates that, with the collection of more data, in the limit
of a GW detector horizon constant in time, this method allows
us to improve incrementally our constraints on the EM models
of CBC events. Although, realistically, the GW detection
horizon will increase with time (B. P. Abbott et al. 2020),
implying an overall increase of the median values of Dy of the
candidate events. Such an effect in turn increases the values of
the luminosity upper limits, thus also increasing the values of
Pi(f < f) and hence of §. This effect tends to decrease the
dimension of the exclusion region of the ( i,..., ) parameter
space. Overall, the final outcome of the inclusion of additional
GW data, in terms of the constraining power of this analysis,
will depend on the simultaneous combined effect of increasing
the number of confident events and of increasing the detection
horizon.

In order to show how the inclusion of more significant GW
candidates can improve the constraining power of the present
analysis, we carried out the following simulation. We repeated
the same procedure adopted to produce the exclusion regions of
Figure 7, but replacing the real ; with ;=1 for all the
confirmed BBH candidates, hence imposing that they are all
significant events. All the values of f y, , and P(Dy) of each
candidate are left unchanged. The resulting 50% and 90%
exclusion regions are reported in Figure 10, with black dashed
and solid lines, respectively. The fraction of the 90% excluded
region increases to a value of Ryyq, = 34.2%, clearly demon-
strating that, even if the BAT flux upper limits are the same, the
increase of confidence about the astrophysical nature of the
GW improves our final constraints on the model parameter
space. Furthermore, Figure 10 reports also the 50% and 90%
exclusion regions (with red dashed and solid lines,
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Figure 10. Same as Figure 7, but simulating all the O3 catalog candidates with
an associated P,go = i = 1. The black dashed and solid lines identify the 50%
and 90% exclusion regions, respectively. The red dashed and solid lines have
the same meaning, but have been derived imposing both ;= 1and = 0.

respectively), which are obtained as before, but imposing both

;=1 and = 0 for each candidate. This combination
corresponds to simulating all real BBH candidates whose sky
localizations do not overlap with the sky region covered by the
Earth. In this case, Rygg, = 35.4%, showing that the fraction of
GW sky posterior occulted by Earth has a slight impact on our
final results.

7. Conclusions

In this work, we report the systematic search of signals
jointly detected by the LIGO-Virgo interferometers and the
Swift-BAT telescope, during the third LVK observing run.
Thanks to the prompt availability of BAT data using GUANO
and the sensitive targeted search capabilities of the NITRATES
pipeline, we conducted deep follow-up searches for EM signals
on a sample of 636 GW triggers. The search results did not
yield any confident joint detection, allowing us to derive upper
limits in the 15-350keV band. We provide comprehensive
details on all analyzed GW triggers along with their
NITRATES search statistics. This information can be valuable
for calibrating and comparing with other offline targeted search
pipelines that are currently operational or may be developed in
the future.

In the specific case of the BBH class, the BAT flux upper
limits have been used to perform a stacking analysis and to
derive constraints on the possible nature of an associated EM
emission. As illustrated in Section 6, the presence of several
BBH candidates with large values of P,y in our sample
enhances our ability to better constrain the parameter space for
EM emission from BH mergers, with minimal assumptions
regarding our prior knowledge of the nature of the emission.
The prospect of detecting EM emission from BBH mergers has
been debated and discussed in detail in recent times. In
particular, the GBM trigger that accompanied the first BBH
merger event, GW150914, has served as a case study to test
possible association and potential implications (B. P. Abbott
et al. 2016b; V. Connaughton et al. 2016; A. Goldstein et al.
2016). Though not likely, there are a number of physical
models that have been proposed that could give rise to
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detectable emission in the gamma-ray band. A summary of the
various different models has been discussed in C. Fletcher et al.
(2023) and P. Veres et al. (2019). The models involve
parameters pertaining to potential remnant accretion effects,
magnetic field strength, black hole charge, and spin, among
others (e.g., A. Loeb 2016; S. E. Woosley 2016;
B. Zhang 2016; L. Dai et al. 2017). The method described in
Section 6 can be easily extended to any of these models,
provided that the luminosity function (L) of the putative BBH
EM emission is known. Additionally, effects possibly related to
the viewing-angle dependency of the EM emission can be
easily included in this approach. Regarding CBCs containing at
least one NS (BNS and NSBH), it was not possible to conduct a
stacking analysis similar to the one described for BBH in
Section 6, due to the paucity of such events with a large enough
value of P,go. Further observations, including the fourth LVK
observing run (04), could lead to the collection of a larger
number of BNS and NSBH candidates with moderate values of
Pastro, Making it possible to repeat the analysis performed in this
paper and to derive informative constraints on the EM emission
of these classes and the properties of the associated GRB
populations. Data products associated with the present analysis
are reported in a separate data release.””

04 commenced on the 24th of 2023 May. The number of
significant detections is expected to increase by several times
during the entire duration of O4 (B. P. Abbott et al. 2018;
P. Petrov et al. 2022). Targeted search results using the
GUANO-NITRATES infrastructure are publicly available in
real time.>*! In the case of nondetection of an EM counterpart,
the GUANO team reports the 15-350keV flux upper limit for
all the GW triggers classified as signi cant via GCN Circulars.
Additional enhancements to the likelihood search code have
reduced the search latency by a factor of 2, with respect to O3.

Thanks to its sensitivity in the hard X-ray band and the
possibility to localize EM transients down to a precision of an
arcminute, Swift represents one of the main discovery
machines for the detection of EM counterparts of GW
transients. This paper shows how the GUANO infrastructure
has a deep impact on the multi-messenger science case, in
particular for optimally exploiting the sensitivity of the Swift-
BAT instrument for the detection of EM counterparts of CBCs
detected by the LVK Collaboration. The deep subthreshold
search enabled by the NITRATES pipeline sensibly increases
the detection horizon of Swift, giving the chance to detect
transients also outside the BAT FOV and allowing us to
possibly detect faint X-ray/gamma-ray transients associated to
relativistic jets observed off-axis, as in the case of GW170817.
In the case of a confident joint Swift-GW detection, the
GUANO team will promptly disseminate all the information
about the EM candidate via GCN Circulars, providing an
estimate of the sky localization when available. Moreover, also
in the case of nondetection, this paper shows how the upper
limits derived from the NITRATES analysis can be combined
to have the most sensitive constraints on the EM emission from
all the CBC classes. The cumulative collection of nondetection
will gradually improve our knowledge of the EM nature
of CBCs.

330 46i:10.5281 /zenodo.10600302.
31 https: //guano.swift.psu.edu
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Appendix A
Luminosity Upper Limit
A more accurate method to derive the luminosity upper limit
should be based on knowledge of P(Dy) and P(f ), where f is

the flux measured in the BAT energy band. Having only an
upper limit, P(f ) can be approximated as

()Gl G

P(Gr 0, G, G

(A1)
where () is our prior distribution for the flux. Using the
conversion from flux to luminosity L 4@,_2 (, the prob-
ability distribution of the luminosity can be computed as

P P( DR)  "GR(GR; = dG  (A2)

L 4QG
where P; is the flux probability distribution and P 2 is the

probability distribution of D2, In the conversion from flux to
luminosity, the k-correction has been omitted because it
introduces a mild dependence on the redshift, which is not
relevant for the purposes of this section. The 5 luminosity
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upper limit Ly can be found imposing that

I—UL

P(LdL 1 Br (A3)
with 5 =3 x10 7. The value of Ly, has been computed
adopting two different assumptions for the flux prior,
corresponding to (f) const. and (f) f 32 with the

latter being inspired by the usual trend followed by GRBs (e.g.,

O. S. Salafia et al. 2023). In both cases, we find
that Luu 3 4 ®2Qy.~ §G
Appendix B

Simulation Setup

In this section, we specify the details of the simulation used
to compute numerically the $(Lo, f By, y ,By) function. For
each simulated GW candidate, the single % is computed for
each pairs of values (Lo, fm). The flux predicted by the EM
model is predicted by injecting 1000 sources whose luminosity
distance is distributed according to P(Dy), derived from the
GW localization. The probability Pi(f < f ;) is derived by
computing the fraction of cases that have a flux below the sky-
averaged BAT upper limit, defined by Equation (3). The
computation of ¢ is performed on a 100 x 100 grid of (Lo,
f). Once the previous steps have been performed for all the
GW candidates, the final combined likelihood is computed as
B (B

(Lo, f Ey, 3 i(Lo, ).

In order to produce the credibility contours in the [Lop, frl
plane, we adopt the following steps:

1. ¢ is normalized such that

CE$(LO,n, fm) 1

n,m

(B9

2. A one-dimensional array $[Xq] is created flattening the
two-dimensional grid $(Lop, ), then $x,] is sorted in
ascending order.

3. We find the element [Lg, f]  [Xy] such that

*

02 $[x

n 0

M (B3

where is the credibility level of the contour.
4. The contour is drawn imposing $  $(Lo, ).

Appendix C
Flux Upper Limit Derivation

In this appendix, we show an alternative method to compute
the nondetection likelihood presented in Section 6. The
NITRATES analysis allows us to derive a flux upper limit at
a given confidence level for each pixel of the GW sky
localization, corresponding to the function f yp(R.A., decl.)
defined in Equation (3). The combined probability of
being located in pixel X and having nondetectable EM
emission is

P(non detx) Rw(NH rGu(¥IG:i, (CL
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where

.. Gy (Xi)

Pl @ n f° R % d,G (C9G

G u (@]
and  jis the area of the pixel. Here, we express P(f |x) as the
conditional flux probability distribution, namely the flux
probability distribution assuming that the GW source is
contained in the pixel %. To compute the P(f %) for a fixed
luminosity L, the luminosity distance is extracted from the
conditional probability distribution P(Dy|;), which is derived
from the GW sky localization. Finally the overall nondetection
probability is obtained by integrating Equation (C1) over the
full sky:

P(mon detf Lo) OPew(X) Pl Gy (®B]
X

@nH fr e

Xi S &

.. Qi)

Pawlxdy i " “"P(®)e6 , 8 G
(o)
where we have set
1if x , and %6 Psw( i FR. (C)
$ Xi %o 8

The resulting probability of not detecting any EM emission in
correspondence to a GW trigger with a given Pugpo = i 1S

detf Lo,) (1 Q) deQ Lo
(CH

Equation (C3) has to be compared with the method used in
Section 6, where instead we used the approximation:

P(non i P( non

P(non detf Ly (1 f) o P()& , @CH
0
with

Gy ( )Psw( )d G &C7)

o,
858
and P(f) is obtained extracting Dy from the full sky

marginalized distribution P(Dy), corresponding to

P(DL) oeRw()P(DL X .

(CY

The two methods give comparable results under the assumption
that the following approximation is valid:
Gy (xi)

OB Rw(x) "~ WA &d. G

PO @
0 xi S &

(C9)

For completeness, we clarify here the main differences in the
two methods.

C.1. Method 1

This is the method used in Section 6 and is based on the
following %teps: 8
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1. The marginalized upper limit f . is computed over the
full sky, weighting by the GW sky localization.

2. Once L is fixed, the flux probability distribution P(f ) is
computed extracting randomly Dy from the P(D;), the
latter corresponding to the posterior distribution of the
GW luminosity distance, marginalized over the full sky
(excluding the part occulted by the Earth).

3. The integral '(')Q’L P( Gd( that appears in Equation (C6)
is evaluated counting the fraction of simulated events that
have a predicted flux below the sky-averaged upper limit
f UL-

C.2. Method 2

This is the method presented in this appendix and
summarized by Equations (C3) and (CS5), consisting of the
following procedure:

1. A set of sources is injected in space and the distribution
follows the volumetric probability distribution of the GW
candidate. First, the coordinates of the injected source are
extracted from the sky localization Pgw(R.A., decl.), then
for each position, the distance is extracted according to
the conditional probability P(D|R.A., decl.).

2. For each injected source, once the luminosity L is fixed,
the predicted flux is compared with the coordinate-
dependent BAT upper limit map f 1 (R.A., decl.).

3. We define as the fraction of all the sources injected
that are not occulted by the Earth and also have a
predicted flux below f y(R.A., decl.). Given this
definition, we have

L (i)

P( %) 6

e Pew(X) % 8 .c.) (1

xS &

Q) se
(C10

The last equality can be justified considering that, if for each
pixel i, we inject Ny sources, we can define ;= Nnp,i/Nioi»
where Nyp; is the fraction of injected sources that are not
detected, i.e., with a predicted flux below f 1 (X). Therefore,

Gy (xi)
P )6 . G

S(C1)
Let us call Ny, the total number of sources injected on the full
sky. Then we have

Noti  NotPew(X%) i, (C12
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and therefore
.. L (i)
02 Pew(x) % 8 P( %)@ G
Xi é &: 0
- 1
Noi s Lop Nuoy. (c13
xi S8 Ntot Ntotxi $8

Since the total number of injected sources not occulted by Earth
is Nio, = (1 )N, and given that

Se 02 Nnp,is (C149

Not, &« Sa

we finally recover Equation (C10).

In order to quantify the difference between the two methods,
the following test is performed. Having fixed the two
parameters f and Ly, we compute the likelihood $ for the
two methods and we derive the quantity

aby 1 $ o) $

2
s 1 %2 $

(C19

Here, we use the subscripts 1 and 2 for the respective methods.
Both likelihoods are computed considering only BBH
candidates with P,gro> 0.5. In both cases, the total number
of injected sources for each BBH candidate is Ny, = 1000. The
distribution of kg is evaluated by randomly sampling f and L,,
for a gotal of 100 sampled pairs (f, Ly). We obtain that the
median value of tyis 0.04, and that, in  80% of the sampled
cases, g 0.2. Since the difference between the two methods
is limited and Method 2 is more computationally expensive, all
the results are used adopting Method 1.

Appendix D
Result Tables

We present all the result tables in this Appendix. In Table 1,
we present the list of 636 low-latency GW triggers analyzed
using NITRATES along with their respective P,y values and
their flux upper limits. Details of the candidates confirmed by
the offline analysis with Pupo> 0.5 and Pugo < 0.5 are
presented in Tables 2 and 3, respectively. Finally, we quote the
derived joint FAR along with other trigger-specific details for
those trigers with a FARGrp max < 10 3 Hz in Table 4.
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Table 1

List of 636 Low-latency GW Triggers Analyzed Using NITRATES, and Their Respective P,gro Values and 15-350 keV Band Flux Upper Limits

SID Time GW FAR group Pastro Class JTS Flux UL in BAT
(UTC) (Hz) (ergem %s 1 (%) (%)

S190701ah 2019-07-01T20:33:07 1.92x10 8 CBC 0.934 BBH 6.4 1.58 x 10 7 99.42 0
S$190816i 2019-08-16T13:04:31 144 x10 8 CBC 0.833 NSBH L L L L
S$190828af 2019-08-28T17:51:02 1.83x10 ° CBC 0.012 BNS L L L L
S$190829p 2019-08-29T13:49:01 259 %10 © CBC 0.062 Mass Gap 5.8 2.05%x10 7 58.03 0.94
S$190830y 2019-08-30T15:07:04 770 x 10 8 CBC 0.382 Mass Gap 5.7 1.45 %10 7 78.14 5.94
S$190831ai 2019-08-31T18:31:02 8.85x 10 © CBC 0.064 NSBH 5.7 8.38 x 10 7 1.46 41.91
S$190901al 2019-09-01T21:01:03 8.78 x 10 ° CBC 0.015 NSBH 6.6 1.82x10 7 80.18 1.08
$190901d 2019-09-01T02:56:47 1.01x 10 ° CBC 0.018 BNS 6.5 533x10 7 13.86 43.34
S$190901h 2019-09-01T04:38:54 526x 10 © Burst L L 6.3 414 x10 7 24.56 43.03
$190902a0 2019-09-02T20:56:00 721%x10 ¢ CBC 0.016 NSBH 6.1 541 %10 7 9.78 24.09
S$190904c 2019-09-04T02:59:52 3.64x 10 © CBC 0.037 Mass Gap 5.2 535%x10 7 11.35 17.04
S$190904p 2019-09-04T12:32:03 3.75%x 10 © CBC 0.026 NSBH L L L L
S$190904w 2019-09-04T17:49:01 1.56 x 10 ¢ Burst L L 5.8 453 %10 7 27.01 0
S$190906ad 2019-09-06T18:33:04 1.41x10 3 CBC 0.010 BNS 5.9 543%x10 7 15.61 46.69
S190906ag 2019-09-06T19:35:03 322x10 © Burst L L 5.5 573 x10 7 24.48 28.62
S$190906ah 2019-09-06T20:05:00 8.90 x 10 7 CBC 0.101 NSBH 5.7 547x10 7 12.62 19.27
S$190906s 2019-09-06T15:20:02 471x10 © Burst L L 6.4 3.65%x10 7 51.54 6.26
S$190907n 2019-09-07T14:29:05 27110 © Burst L L NFL 591x10 7 16.71 10.63
S$190908az 2019-09-08T21:34:01 426x10 7 Burst L L 5.7 7.04 %10 7 8.59 23.3
S$190908e 2019-09-08T02:34:06 452%10 ¢ Burst L L 5.5 250 x 10 7 21.39 77.13
$190909ac 2019-09-09T14:13:01 454 %10 © Burst L L 5.9 343x10 7 16.23 21.97
$190909aw 2019-09-09T19:41:05 1.07 x 10 ° Burst L L 5.8 229%10 7 70.87 2.4
$190909bd 2019-09-09T21:26:03 8.85x 10 © CBC 0.023 Mass Gap L L L L
S$190909y 2019-09-09T12:49:01 1.66 x 10 ¢ CBC 0.134 NSBH L L L L
S190915ak 2019-09-15T23:57:02 9.74 x 10 '° CBC 0.990 BBH 5.4 133 %10 7 87.31 0.17
S$190915q 2019-09-15T16:03:01 2.66 x 10 © Burst L L 5.8 481 x10 7 11.92 13.01
S190916y 2019-09-16T15:55:01 9.70 x 10 7 CBC 0.143 BNS 6.9 558 x 10 7 10.2 27.57
S190917ad 2019-09-17T19:14:00 147 x 10 ° CBC 0.013 Mass Gap 6.4 447 %10 7 4.18 35
S$190918aa 2019-09-18T19:38:04 6.68 x 10 7 CBC 0.023 BNS 7.2 1.09 x 10 7 64.36 16.27
S$190919ag 2019-09-19T17:58:02 342x10 © Burst L L 7.2 277x10 7 14.79 56.16
S190919ak 2019-09-19T18:34:03 1.06 x 10 ° CBC 0.089 BNS 5.8 3.11x10 7 28.36 35.45
S$190919au 2019-09-19T20:39:00 324 %10 ° Burst L L 9.4 6.34x10 7 0.04 42.88
S$190919u 2019-09-19T12:13:02 8.18 x 10 © Burst L L 8.0 3.84x 10 7 20.56 23.68
$190920an 2019-09-20T19:09:05 27710 7 Burst L L 5.7 316 x 10 7 15.6 36.74
$190920ap 2019-09-20T19:27:04 551%x10 ¢ Burst L L 5.8 29510 7 11.49 46.04
5190920z 2019-09-20T12:55:04 6.08 x 10 ° Burst L L 6.1 1.02x10 7 52.58 38.59
$190922ag 2019-09-22T15:22:01 289 %10 © Burst L L 5.4 3.02%x10 7 50.45 9.47
$190922aq 2019-09-22T18:08:05 1.63x 10 ° CBC 0.013 Mass Gap 6.2 L L L
S$190923aj 2019-09-23T17:04:04 191 x10 7 Burst L L L L L L
$190923ak 2019-09-23T17:06:03 2.70 x 10 © CBC 0.216 BBH L L L L
$190923x 2019-09-23T12:19:00 2.10x 10 © CBC 0.036 BNS L L L L
S$190923y 2019-09-23T12:55:59 478 x 10 ® CBC 0.670 NSBH L L L L
5190926z 2019-09-26T16:47:02 127 x10 ¢ Burst L L 6.2 337x10 7 1.81 72.24
S$190927an 2019-09-27T14:58:00 3.60 x 10 © CBC 0.038 BNS 6.6 459 x 10 7 0.02 58.85
$190928¢ 2019-09-28T02:11:45 6.73x 10 ° Burst L L 6.9 2.84x10 7 0.04 1.53
S$190928;j 2019-09-28T06:30:16 251%x10 ¢ CBC 0.092 BNS 6.4 5.64x10 7 8.9 27.8
$190930s 2019-09-30T13:35:41 3.00x 10 ° CBC 0.950 Mass Gap L L L L
$190930t 2019-09-30T14:34:07 154 x10 8 CBC 0.74 NSBH 59 515%x10 7 11.69 21.15
S191105d 2019-11-05T13:40:51 6.63x10 ¢ Burst L L L L L L
S191106r 2019-11-06T18:41:51 331x10 ° Burst L L L L L L
S1911070 2019-11-07T16:05:23 5.62%x10 ¢ Burst L L 5.6 6.00 x 10 7 3.02 17.27
S191107t 2019-11-07T18:03:55 414 %10 © CBC 0.020 NSBH 6.0 435x10 7 0.06 17.98
S191110w 2019-11-10T16:48:32 443 %10 © Burst L L 6.6 1.55 %10 7 27.57 47.27
S191110x 2019-11-10T18:08:42 293x10 M CBC 0.999 Mass Gap 7.2 175 %10 7 15.22 56.88
S191112n 2019-11-12T04:43:25 1.76 x 10 ° Burst L L 53 1.09 x 10 ¢ 38.68 17.28
S191113aj 2019-11-13T14:28:49 231x10 3 CBC 0.005 BNS 6.5 2.18x 10 7 16.07 0.01
S191114ad 2019-11-14T12:58:04 136 x 10 3 CBC 0.065 BBH 6.0 2.05%x10 7 30.58 22
S191114am 2019-11-14T15:39:15 157x10 ° CBC 0.021 BBH 6.3 512x10 7 0 1.97
S191114at 2019-11-14T16:16:17 8.13x 10 © CBC 0.008 NSBH 6.7 3.66 x 10 7 15.85 50.49
S191115be 2019-11-15T23:07:27 1.05 % 10 3 CBC 0.010 NSBH 6.0 9.94 x 10 7 3 0.64
S191116ac 2019-11-16T14:21:55 9.04 x 10 © CBC 0.015 NSBH NFL 495x10 7 8.53 1.28
S191118n 2019-11-18T07:59:05 588 %10 ¢ CBC 0.018 NSBH 6.8 8.70 x 10 ® 85.8 6.04
S191118z 2019-11-18T16:49:55 731x10 7 CBC 0.164 BNS 6.2 117 x 10 7 38.57 54.47
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Table 1
(Continued)

SID Time GW FAR group Pastro Class JTS Flux UL in BAT

(UTC) (Hz) (ergem %s 1) (%) (%)
S191121bf 2019-11-21T13:13:24 3.70x 10 © Burst L L L L L L
S191121bq 2019-11-21T15:54:12 272%x10 © Burst L L 5.7 273 %10 7 38.34 29.35
S191121bt 2019-11-21T16:45:42 203x10 ° CBC 0.004 NSBH 55 3.06 x 10 7 6.25 7.14
S191123q 2019-11-23T09:01:14 1.07 x 10 ° Burst L L 5.4 584 %10 7 2.04 14.18
S191127p 2019-11-27T05:02:27 263x10 ° CBC 0.037 Mass Gap L L L L
$191130q 2019-11-30T07:52:23 8.69 x 10 © CBC 0.005 NSBH 5.0 5.55%x 10 7 1.24 28.9
$191202af 2019-12-02T18:42:26 236x10 ° Burst L L L L L L
S1912040 2019-12-04T14:17:13 1.16 x 10 ° CBC 0.009 NSBH L L L L
$191204r 2019-12-04T17:15:26 3.06 x 10 % CBC 1.000 BBH NFL 121x10 7 86.69 0
S191204¢ 2019-12-04T18:34:16 1.67 x 10 © Burst L L 5.1 373%x10 7 15.06 24.91
S191205a¢ 2019-12-05T20:56:37 283 x10 7 Burst L L 5.7 6.07 x 10 7 7.73 3.8
S191205ah 2019-12-05T21:52:08 125x10 8 CBC 0.932 NSBH 52 343 %10 7 31.7 7.85
$191206ab 2019-12-06T14:05:21 6.19 x 10 © CBC 0.024 Mass Gap 6.2 282x10 7 34.03 8.59
$191206an 2019-12-06T17:38:57 1.01 x 10 © Burst L L 5.7 3.14%x10 7 5.28 7.69
S1912070 2019-12-07T10:16:32 142x10 3 Burst L L L L L L
$191207u 2019-12-07T12:29:56 1.00x 10 ° Burst L L 6.1 3.61x10 7 28.24 32.09
S191208b 2019-12-08T02:02:15 9.14x 10 © CBC 0.017 BNS 5.0 492x10 7 0.03 41.23
$191209a0 2019-12-09T13:58:21 1.02x 10 © CBC 0.097 Mass Gap 5.6 434 %10 7 0.37 39.42
S191209ar 2019-12-09T14:32:42 1.08 x 10 © Burst L L 6.2 2.61x10 7 56.27 8.52
S191212ad 2019-12-12T16:57:39 255%x10 © Burst L L 7.0 543x10 © 0.17 17.49
S191212ap 2019-12-12T19:59:21 131x10 © CBC 0.080 BNS 6.0 498 x 10 7 0.67 4.94
S191212b 2019-12-12T00:31:07 9.49 x 10 ° Burst L L 49 494 %107 7.29 39.35
S1912121 2019-12-12T07:57:05 931 x10 © CBC 0.021 Mass Gap 72 424%10 7 11.14 69.95
S191213al 2019-12-13T16:09:04 127 %10 7 CBC 0.518 NSBH 6.3 3.61x10 7 16.31 35.94
S191213an 2019-12-13T16:58:32 8.60 x 10 7 Burst L L 6.2 292x10 7 50.3 30.27
S191213au 2019-12-13T18:44:42 7.84x10 7 Burst L L 6.0 1.47x10 7 9.88 87.84
S191213ay 2019-12-13T19:16:25 293 %10 © Burst L L 6.3 5.88x 10 7 0.26 11.37
S191213be 2019-12-13T19:54:22 1.72%x10 © Burst L L 5.6 6.80 x 10 7 1.1 79.01
S191213¢ 2019-12-13T01:17:45 6.71x 10 8 CBC 0.395 NSBH 5.9 487 %10 8 98.61 0
S191215r 2019-12-15T19:57:29 5.46 x 10 © CBC 0.023 BNS 6.3 951x10 8 73.13 12.09
S191216ap 2019-12-16T21:33:38 1L.13x 10 3 CBC 1.000 Mass Gap 6.6 6.61 x 10 7 0.56 4.99
S191219ak 2019-12-19T17:49:47 122%x10 © Burst L L 72 140x 10 7 83.49 3.23
S191219an 2019-12-19T18:36:24 226x10 © Burst L L 6.0 464 %10 7 0.01 38.33
$191219ap 2019-12-19T19:52:52 3.14 %10 © CBC 0.067 Mass Gap 6.3 3.05x10 7 21.87 42.93
$191220af 2019-12-20T12:24:14 3.96 x 10 1© CBC 0.996 BNS 6.4 493 %10 7 4.63 41.78
S191220al 2019-12-20T14:46:02 1.92x 10 © CBC 0.026 BNS L L L L
$191220aw 2019-12-20T17:49:42 931x10 8 CBC 0.522 NSBH L L L L
S191221aa 2019-12-21T10:31:37 1.02x 10 ° CBC 0.018 BNS 5.6 573%x 10 7 52.7 1.74
S191221al 2019-12-21T14:41:21 292x10 ° Burst L L 5.8 453%10 7 5.41 24.69
S191221ar 2019-12-21T17:12:28 122x10 3 CBC 0.011 NSBH 6.7 7.21%x10 7 0.72 7.38
S191221v 2019-12-21T08:51:06 143 %10 © CBC 0.003 NSBH 6.3 1.33x10 7 97.95 0
S191221w 2019-12-21T09:02:03 1.76 x 10 ° CBC 0.055 Mass Gap 4.6 528 x 10 7 8.91 6.08
S191222a 2019-12-22T01:34:42 8.95x 10 © CBC 0.020 BNS 6.6 9.11x10 7 0.03 13.45
S191222af 2019-12-22T13:57:46 1.94 %10 ° CBC 0.006 NSBH L L L L
$191222an 2019-12-22T16:30:03 179%x 10 ° CBC 0.037 Mass Gap L L L L
$191223aj 2019-12-23T15:55:41 223x10 ° CBC 0.006 BNS 5.9 257x10 7 51.53 7.48
S191223p 2019-12-23T08:22:49 1.54 %10 ° CBC 0.008 NSBH 5.7 12210 © 3.89 6.33
S191224p 2019-12-24T05:03:59 831 x 10 ° Burst L L 6.1 5.61x10 7 10.96 17.7
S191224x 2019-12-24T11:23:11 198 x 10 ° CBC 0.011 BNS 6.3 5.16x10 7 22.09 8.42
$191225aq 2019-12-25T21:57:15 127x10 8 CBC 0.390 Mass Gap 5.7 1.78 x 10 7 55.64 0.05
S191225¢ 2019-12-25T02:11:26 9.64x 10 © CBC 0.017 BNS 6.0 249 %10 7 37.71 36.13
$191225q 2019-12-25T10:30:40 1.69x 10 ° CBC 0.006 NSBH 6.0 439%10 7 19.53 13.61
S191226ad 2019-12-26T13:31:05 1.19x 10 ° CBC 0.011 BNS 5.8 3.58 %10 7 9.16 13.79
S191226ae 2019-12-26T14:39:20 1.99 x 10 © CBC 0.026 NSBH 5.6 249x10 7 21.45 4.19
S191226ai 2019-12-26T17:35:27 296 x 10 7 CBC 0.602 BBH L L L L
$191226aj 2019-12-26T18:10:18 246 %10 ° CBC 0.073 Mass Gap 6.6 471 %107 0.26 65.36
S191226ap 2019-12-26T20:33:18 5.04 %10 © Burst L L 6.0 436x10 7 14.53 51.45
$191226d 2019-12-26T01:40:51 224 %10 © Burst L L 5.7 480%10 7 0.01 43.14
S191226u 2019-12-26T10:24:57 9.17x 10 © Burst L L L L L L
S191227aa 2019-12-27T11:47:25 1.60x 10 ° CBC 0.006 NSBH L L L L
S191227af 2019-12-27T13:06:49 279%x10 © Burst L L 6.6 9.85x 10 8 57.79 35.03
$191227aj 2019-12-27T14:54:31 5.45x10 © CBC 0.030 Mass Gap 5.9 256x10 7 22.12 13.71
S191227al 2019-12-27T15:49:54 1.62 %10 ° CBC 0.010 BNS 6.2 271%x10 7 41.93 20.28
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Table 1
(Continued)

SID Time GW FAR group Pastro Class JTS Flux UL in BAT

(UTC) (Hz) (ergem %s 1) (%) (%)
$191227am 2019-12-27T15:51:27 6.04 x 10 © Burst L L L L L L
S191227an 2019-12-27T16:10:45 8.60 x 10 ° CBC 0.014 NSBH 6.3 713 %10 7 29.95 0.15
S191227ap 2019-12-27T16:35:12 1.68x10 ° Burst L L 5.9 2.18x10 7 44.6 2751
S191227as 2019-12-27T17:29:03 132x10 ° Burst L L 6.1 2.87x10 7 21.77 35.26
S191227az 2019-12-27T21:55:49 121x10 ° CBC 0.008 NSBH 6.9 5.10x 10 7 4.48 0.34
S191227bb 2019-12-27T23:04:40 3.86 % 10 7 Burst L L L L L L
S191227h 2019-12-27T02:58:36 1.94%10 ° CBC 0.034 BBH 6.5 8.67x 10 7 9.06 26.08
S1912270 2019-12-27T04:55:18 1.17x 10 ° Burst L L 6.8 577%x10 7 14.35 1.91
$191228ac 2019-12-28T13:17:16 144 %10 ° CBC 0.007 NSBH 7.0 243 %10 7 16.91 65.16
S191228am 2019-12-28T18:51:01 720% 10 © Burst L L L L L L
$191228an 2019-12-28T20:07:11 1.83x10 © Burst L L 6.4 249 %10 7 48.48 0.41
S191228at 2019-12-28T23:57:39 8.92x 10 ° Burst L L 4.6 299 x 10 7 36.08 31.05
$191228i 2019-12-28T05:44:50 227x10 ° CBC 0.008 Mass Gap 6.5 347%x10 7 38.65 34.86
$191228q 2019-12-28T08:14:37 5.18x 10 © Burst L L 5.8 405%10 7 27.39 34.8
S191228u 2019-12-28T09:08:39 9.00x 10 © Burst L L 5.4 401%10 7 10.1 41.03
S191228w 2019-12-28T09:49:35 1.01x10 ° Burst L L 6.4 410%x10 7 20.77 26.8
S191229ah 2019-12-29T21:50:21 123 %10 © Burst L L 8.9 7.45%x10 7 22.06 23.56
S191229ai 2019-12-29T22:11:21 7.60 x 10 © CBC 0.015 NSBH 6.4 156 %10 7 30.56 60.52
S191229ak 2019-12-29T23:16:09 976 x 10 © Burst L L 5.7 581 x10 7 7.89 40.58
$1912290 2019-12-29T12:02:34 1.07 x 10 ° CBC 0.011 NSBH L L L L
$191230aa 2019-12-30T13:51:30 1.07 x 10 ° CBC 0.011 NSBH 6.6 468 %10 7 55.93 0.06
$191230ae 2019-12-30T14:19:12 144 %10 ° CBC 0.011 Mass Gap 5.8 1.89 %10 7 34.17 543
$191230at 2019-12-30T21:24:48 1.64x 10 ° CBC 0.011 BNS 6.1 552%x10 7 0.09 48.46
$191230au 2019-12-30T22:04:37 212x10 ° Burst L L 7.0 2.54%x10 7 40.47 20.44
$191230e 2019-12-30T02:40:45 1.09% 10 ° Burst L L L L L L
S191230k 2019-12-30T04:10:08 3.17x 10 7 Burst L L L L L L
S191230v 2019-12-30T11:19:08 8.75x 10 © CBC 0.013 NSBH 6.8 544 %10 7 0.36 1.48
$191230y 2019-12-30T13:08:19 1.01x 10 ° Burst L L 5.7 453%10 7 2.13 52.59
S191231ad 2019-12-31T11:45:12 133x10 © Burst L L 6.9 121x10 7 51.96 34.52
S191231an 2019-12-31T16:59:30 1.67x 10 ° CBC 0.009 NSBH 6.2 552%x10 7 11.42 7.79
$2001010 2020-01-01T14:18:13 1.66 x 10 ° CBC 0.012 BNS 7.4 529 %10 7 1.52 61.15
$200102ah 2020-01-02T15:04:48 1.70 x 10 3 CBC 0.007 NSBH 53 5.99x 10 7 0 38.48
$200102an 2020-01-02T18:05:23 145%x10 ° Burst L L 6.5 5.94x10 7 1.94 32.62
$200102ar 2020-01-02T19:39:36 224%x10 ° CBC 0.005 NSBH 6.4 1.77x 10 7 73.19 2.04
$200102au 2020-01-02T21:01:56 177 %10 ° CBC 0.009 Mass Gap 5.6 5.10x10 7 6.1 8.29
$200102k 2020-01-02T06:17:35 593 %10 © CBC 0.016 NSBH L L L L
$200102y 2020-01-02T11:15:25 8.42x 10 ° Burst L L L L L L
$200103aa 2020-01-03T12:32:22 6.00 x 10 © Burst L L 5.7 9.42x 10 7 1.26 26.1
$200103am 2020-01-03T16:46:33 1.68 x 10 ° CBC 0.007 NSBH L L L L
$200103a0 2020-01-03T18:29:37 1.12x10 ° CBC 0.013 NSBH 7.0 323x10 © 1.05 67.67
$200103aw 2020-01-03T22:34:12 2.00x 10 ° CBC 0.002 BBH 52 52810 7 0.22 25.17
$200103az 2020-01-03T23:31:11 132x10 © CBC 0.078 NSBH 6.6 258 %10 7 1.42 97.64
$200103r 2020-01-03T09:42:24 1.57x 10 © Burst L L 6.4 2.60x 10 7 27.35 36.86
$200103t 2020-01-03T10:31:18 410%10 © Burst L L 5.9 713 %10 7 10.63 21.96
$200103v 2020-01-03T10:55:34 1.18 x 10 ° Burst L L 6.4 3.68 x 10 7 24.33 31.88
$200103z 2020-01-03T11:55:03 149%10 ° Burst L L L L L L
$200104aa 2020-01-04T10:04:38 9.99 x 10 © Burst L L 6.1 474 %10 7 6.58 43.27
$200104ar 2020-01-04T19:50:42 3.13x10 © CBC 0.024 NSBH 6.7 5.16x 10 7 0.4 26.15
$200104d 2020-01-04T04:13:54 299 %10 © Burst L L 6.2 378 x 10 7 8.92 4422
$200104r 2020-01-04T08:05:48 1.70%x 10 ° CBC 0.010 BNS 6.0 483 %10 7 0.03 12.34
$200105aj 2020-01-05T18:00:59 143 %10 ° CBC 0.010 BNS L L L L
$200105p 2020-01-05T09:03:23 927x10 ° CBC 0.019 BNS 6.0 2.87x10 7 18.21 77.63
$200105u 2020-01-05T12:01:59 226x10 ° CBC 0.005 NSBH 6.8 8.27x10 7 1.99 41.47
$200105w 2020-01-05T12:48:13 6.15x 10 © CBC 0.012 NSBH 5.6 522%x10 7 1.4 69.28
$200106ar 2020-01-06T17:48:06 3.03x10 © Burst L L 6.4 1.54%10 7 58.45 21.4
$200106az 2020-01-06T18:50:35 139 %10 ° Burst L L 6.5 342x10 7 13.15 69.28
$200106bd 2020-01-06T22:24:59 176 x 10 ° CBC 0.005 BNS 5.8 8.99 x 10 7 0.02 99.56
$200106f 2020-01-06T01:36:45 1.76 x 10 © Burst L L 6.0 6.32x 10 7 4.58 18.82
$200106i 2020-01-06T03:07:57 1.82x10 ° CBC 0.015 Mass Gap 55 444 %10 7 14.62 28.82
$200106k 2020-01-06T04:37:09 1.86x 10 ° CBC 0.009 Mass Gap 7.0 330%x 10 7 17.36 36.7
$200106s 2020-01-06T08:37:45 8.19x 10 © Burst L L L L L L
$200107i 2020-01-07T03:16:26 5.14 %10 © Burst L L 5.4 552x10 7 0.1 23.85
$200107j 2020-01-07T03:22:04 344 %10 7 Burst L L 6.5 6.19x 10 7 0 7.88

28
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Table 1
(Continued)
SID Time GW FAR group Pastro Class JTS Flux UL in BAT
(UTC) (Hz) (ergem %s 1) (%) (%)
S200107m 2020-01-07T04:08:28 426 %10 © CBC 0.022 NSBH 5.6 471x10 7 13.51 34.62
S2001070 2020-01-07T05:11:52 1.05%x10 ° CBC 0.006 NSBH 53 6.16 x 10 7 0.77 24.76
S200108ag 2020-01-08T18:30:05 224%10° CBC 0.009 BNS 6.6 3.40x%x 10 7 37.19 28.06
S200108ah 2020-01-08T18:42:57 216 %10 ° CBC 0.008 NSBH 7.1 3.15%x 10 7 25.82 29.67
S200108an 2020-01-08T23:51:51 1.66 x 10 ° CBC 0.011 BNS 6.8 467x10 7 34.39 12.38
S200108;j 2020-01-08T03:42:27 224%x10 ° CBC 0.007 NSBH 5.7 57210 7 15.67 30.15
S$2001081 2020-01-08T04:13:13 213x10 © CBC 0.092 BNS 6.4 3.53%x 10 7 10.23 41.69
S200108p 2020-01-08T05:20:09 1.93x 10 7 CBC 0.470 BNS 7.4 7.83x 10 7 2.39 46.3
S200109m 2020-01-09T08:48:21 1.94 %10 ° CBC 0.006 NSBH 5.9 491 x10 7 11.43 3.39
S2001090 2020-01-09T13:51:35 144 %10 ° Burst L L 5.8 1.09 x 10 7 717.72 9.11
S200109r 2020-01-09T15:30:31 3.14x10 © Burst L L 7.0 5.56x 10 7 0 99.4
S200109s 2020-01-09T15:44:38 434%10 © Burst L L 7.0 475%10 7 22.85 20.23
S200110aa 2020-01-10T11:01:48 212%x10 ° Burst L L 7.1 2.92x10 7 47.55 21.69
S200110d 2020-01-10T01:23:11 1.45%10 ° Burst L L 7.3 5.40% 10 7 7.42 39.3
S200110e 2020-01-10T02:01:40 632x10 © Burst L L 5.8 377%x10 7 0.77 14.67
S200110m 2020-01-10T05:25:05 121x10 © Burst L L 6.7 6.61 x 10 7 1.48 5.31
S200110q 2020-01-10T05:46:19 445%x10 © Burst L L 6.4 499 %10 7 0.76 61.25
S200110s 2020-01-10T06:46:45 151x10 ° Burst L L 6.9 1.35% 10 7 79.96 34
S200110t 2020-01-10T07:50:59 1.79x 10 ° Burst L L 6.5 470 %10 7 11.22 28.08
S200110v 2020-01-10T08:40:52 1.56 x 10 ° Burst L L 6.5 2.89x 10 7 25.33 9.06
S200110z 2020-01-10T10:33:06 6.50x 10 © Burst L L 5.8 2.03x10 7 56.99 10.49
S200111ae 2020-01-11T22:02:00 1.61 x 10 ° CBC 0.009 NSBH 6.2 7.87%x 10 7 11.26 25.72
S200111j 2020-01-11T06:51:45 270%x 10 © Burst L L 6.9 525%x10 7 12.19 27.34
S200111s 2020-01-11T15:23:44 1.04x 10 ° CBC 0.019 BNS L L L L
S200111w 2020-01-11T19:00:59 136 x 10 ° CBC 0.011 NSBH 5.7 270%x 10 7 60.18 0.99
S200112ac 2020-01-12T21:29:08 1.60 x 10 ° CBC 0.004 NSBH 6.0 6.91 x 10 7 1.12 79.05
S200112e 2020-01-12T09:44:25 1.61x10 ° CBC 0.009 BNS 6.2 6.47 x 10 7 0.01 58.06
S200113f 2020-01-13T02:14:20 179 x 10 3 CBC 0.010 BNS 53 3.12%x10 7 18.59 56.9
S200113¢g 2020-01-13T02:20:40 181x10 ° CBC 0.009 BNS 5.6 469 %10 7 3.35 0.16
S200113n 2020-01-13T09:59:40 1.57 %10 ° CBC 0.013 Mass Gap 6.4 6.05x 10 7 0.52 68.21
S200113u 2020-01-13T14:59:11 1.13x 10 8 Burst L L 6.4 570% 10 7 7.56 1.52
S200114e 2020-01-14T01:51:22 1.88x 10 ° CBC 0.006 NSBH 6.0 480%10 7 0.19 95.25
S200114f 2020-01-14T02:08:18 123 %10 ° Burst 8.8 480 %10 8 99.74 0.0
S200114m 2020-01-14T05:47:08 1.94x 10 ° CBC 0.035 BBH 6.4 3.90 x 10 7 30.04 0.06
S200114p 2020-01-14T06:50:05 127x10 3 CBC 0.009 NSBH L L L L
S200114w 2020-01-14T13:17:40 276 x 10 © CBC 0.238 BBH 6.2 437x10 7 25.85 0.22
S200115ab 2020-01-15T13:47:04 1.07 x 10 ° Burst L L 6.7 482x10 7 6.56 15.38
S200115ak 2020-01-15T21:00:55 1.14x 10 ° CBC 0.014 Mass Gap 4.3 8.80x 10 ® 854 11.91
S200116ab 2020-01-16T10:11:59 1.67x10 ° CBC 0.011 BNS 4.5 117x10 7 42.05 49.47
S200116am 2020-01-16T13:27:34 3.02x10 © CBC 0.046 BNS 5.8 1.64 %10 7 44.69 36.94
S200116ay 2020-01-16T20:55:30 483 %10 © CBC 0.028 BNS 6.4 1.50 x 10 7 77.03 7.07
S200116b 2020-01-16T00:08:17 285x10 © Burst L L L L L L
S200116ba 2020-01-16T22:20:08 6.77x 10 © CBC 0.059 BNS 5.7 7.51%x10 7 31.22 2.16
S200116d 2020-01-16T00:31:07 1.59 % 10 ° CBC 0.019 BNS 6.8 459 %10 7 32.04 6.68
S200116k 2020-01-16T05:12:12 330x 10 © Burst L L 52 291 %10 7 34.49 36.85
S2001160 2020-01-16T06:43:19 1.46 x 10 © Burst L L 6.5 325%x10 7 10.6 28.01
S200117ag 2020-01-17T15:45:58 155 %10 © Burst L L L L L L
S200117a0 2020-01-17T19:43:02 1.05x 10 ° CBC 0.017 BNS 59 321x10 7 0.08 38.99
S200117aq 2020-01-17T20:18:33 1.56 x 10 ° CBC 0.007 NSBH L L L L
S200117as 2020-01-17T20:57:03 199 x 10 ° Burst L L 6.3 5.93x 10 7 3.32 25.36
S200117j 2020-01-17T07:36:50 1.86 x 10 ° Burst L L 6.2 451x10 7 19 37.3
S200117z 2020-01-17T13:25:54 1.88x 10 ° CBC 0.005 NSBH 7.3 493 %10 7 18.54 30.53
S200118ap 2020-01-18T16:45:38 577%x10 © CBC 0.020 NSBH L L L L
S200118as 2020-01-18T19:10:51 201x10 ° CBC 0.060 NSBH 6.6 331x10 7 67.28 0.84
S200118d 2020-01-18T01:15:36 1.56 x 10 ° CBC 0.019 NSBH L L L L
S200118e 2020-01-18T01:14:04 1.76 x 10 © Burst L L L L L L
S200118k 2020-01-18T02:27:04 295%x10 © Burst L L 6.3 278x10 7 19.81 11.16
S200118p 2020-01-18T05:07:50 6.22x10 © CBC 0.027 BNS 5.7 2.65%x10 7 32.81 44.11
S200118z 2020-01-18T08:30:55 1.87x 10 ° CBC 0.011 BNS 6.0 427%10 7 14.37 32.28
S200119g 2020-01-19T05:29:43 541 %10 ° CBC 0.026 BNS 5.7 573%x 10 7 0.09 96
S200119h 2020-01-19T05:52:36 2.00x10 ° CBC 0.009 BNS 6.5 144 %10 7 59.9 18.67
S200120e 2020-01-20T20:51:02 137 %10 © Burst L L 6.5 484 %10 7 0 75.71
S200121h 2020-01-21T04:24:28 333x10 © CBC 0.026 NSBH 6.6 467x10 7 2.84 10.67
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S200121i 2020-01-21T06:14:01 981 x10 ° CBC 0.019 Mass Gap 6.2 2.85%x10 7 8.61 43.99
S200121q 2020-01-21T12:26:48 338x10 ° CBC 0.036 BNS 6.5 409 %10 7 0.8 11.98
S200122a 2020-01-22T01:00:57 3.03x10 ° Burst L L 5.5 5.80% 10 7 9.99 63.39
S200122d 2020-01-22T02:11:17 8.91x 10 © Burst L L L L L L
S$200122m 2020-01-22T06:15:00 159 %10 ° CBC 0.007 NSBH 5.6 249%x10 7 29.58 42.92
S200122n 2020-01-22T06:14:09 335%x10 © Burst L L 5.8 3.99x 10 7 1.05 61.04
S200124n 2020-01-24T08:50:58 228%x10 ° CBC 0.006 BNS L L L L
S200124z 2020-01-24T15:18:12 220%10 ° CBC 0.005 NSBH 7.0 827 %10 7 141 3.93
S200126ab 2020-01-26T21:05:59 9.92x 10 ° CBC 0.020 BNS L L L L
S200126ad 2020-01-26T22:58:49 432x10 © CBC 0.036 BNS 5.8 1.82x 10 7 29.24 43.96
S200126b 2020-01-26T01:03:12 155 %10 ° Burst L L 5.5 420%x 10 7 13.58 8.72
S200126q 2020-01-26T12:12:11 211%x10 ° CBC 0.011 Mass Gap L L L L
S200126s 2020-01-26T12:44:32 6.16 x 10 © CBC 0.022 BNS NFL 3.58%x 10 7 27.08 478
S200127¢ 2020-01-27T00:49:50 548 x 10 7 CBC 0.042 NSBH 5.8 2.64x10 7 0.36 67.07
S2001270 2020-01-27T11:43:05 250% 10 © CBC 0.058 BNS L L L L
S200127s 2020-01-27T15:27:19 189 %10 ° CBC 0.012 BNS L L L L
S$200128d 2020-01-28T02:20:11 1.64 %10 8 CBC 0.968 BBH 7.0 207 %10 7 26.25 53
S200128f 2020-01-28T04:54:04 137x10 © Burst L L 5.8 476 %10 7 4.67 17.22
S200128p 2020-01-28T09:54:07 535x10 © CBC 0.024 NSBH 6.1 5.62x10 7 13.76 23.17
S200129ab 2020-01-29T11:10:15 574 %10 © CBC 0.026 BNS 6.3 495%10 7 0.02 70.01
S200129ad 2020-01-29T11:57:52 1.87x 10 © CBC 0.035 NSBH 53 6.48 x 10 7 0.01 0.71
S$200129ai 2020-01-29T13:01:06 199 x 10 ° CBC 0.009 BNS L L L L
S200129ap 2020-01-29T15:39:24 1.95% 10 ° Burst L L 6.6 553%x10 7 0.20 3741
S200129bb 2020-01-29T19:36:46 1.60 x 10 ° CBC 0.006 NSBH 53 2.13x 10 7 29.97 45.18
S200129i 2020-01-29T05:07:00 6.89 x 10 © CBC 0.022 BNS 6.3 293 %10 7 6.78 0.01
S200129k 2020-01-29T06:26:01 157 %10 ° CBC 0.008 BNS 59 575%x10 7 5.58 2.87
S200129m 2020-01-29T06:54:58 6.70 x 10 3? CBC 1.000 BBH 5.8 9.44 x 10 7 0 0
S200129q 2020-01-29T08:50:16 220% 10 © CBC 0.040 NSBH 5.8 538x 10 7 1.52 83.06
S200129v 2020-01-29T10:18:47 8.13x 10 7 CBC 0.109 NSBH 5.7 6.64 x 10 7 0 41.39
S200130ac 2020-01-30T07:40:34 3.08x10 © CBC 0.056 Mass Gap 54 1.73% 10 © 4.79 25.29
S200130ai 2020-01-30T09:59:58 1.78 x 10 ° CBC 0.008 NSBH 16.4 1.86 x 10 7 36.48 0.01
S200130aq 2020-01-30T13:16:21 219x10 ° Burst L L 5.1 424 %107 8.56 32.34
S200130at 2020-01-30T14:33:37 2.65x 10 © CBC 0.052 BNS 5.7 6.78 x 10 7 13.85 0.5
S200130j 2020-01-30T04:27:50 3.69 % 10 © Burst L L 6.0 3.04%x10 7 35.45 31.31
S$200130z 2020-01-30T07:10:21 148 x 10 ° CBC 0.009 NSBH 5.9 444 %10 7 0.29 39.17
S200131ap 2020-01-31T19:39:35 13910 ° CBC 0.013 BNS 6.4 6.54x 10 7 23 57.25
S200131c¢ 2020-01-31T01:15:08 2.14%x10 3 CBC 0.020 BNS 54 3.11%x10 7 21.02 1.03
S200201b 2020-02-01T01:35:45 403 %10 © CBC 0.036 Mass Gap 5.8 520% 10 7 5.04 29.4
S$200201¢ 2020-02-01T01:39:17 988 x 10 © CBC 0.017 BNS 5.7 223%x10 7 0.26 56.09
S200204ak 2020-02-04T21:52:56 1.86x 10 ° CBC 0.006 NSBH 6.8 376 x10 7 1.98 94.09
S$200205ab 2020-02-05T07:30:51 345%x10 © CBC 0.040 Mass Gap 5.9 6.29x 10 7 0.04 1.56
S200205ag 2020-02-05T09:43:05 1.64 x 10 © CBC 0.042 NSBH L L L L
S$200205as 2020-02-05T17:02:05 1.15x 10 3 Burst L L 6.4 5.83x 10 ’ 5.46 4.09
S200205ax 2020-02-05T22:44:49 158 x 10 ° Burst L L 5.8 1.92x 10 7 38.29 30.69
S$200205¢e 2020-02-05T01:59:16 159 % 10 ° CBC 0.007 NSBH 5.7 2.00x 10 7 55.33 8.32
S$200206a0 2020-02-06T11:38:22 532x10 © CBC 0.024 BNS L L L L
S$200206at 2020-02-06T17:45:55 191 %10 3 CBC 0.010 BNS 6.2 6.37x 10 7 1.16 64.96
S$200206bc 2020-02-06T21:24:22 873 %10 7 CBC 0.124 NSBH 6.8 227%x10 7 47.65 0.05
$200206bg 2020-02-06T23:07:15 5.99 x 10 7 Burst L L 6.0 249%x10 7 38.9 29.45
S$200206r 2020-02-06T05:16:09 624 x10 ° Burst L L 6.5 9.68 x 10 7 0.19 79.89
S$200206v 2020-02-06T05:40:04 590x 10 © Burst L L 6.3 351%x10 7 10.08 55.9
S200207aq 2020-02-07T16:46:26 338 %10 © CBC 0.001 Mass Gap L L L L
S$200207t 2020-02-07T07:53:06 221%10° CBC 0.005 NSBH 5.5 337%x10 7 37.1 2.7
S$200208ac 2020-02-08T18:57:11 270%x 10 © Burst L L 5.7 2.03x10 7 33.49 40.16
S$2002081 2020-02-08T09:01:03 1.76 x 10 ° Burst L L L L L L
$200208q 2020-02-08T13:01:17 252x%x10 ° CBC 0.993 BBH 6.2 533%x10 7 0 0.76
S200208v 2020-02-08T15:32:25 240 x 10 © CBC 0.045 NSBH 5.0 336x10 7 18.52 67.4
S$200209al 2020-02-09T12:55:21 125%10 © Burst L L 5.6 3.53%x10 7 23.45 26.32
S$200209am 2020-02-09T13:14:49 8.41x10 © CBC 0.021 BNS L L L L
S$200209au 2020-02-09T16:44:05 121x10 ° Burst L L L L L L
S$200209aw 2020-02-09T17:00:21 140 x 10 © Burst L L 6.6 463 %10 7 0.1 0.61
S$200209az 2020-02-09T17:56:15 6.13x 10 © CBC 0.020 BNS NFL 345%x10 7 1.95 36.71
S$200209ba 2020-02-09T17:58:01 158 %10 ° CBC 0.009 BNS 53 371%x10 7 7.77 80.29
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S$200209bc 2020-02-09T18:16:45 1.14x 10 ° Burst L L 6.2 1.83x 10 7 49.17 29.45
S20020% 2020-02-09T02:11:42 210x 10 ° CBC 0.009 BNS NFL 6.73 x 10 7 0 0.01
S$200209i 2020-02-09T02:17:13 1.16 x 10 ° Burst L L 6.4 5.82x10 7 5.95 10.37
S$200209v 2020-02-09T07:08:38 8.58 x 10 7 Burst L L L L L L
S$200209w 2020-02-09T07:28:45 6.43x 10 7 Burst L L L L L L
S$200210ab 2020-02-10T10:48:37 1.66 x 10 ° Burst L L L L L L
S200210ah 2020-02-10T13:05:01 211x10 © Burst L L 6.9 5.10% 10 7 0.71 19.31
S$200210an 2020-02-10T16:13:46 122x10 3 CBC 0.040 BBH 6.7 431x10 7 2.56 10.46
S200210b 2020-02-10T00:55:44 8.04x 10 © Burst L L 4.5 254%x10 7 13.89 11.39
S200211k 2020-02-11T03:15:00 556 % 10 © CBC 0.036 BNS L L L L
S200212aa 2020-02-12T10:18:23 352x%x10 © CBC 0.157 BBH 5.6 3.85%x 10 7 19.75 0.88
S200212ai 2020-02-12T12:09:01 897 x 10 © CBC 0.018 NSBH 53 581 x10 7 1.33 45.09
S200212s 2020-02-12T08:36:40 8.70 x 10 © Burst L L L L L L
S200213p 2020-02-13T03:31:54 137x10 ° CBC 0.007 NSBH 5.7 3.93x10 7 49.08 3.09
$200213q 2020-02-13T03:43:44 2.18x10 ° CBC 0.008 BNS 6.5 6.14x 10 7 18.76 0.02
S200213z 2020-02-13T06:07:16 63610 © CBC 0.052 BBH 6.2 515%x 10 7 13.91 10.38
S200214ah 2020-02-14T10:24:52 226x%x10 © Burst L L 4.7 6.11 x 10 7 1.18 13.1
S200214av 2020-02-14T14:04:55 250% 10 7 Burst L L 5.9 6.70x 10 7 0.11 56.56
$200214bd 2020-02-14T16:49:01 208 x10 ° CBC 0.006 BNS 5.8 287 x10 7 57.29 1.98
S200214bn 2020-02-14T19:56:24 9.25%x 10 7 Burst L L L L L L
S200214bo 2020-02-14T20:35:29 1.93x 10 ° CBC 0.011 BNS 7.2 4.64%x10 7 10.09 17.62
S200214bp 2020-02-14T22:14:40 8.48 x 10 © CBC 0.021 NSBH 53 1.79x 10 7 17.92 60.62
$200214bq 2020-02-14T22:33:07 3.08x10 © CBC 0.005 Mass Gap 54 237%x10 7 3.03 53.35
S200214br 2020-02-14T22:45:26 7.01 x 10 8 Burst L L 52 821 %10 7 0.12 78.46
S200214m 2020-02-14T04:36:51 1.03x 10 ° CBC 0.033 BBH 53 8.45 %10 7 3.54 3.01
S200214p 2020-02-14T05:11:32 1.17x 10 ° CBC 0.015 BNS 54 5.44 %10 7 0.02 28.5
S200215ah 2020-02-15T19:59:56 1.02x 10 © CBC 0.126 BNS L L L L
S200215t 2020-02-15T12:23:33 820x 10 © CBC 0.021 BNS L L L L
S200215z 2020-02-15T16:38:59 1.86x 10 ° CBC 0.010 BNS L L L L
S200216ae 2020-02-16T10:33:58 7.56 x 10 7 Burst L L 5.5 4.85%10 7 10.17 19.3
S200216aj 2020-02-16T11:51:34 9.95x 10 © CBC 0.015 BNS 5.9 5.46x 10 7 0.9 21.46
S200216be 2020-02-16T18:39:33 5.80x 10 7 Burst L L L L L L
S200216br 2020-02-16T22:08:05 1.68 x 10 ° CBC 0.021 BBH 6.6 234%x10 7 22.38 0.03
S200216h 2020-02-16T03:24:11 434 %10 © Burst L L 5.2 573%x10 7 1.3 31.24
S200217ar 2020-02-17T12:22:07 227%x10 ° CBC 0.002 Mass Gap L L L L
S200217bd 2020-02-17T16:05:11 1.80x 10 ° CBC 0.009 BNS L L L L
S200217bh 2020-02-17T16:46:46 120x 10 ° CBC 0.029 BBH L L L L
S200217¢ 2020-02-17T03:10:33 212x10 ° Burst L L 6.4 1.57%10 7 49.36 29.59
S200217cg 2020-02-17T22:52:12 7.45%x 10 © CBC 0.014 NSBH 49 2.61x10 7 0.32 1.31
S200217k 2020-02-17T04:53:17 752%x10 © CBC 0.020 Mass Gap 6.4 6.12x 10 7 0.56 1.74
S200217v 2020-02-17T07:30:47 153 %10 ° Burst L L 5.7 3.55%x10 7 26.82 18.2
S200217w 2020-02-17T07:37:44 3.05%x 10 7 CBC 0.431 BBH 59 427%10 7 9.19 28.12
S200218al 2020-02-18T10:05:22 6.19x 10 ® Burst L L 6.0 4.84x10 7 13.96 10.77
S$200218am 2020-02-18T10:39:25 128 x 10 © CBC 0.131 Mass Gap 6.3 547%x10 7 247 5.86
$200218ay 2020-02-18T14:03:56 8.63x 10 ° CBC 0.019 BNS 6.2 3.55%x10 7 0.02 97.23
S200218f 2020-02-18T00:39:55 1.01x10 ° CBC 0.014 BNS 5.7 531x10 7 3.5 14.09
S200218i 2020-02-18T01:25:25 261x10 ° CBC 0.191 BBH 52 52810 7 0.01 29.17
S200218k 2020-02-18T01:28:26 223x10 ° CBC 0.010 NSBH L L L L
S200218u 2020-02-18T04:17:54 7.26 %10 7 Burst L L 5.9 5.04x10 7 8.13 19.83
S200219a 2020-02-19T00:05:16 8.84 x 10 © CBC 0.002 BBH 5.8 136 x10 7 79.35 5.25
S200219a0 2020-02-19T14:33:42 7.08 x 10 © CBC 0.027 BNS L L L L
$200219ap 2020-02-19T14:47:34 8.93x10 ¢ CBC 0.025 Mass Gap 6.4 421%x10 7 0.15 1.07
$200219aq 2020-02-19T14:50:02 291x10 ° CBC 0.081 BBH 5.9 552%x10 7 0 39.72
S200219az 2020-02-19T18:30:38 227%x10 © CBC 0.022 NSBH L L L L
S200219ba 2020-02-19T18:42:03 7.65%x 10 © CBC 0.034 BBH L L L L
S200219bg 2020-02-19T19:45:29 7.09x 10 © CBC 0.128 Mass Gap 53 3.87x10 7 27.73 26.67
S200219f 2020-02-19T03:09:19 132x10 ° CBC 0.021 BBH NFL 123 %10 7 78.19 0.04
S200219q 2020-02-19T07:07:00 147 %10 ° CBC 0.023 BBH L L L L
S$200220ac 2020-02-20T06:20:14 414 %10 © CBC 0.061 BBH 5.8 3.28%x10 7 24.26 16.25
S$200220ad 2020-02-20T06:19:28 4.86 x 10 7 Burst L L 4.7 5.08 x 10 7 0.32 54.14
S$200220au 2020-02-20T11:04:01 401 x10 © CBC 0.056 BNS 5.8 528 %10 7 9.19 25.92
S$200220b 2020-02-20T00:24:32 1.86 x 10 ° CBC 0.009 BNS 6.6 6.10x 10 7 0.04 96.77
S$200220bt 2020-02-20T22:11:49 1.03x 10 © CBC 0.155 BNS 4.8 344 %10 7 17.69 24
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$200220bw 2020-02-20T22:55:31 1.14%x10 ° CBC 0.012 NSBH NFL 453 %10 7 11.26 25.74
$200220k 2020-02-20T02:45:26 155x 10 ° CBC 0.011 BNS L L L L
$2002201 2020-02-20T02:48:31 7.95 %10 © CBC 0.022 Mass Gap 5.4 549 x10 7 0 46.11
$200220u 2020-02-20T04:01:28 195% 10 ° CBC 0.007 NSBH 5.6 1.75% 10 7 33.48 50.49
$200220v 2020-02-20T04:25:03 120% 10 ° CBC 0.015 Mass Gap 6.2 131x10 7 58.52 24.14
$200220w 2020-02-20T04:51:22 230x10 ° CBC 0.008 BNS 6.3 247x10 7 17.67 32.86
$200220x 2020-02-20T04:52:44 173 %10 3 CBC 0.006 NSBH 5.5 3.81x10 7 28.03 1.27
$200221ai 2020-02-21T09:28:19 237x10 © CBC 0.036 NSBH L L L L
$200221ar 2020-02-21T11:08:44 1.86 x 10 ° Burst L L L L L L
$200221at 2020-02-21T11:26:18 177%x10 ° Burst L L 6.5 427%x10 7 6.49 34.14
$200221ax 2020-02-21T13:19:12 1.83x 10 ° CBC 0.052 Mass Gap 5.6 3.76 x 10 7 14.66 33.62
$200221b 2020-02-21T00:59:26 1.63x10 © Burst L L L L L L
$200221bc 2020-02-21T14:07:05 299 %10 © Burst L L L L L L
$200221bh 2020-02-21T15:19:18 2.10x10 ° CBC 0.008 Mass Gap 49 5.06x 10 7 0.00 31.34
$200221bl 2020-02-21T16:59:59 120x 10 ° Burst L L 53 3.15%x 10 7 22.76 35.58
$200221bu 2020-02-21T20:14:38 9.12x 10 ° Burst L L 5.4 643 x 10 7 572 33.06
$200221¢ 2020-02-21T01:13:57 6.13x 10 © CBC 0.028 BNS 6.1 391 %10 7 33.59 6.07
$200221z 2020-02-21T06:41:32 829 x 10 7 Burst L L 5.8 8.20x 10 7 0 44.14
$200222ax 2020-02-22T16:46:05 236 x 10 © CBC 0.072 Mass Gap 6.6 1.09x 10 ° 33.39 51.13
$200222h 2020-02-22T02:29:19 284x10 © Burst L L 6.6 244 %10 7 26.95 39.1
$200222j 2020-02-22T02:42:18 770% 10 © CBC 0.012 NSBH 6.2 127 x10 7 77.7 11.1
$200222u 2020-02-22T04:48:17 133x10 ° CBC 0.004 Mass Gap 5.6 3.81x10 7 12.98 6.12
$200223aj 2020-02-23T13:50:49 135%x10 ° CBC 0.005 BNS 5.4 7.01x10 7 0.02 72.95
$200223a0 2020-02-23T14:28:21 6.04x 10 © CBC 0.054 BBH 5.4 6.81 x 10 7 0.02 0.04
$200223aw 2020-02-23T18:06:59 8.01 x 10 ® CBC 0.647 BBH 6.7 297x10 7 34.45 6.1
$200223az 2020-02-23T20:01:24 136 x 10 ° CBC 0.004 NSBH 5.1 5.68 x 10 7 3.36 18.7
$2002231 2020-02-23T05:17:44 177 %10 ° CBC 0.008 NSBH L L L L
$200223u 2020-02-23T08:09:27 554 %10 © CBC 0.054 BBH L L L L
$200224ab 2020-02-24T05:45:46 212x10 ° CBC 0.040 Mass Gap 5.8 5.95%x 10 7 478 6.01
$200224ac 2020-02-24T05:52:07 2.64 x 10 © Burst L L L L L L
$200224ag 2020-02-24T06:30:15 1.61 x 10 ° CBC 0.030 Mass Gap L L L L
$200224ak 2020-02-24T06:55:12 1.08 x10 ° CBC 0.009 NSBH L L L L
$200224as 2020-02-24T09:34:32 191 %10 ° CBC 0.003 NSBH L L L L
$200224cb 2020-02-24T22:32:38 136x10 ° CBC 0.027 BBH 5.7 430%10 7 0.59 78.05
$200224cd 2020-02-24T23:13:13 133 %10 ° CBC 0.010 NSBH 6.4 534%x10 7 0.09 99.28
$200224f 2020-02-24T01:45:03 747 %10 © CBC 0.037 BBH 6.0 8.83x 10 7 3.55 63.38
$200224j 2020-02-24T02:01:47 1.93x 10 ° CBC 0.011 Mass Gap 52 477%10 7 2.08 0.32
$2002240 2020-02-24T03:05:24 133 %10 © Burst L L L L L L
$200225ac 2020-02-25T09:12:05 1.65% 10 ° CBC 0.015 BBH 5.4 3.89%x 10 7 9.9 60.86
$200225af 2020-02-25T10:00:45 1.64 %10 © CBC 0.104 BNS 10.6 3.94%10 7 30.89 25.81
$200225ag 2020-02-25T11:02:37 221x10 ° CBC 0.008 NSBH 5.8 3.82x10 7 31.76 0.04
$200225an 2020-02-25T12:57:00 1.90 x 10 ° CBC 0.002 NSBH 6.0 591 %10 7 15.64 26.36
$200225as 2020-02-25T14:28:07 6.23 %10 © CBC 0.037 BBH 73 353x10 ° 0.33 58.56
$200225av 2020-02-25T21:11:26 144 %10 3 CBC 0.014 BNS 5.5 3.62x10 7 10.72 81.55
$200225az 2020-02-25T21:59:37 958 x 10 © CBC 0.013 NSBH L L L L
$200225ba 2020-02-25T22:09:01 9.84x 10 © CBC 0.018 BNS 59 6.72x 10 7 0.45 88.36
$200225k 2020-02-25T03:41:20 1.18x 10 ° CBC 0.008 NSBH 5.7 943 x10 7 0.12 90.13
$200225q 2020-02-25T06:04:21 9.19x 10 *? CBC 0.956 BBH 8.2 463%10 © 22 1.44
$200225u 2020-02-25T08:22:49 147 %10 3 CBC 0.008 NSBH L L L L
$200226ac 2020-02-26T07:57:51 1.68 x 10 ° CBC 0.014 NSBH L L L L
$200226ai 2020-02-26T09:22:07 202x10 ° CBC 0.014 BBH L L L L
$200226bp 2020-02-26T18:09:01 1.73%x10 ° CBC 0.012 BNS 55 621x10 7 8.22 12.38
$2002260 2020-02-26T03:25:47 221%x10° CBC 0.007 BNS L L L L
$2002262 2020-02-26T07:18:43 777 %10 © CBC 0.017 NSBH L L L L
$200227d 2020-02-27T01:01:17 1.16 x 10 ° CBC 0.009 NSBH 5.6 429 %10 7 475 41.94
$200227x 2020-02-27T06:49:08 1.12x10 ° CBC 0.054 Mass Gap 6.0 580 %10 7 12.56 2434
$200228ai 2020-02-28T12:49:29 1.65%x 10 ° CBC 0.009 NSBH L L L L
$200228bi 2020-02-28T23:11:26 124%10 3 CBC 0.026 BBH 6.8 464 %10 7 18.36 27.31
$200228bl 2020-02-28T23:44:54 9.17 x 10 © CBC 0.017 Mass Gap 5.9 5.99x 10 7 5.01 32.9
$200229ae 2020-02-29T08:04:03 126 x 10 ° Burst L L 5.7 733 %10 7 1.37 66.16
$200229ag 2020-02-29T08:43:31 6.74 x 10 © CBC 0.003 NSBH L L L L
$200229al 2020-02-29T10:32:00 219x10 ° CBC 0.005 NSBH L L L L
$200229bc 2020-02-29T15:40:15 7.92x10 © CBC 0.014 NSBH 5.7 372%x10 7 32.31 0
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S$200229x 2020-02-29T06:39:21 1.85%10 ° CBC 0.024 BNS 6.4 8.77x 10 7 0.47 33.3
S$200301ae 2020-03-01T09:42:26 7.67 %10 © CBC 0.017 Mass Gap 6.8 152x10 7 82.21 141
S200301an 2020-03-01T17:37:42 254x10 ° Burst L L 7.0 5.07x 10 7 11.63 26.94
S200301ax 2020-03-01T21:57:02 5.68x10 © CBC 0.011 BNS 54 270%x 10 7 35.19 32.86
S2003010 2020-03-01T06:54:34 921x10 8 Burst L L 6.5 1.39% 10 7 57.81 27.38
S200301q 2020-03-01T07:45:14 1.09 x 10 ° CBC 0.015 Mass Gap 5.7 1.63x 10 7 61.29 0.53
S200301u 2020-03-01T08:14:42 2.08x10 ° Burst L L 6.3 252%x10 7 27.83 47.03
S$200302b 2020-03-02T00:58:11 2.06x 10 ° CBC 0.006 NSBH 6.5 1.10x 10 7 83.73 0.06
$200302bg 2020-03-02T21:53:08 931x10 ° CBC 0.021 BNS L L L L
S200302c 2020-03-02T01:58:11 9.35x 10 ° CBC 0.889 BBH 5.7 3.69 %10 7 29.48 27.98
$200302m 2020-03-02T06:14:02 1.61 x10 ° CBC 0.018 BBH 6.0 3.65%x 10 7 31.8 14.56
S200303ad 2020-03-03T07:47:20 1.94%10 ° CBC 0.008 NSBH 54 9.99 x 10 ’ 0.01 52.01
S200303ae 2020-03-03T08:08:40 406 %10 © CBC 0.181 BNS L L L L
S200303aj 2020-03-03T08:36:14 147 %10 ° CBC 0.016 Mass Gap L L L L
S200303ba 2020-03-03T12:15:48 132x10 8 CBC 0.864 BBH 5.8 530x 10 7 4.42 16.8
S200303bf 2020-03-03T13:14:32 212%x10 3 CBC 0.014 BBH L L L L
S200303bl 2020-03-03T14:42:16 1.75% 10 ° CBC 0.016 BBH 6.6 327%x10 7 1.97 31.14
S200303f 2020-03-03T01:19:35 623x10 ° CBC 0.015 NSBH 5.8 579%x 10 7 1.01 0.19
S$200303i 2020-03-03T01:44:47 148 x 10 ° CBC 0.051 BBH L L L L
S200303p 2020-03-03T03:11:58 191 %10 3 CBC 0.002 NSBH L L L L
S200303r 2020-03-03T03:34:34 222x10 ° CBC 0.013 BBH L L L L
S200304a0 2020-03-04T14:46:28 8.26 x 10 © CBC 0.029 BBH 5.0 485%10 7 13.64 29.69
S200304ay 2020-03-04T18:04:42 1.89x 10 ° CBC 0.008 NSBH 7.1 L L L
$S200304bg 2020-03-04T20:03:56 1.88x 10 ° CBC 0.005 NSBH L L L L
S$200304bi 2020-03-04T20:03:19 1.30x 10 ° Burst L L 54 2.81x10 7 33.15 37.91
S200304bj 2020-03-04T20:23:27 216 x10 ° CBC 0.053 Mass Gap 6.0 4.88x10 7 16.78 30.41
S$200304d 2020-03-04T02:36:34 221%x10° CBC 0.001 NSBH 7.1 247%x10 7 39.05 12.81
S200305f 2020-03-05T01:01:14 198 x 10 ° CBC 0.008 Mass Gap 6.6 1.14x 10 7 71.25 13.45
S200305h 2020-03-05T01:05:29 268 x 10 © Burst L L 6.2 292x10 7 25.95 39.5
S200305q 2020-03-05T03:00:17 224%10° CBC 0.014 BBH 5.7 1.93x 10 7 0.57 99.23
S$200305r 2020-03-05T03:09:11 226%x10 ° CBC 0.006 BNS 6.2 411%10 7 31.05 16.42
S200306ar 2020-03-06T11:18:22 9.75x 10 ° Burst L L 6.9 7.59 %10 7 4.26 20.08
S200306aw 2020-03-06T12:03:00 197 x 10 ° CBC 0.015 BNS 6.6 1.93x 10 7 32.37 31.1
S200306az 2020-03-06T12:37:37 353x10 © Burst L L 5.5 375x%10 © 13.1 26.61
S200306bj 2020-03-06T14:16:31 939x 10 © CBC 0.009 NSBH 4.7 1.87x 10 7 9.13 76.94
$200306bq 2020-03-06T15:03:01 137x10 ° CBC 0.011 BNS 6.1 246 x 10 7 2.12 1.64
S200306by 2020-03-06T16:21:06 131x10 7 Burst L L 54 6.74x 10 7 0.78 12.25
S$200306¢cc 2020-03-06T16:58:29 142%10 © Burst L L 5.6 6.07 x 10 7 11.21 7.81
S$200306¢i 2020-03-06T19:39:14 585x%x 10 © CBC 0.021 BNS 6.2 3.61x10 7 22.35 33.5
S200306¢cv 2020-03-06T21:15:25 248 x10 © CBC 0.097 BBH 5.8 463x10 7 6.64 21.1
S$200306dc 2020-03-06T23:07:39 140 x 10 ° CBC 0.024 BBH L L L L
S$200307ac 2020-03-07T07:36:20 9.58 x 10 © CBC 0.027 BBH 7.0 3.04%x10 7 29.64 25.63
S$200307ae 2020-03-07T08:33:25 159 x 10 ° CBC 0.013 BNS 6.1 271%x10 7 18.12 50.75
S200307ak 2020-03-07T10:01:25 124 %10 ° Burst L L 5.2 3.69% 10 7 20.01 0.08
S200307a0 2020-03-07T11:07:37 202x10 ° Burst L L 5.7 542%x10 7 10.88 63.59
S200307ap 2020-03-07T12:01:25 1.19x 10 ° Burst L L 6.5 6.53x 10 7 0 23.59
S200307aq 2020-03-07T12:44:02 1.96 x 10 ° CBC 0.014 BBH 6.4 6.14x 10 7 18.03 28.33
S$200307ar 2020-03-07T12:51:04 124 %10 ° Burst L L 6.3 4.82x10 7 7.93 16.88
S200307aw 2020-03-07T15:25:33 931x10 7 Burst L L 5.9 3.10x 10 7 29.13 21.97
S200307ay 2020-03-07T16:08:24 4.11x10 © CBC 0.021 NSBH L L L L
S$200307ba 2020-03-07T17:53:38 1.90 x 10 © CBC 0.095 BBH 54 4.02%x10 7 10.03 1.74
S$200307bc 2020-03-07T18:40:01 9.05x 10 7 CBC 0.090 BNS 5.6 3.40x% 10 7 27.17 18.28
S200307bk 2020-03-07T23:36:32 220x10 ° CBC 0.006 NSBH 6.4 7.47 %10 7 4.42 0.39
S$200307¢ 2020-03-07T02:34:37 222%x10 ° CBC 0.013 BBH 6.6 7.64 %10 7 0.02 65.51
S200307r 2020-03-07T06:08:57 127 %10 © Burst L L L L L L
S200307s 2020-03-07T06:10:11 2.60x 10 © Burst L L 6.3 217%x10 7 5.58 91.2
S200307t 2020-03-07T06:39:12 120%x 10 ° CBC 0.008 NSBH 6.3 5.87x10 7 1.25 56.02
S$200308af 2020-03-08T11:46:48 585x10 © CBC 0.016 NSBH NFL 262x10 7 31.77 36.97
S200308aj 2020-03-08T12:43:22 3.89 x 10 © Burst L L 6.0 6.00x 10 7 1.14 31.23
S$200308au 2020-03-08T14:31:49 1.82x10 ° CBC 0.016 BBH 6.0 6.93x 10 7 0.03 99.26
S$200308av 2020-03-08T14:28:38 125%10 3 Burst L L 53 3.86x 10 7 25.35 23.97
$200308bp 2020-03-08T17:54:08 7.08 x 10 © Burst L L 6.4 3.87x10 7 8.65 31.83
S$200308bz 2020-03-08T20:24:27 121x10 ° CBC 0.009 NSBH 6.6 7.08 x 10 7 1.94 74.72
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S$200308cc 2020-03-08T21:26:18 691 x10 © CBC 0.019 Mass Gap 54 454 %10 7 0.3 0.64
S$200308e 2020-03-08T01:19:27 3.62x10 ° CBC 0.830 NSBH 6.2 497 %10 7 1.91 92.48
S200308¢g 2020-03-08T01:38:18 7.01x10 © CBC 0.005 NSBH 5.7 220x% 10 7 28.96 50.22
S200308h 2020-03-08T01:45:05 7.82 %10 © Burst L L 5.5 2.04x10 7 43.87 19.8
S$200308i 2020-03-08T02:19:35 1.46 x 10 ° CBC 0.003 NSBH 5.6 133 %10 7 62.07 9.03
S200308z 2020-03-08T09:11:16 1.08 x 10 © CBC 0.087 NSBH 6.2 294 %10 7 36.66 46.02
S$200309ag 2020-03-09T14:45:45 547 %10 © CBC 0.031 BNS 54 2.96 x 10 7 23.37 5.03
S$200309ai 2020-03-09T15:35:45 1.18x 10 ° CBC 0.025 Mass Gap L L L L
S200309av 2020-03-09T17:57:10 215%x10 ° CBC 0.014 BBH 5.9 555%x10 8 95.56 0.07
S200309bh 2020-03-09T21:28:42 1.69 x 10 ° CBC 0.006 NSBH 6.5 6.71x 10 7 0.02 29.24
S200309bj 2020-03-09T22:30:15 217x10 ° CBC 0.036 Mass Gap 6.8 3.65%x10 7 16.3 26.46
S200309bk 2020-03-09T22:36:27 9.07x 10 © CBC 0.015 BNS 6.1 575%x10 7 545 3.48
S$200309bm 2020-03-09T23:14:58 229%x10 ° CBC 0.016 BBH L L L L
S$200309bu 2020-03-09T23:59:07 484 %10 © CBC 0.041 BBH 5.7 5.00% 10 7 0.5 1.53
$200309d 2020-03-09T01:26:51 2.18x10 ° Burst L L L L L L
S200310ab 2020-03-10T07:58:59 230x10 © CBC 0.027 Mass Gap 6.8 3.02x10 7 27.19 25.38
S200310az 2020-03-10T22:54:14 1.69 x 10 ° CBC 0.014 Mass Gap 5.9 3.96 x 10 7 2.08 1.34
S200310b 2020-03-10T00:20:05 202x10 ° CBC 0.002 NSBH 6.4 747 %10 7 0.09 15.25
S200310f 2020-03-10T01:02:19 731x10 © CBC 0.051 Mass Gap L L L L
S200310s 2020-03-10T05:59:46 9.75x 10 7 Burst L L 6.0 8.05x 10 7 0.17 76.04
S200310t 2020-03-10T06:11:59 341 %10 © CBC 0.053 BNS 5.9 1.03x 10 7 85.57 0.03
S200310u 2020-03-10T06:21:24 1.06 x 10 © CBC 0.115 BNS 5.6 494 %10 7 0 32.14
S200311ba 2020-03-11T10:31:22 6.56 x 10 © CBC 0.026 BNS L L L L
S200311bb 2020-03-11T10:34:04 1.41x10 © CBC 0.115 BNS 59 597 %10 7 11.26 32.65
S200311bp 2020-03-11T14:05:25 9.06 x 10 ° CBC 0.015 BNS 6.4 3.19%x 10 7 39.53 31.29
S200311h 2020-03-11T01:48:40 8.12x10 © Burst L L 5.7 3.49%x10 7 26.74 1.72
S200311r 2020-03-11T04:04:20 2.06x 10 © CBC 0.049 NSBH L L L L
S200311v 2020-03-11T04:37:19 127%10 ° CBC 0.042 Mass Gap 5.8 498 x 10 7 0.42 53.43
S200311w 2020-03-11T04:50:30 140 x 10 ° CBC 0.018 NSBH L L L L
S200311y 2020-03-11T04:53:03 7.61 x10 © Burst L L 6.5 3.11%x10 7 20.96 34.03
S200312aa 2020-03-12T07:36:08 3.63x10 © CBC 0.023 NSBH 6.2 320% 10 7 52.44 0
S200312b 2020-03-12T00:34:15 1.93x 10 ° CBC 0.008 Mass Gap L L L L
S200312ba 2020-03-12T15:41:49 9.85x 10 © Burst L L 6.8 3.93x10 7 11.22 22.2
S200312br 2020-03-12T22:06:08 1.72% 10 ° CBC 0.008 NSBH 6.4 439%10 7 16.91 19.47
S200312d 2020-03-12T01:16:51 1.09x 10 ° CBC 0.131 BBH 6.4 1.55% 10 7 33.13 56.29
S200312i 2020-03-12T01:43:29 229%x10 7 CBC 0.187 Mass Gap 5.6 377%x10 7 8.03 69.57
S200313aa 2020-03-13T06:54:23 8.17x 10 © Burst L L 5.8 2.66 x 10 7 43.35 9.32
S200313ag 2020-03-13T07:50:28 9.62x 10 © Burst L L 4.2 147 %10 7 249 71.5
S200313aw 2020-03-13T12:33:04 211%x10° CBC 0.010 Mass Gap L L L L
S200313ba 2020-03-13T13:31:50 8.59 x 10 © CBC 0.007 BNS 5.8 377%x10 7 70.07 0
S200313bb 2020-03-13T13:32:17 1.84x10 © CBC 0.039 NSBH 5.8 5.09% 10 7 0.04 64.3
S200313be 2020-03-13T14:45:42 823 x 10 ° CBC 0.015 NSBH 6.6 5.98x 10 7 5.5 43.16
S200313bf 2020-03-13T15:06:31 9.69 x 10 © CBC 0.020 Mass Gap 5.6 6.52x 10 7 0 42.72
S200313bs 2020-03-13T20:08:46 1.92x10 ° CBC 0.006 BNS L L L L
S200313by 2020-03-13T21:40:33 239%x10 ° Burst L L 6.8 2.18x 10 7 35.94 42.59
S200313cd 2020-03-13T22:39:09 1.18x 10 ° CBC 0.009 NSBH 5.4 6.30x 10 7 8.44 44.62
S200313h 2020-03-13T01:46:59 404 %10 © Burst L L L L L L
S200313j 2020-03-13T02:17:18 6.90 x 10 © Burst L L L L L L
S2003131 2020-03-13T02:32:04 2.14%x10 ° CBC 0.005 NSBH 6.4 3.90x% 10 7 62.51 0.02
S200313n 2020-03-13T03:33:07 226%x10 ° CBC 0.006 Mass Gap 7.0 9.18 x 10 7 0.35 7.04
S200314ay 2020-03-14T17:23:01 226%x10 ° CBC 0.005 NSBH 54 5.15%x 10 7 0.01 26.18
S200314be 2020-03-14T19:47:18 8.92x 10 © CBC 0.033 BBH 6.3 5.98x 10 7 4.68 31.97
S200314bg 2020-03-14T19:51:02 1.86 x 10 ° CBC 0.007 NSBH L L L L
S200314bn 2020-03-14T21:12:48 7.14 %10 7 Burst L L 5.8 3.00 x 10 7 39.1 8.05
S200314bt 2020-03-14T22:36:02 128 x10 ° CBC 0.074 Mass Gap 5.7 480 %10 7 3.78 41.95
S200314bx 2020-03-14T23:29:35 1.63 %10 7 CBC 0.189 NSBH 6.2 1.19x 10 7 81.51 3.68
S200314m 2020-03-14T04:21:10 1.04x10 ° CBC 0.012 BNS 6.9 735%x10 © 0.11 0.29
S200314r 2020-03-14T06:10:33 134 %10 ° CBC 0.008 NSBH 5.5 447 %10 7 7.22 20.9
S200314x 2020-03-14T07:26:14 205%x10 ° CBC 0.005 NSBH 5.6 242%x10 7 10.07 0.01
S200315ac 2020-03-15T11:07:32 9.83x 10 ° CBC 0.002 NSBH 6.6 52810 7 2.8 19.02
S200315ba 2020-03-15T20:48:52 1.62x10 ° CBC 0.022 BBH 5.8 3.05%x 10 7 14.75 21.12
S200316ad 2020-03-16T10:26:06 124%10 ° CBC 0.024 Mass Gap 6.5 347%x10 7 31.9 1.31
S200316aj 2020-03-16T11:39:17 3.69%x 10 © CBC 0.034 NSBH 6.3 6.66 x 10 8 99.29 0.01
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S200316bk 2020-03-16T22:16:22 9.73x 10 © CBC 0.013 BNS 5.8 3.18x 10 7 28.02 33.66
S200316f 2020-03-16T01:37:07 6.27 x 10 © Burst L L 5.8 404x10 7 18.78 39.79
S200316u 2020-03-16T06:28:34 1.56 x 10 ° CBC 0.006 NSBH 5.5 1.73% 10 7 95.27 85.21
S200316w 2020-03-16T06:55:03 140 x 10 ° Burst L L L L L L
S200317ad 2020-03-17T11:52:19 122x10 ° CBC 0.014 NSBH 5.8 8.61 x 10 7 0.01 32.78
S200317ag 2020-03-17T13:31:35 335%x10 7 Burst L L 7.4 495%10 7 0.2 11.09
S200317ah 2020-03-17T14:00:01 9.02x10 © CBC 0.076 Mass Gap 6.5 5.40x 10 7 6.56 36.73
S200317ai 2020-03-17T14:14:06 9.12x 10 © CBC 0.021 BNS 5.7 6.33x10 7 2.88 76.18
S200317b 2020-03-17T00:19:00 479 %10 © Burst L L 5.0 476 x 10 7 15.23 11.1
S200317¢ 2020-03-17T02:24:40 727 %10 © CBC 0.081 BNS 6.3 279% 10 7 42.36 20.62
S200317d 2020-03-17T02:33:58 134 %10 ° CBC 0.025 BBH 6.4 322x10 7 19.1 5.8
S200318af 2020-03-18T08:02:54 143 %10 ° CBC 0.007 BNS L L L L
S200318ak 2020-03-18T10:21:25 131x10 3 CBC 0.008 NSBH 52 2.64 %10 7 7.52 97.84
S200318av 2020-03-18T15:35:18 1.16 x 10 ° Burst L L 6.7 522%x10 7 11.87 20.62
S200318be 2020-03-18T17:57:32 322x10 ° CBC 0.048 BNS 6.7 4.11x10 7 0.01 75.66
S200318bf 2020-03-18T18:04:09 475%10 © CBC 0.035 BNS 6.2 336 %10 7 29.71 27.94
S200318n 2020-03-18T03:20:11 1.06 x 10 ° CBC 0.010 NSBH 5.9 5.68 x 10 7 3.38 3.54
S200318s 2020-03-18T04:56:32 179 x 10 ° Burst L L 6.6 3.93x10 7 31.15 13.41
S200318z 2020-03-18T06:34:52 6.40 x 10 © Burst L L 59 594 %10 7 5.89 57.22
S200319aq 2020-03-19T13:50:32 121x10 ° CBC 0.020 BBH 6.3 6.57x 10 7 6.6 67.54
S200319ax 2020-03-19T15:50:57 193 %10 ° CBC 0.011 BNS 5.6 490 %10 7 0.01 28.26
S200319bh 2020-03-19T22:27:38 408 x 10 © Burst L L 6.8 557%x10 7 13.01 24.54
S$200319d 2020-03-19T01:38:23 6.70x 10 © CBC 0.053 BNS 6.2 344 %10 7 49.34 0.28
S$200320af 2020-03-20T08:35:13 1.65% 10 ° Burst L L 5.9 6.95x 10 7 1.24 25.73
S$200320bm 2020-03-20T22:34:05 5.16 x 10 7 CBC 0.193 Mass Gap NFL 6.95x 10 7 3.09 04
$200320p 2020-03-20T04:36:30 123 %10 © CBC 0.075 NSBH 5.8 235%x10 7 49.27 35.71
S$200320q 2020-03-20T04:37:11 149 %10 ° Burst L L 6.0 527%x10 7 20.22 24.6
S200320w 2020-03-20T06:15:52 1.51x10 © Burst L L 54 6.25%x10 7 4.29 30.47
S200321ak 2020-03-21T14:34:50 209x%x10 ° Burst L L 5.8 499 x 10 7 10.79 43.72
S200321bb 2020-03-21T22:32:26 245%x10 © CBC 0.058 BNS 6.7 6.93x 10 8 39.15 59.12
S200321h 2020-03-21T03:46:57 511x10 © Burst L L 6.5 4.66 x 10 7 27.21 20.06
S200321n 2020-03-21T05:03:14 221%x10° CBC 0.009 Mass Gap 5.6 9.15x 10 7 0 5.69
S200321z 2020-03-21T10:08:10 1.67 x 10 ° CBC 0.005 Mass Gap 54 736 x 10 7 3.83 2.07
S200322ab 2020-03-22T09:11:33 998 x 10 © CBC 0.072 BBH 6.2 551%x10 7 0.06 24.67
S200322at 2020-03-22T14:59:58 13710 © Burst L L 4.8 3.75%10 7 8.31 4423
S$200322ax 2020-03-22T16:35:09 6.07 x 10 © Burst L L 6.4 571%x10 7 1.29 33.95
S200322bh 2020-03-22T19:11:57 5.66x 10 © CBC 0.035 Mass Gap 6.8 1.99 x 10 7 46.19 3.33
S200322bs 2020-03-22T22:32:58 223%x10 ° Burst L L 6.4 1.39% 10 7 61.44 1
S200322bv 2020-03-22T23:06:07 1.81x10 7 CBC 0.300 NSBH L L L L
S200322by 2020-03-22T23:34:00 5.92x10 7 CBC 0.133 NSBH L L L L
S$200322n 2020-03-22T04:11:26 232x%x10 ° CBC 0.037 NSBH NFL 487x%10 7 65.29 4.61
$200322q 2020-03-22T04:24:47 455%10 © CBC 0.027 BNS 54 2.69 %10 7 65.73 11.29
S$200322z 2020-03-22T07:51:55 831x10 ° CBC 0.017 Mass Gap 6.1 1.96 x 10 7 61 7.99
S200323ah 2020-03-23T11:31:55 1.82x10 ° Burst L L 6.1 575%x10 7 9.2 15.61
S200323aj 2020-03-23T11:59:25 1.65x 10 ° Burst L L 5.9 5.11x10 7 8.89 36.02
S200323aq 2020-03-23T13:33:24 412x10 © CBC 0.017 Mass Gap 5.8 2.81x10 7 31.38 31.42
S$200323as 2020-03-23T13:53:52 747 %10 © CBC 0.013 Mass Gap 59 1.30x 10 7 24.74 68.22
S$200323ax 2020-03-23T14:56:35 143 %10 ° CBC 0.009 BNS 6.3 8.59 x 10 7 0.86 1.88
S200323bf 2020-03-23T19:37:34 6.60 x 10 7 Burst L L 8.3 7.72%x10 7 2.7 77.62
S$200323n 2020-03-23T05:20:05 2.08x10 ° CBC 0.010 BNS 6.2 774 %10 7 52.37 28.86
S200324a 2020-03-24T01:46:44 630x 10 © CBC 0.021 BNS 6.5 239%x10 7 32.95 36.47
S200324ax 2020-03-24T22:46:32 1.85x 10 ° CBC 0.006 NSBH 10.6 L L L
S200325au 2020-03-25T23:58:52 228%x10 ° CBC 0.008 Mass Gap NFL 124x10 © 1.94 90.04
S$200325j 2020-03-25T07:23:35 281x10 © CBC 0.105 BBH 6.4 541%x10 7 1.33 92.1
S200325s 2020-03-25T11:06:27 9.84x 10 © CBC 0.011 Mass Gap 6.4 411x10 7 7.56 57.29
S200325w 2020-03-25T12:33:00 9.84 x 10 © Burst 0.011 L 54 6.61 x10 7 0.33 9.94
S200326af 2020-03-26T11:25:01 2.09x 10 7 Burst L L 6.3 421 %107 12.18 31.76
S$200326ax 2020-03-26T16:10:49 1.10x 10 ° CBC 0.017 BNS NFL 1.70 x 10 7 26.39 55.04
S200326ay 2020-03-26T16:15:13 890 % 10 © CBC 0.020 BNS 5.8 629 x 10 8 29.72 69.63
S200326az 2020-03-26T16:15:06 402x10 © Burst L L 5.8 5.02x 10 7 3.33 11.8
S$200326d 2020-03-26T02:36:25 157 %10 ° CBC 0.008 NSBH L L L L
S$200326k 2020-03-26T04:25:22 1.01 x 10 ° Burst L L L L L L
S200326x 2020-03-26T09:10:40 230x10 ° Burst L L 6.2 5.18x 10 7 8.15 31.08
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Table 1
(Continued)

SID Time GW FAR group Pastro Class JTS Flux UL in BAT

(UTC) (Hz) (ergem %s 1) (%) (%)
S$200327am 2020-03-27T12:53:52 2.18x10 ° CBC 0.020 BBH 5.9 480 %10 7 0.76 59.11
S$200327as 2020-03-27T14:00:08 124x10 3 CBC 0.027 BBH 6.2 454 %10 7 23.93 34.74
S200327az 2020-03-27T16:01:26 1.51x10 ° CBC 0.009 BNS 7.0 3.04x10 7 51.95 12.82
S200327g 2020-03-27T02:34:28 8.28 x10 7 CBC 0.111 BNS 5.7 427 %10 7 10.82 3.53
S200327i 2020-03-27T03:12:11 120% 10 ° CBC 0.033 BBH 5.8 4.18x10 7 38.79 17.17
$200327j 2020-03-27T03:15:27 1.66 x 10 ° CBC 0.006 Mass Gap 224 5.80% 10 7 26.32 0.13

Note. The maximum /TS is indicated for all the triggers with successful NITRATES results. Observations corresponding to triggers with insufficient exposure time
during the BAT pointing mode do not have valid NITRATES results or flux upper limits. For those triggers that do have NITRATES results but fail to meet the
criterion for a full likelihood analysis, the max JTS is indicated as NFL (No Final Likelihood). The GW triggers from the Burstpipeline do not have associated Pasro
values and are therefore left blank. The fraction of the GW sky posterior distribution inside the BAT coded FOV and the fraction of the GW posterior occulted by the
Earth are denoted by ;, gat and , respectively.

Table 2
Details of the O3 Candidates Confirmed by the Offline Analysis and with a P,y > 0.5, for Which GUANO Data Dumps Are Available
SID GW name FAR Group Pastro Class PClass Pipeline
(Hz)

S$190701ah GW190701_203306 1.79 x 10 ® CBC >0.99 BBH 1.00 PyCBC-BBH
S190915ak GW190915_235702 222 x 10 ' CBC >0.99 BBH 1.00 PyCBC-BBH
S$190930s GW190930_133541 3.81 x10 1° CBC >0.99 BBH 0.85 PyCBC-BBH
S191127p GW191127_050227 129 x 10 7 CBC 0.74 BBH 0.74 PyCBC-BBH
S191204r GW191204_171526 1.86 x 10 ' CBC >0.99 BBH 1.00 MBTA
S191216ap GW191216_213338 2.96 x 10 " CBC >0.99 BBH 1.00 MBTA
$200128d GW200128_022011 1.36 x 10 '© CBC >0.99 BBH 1.00 PyCBC-BBH
$200129m GW200129_065458 9.03 x 10 # CBC >0.99 BBH 1.00 GstLAL
$200208q GW200208_130117 9.84 x 10 2 CBC >0.99 BBH 1.00 PyCBC-BBH
S200216br GW200216_220804 111 x 10 ® CBC 0.77 BBH 0.77 GstLAL
$200220ad GW200220_061928 2.16 x 10 7 CBC 0.62 BBH 0.62 PyCBC-BBH
$200225q GW200225_060421 279 x 10 M CBC >0.99 BBH 1.00 cWB
$200302¢ GW200302_015811 3.54 x 10 ° CBC 0.91 BBH 0.91 GstLAL
$200322ab GW200322_091133 144 x 10 ° CBC 0.62 BBH 0.62 MBTA

Note. The reported P, and FAR are relative to the pipeline with the highest P,gro. If two pipelines have equal P,go, We select the one with the highest SNR. The GW
FAR, Pasro, and Class details are quoted from R. Abbott et al. (2024) and R. Abbott et al. (2023).
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Table 3
List of the O3 Candidates Confirmed by the Offline Analysis with P,sro < 0.5, for Which GUANO Data Dumps Were Available
SID Time Group GW FAR Pastro Class Pciass Pipeline
(UTC) (Hz)

$190906ah 2019-09-06T20:05:00 CBC 5.66 x 10 © 238 x 10 ? BBH 1.51 x 10 3 GstLAL
S191106r 2019-11-06T18:41:51 CBC 1.18 x 10 ° 1.97 x 10 2 BBH 1.97 x 10 2 PyCBC-BBH
S191116ac 2019-11-16T14:21:55 CBC 825 %10 ¢ 2.10x 10 * NSBH 1.67 x 10 * PyCBC-broad
S191121bt 2019-11-21T16:45:42 CBC 5.44 % 10 © 413 x 10 3 BBH 413 x 10 3 GstLAL
S191208b 2019-12-08T02:02:15 CBC 210x 10 ° 426 x 10 * BNS 426 x 10 * PyCBC-broad
S191213be 2019-12-13T19:54:22 CBC 578 x 10 © 5.40 x 10 2 BBH 5.40 x 10 2 PyCBC-BBH
$191225aq 2019-12-25T21:57:15 CBC 157 x 10 © 1.30 x 10 2 BBH 1.30 x 10 2 GstLAL
S1912290 2019-12-29T12:02:34 CBC 417x10 ¢ 1.15%x 10 ! BBH 6.13 x 10 2 PyCBC-broad
$191230at 2019-12-30T21:24:48 CBC 172 x 10 3 7.01 x 10 * BNS 7.01 x 10 * PyCBC-broad
S191231ad 2019-12-31T11:45:12 Burst 431x10 7 830 x 10 3 L L cWB
$200103az 2020-01-03T23:31:11 CBC 5.09 x 10 © 3.02 x 10 * NSBH 298 x 10 * PyCBC-broad
$200105aj 2020-01-05T18:00:59 CBC 3.61 x 10 © 5.88 x 10 * BNS 5.85 % 10 * MBTA
$200106k 2020-01-06T04:37:09 CBC 1.00 x 10 ° 5.03 x 10 * BNS 3.83 x 10 * MBTA
$200109m 2020-01-09T08:48:21 CBC 9.82 x 10 © 1.44 x 10 3 NSBH 1.34 x 10 3 PyCBC-broad
$200112e 2020-01-12T09:44:25 CBC 2.01 x 10 © 3.10 x 10 3 BNS 3.02%x 10 3 MBTA
$200113f 2020-01-13T02:14:20 CBC 223 %10 ° 420 %10 ° BNS 420 %10 ° MBTA
$200113g 2020-01-13T02:20:40 CBC 8.02x 10 ¢ 1.48 x 10 3 NSBH 1.06 x 10 3 PyCBC-broad
$200114f 2020-01-14T02:08:18 Burst 5.04 x 10 7 210 x 10 3 L L cWB
$200114w 2020-01-14T13:17:40 CBC 2.89 x 10 © 9.44 x 10 2 BBH 498 x 10 2 PyCBC-BBH
$200118p 2020-01-18T05:07:50 CBC 175 x 10 3 6.41 x 10 * BNS 6.41 x 10 * PyCBC-broad
$2001270 2020-01-27T11:43:05 CBC 157 x 10 3 138 x 10 * BNS 137 x 10 * MBTA
S200127s 2020-01-27T15:27:19 CBC 131 x 10 ° 1.34 x 10 # BNS 133 x 10 4 MBTA
$200128f 2020-01-28T04:54:04 Burst 234 %10 7 149 x 10 ! L L cWB
$200128p 2020-01-28T09:54:07 CBC 140 x 10 © 1.06 x 10 2 NSBH 1.02 x 10 2 PyCBC-broad
$200129ap 2020-01-29T15:39:24 Burst 557 %10 7 1.50 x 10 3 L L cWB
$200129i 2020-01-29T05:07:00 CBC 9.03 x 10 © 1.13 x 10 3 BNS 1.13 x 10 3 PyCBC-broad
$2002081 2020-02-08T09:01:03 CBC 133 x10 ° 275 x 10 3 BBH 275 x 10 3 PyCBC-BBH
$200209am 2020-02-09T13:14:49 CBC 210x 10 ° 7.40 x 10 ° BNS 7.40 x 10 ° MBTA
$200210an 2020-02-10T16:13:46 CBC 1.06 x 10 3 247 x 10 2 BBH 247 x 10 2 PyCBC-BBH
$200212aa 2020-02-12T10:18:23 CBC 482x10 ¢ 155 x 10 ! BBH 1.55 x 10 ! MBTA
$200213q 2020-02-13T03:43:44 CBC 1.06 x 10 ° 3.58 x 10 * BNS 279 x 10 * MBTA
$200214bq 2020-02-14T22:33:07 CBC 8.68 x 10 7 261 x 10 ! BBH 261 x10 ! PyCBC-BBH
$200214br 2020-02-14T22:45:26 Burst 417 %10 ° 9.10 x 10 ! L L cWB
$200218al 2020-02-18T10:05:22 Burst 6.84 x 10 8 488 %10 ! L L cWB
$200218i 2020-02-18T01:25:25 CBC 203 x 10 ° 3.59 x 10 3 BBH 359 x 10 3 GstLAL
$200219f 2020-02-19T03:09:19 CBC 391 %10 © 1.34 x 10 2 BBH 1.34 x 10 2 GstLAL
$200220v 2020-02-20T04:25:03 CBC 8.19 x 10 ° 125 x 10 3 BNS 9.78 x 10 * MBTA
$200220w 2020-02-20T04:51:22 CBC 228 x 10 ° 7.00 x 10 © BNS 7.00 x 10 © MBTA
$200221bh 2020-02-21T15:19:18 CBC 451 %10 ° 129 x 10 3 NSBH 1.29 x 10 3 MBTA
$200223aj 2020-02-23T13:50:49 CBC 1.18 x 10 ° 441 x 10 * BNS 441 x 10 * GstLAL
$200223a0 2020-02-23T14:28:21 CBC 147 x 10 3 431 x10 2 BBH 431 x 10 2 PyCBC-broad
$200223aw 2020-02-23T18:06:59 CBC 153 x 10 7 233 x 10 ! BBH 233 x10 ! GstLAL
$200223u 2020-02-23T08:09:27 CBC 337x10 7 139 x 10 ! BBH 139 x 10 ! GstLAL
$200224cd 2020-02-24T23:13:13 CBC 145 x 10 3 1.50 x 10 * NSBH 1.19 x 10 * PyCBC-broad
$2002240 2020-02-24T03:05:24 Burst 1.04 x 10 7 400 x 10 ! L L cWB
$200225as 2020-02-25T14:28:07 CBC 137 x 10 ° 3.87x 10 3 BBH 3.87x10 3 GstLAL
$200225az 2020-02-25T21:59:37 CBC 485x%x10 ° 2.65x 10 * NSBH 1.83 x 10 * PyCBC-broad
$200225k 2020-02-25T03:41:20 CBC 1.07 x 10 ° 448 x 10 * NSBH 448 x 10 * GstLAL
$200225u 2020-02-25T08:22:49 CBC 139 x 10 3 4.46 x 10 2 NSBH 3.50 x 10 2 PyCBC-broad
$200226z 2020-02-26T07:18:43 CBC 422%x10 334 x 10 3 NSBH 290 x 10 3 PyCBC-broad
$200302m 2020-03-02T06:14:02 CBC 342 %10 © 1.40 x 10 2 BBH 1.40 x 10 2 GstLAL
$200303aj 2020-03-03T08:36:14 CBC 216 x 10 ° 514 x 10 3 BBH 485 %10 3 MBTA
$200304a0 2020-03-04T14:46:28 CBC 7.87 x 10 © 6.56 x 10 ° BBH 6.56 x 10 3 GstLAL
$200307ba 2020-03-07T17:53:38 CBC 7.90 x 10 © 1.04 x 10 2 BBH 1.04 x 10 2 PyCBC-BBH
$200307¢ 2020-03-07T02:34:37 CBC 197 x 10 ° 271 %10 3 BBH 271 %10 3 GstLAL
$200308g 2020-03-08T01:38:18 CBC 297 x 10 © 243 x 10 3 NSBH 243 x 10 3 GstLAL
$200310b 2020-03-10T00:20:05 CBC 1.58 x 10 ° 229 x 10 2 NSBH 1.67 x 10 2 PyCBC-BBH
$200310u 2020-03-10T06:21:24 CBC 7.18x 10 8 479 x 10 3 BNS 479 x 10 3 MBTA
$200311ba 2020-03-11T10:31:22 CBC 410%x 10 8 1.94 x 10 ! BNS 1.94 x 10 ! PyCBC-broad
$200311r 2020-03-11T04:04:20 CBC 178 x 10 ° 742 %10 * NSBH 467 x10 * PyCBC-broad
S200314be 2020-03-14T19:47:18 CBC 230 %10 © 142 %10 ! BBH 1.36 x 10 ! PyCBC-BBH
$200314x 2020-03-14T07:26:14 CBC 1.54 x 10 3 420 %x 10 * NSBH 4.00x 10 * MBTA
$2003164j 2020-03-16T11:39:17 CBC 9.52 x 10 © 9.08 x 10 * NSBH 9.08 x 10 * MBTA

w
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Table 3
(Continued)
SID Time Group GW FAR Pastro Class Pclass Pipeline
(UTC) (Hz)

$200318be 2020-03-18T17:57:32 CBC 234 %10 © 1.97 x 10 * BNS 1.97 x 10 * MBTA
$200320p 2020-03-20T04:36:30 CBC 749 x 10 7 1.61 x 10 2 NSBH 1.55 x 10 2 PyCBC-broad
$200321bb 2020-03-21T22:32:26 CBC 1.82x10 7 355 %10 3 BNS 353 %10 3 MBTA
$200323as 2020-03-23T13:53:52 CBC 3.02 x 10 © 1.72 x 10 2 BBH 1.72 x 10 2 GstLAL
$200325j 2020-03-25T07:23:35 CBC 9.14 x 10 © 1.02 x 10 2 BBH 1.02 x 10 2 PyCBC-BBH
$200326af 2020-03-26T11:25:01 Burst 751 x 10 8 457 %10 ! L L cWB
$200326ax 2020-03-26T16:10:49 CBC 1.39 x 10 ° 3.60 x 10 ° BNS 3.60 x 10 ° MBTA
$200327g 2020-03-27T02:34:28 CBC 891 x 10 7 2.80 x 10 ? BNS 280 x 10 3 MBTA
$200327j 2020-03-27T03:15:27 CBC 1.00 x 10 ° 9.57 x 10 * BNS 934 x10 * PyCBC-broad

Note. GW FAR, Pasiro, Class, and Peyass are reported from R. Abbott et al. (2023). CBC or Burst group categories are quoted as per the offline analysis and not from the
low-latency information.

Table 4
Details of the Joint FAR Computed According to the Procedure Detailed in Section 5.4 for All the Triggers with FARGremax 10 2 Hz
Name GW FAR Group Class /TS Joint FAR Raven Alert
(Hz) (Hz)
S190919ag 3.42 %10 © Burst L 7.23 216 x 10 7 no
$190919au 324 %10 ° Burst L 9.44 7.36 x 10 ° no
$190919u 8.18 x 10 ° Burst L 8.00 8.56 x 10 ® no
$190930t 1.54x 10 8 CBC NSBH 14.60 597 x 10 " yes
S191110x 293 x 10 " CBC Mass Gap 7.17 9.59 x 10 '2 yes
S1912121 931 x10 © CBC Mass Gap 7.16 462x10 7 no
$191219ak 122x10 © Burst L 7.15 1.19x 10 7 no
S191226ae 1.99 x 10 © CBC NSBH 10.70 481 %10 ° yes
S191229ah 123 x 10 © Burst L 8.87 3.15x 10 ° no
$2001010 1.66 x 10 ° CBC BNS 7.44 415x10 7 no
$200108ah 2.16 x 10 ° CBC NSBH 7.12 6.77 x 10 7 no
$200108p 193 x10 7 CBC BNS 7.35 171 x 10 8 yes
$200110aa 212 %10 ° Burst L 7.06 6.91 x 10 7 no
$200110d 145%x10 ° Burst L 7.29 484 %10 7 no
$200114f 123 x10 ° Burst L 8.82 570 x 10 2 yes
S200117z 1.88 x 10 ° CBC NSBH 7.27 5.63 x 10 7 no
$200130ai 178 x 10 ° CBC NSBH 16.40 313 x10 & no
$200214bo 193 x 10 ° CBC BNS 7.20 6.15 x 10 7 no
$200225af 1.64 x 10 © CBC BNS 10.57 406 x 10 ° yes
$200225as 6.23 x 10 © CBC BBH 7.30 2.86 x 10 7 no
$200225q" 9.19x 10 ° CBC BBH 8.21 140 x 10 no
$200303bl 175%10 ° CBC BBH 10.10 3.09 x 10 & no
$200304ay 1.89 x 10 ° CBC NSBH 7.08 6.74 x 10 7 no
$200304d 221%x10° CBC NSBH 7.08 6.90 x 10 7 no
$200317ag 3.35x 10 7 Burst L 7.36 2.66 x 10 & no
$200323bf 6.60 x 10 7 Burst L 8.27 1.81 x 10 ° no
$200324ax 1.85%x 10 ° CBC NSBH 10.60 324%x10 8 no
$200327j 1.66 x 10 ° CBC Mass Gap 22.46 296 % 10 & no

Note. The RAVEN alert is, by definition, evaluated considering only information received with low latency. The events marked with a (") are GW candidates with
pastm > 05
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