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M. Bazzan,96, 97 B. Bécsy ,98 V. M. Bedakihale,99 F. Beirnaert ,100 M. Bejger ,101 D. Belardinelli ,102

A. S. Bell ,42 V. Benedetto,103 D. Beniwal,104 W. Benoit ,105 J. D. Bentley ,92 M. Ben Yaala,106

S. Bera ,107 M. Berbel ,108 F. Bergamin ,30, 31 B. K. Berger ,35 S. Bernuzzi ,109 M. Beroiz ,19

C. P. L. Berry ,42 D. Bersanetti ,67 A. Bertolini,48 J. Betzwieser ,74 D. Beveridge ,43 N. Bevins ,110

R. Bhandare,111 U. Bhardwaj ,112, 48 R. Bhatt,19 D. Bhattacharjee ,82, 113 S. Bhaumik ,56 S. Bhowmick,114

A. Bianchi,48, 115 I. A. Bilenko,116 G. Billingsley ,19 A. Binetti ,117 S. Bini ,118, 119 O. Birnholtz ,120

S. Biscoveanu ,86, 46 A. Bisht,31 M. Bitossi ,68, 37 M.-A. Bizouard ,60 J. K. Blackburn ,19 C. D. Blair,43, 74

D. G. Blair,43 F. Bobba,77, 121 N. Bode ,30, 31 G. Bogaert,60 G. Boileau ,122, 60 M. Boldrini ,123, 75

G. N. Bolingbroke ,104 A. Bolliand,124, 50 L. D. Bonavena ,96 R. Bondarescu ,53 F. Bondu ,125

E. Bonilla ,35 M. S. Bonilla ,66 A. Bonino,126 R. Bonnand ,44 P. Booker,30, 31 A. Borchers,30, 31

V. Boschi ,37 S. Bose,32 V. Bossilkov,74 V. Boudart ,127 A. Boumerdassi,36 A. Bozzi,68 C. Bradaschia,37

P. R. Brady ,27 M. Braglia ,128 A. Branch,74 M. Branchesi ,55, 129 M. Breschi ,109 T. Briant ,130

A. Brillet,60 M. Brinkmann,30, 31 P. Brockill,27 E. Brockmueller ,30, 31 A. F. Brooks ,19 D. D. Brown,104

M. L. Brozzetti ,94, 62 S. Brunett,19 G. Bruno,131 R. Bruntz ,132 J. Bryant,126 F. Bucci,73 J. Buchanan,132

O. Bulashenko ,53, 87 T. Bulik,133 H. J. Bulten,48 A. Buonanno ,134, 18 K. Burtnyk,21 R. Buscicchio ,135, 136

D. Buskulic,44 C. Buy ,137 R. L. Byer,35 G. S. Cabourn Davies ,138 G. Cabras ,57, 58 R. Cabrita ,131

L. Cadonati ,69 G. Cagnoli ,139 C. Cahillane ,85 J. Calderón Bustillo,140 J. D. Callaghan,42

T. A. Callister,141 E. Calloni,45, 23 J. B. Camp,90 M. Canepa,142, 67 G. Caneva Santoro ,54

M. Cannavacciuolo ,77 K. C. Cannon ,52 H. Cao,143 Z. Cao ,144 L. A. Capistran,145 E. Capocasa ,78

E. Capote,85 G. Carapella,77, 121 F. Carbognani,68 M. Carlassara,30, 31 J. B. Carlin ,146 M. Carpinelli ,135, 147, 68

G. Carrillo,84 J. J. Carter ,30, 31 G. Carullo ,148 J. Casanueva Diaz,68 C. Casentini,149, 102 G. Castaldi,150

S. Y. Castro-Lucas,114 S. Caudill,151, 48, 83 M. Cavaglià ,113 R. Cavalieri ,68 G. Cella ,37
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R. M. Magee ,19 E. Maggio ,18 R. Maggiore,48, 115 M. Magnozzi ,67, 142 M. Mahesh,92 S. Mahesh,261 M. Maini,177

S. Majhi,32 E. Majorana,123, 75 C. N. Makarem,19 J. A. Malaquias-Reis,34 S. Maliakal,19 A. Malik,111 N. Man,60

V. Mandic ,105 V. Mangano ,75, 123 B. Mannix,84 G. L. Mansell ,85, 46 M. Manske ,27 M. Mantovani ,68
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50Institut Fresnel, Aix Marseille Université, CNRS, Centrale Marseille, F-13013 Marseille, France
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211University of Szeged, Dóm tér 9, Szeged 6720, Hungary

212INAF, Osservatorio Astronomico di Capodimonte, I-80131 Napoli, Italy
213Ariel University, Ramat HaGolan St 65, Ari’el, Israel
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ABSTRACT

1. INTRODUCTION

The discovery of gravitational waves (GWs) from co-

alescing binary black holes (BBH) by the Laser Interfer-

ometer Gravitational-Wave Observatory (LIGO) opened
a new window to the Universe (Abbott et al. 2016a). In

addition to GWs, compact binary mergers with at least

one neutron star (NS) component are likely to gener-

ate electromagnetic (EM) radiation (e.g., Nakar 2020a;

Kyutoku et al. 2021). Coincident detection of EM emis-

sion from compact binary mergers provides a complete

picture of the merger process and can have huge im-

plications for our understanding of the Universe. Such

coincidences play a crucial role in tracing the properties

of the source host galaxy (Troja et al. 2017; Alexander

et al. 2017), mitigating degeneracies in GW parameter

estimation (Abbott et al. 2017a; Hughes & Holz 2003;

Wang & Giannios 2021), placing constraints on the NS

∗ Deceased, November 2022.
† Deceased, July 2023.

equation of state (Bauswein et al. 2017; Radice et al.

2018), and investigating the expansion rate of the Uni-

verse, thereby testing cosmological models (Abbott et al.

2017a,b; Hotokezaka et al. 2019; Nissanke et al. 2013;
Schutz 1986). Additionally, they allow for the measure-

ment of arrival time differences between photons and

gravitons, providing limits to the mass of a graviton,

exploring potential violations to the equivalence princi-

ple and Lorentz invariance (Abbott et al. 2017e).

The joint detection of the first GW event consistent

with a binary NS (BNS) coalescence GW170817 (Ab-

bott et al. 2017a), and a coincident short gamma-ray

burst GRB 170817A (Goldstein et al. 2017a; Savchenko

et al. 2017), accompanied by the optical/infrared kilo-

nova counterpart AT 2017gfo (Arcavi et al. 2017; Coul-

ter et al. 2017; Tanvir et al. 2017; Evans et al. 2017;

Pian et al. 2017; Smartt et al. 2017; Drout et al. 2017;

Cowperthwaite et al. 2017) and the GRB afterglow (in

the X-rays: Troja et al. 2017; Margutti et al. 2017 and

radio: Hallinan et al. 2017), together ushered in a new

era in the field of multi-messenger astrophysics and for-
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ever impacted our comprehension of compact binary co-

alescences (CBC) involving an EM counterpart. Mas-

sive 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 deg2 to within a few

arcseconds of the host galaxy NGC 4993 (Abbott et al.

2017d,a). The spectacular spectral and light curve evo-

lution of this transient (Abbott et al. 2017d; Villar et al.

2017) suggested that this explosive event was an ac-

tive site for r-process nucleosynthesis (Pian et al. 2017;

Smartt et al. 2017; Coulter et al. 2017; Drout et al. 2017)

(for a detailed review of the multimessenger observa-

tions of GW170817, see, e.g., Nakar 2020b; Margutti &

Chornock 2021).

The expected EM counterpart emission from BNS

or neutron star–black hole (NSBH) mergers can poten-

tially be weak due to various factors such as consider-

able source distances, an off-axis viewing angle, or lim-

ited 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 be-

gin observations of the kilonova (Abbott et al. 2017a).

Prompt targeted searches around the GW trigger times,

leveraging facilities with enhanced localization capabil-

ities, can refine search strategies and assist optical or

infrared (IR) facilities in correctly identifying and pursu-

ing transient candidates for subsequent follow-up stud-

ies. In addition to prompt searches, Fermi -GBM anal-

ysis of triggers from the first and second LIGO–Virgo

observing runs showed that targeted offline searches are

capable of recovering additional candidate joint events

that may be of astrophysical relevance (Hamburg et al.

2020; Pillas et al. 2023). Temporal and spatial coinci-

dence 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 (Nitz et al. 2019).

Unlike Fermi, Swift has been for a long time inca-

pable of relaying a continuous stream of event mode data

to the ground in real time. Such a capability was en-

abled through GUANO (Gamma-ray Urgent Archiver

for Novel Opportunities, described in Section 2) (To-

huvavohu et al. 2020), which recovers event data from

the Swift Burst Alert Telescope (BAT, Barthelmy et al.

2005), that then get processed by the Non-Imaging

Transient Reconstruction And TEmporal Search (NI-

TRATES, DeLaunay & Tohuvavohu 2022) pipeline (see

Section 4) to search for subthreshold transient candi-

dates.1 In addition to other astronomical transients,

such as GRBs, fast radio bursts (FRBs), and high-

energy neutrinos, the GUANO-NITRATES infrastruc-

ture performs targeted searches on GW events commu-

nicated by the LVK Collaboration, to detect possible

GRBs associated with CBCs.

The impact and potential of Swift-BAT subthreshold

searches are crucial for multi-messenger related goals.

Indeed, deeper targeted searches increase the joint de-

tection horizon, thus enhancing the probability of find-

ing 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 arc-

minutes, 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 7

of the detected GRBs have a duration < 2 s (e.g., De-

Launay et al. 2020; Tohuvavohu et al. 2022a), hence they

are potentially associated with CBCs containing at least

one NS. GUANO data have also been used for the local-

ization of 29 long GRBs through imaging (e.g., DeLau-

nay et al. 2021a) and non-imaging analysis techniques

(e.g., DeLaunay et al. 2021b; Tohuvavohu et al. 2022b).

GRB 220107A, detected during BAT slew and localized

with arcminute precision, enabled the first optical red-

shift measured using GUANO data (DeLaunay et al.

2022a). The arcminute localization of GRB 211106A

enabled prompt multiband follow up and led to the dis-

covery of the first afterglow in the millimeter band from

a short GRB (Tohuvavohu et al. 2021a). With GUANO,

one can additionally recover coarse localization informa-

tion on GRB-like transients that originate from outside

the BAT field of view (FOV; e.g., 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 dur-

ing 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 April 1, 2019, 15:00 UTC to Oc-

tober 1, 2019, 15:00, and O3b which operated from

1 Live reporting of the status of the real time Swift-BAT subthresh-
old 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.

https://guano.swift.psu.edu
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November 1, 2019, 15:00 UTC, to March 27, 2020, 17:00

UTC. The alerts distributed during O3 were reporting

the following parameters: FAR, the signal classification

(CBC or unmodeled Burst), and the associated astro-

physical probabilities. The results of O3 are summa-

rized in Gravitational-Wave Transient Catalog data re-

leases GWTC-2 (Abbott et al. 2021), GWTC-2.1 (Ab-

bott et al. 2024), and GWTC-3 (Abbott et al. 2023).

In this work, we use Swift-BAT observations to carry

out offline targeted subthreshold searches for EM coun-

terparts 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 ca-

pabilities, 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.

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 UltraVio-

let/Optical Telescope (UVOT) – covering the EM spec-

trum from hard X-rays and gamma-rays all the way to

the optical (Gehrels et al. 2004). The BAT instrument

(Barthelmy et al. 2005) is a hard X-ray coded mask im-

ager with a wide FOV that operates in the broad energy

band of 15–350 keV. It is the primary instrument that

detects GRBs and performs an onboard imaging anal-

ysis 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 localizations of GRBs triggered

onboard (Gehrels et al. 2004). Due to the lack of con-

tinuous downlinking of timing, spatial, and energy in-

formation for each detector count (event mode data),

carrying out targeted searches offline has not been pos-

sible in the past. A new infrastructure, called GUANO,

was incorporated into the Swift-BAT operations in 2019.

Details of the GUANO operations can be found in To-

huvavohu et al. (2020). From the outset, GUANO has

demonstrated that recovering event mode data from as-

trophysically compelling time windows can enhance the

overall transient detection rate and sensitivity of BAT

(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 dur-

ing O3. The subthreshold GW alerts were received by

the EM follow-up groups that were part of a Memo-

randum of Understanding with the LVK Collaboration.

For candidates found with CBC search pipelines (Dal

Canton et al. 2021; Sachdev et al. 2019; Messick et al.

2017; Aubin et al. 2021; Nitz et al. 2018; Hooper et al.

2012) and Burst search pipelines (Klimenko et al. 2005,

2016), the alerts contain basic information about the

GW FAR, the probability of the candidate being astro-

physical (pastro) and trigger time. In the case of CBC

candidates, the alerts received in low latency report the

pastro 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 informa-

tion received in low latency, we can further perform a

search for associations in BAT data.

From the list of 1552 alerts that were communi-

cated via low latency channels, we obtained successful

GUANO data dumps for 636 triggers. The GW infor-

mation of the candidates received in low latency are re-

ported in Table 1. The FAR and the pastro 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 on the data was carried

out on this sample from O3 using the NITRATES anal-

ysis 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 re-

leases (Abbott et al. 2024; Abbott et al. 2023). Among

the 86 confirmed candidates, 14 triggers have pastro >

0.5 and 72 triggers have pastro < 0.5. We indicate the

details of the confirmed candidates with pastro > 0.5

and pastro < 0.5 in Table 2 and Table 3, respectively.

The values of FAR, pastro and CBC Class given in Ta-

ble 2 and Table 3 are derived from offline analyses,

as reported in GWTC-2.1 and GWTC-3 data releases,

hence are considered more reliable than the values ob-

tained in low latency, reported in Table 1. The FAR

and the pastro classification reported in Tables 2 and 3

come from the pipeline that gives the highest value of

pastro. For high significance events, if multiple pipelines

derive a pastro ≃ 1, we select the one with highest SNR.

According to these rules, in the case of S200225q, re-

ported in Table 2, the selected pipeline is cWB, but the

event is classified as CBC. The CBC class is determined

by the highest among pBBH, pNSBH and pBNS. In Ta-

bles 2 and 3 we report the value of pClass defined as
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max[pBBH, pNSBH, pBNS]. It is possible that some candi-

dates marked as “Burst” in Table 1 are then re-classified

as “CBC” by the offline analysis. Therefore, for each

catalog event the most updated group is the one re-

ported in Tables 2 and 3.

In Figure 1 we show the histograms of the pastro prob-

abilities for all the low-latency CBC candidates pro-

cessed by GUANO, for a total of 424 candidates, di-

vided into 67 BBH, 130 BNS, 148 NSBH, and 79 Mass

Gap events (Fig. 2, left panel). In the offline post-

processing of GW candidates, the Mass Gap classifica-

tion was removed, classifying 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 re-distributed into the BBH and NSBH classes. The

distribution of the updated pastro classification released

by LVK is over-plotted in Figure 1, and the classes are

divided in 39 BBH, 22 BNS and 17 NSBH candidates

(Fig. 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 candidate: The GW can-

didate is contained in the list of high-probability

(pastro > 0.5) candidates reported in Table 2 of

GWTC-2.1 (Abbott et al. 2024) or Table 1 of

GWTC-3 (Abbott et al. 2023). The GW sky lo-

calizations are downloaded from the parameter es-

timation data releases of GWTC-2.1 and GWTC-

3.2 We use the results derived from a combina-

tion of IMRPhenomXPHM (Pratten et al. 2021)

and SEOBNRv4PHM (Ossokine et al. 2020) wave-

forms (labeled as ‘Mixed’ in the release).

2. Subthreshold GW candidate: The GW candidate

is classified as low-probability (pastro < 0.5) in

the offline analysis. The GW sky localization is

produced by BAYESTAR (Singer & Price 2016;

Singer et al. 2016) and is taken from the GWTC-3

release, which contains both O3b events and up-

dated O3a events. If multiple events are present

for a single GW candidate, the pipeline with the

highest pastro is considered for the selection of the

sky localization.

3. Non-confirmed low-latency GW candidate: The

GW candidate has an associated low-latency alert,

but the event has not been confirmed by the offline

2 GWTC-2.1 release https://doi.org/10.5281/zenodo.6513631,
GWTC-3 release https://doi.org/10.5281/zenodo.8177023

analysis. The 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, 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 (DeLau-

nay & Tohuvavohu 2022). The BAT responses are cre-

ated by simulating the photon paths through all detector

segments using Geant4, which is a particle-interaction

simulator software toolkit (Allison et al. 2016). Unlike

the standard BAT responses, the NITRATES responses

account for all the detectors on the focal plane, regard-

less of their coding by the mask. The responses also en-

code details on the gamma-ray interactions inside the in-

strument, which carry additional information. This ap-

proach enables substantial sensitivity gain compared to

the conventional technique of cross-correlation imaging,

which translates to a 50% increase in the detection hori-

zon distance for a GRB 170817A-like burst compared

to the onboard imaging. Details of the NITRATES re-

sponse generation and the analysis pipeline are provided

in DeLaunay & Tohuvavohu (2022).

A GRB-like transient signal is described using the sky

localization and parameters that are specific to the as-

sumed spectral model (the peak energy and spectral

slope). This framework then computes the significance

of each signal using a test statistic (TS) by maximiz-

ing the log-likelihood (LLH) as a function of signal pa-

rameters. The likelihood ratio test statistic Λ is used

to compare the source signal+background model (de-

scribed using a set of parameters, Θsig that maximizes

the LLH) to a background-only model (described by the

set of parameters Θoff
bkg, that maximizes the LLH in the

off-time window) and is defined as follows (DeLaunay &

Tohuvavohu 2022):

Λ = −2[LLH(Θoff
bkg|Non)− LLH(Θsig,Θ

off
bkg|Non)], (1)

where Non is on-time data.

The search pipeline workflow can be summarized as

follows:

1. The event mode data is 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

is quality data for the analysis.

https://doi.org/10.5281/zenodo.6513631
https://doi.org/10.5281/zenodo.8177023
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Figure 1. Distribution of the pastro 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.
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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.
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2. A time window of 50 s (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

parameters 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 parame-

ters.

The NITRATES likelihood analysis outperforms the

onboard mask-weighted imaging analysis by delivering

superior sensitivity, given the increased effective area

(see Fig. 2 in DeLaunay & Tohuvavohu 2022). At the

cost of a significantly increased computational time, this

method is capable of delivering arcminute scale localiza-

tion for events that fall inside the BAT FOV, even when

the transient event does not trigger Swift-BAT onboard

(Tohuvavohu et al. 2021b; Tohuvavohu 2023; DeLaunay

et al. 2022b). The NITRATES pipeline has the abil-

ity to distinguish between bursts that come from in and

outside the BAT FOV. NITRATES has also accurately

localized sufficiently bright bursts outside the FOV (De-

Launay & Tohuvavohu 2022).

Swift-BAT GUANO was operating during the O3 and

was successfully procuring event mode information in re-

sponse to GW subthreshold triggers (Tohuvavohu et al.

2020). We describe the targeted search analysis that

has been carried out using the NITRATES version 0.0.1

which was available in early 2022.3 The targeted search

analysis that was operational in O3 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.4

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 ±20 s cen-

3 https://github.com/Swift-BAT/NITRATES/tree/py2
4 https://github.com/Swift-BAT/NITRATES

tered around the trigger time. The search was carried

out on 8 time bins (0.128 s, 0.256 s, 0.512 s, 1.024 s,

2.048 s, 4.096 s, 8.192 s and 16.384 s) and 9 energy bins

(between 15–350 keV). The results from the search are

reported using the following set of parameters: 1) the

maximum
√
TS describes the statistical significance of

a potential detection (see Section 5); 2) ∆LLHout indi-

cates the preference of the search to a location inside

or outside the BAT FOV, and 3) ∆LLHpeak indicates

the confidence of the search in localizing the source to

arcminute scales.

The NITRATES search was performed on the ROAR

supercomputing cluster on a set of 200 virtual cores for

a total of ∼ 600 × 800 CPU hours for the entire GW

sample.

5. RESULTS FROM NITRATES

The targeted search analysis provides a list of top can-

didates whose spatial, temporal, and spectral parame-

ters maximize the log-likelihood. In order for a candi-

date 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× 10−5 Hz. Being a targeted search, the NI-

TRATES analysis can give a false positive with
√
TS > 8

with a probability which follows a Poissionian distribu-

tion:

P (Ndet ≥ 1) = 1− P (Ndet = 0) = 1− e−FAR×∆t, (2)

with ∆t = 40 s being the width of the search window.

This leads to a pre-trial p-value of 1.6× 10−3. Since the

NITRATES analysis is performed on all GW triggers

with a FAR < 2 day−1, and considering that there are

NGW−search = 5 independent GW pipelines, the rate

of expected false positive candidates with
√
TS > 8 is

∼ 5× 2× 1.6× 10−3 /day ∼ 1/(60 day).5

For the entire sample of 636 low-latency triggers pro-

cessed using NITRATES, we have no candidates that

qualify as detection of a signal of astrophysical origin.

None of the top candidates within the ±20 s search win-

dow are coincident with the GW triggers. A tempo-

ral coincidence with a GW trigger is claimed if the NI-

TRATES search finds a candidate with
√
TS > 8 and

|t0 − tstart| < 20 s, where t0 is the GW trigger time

and tstart is the starting time of the temporal bin with

highest ranking statistics. A detailed list of all the NI-

TRATES results for the entire sample analyzed during

5 Since the GW pipelines are not totally independent, a realistic
value of NGW−search is likely below 5, leading to an overall rate
of false NITRATES candidate below 1/(60 day).
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O3 is provided in Table 1. We discuss specific false pos-

itive candidates in Section 5.1.

If the GW trigger time is included in the time window

corresponding to slew mode of BAT, the analysis can-

not be performed using NITRATES since the targeted

search requires stable attitude information to compute

the background. Similarly, some triggers have insuffi-

cient exposure time, preventing the NITRATES analy-

sis. In this case neither TS results nor flux upper limits

can be computed. As a cut to narrow down the pa-

rameter 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 like-

lihood 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 thresh-

old of
√
TS = 8. These candidates were examined

to understand our false positive population. S200327j

(
√
TS ∼ 22), S200324ax (

√
TS ∼ 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 be-

comes unreliable when the spacecraft is either entering

or leaving the SAA on account of increased background

contamination. In S190919au, a peculiar dip (∼20 s) in

the background may have contributed to a false eleva-

tion in the signal detection statistic, by causing an under

representation of the background rate. For S190919u,

we obtain a
√
TS ∼ 8.0, which corresponds to a FAR

of ∼ 4 × 10−5 Hz. The presence of such a detection,

in a total sample of 636 triggers that were analyzed, is

compatible with the expected number of false positives,

which corresponds to (4× 10−5 Hz) ×(40 s)× 636 ∼ 1.

S200130ai corresponds to a subthreshold GW trigger

at T0 = 2020-01-30T09:59:58 that was identified by the

CBC search as a NSBH candidate with a pastro = 0.008

and a GW FAR ∼ 1.8×10−5 Hz. It was detected us-

ing NITRATES at a significance of
√
TS ∼ 16.3 with

a ∆LLHout = −19.68 and ∆LLHpeak = 2.14, consis-

tent 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 as-

sociated with a Fermi trigger 602071201 (GCN 26944,

Fermi GBM Team 2020) and was classified as a long

GRB. The Fermi localization is RA = 137.5 deg, Dec

= −51.3 deg, with a statistical uncertainty of 3.5 de-

grees. The Interplanetary Gamma-Ray Burst Timing

Network (IPN) further localized the event in a 3-sigma

error box with an area of 1487 arcmin2 and centered at

an RA = 134.742 deg and Dec = −49.627 deg (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 sub-

threshold trigger. Additionally, this low-latency GW

candidate has not been confirmed by offline analyses.

5.2. Computation of flux upper limits

Since each GW trigger processed in this analysis re-

sulted in a non-detection in Swift-BAT, we estimate

the flux upper limits in the following manner. The

NITRATES analysis generates rates curves in the 15–

350 keV 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 50 s. We then estimate the 5σ count rate

and the corresponding uncertainty over the full signal

window which has a ±20 s duration. This is computed

for all the 8 time bins (see Section 4). We further con-

vert the 5σ count rates to flux upper limits, as a function

of sky position, in the 15–350 keV 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:

1. Band function (Band et al. 1993) with a soft tem-

plate (Epeak = 70 keV, α = −1.9, β = −3.7)

2. Band function with a normal template (Epeak =

230 keV, α = −1.0, β = −2.3)

3. Cutoff power law function with a hard template

(Epeak = 1500 keV, α = 1.5)

4. Cutoff power law function that has been used to

describe GRB 170817A (Epeak = 185 keV, α =

0.62) (Goldstein et al. 2017b)

The parameters α and β correspond to the low-energy

and high-energy photon indices of the spectrum, respec-

tively. The first three spectral templates are identical

to the ones that are routinely adopted by Fermi -GBM

(Goldstein et al. 2016a). In the rest of the paper, all the
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Figure 3. Flux upper limit maps are shown for all the O3 catalog events with a pastro > 0.5 that were processed successfully
using NITRATES. The color bar indicates the upper limit in the 15–350 keV Swift-BAT band as a function of the sky position.
The part of the sky in white corresponds to the area covered by the Earth. The solid and dashed contours are the GW 90%
and 50% credible levels, respectively.

results are reported assuming a Normal spectral tem-

plate.

Calling Ω = (RA,Dec) the coordinates variable, for

each temporal bin and spectral template we convert the

upper limit map ϕUL(Ω) into a unique marginalized up-

per limit value:

ϕUL =

∫
Ω/∈Ω⊕

ϕUL(Ω)PGW(Ω)dΩ, (3)

where PGW(Ω) is the posterior probability distribution

of the GW sky position. The notation Ω /∈ Ω⊕ 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 1 s time bin, assum-

ing the normal spectral template. In Fig. 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

pastro > 0.5.

As additional information, we also report the quantity

εin BAT, which quantifies the probability that the GW

source is inside the BAT coded FOV and corresponds to

εin BAT =

∫
Ω∈Ωin

PGW(Ω)dΩ, (4)

where the integral is limited to the solid angle Ωin,

namely the portion of the sky where the BAT partial

coding fraction is larger than 0.01. The location of Ωin,

i.e., the BAT FOV, is identified by the yellow region in

the sky maps of Figure 3. The higher the εin BAT, the

better the BAT covering of the GW error region, and

the more constraining the derived upper limit. The flux
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Figure 3. (continued)

upper limits as a function of εin BAT for all GW trigger

candidates is shown in Fig. 4. We also indicate with

different markers the sample of low-latency triggers, the

confirmed list of subthreshold candidates (pastro < 0.5),

and the above-threshold candidates (pastro > 0.5). In

Table 1 we also report the probability that the GW

source is occulted by the Earth, defined as:

ε⊕ =

∫
Ω∈Ω⊕

PGW(Ω)dΩ, (5)

where Ω⊕ is the solid angle subtended by the Earth from

the Swift reference system.

5.3. Computation of luminosity upper limits

We further convert the flux upper limits into luminos-

ity upper limits for all the GW triggers with available

information about the distance posterior distribution,

namely only triggers identified by CBC searches. The

luminosity upper limit in the rest frame band 1 keV–

10 MeV is estimated as

LUL = ⟨4πD2
LkϕUL⟩, (6)

where DL is extracted from the posterior probability

P (DL) reported in the GW sky localization files, while

k is the k-correction and corresponds to

k =
I[1 keV/(1 + z), 10MeV/(1 + z)]

I[15 keV, 350 keV]
, (7)

where

I[a, b] =

∫ b

a

E
dN

dE
(E)dE, (8)

and dN/dE is the assumed photon spectrum. The band

1 keV–10 MeV is chosen since it is usually adopted to

report the bolometric luminosity of GRBs.

The luminosity upper limits as a function of the mean

value of the luminosity distance is reported in Figure 5.

Similar to what was shown previously, we demarcate the
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Figure 4. The 15–350 keV flux upper limit ϕUL derived with NITRATES as a function of εin BAT, 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 pastro > 0.5 and pastro < 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 ϕUL and εin BAT are reported
on the sides. The color bar indicates the value of ε⊕, the probability that the GW candidate is occulted by the Earth.

various samples. Candidates with a low latency classi-

fication of Mass Gap were later re-distributed to other

categories as part of post-processing, which is evident

from the Mass Gap panel in Figure 5. As expected and

as evident already from Figure 4, we see a clear corre-

lation between the luminosity upper limit and εin BAT

in Figure 5, indicating that the inferred constraints on

the EM counterpart are more stringent when the GW
probability integrated inside the BAT FOV is higher.

Since ϕUL is an upper limit and not a measure coming

from a detection, Eq. (6) is an approximated method

to convert ϕUL in a luminosity upper limit, averaging

over the P (DL) distribution provided by the GW anal-

ysis. In Appendix A we show a more accurate way to

estimate the luminosity upper limit, but we find no rel-

evant differences with respect to the method reported

in this section. The Eq. (6) is used only to produce

the plots of Fig. 5, but this approximation is not used

in Section 6 to perform inference about the EM model

parameters. Instead, in Section 6 a reverse process is

followed, namely the EM model is used to predict the

luminosity, which is then convolved with P (DL) to ob-

tain a probability distribution of the flux in the BAT

energy band.

5.4. Computation of joint FAR

To calculate the joint GW–BAT FARs for each GW

trigger, we elaborate on the methods used to compute

the individual FARs and subsequently combine them.

To derive the sensitivity of the NITRATES search, time-

tagged event data assembled from intervals correspond-

ing to calibration runs and data from before and after

known GRB signal times (total exposure time of ∼51 ks)

were analyzed. The behavior of the background popula-

tion and its associated FAR were then identified (see

Section 7.6 and Fig. 16 in DeLaunay & Tohuvavohu

2022). We further compute the joint Swift-BAT–GW

FAR by combining the BAT FAR (calculated using the

method described above) with the GW FAR. A tar-

geted joint FAR threshold routine is constructed as part

of the Rapid, on-source VOEvent Coincident Monitor

(RAVEN; Abbott et al. 2017c; Urban 2016), which com-

bines the FARs obtained from GWs along with those

from BAT and computes the joint temporal as well as

the joint spatial FAR. We also specify details of the

search pipeline used in the process, Burst or CBC. The

joint FAR prescription as reported in the RAVEN doc-
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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 εin BAT,
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 pastro > 0.5
and pastro < 0.5.

umentation,6 is computed as

FARGRB+GW =
Z

IΩ

[
1 + ln(

Zmax

Z
)

]
(9)

where Z is the joint ranking statistic given by,

Z = FARGWFARGRB∆t, (10)

Zmax = FARGW,maxFARGRB,max∆t, (11)

and we adopt ∆t = 30 s, FARGW,max = 2 day−1 and

FARGRB,max = 10−3 Hz. IΩ is an integral that quan-

tifies the spatial overlap between the GW localization

6 https://lscsoft.docs.ligo.org/raven/joint far.html

and the GRB localization (Ashton et al. 2018). Even

if the search of subthreshold candidates in NITRATES

is done in a temporal window [t0 − 20 s, t0 + 20 s]

around the trigger time t0, for the RAVEN joint alert

the adopted temporal window is [t0 − 10 s, t0 + 20 s].

Since none of the BAT candidates analyzed in this work

has 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

IΩ = 1. The candidate triggers a RAVEN alert when the

FARGRB+GW ×Nt < FARmax, with Nt being the trials

factor of the joint search and FARmax = (1/30) day−1

for CBC events and FARmax = 1 yr−1 for Burst events.

The trials factor corresponds to Nt = SGW(SGW − 1),

where SGW is the number of search GW pipelines, 4

https://lscsoft.docs.ligo.org/raven/joint_far.html
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√
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the triggers which passed the threshold FARGRB < 10−3 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, respec-
tively. The plot does not include all the triggers that have a√
TS > 8 which turned out to be spurious artifacts.

for CBC events and 3 for Burst events. Since the GW

pipelines are not fully independent, a realistic value of

the trials factor is smaller than the one adopted here,

therefore the RAVEN threshold can be considered as a

conservative estimate for the significance of a joint de-

tection.

We quote the derived joint FARs along with other

trigger-specific details only for those triggers with a

FARGRB,max < 10−3 Hz in Table 4. We find that,

after rejecting false positives, 2 CBC events pass the

joint FAR detection threshold to trigger a RAVEN

alert. Specifically, S191110x (
√
TS = 7.2) and S200108p

(
√
TS = 7.4) have a joint FAR of 3.02 × 10−4 yr−1

and 21.3 yr−1, respectively. These values are obtained

considering the GW FAR received with the low-latency

alert. In the offline analysis of the GW candidates, nei-

ther S191110x or S200108p have been confirmed. We

therefore conclude that, considering the offline joint

analysis of GW and Swift-BAT data, none of the candi-

dates is eligible to claim a significant joint detection.

In Fig. 6 we report the location in the GW FAR -√
TS plane of all the candidates that pass the condi-

tion FARGW,max <2 day−1 and FARGRB,max < 10−3

Hz (i.e.,
√
TS ≳ 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 not reported in Fig. 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 de-

rived 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 emis-

sion, the luminosity in the BAT band can be estimated,

whose value will depend on some internal parameters

of the model (λ1, ..., λk). 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 (DL). Since

only CBC events have such information, Burst events

are not considered in this discussion. For the CBC

events, we consider a phenomenological model which de-

scribes the probability distribution of the luminosity L

(in the 15–350 keV rest-frame)

P (L) = (1− f)δ(L = 0) + fΠ(L). (12)

Here, the f parameter is a proxy for the EM-bright na-

ture of the event, i.e., given a CBC source described by a

set of GW parameters θ⃗GW, f(θ⃗GW) corresponds to the

probability that the EM luminosity of the source is non-

zero. On the other hand, Π(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 Π(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 func-

tion will be reported in a follow-up paper. In this sec-

tion, instead, we focus only on the BBH class, for which

no strong prior exists for Π(L). For simplicity and in

order to show the constraining power of our joint sub-

threshold search, we assume that the EM process associ-

ated with BBH, if present, produces a universal, viewing

angle-independent luminosity L0. Therefore, in the sce-

nario specified above, we have (λ1, ..., λk) = (f, L0) and

P (L) = (1− f)δ(L = 0) + fδ(L− L0) = P (L; f, L0).

(13)

Once the model for the EM emission is specified, the

probability distribution of the predicted flux is

P (ϕ) = (1− f)δ(ϕ = 0) + fPEM(ϕ), (14)
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where PEM(ϕ) = P (L0/4πkD
2
L) is the flux probability

distribution in the assumption that the source is EM

bright. Hence, for the i-th candidate, the probability

that the predicted flux is below the estimated upper

limit ϕ0,i corresponds to

Pi(ϕ < ϕ0,i) = (1− f) + f

∫ ϕ0,i

0

Pi(ϕ)dϕ, (15)

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 pastro,i = πi, there are

only three possibilities to have a non-detection in BAT:

1. The source is not astrophysical, with a probability

1− πi;

2. The source is astrophysical, but it is occulted by

the Earth, with a probability πiε⊕;

3. The source is astrophysical, it is not occulted by

the Earth and the predicted flux by the EM model

is below the BAT upper limit, with a probability

πi(1− ε⊕)Pi(ϕ < ϕ0,i).

This allows us to define a non-detection likelihood cor-

responding to

Li = (1− πi) + πi[ε⊕ + (1− ε⊕)Pi(ϕ < ϕ0,i)]. (16)

In the case of L0 → 0, Pi(ϕ < ϕ0,i) → 1, so Li → 1. For

very large values of L0, instead, Pi(ϕ < ϕ0,i) → 0 and

therefore Li → (1 − πi) + πiε⊕. This last result shows

how, even if the luminosity predicted by the model is

exceedingly large, a non-detection can occur if the GW
source is not real (1−πi), or if it is real but occulted by

the Earth (πiε⊕). Since the analysis is focused only on

BBH events, we consider only those candidates that have

pBBH > pNSBH, pBNS. By definition, pBBH + pNSBH +

pBNS = pastro and typically for the candidates classified

as BBH we have that pBBH ≫ pNSBH, pBNS. The last

condition allows us to consider Eq. (16) still valid if we

replace πi with pBBH,i, since the contribution of pNSBH,i

and pBNS,i to the non-detection probability is negligible.

Given the definition of Eq. (16), Li indicates the prob-

ability, given a set of (λ1, ..., λk) 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 de-

tectable by Swift. Having a collection of E1, ..., EN GW

candidates, the posterior distribution of the model pa-

rameters can be obtained following the Bayes theorem

P (L0, f |E1, ..., EN ) (17)

=

N∏
i=1

Liπ(L0)π(f)
/∫ N∏

i=1

Liπ(L0)π(f)dL0df,

where π(L0) and π(f) are the prior distributions of L0

and f . We assume a log-uniform prior for both L0 and f

in the respective intervals 46 < log10[L0(erg s−1)] < 53

and −3 < log10(f) < 0. The choice of the prior bound-

aries are poorly informed by theoretical expectations,

which are still affected by large uncertainties. Instead,

the priors are chosen on the basis of the typical range

of 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 bound-

aries. 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 (Abbott et al.

2023), including both the above threshold (pastro > 0.5)

and the subthreshold (pastro < 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 ori-

gin. 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 con-

sidered BBH sample with full NITRATES results and

available flux upper limits consists of 32 events, 12 of

which with pastro > 0.5.

In order to compute numerically the functional behav-

ior of the likelihood, we set up a simulation to evaluate

P (L0, f |E1, ..., EN ) in the full [L0, f ] plane defined by

the prior boundaries. The details of the simulation setup

are reported in Appendix B. The results of the simula-

tion for the sample of above threshold BBH candidates

are reported in Fig. 7, where the color map indicates

the value of L =
∏Li, normalized by the maximum

max (L) over the full domain. The contour levels defin-

ing the 50% and 90% exclusion regions are reported as

well. For comparison, in Fig. 7 we include also the same

contour levels obtained with an analysis that considers

all the BBH candidates without imposing any cut on

the pastro. The level of constraining power of the anal-
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Figure 8. Posterior distribution of log10(f), including the
50% and 90% upper limits with dot-dashed and dashed lines,
respectively. The function is derived from Fig. 7, marginal-
izing over L0.

ysis can be quantified by defining the fraction of the

full parameter space excluded with a credibility level η,

corresponding to:

Rη = Iη/Itot, (18)
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Figure 9. Posterior distribution of log10(L0), including the
50% and 90% upper limits with the dot-dashed and dashed
lines, respectively. The function is derived from Fig. 7,
marginalizing over f .

where Itot =
∫
dfdL0, being the integral extended to

the full parameters domain, and with

Iη =

∫
S

dfdL0, (19)

corresponding to the dimension of the region S of the pa-

rameter space excluded with a credibility level η. The

analysis performed using only BBH with pastro > 0.5

gives a R90% = 22%, while the analysis performed

with the inclusion of subthreshold BBH candidates gives

R90% = 10%. This result indicates that with the inclu-

sion of GW subthreshold events the analysis allows us to

exclude a smaller portion of the parameter space, with

respect to an analysis carried out using only events with

high pastro. Therefore, even adding further information

with the inclusion of more GW events, if these last are

likely originated by noise, the full Bayesian analysis is

affected by more uncertainty, resulting in an overall less

constraining power of the analysis.

Figs. 8 and 9 report the posterior distribution of P (f)

and P (L0), respectively, obtained as:

P (f) =

∫
P (L0, f |E1, ..., EN )dL0 (20)

and

P (L0) =

∫
P (L0, f |E1, ..., EN )df. (21)

Both P (L0) and P (f) are normalized such that

max[P (L0)] = max[P (f)] = 1. The posterior is reported

in magenta and blue for both samples, with and without

cut in pastro, respectively. The 50% and 90% upper lim-

its are reported as well. From the shape of the posteriors



26

and the values of the 50% and 90% upper limits, it is ev-

ident that both the L0 and f posteriors only slightly dif-

fer from the flat priors, if no cut in pastro is applied. On

the other hand, for the above threshold sample, the anal-

ysis is more informative and more stringent constraints

on the parameters can be obtained, especially for L0.

For the sample with pastro > 0.5, the 50% and 90% upper

limits for f are log10(f50%) = −1.67 and log10(f90%) =

−0.42, while for L0 are log10[L0,50%(erg s−1)] = 47.8

and log10[L0,90%(erg s−1)] = 49.2, respectively.

In the limit of a collection of triggers which correspond

only to non-astrophysical events, i.e., all with πi = 0,

the likelihood is constant in the full parameter space,

not allowing to infer any constraints on the EM model

parameters. On the other hand, if we increase the frac-

tion of confident GW events and we keep fixed the total

number N , their distance distribution P (DL) and the

derived upper limits, then we obtain that L decreases

accordingly. This implies that increasing the number of

events with πi close to 1, the overall exclusion region in

the (λ1, ..., λk) 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 con-

straints on the EM models of CBC events. Although,

realistically the GW detection horizon will increase with

time (Abbott et al. 2020), implying an overall increase of

the median values of DL of the candidate events. Such

an effect increases in turn the values of the luminosity

upper limits, increasing as well the values of Pi(ϕ < ϕ0)

and hence of L. This effect tends to decrease the dimen-

sion of the exclusion region of the (λ1, ..., λk) parameter

space. Overall, the final outcome of the inclusion of ad-

ditional 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 simu-

lation. We repeated the same procedure adopted to pro-

duce the exclusion regions of Fig. 7, but replacing the

real πi with πi = 1 for all the confirmed BBH candidates,

hence imposing that they are all significant events. All

the values of ϕUL, ε⊕ and P (DL) of each candidate are

left unchanged. The resulting 50% and 90% exclusion

regions are reported in Fig. 10, with black dashed and

solid lines, respectively. The fraction of the 90% ex-

cluded region increases to a value of R90% = 17%, clearly

demonstrating that, even if the BAT flux upper limit are

the same, the increase of confidence about the astrophys-

ical nature of the GW improves our final constraints on
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Figure 10. Same as Fig. 7, but simulating all the O3 catalog
candidates with an associated pastro = πi = 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 derived imposing both πi = 1 and
ε⊕ = 0.

the model parameter space. Furthermore, Fig. 10 re-

ports also the 50% and 90% exclusion regions (with red

dashed and solid lines, respectively), obtained as before,

but imposing both πi = 1 and ε⊕ = 0 for each candi-

date. This combination corresponds to simulate all real

BBH candidates, whose sky localization does not over-

lap with the sky region covered by the Earth. In this

case R90% = 35%, showing that also the fraction of GW

sky posterior occulted by Earth has a significant 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 observ-

ing run. Thanks to the prompt availability of BAT data

using GUANO and the sensitive targeted search capa-

bilities 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

15–350 keV 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 up-

per limits have been used to perform a stacking analysis

and to derive constraints on the possible nature of an
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associated EM emission. As illustrated in Section 6, the

presence of several BBH candidates with large values of

pastro in our sample, enhances our ability to better con-

strain the parameter space for EM emission from BH

mergers, with minimal assumptions on our prior knowl-

edge of the nature of the emission. The prospect of

detecting EM emission from BBH mergers has been de-

bated and discussed in detail in recent times. Particu-

larly, the GBM trigger that accompanied the first BBH

merger event, GW150914, has served as a case study to

test possible association and potential implications (Ab-

bott et al. 2016b; Connaughton et al. 2016; Goldstein

et al. 2016b). Though not likely, there are a number of

physical models that have been proposed that could give

rise to detectable emission in the gamma-ray band. A

summary of the various different models has been dis-

cussed in Fletcher et al. (2023) and 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., Loeb 2016; Dai

et al. 2017; Woosley 2016; Zhang 2016). The method

described in Section 6 can be easily extended to any

of these models, provided that the luminosity function

Π(L) of the putative BBH EM emission is known. Ad-

ditionally, 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

similar stacking analysis as the one described for BBH in

Section 6, due to the paucity of such events with a large

enough value of pastro. Further observations, including

the fourth LVK observing run (O4), could lead to the

collection of a larger number of BNS and NSBH candi-

dates with moderate values of pastro, giving the possibil-

ity 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.7

O4 commenced on the 24th of May, 2023. The num-

ber of significant detections is expected to increase by

several times during the entire duration of O4 (Abbott

et al. 2018; Petrov et al. 2022). Targeted search results

using the GUANO-NITRATES infrastructure are pub-

licly available in real-time8. In the case of non-detection

of an EM counterpart, the GUANO team reports the

15–350 keV flux upper limit for all the GW triggers clas-

sified as significant, via GCN Circulars. Additional en-

7 https://doi.org/10.5281/zenodo.10600302
8 https://guano.swift.psu.edu

hancements 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 pre-

cision 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 detec-

tion of EM counterparts of CBCs detected by the LVK

Collaboration. The deep subthreshold search enabled

by the NITRATES pipeline sensibly increases the de-

tection 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 as-

sociated 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 lo-

calization when available. Moreover, also in the case of

non-detection, this paper shows how the upper limits de-

rived 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

non-detection will gradually improve our knowledge of

the EM nature of CBCs.
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APPENDIX

A. LUMINOSITY UPPER LIMIT

A more accurate method to derive the luminosity upper limit should be based on the knowledge of P (DL) and P (ϕ),

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

P (ϕ) ∝

Π(ϕ), ϕ < ϕUL

0, ϕ > ϕUL

, (A1)

where Π(ϕ) is our prior distribution for the flux. Using the conversion from flux to luminosity L = 4πD2
Lϕ, the

probability distribution of the luminosity can be computed as

P (L) = P (4πD2
Lϕ) ∝

∫
1

ϕ
Pϕ(ϕ)PD2

L

(
L

4πϕ

)
dϕ, (A2)

where Pϕ is the flux probability distribution and PD2
L
is the probability distribution of D2

L. In the conversion from

flux to luminosity, the k-correction has been omitted, since it introduces a mild dependence on the redshift, which is

not relevant for the purposes of this section. The 5σ luminosity upper limit LUL can be found imposing that∫ LUL

0

P (L)dL = 1− ε5σ, (A3)

with ε5σ = 3 × 10−7. The value of LUL has been computed adopting two different assumptions for the flux prior,

corresponding to Π(ϕ) ∝ const. and Π(ϕ) ∝ ϕ−3/2, with the latter being inspired by the usual trend followed by GRBs

(e.g., Salafia et al. 2023). In both cases, we find that LUL ∼ 3× 4π⟨D2
L⟩ϕUL.

B. SIMULATION SETUP

In this section we specify the details of the simulation used to compute numerically the L(L0, f |E1, ..., EN ) function.

For each simulated GW candidate, the single Li is computed for each pairs of values (L0,n, fm). The flux predicted

by the EM model is predicted injecting 1000 sources whose luminosity distance is distributed according to P (DL),

derived from the GW localization. The probability Pi(ϕ < ϕ0,i) is derived computing the fraction of cases that have a

flux below the sky-averaged BAT upper limit, defined by Eq. (3). The computation of L is performed on a 100× 100

grid of (L0,n, fm). Once the previous steps are performed for all the GW candidates, the final combined likelihood is

computed as

L(L0, f |E1, ..., EN ) =
∏
i

Li(L0, f). (B4)

In order to produce the credibility contours in the [L0,n, fm] plane, we adopt the following steps:

1. L is normalized such that ∑
n,m

L(L0,n, fm) = 1. (B5)

2. A one-dimensional array L[xn] is created flattening the two-dimensional grid L(L0,n, fm), then L[xn] is sorted

in ascending order.

3. We find the element [L̂0, f̂ ] = [xn∗ ] such that

n∗∑
n=0

L[xn] = λ, (B6)

where λ is the credibility level of the contour.

4. The contour is drawn imposing L = L(L̂0, f̂).
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C. FLUX UPPER LIMIT DERIVATION

In this appendix we show an alternative method to compute the non-detection 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 ϕUL(RA,Dec) defined in Eq. (3). Then combined probability of being

located in the pixel xi and to have a non-detectable EM emission is

P (non-det, xi) ∝ PGW(xi)P [ϕ < ϕUL(xi)]∆Ωi, (C7)

where

P [ϕ < ϕUL(xi)] = (1− f) + f

∫ ϕUL(xi)

0

P (ϕ|xi)dϕ, (C8)

and ∆Ωi is the area of the pixel. Here we express P (ϕ|xi) as the conditional flux probability distribution, namely the

flux probability distribution assuming that the GW source is contained in the pixel xi. To compute the P (ϕ|xi), for

a fixed luminosity L, the luminosity distance is extracted from the the conditional probability distribution P (DL|xi),

which is derived from the GW sky localization. Finally the overall non-detection probability is obtained integrating

Eq. (C7) over the full sky:

P (non-det|f, L0) =
∑
xi

PGW(xi)P [ϕ < ϕUL(xi)]∆Ωi = (1−f)+f
[
ε⊕+

∑
xi /∈Ω⊕

PGW(xi)∆Ωi

∫ ϕUL(xi)

0

P (ϕ|xi)dϕ
]
, (C9)

where we have used that∫ ϕUL(xi)

0

P (ϕ|xi)dϕ = 1 if xi ∈ ⊕, and
∑

xi∈Ω⊕

PGW(xi)∆Ωi = ε⊕. (C10)

The resulting probability of non-detecting any EM emission in correspondence to a GW trigger with a given pastro = πi

is

P (non-det|f, L0, πi) = (1− πi) + πiP (non-det|f, L0). (C11)

Eq. (C9) has to be compared with the method used in Section 6, where instead we used the approximation:

P (non-det|f, L0) = (1− f) + f

∫ ϕUL

0

P (ϕ)dϕ, (C12)

with

ϕUL =

∫
Ω/∈Ω⊕

ϕUL(Ω)PGW(Ω)dΩ, (C13)

and P (ϕ) is obtained extracting DL from the full sky marginalized distribution P (DL), corresponding to

P (DL) =
∑
xi

PGW(xi)P (DL|xi)∆Ωi. (C14)

The two methods give comparable results in the assumption that the following approximation is valid:∫ ϕUL

0

P (ϕ)dϕ ≈ ε⊕ +
∑

xi /∈Ω⊕

PGW(xi)∆Ωi

∫ ϕUL(xi)

0

P (ϕ|xi)dϕ. (C15)

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

METHOD 1:

This is the method used in Section 6 and is based on the following steps:

1. The marginalized upper limit ϕUL is computed over the full sky, weighting by the GW sky localization.

2. Once L0 is fixed, the flux probability distribution P (ϕ) is computed extracting randomly DL from the P (DL),

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
∫ ϕUL

0
P (ϕ)dϕ which appears in Eq. (C12) is evaluated counting the fraction of simulated events that

have a predicted flux below the sky-averaged upper limit ϕUL.
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METHOD 2:

This is the method presented in this appendix and summarized by Eqs. (C9) and (C11), consisting in 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(RA,Dec),

then for each position the distance is extracted according to the conditional probability P (DL|RA,Dec).

2. For each injected source, once the luminosity L0 is fixed, the predicted flux is compared with the coordinates-

dependent BAT upper limit map ϕUL(RA,Dec).

3. We define ρ/∈⊕ the fraction of all the sources injected which are not occulted by the Earth and also have a

predicted flux below ϕUL(RA,Dec). Given this definition, we have:

∑
xi /∈Ω⊕

PGW(xi)∆Ωi

∫ ϕUL(xi)

0

P (ϕ|xi)dϕ = (1− ε⊕)ρ/∈⊕. (C16)

The last equality can be justified considering that, if for each pixel i we inject Ntot,i sources, we can define ρi =

NND,i/Ntot,i, where NND,i is the fraction of injected sources that are not detected, i.e., with a predicted flux below

ϕUL(xi). Therefore: ∫ ϕUL(xi)

0

P (ϕ|xi)dϕ = ρi. (C17)

Let us call Ntot the total number of sources injected on the full sky. Then we have

Ntot,i = NtotPGW(xi)∆Ωi, (C18)

and therefore ∑
xi /∈Ω⊕

PGW(xi)∆Ωi

∫ ϕUL(xi)

0

P (ϕ|xi)dϕ =
∑

xi /∈Ω⊕

Ntot,i

Ntot
ρi =

1

Ntot

∑
xi /∈Ω⊕

NND,i. (C19)

Since the total number of injected sources not occulted by Earth are Ntot,/∈⊕ = (1− ε⊕)Ntot, and using that

ρ/∈⊕ =
1

Ntot,/∈⊕

∑
xi /∈Ω⊕

NND,i, (C20)

we finally recover Eq. (C16).

In order to quantify the difference between the two methods, the following test is performed. Having fixed the two

parameters f and L0, we compute the likelihood L for the two methods and we derive the quantity

εL = 2
abs(L1 − L2)

L1 + L2
. (C21)

Here we use the subscripts 1 and 2 for the respective methods. Both likelihoods are computed considering only BBH

candidates with pastro > 0.5. In both cases, the total number of injected sources for each BBH candidate is Ntot = 1000.

The distribution of εL is evaluated sampling randomly f and L0, for a total of 100 sampled pairs (f, L0). We obtain

that the median value of εL is 0.04 and that in ∼ 80% of the sampled cases εL < 0.2. Since the difference between the

two methods is limited and since the Method 2 is more computationally expensive, all the results are used adopting

Method 1.
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Table 1. List of 636 low latency GW triggers analyzed using NITRATES is shown along with their respective pastro values
and 15–350 keV band flux upper limits. 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

√
TS is indicated as NFL (No Final Likelihood). The GW triggers from the Burst pipeline

do not have associated pastro 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 εin BAT and ε⊕, respectively.

SID Time GW FAR group pastro Class
√
TS Flux UL εin BAT ε⊕

(UTC) (Hz) (erg cm−2 s−1) (%) (%)

S190701ah 2019-07-01T20:33:07 1.92×10−8 CBC 0.934 BBH 6.4 1.58×10−7 99.42 0

S190816i 2019-08-16T13:04:31 1.44×10−8 CBC 0.833 NSBH - - - -

S190828af 2019-08-28T17:51:02 1.83×10−5 CBC 0.012 BNS - - - -

S190829p 2019-08-29T13:49:01 2.59×10−6 CBC 0.062 Mass Gap 5.8 2.05×10−7 58.03 0.94

S190830y 2019-08-30T15:07:04 7.70×10−8 CBC 0.382 Mass Gap 5.7 1.45×10−7 78.14 5.94

S190831ai 2019-08-31T18:31:02 8.85×10−6 CBC 0.064 NSBH 5.7 8.38×10−7 1.46 41.91

S190901al 2019-09-01T21:01:03 8.78×10−6 CBC 0.015 NSBH 6.6 1.82×10−7 80.18 1.08

S190901d 2019-09-01T02:56:47 1.01×10−5 CBC 0.018 BNS 6.5 5.33×10−7 13.86 43.34

S190901h 2019-09-01T04:38:54 5.26×10−6 Burst - - 6.3 4.14×10−7 24.56 43.03

S190902ao 2019-09-02T20:56:00 7.21×10−6 CBC 0.016 NSBH 6.1 5.41×10−7 9.78 24.09

S190904c 2019-09-04T02:59:52 3.64×10−6 CBC 0.037 Mass Gap 5.2 5.35×10−7 11.35 17.04

S190904p 2019-09-04T12:32:03 3.75×10−6 CBC 0.026 NSBH - - - -

S190904w 2019-09-04T17:49:01 1.56×10−6 Burst - - 5.8 4.53×10−7 27.01 0

S190906ad 2019-09-06T18:33:04 1.41×10−5 CBC 0.010 BNS 5.9 5.43×10−7 15.61 46.69

S190906ag 2019-09-06T19:35:03 3.22×10−6 Burst - - 5.5 5.73×10−7 24.48 28.62

S190906ah 2019-09-06T20:05:00 8.90×10−7 CBC 0.101 NSBH 5.7 5.47×10−7 12.62 19.27

S190906s 2019-09-06T15:20:02 4.71×10−6 Burst - - 6.4 3.65×10−7 51.54 6.26

S190907n 2019-09-07T14:29:05 2.71×10−6 Burst - - NFL 5.91×10−7 16.71 10.63

S190908az 2019-09-08T21:34:01 4.26×10−7 Burst - - 5.7 7.04×10−7 8.59 23.3

S190908e 2019-09-08T02:34:06 4.52×10−6 Burst - - 5.5 2.50×10−7 21.39 77.13

S190909ac 2019-09-09T14:13:01 4.54×10−6 Burst - - 5.9 3.43×10−7 16.23 21.97

S190909aw 2019-09-09T19:41:05 1.07×10−6 Burst - - 5.8 2.29×10−7 70.87 2.4

S190909bd 2019-09-09T21:26:03 8.85×10−6 CBC 0.023 Mass Gap - - - -

S190909y 2019-09-09T12:49:01 1.66×10−6 CBC 0.134 NSBH - - - -

S190915ak 2019-09-15T23:57:02 9.74×10−10 CBC 0.990 BBH 5.4 1.33×10−7 87.31 0.17

S190915q 2019-09-15T16:03:01 2.66×10−6 Burst - - 5.8 4.81×10−7 11.92 13.01

S190916y 2019-09-16T15:55:01 9.70×10−7 CBC 0.143 BNS 6.9 5.58×10−7 10.2 27.57

S190917ad 2019-09-17T19:14:00 1.47×10−5 CBC 0.013 Mass Gap 6.4 4.47×10−7 4.18 3.5

S190918aa 2019-09-18T19:38:04 6.68×10−7 CBC 0.023 BNS 7.2 1.09×10−7 64.36 16.27

S190919ag 2019-09-19T17:58:02 3.42×10−6 Burst - - 7.2 2.77×10−7 14.79 56.16

S190919ak 2019-09-19T18:34:03 1.06×10−5 CBC 0.089 BNS 5.8 3.11×10−7 28.36 35.45

S190919au 2019-09-19T20:39:00 3.24×10−6 Burst - - 9.4 6.34×10−7 0.04 42.88

S190919u 2019-09-19T12:13:02 8.18×10−6 Burst - - 8.0 3.84×10−7 20.56 23.68

S190920an 2019-09-20T19:09:05 2.77×10−7 Burst - - 5.7 3.16×10−7 15.6 36.74

S190920ap 2019-09-20T19:27:04 5.51×10−6 Burst - - 5.8 2.95×10−7 11.49 46.04

S190920z 2019-09-20T12:55:04 6.08×10−6 Burst - - 6.1 1.02×10−7 52.58 38.59

S190922ag 2019-09-22T15:22:01 2.89×10−6 Burst - - 5.4 3.02×10−7 50.45 9.47

S190922aq 2019-09-22T18:08:05 1.63×10−5 CBC 0.013 Mass Gap 6.2 - - -

S190923aj 2019-09-23T17:04:04 1.91×10−7 Burst - - - - - -

S190923ak 2019-09-23T17:06:03 2.70×10−6 CBC 0.216 BBH - - - -

S190923x 2019-09-23T12:19:00 2.10×10−6 CBC 0.036 BNS - - - -
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S190923y 2019-09-23T12:55:59 4.78×10−8 CBC 0.670 NSBH - - - -

S190926z 2019-09-26T16:47:02 1.27×10−6 Burst - - 6.2 3.37×10−7 1.81 72.24

S190927an 2019-09-27T14:58:00 3.60×10−6 CBC 0.038 BNS 6.6 4.59×10−7 0.02 58.85

S190928c 2019-09-28T02:11:45 6.73×10−9 Burst - - 6.9 2.84×10−7 0.04 1.53

S190928j 2019-09-28T06:30:16 2.51×10−6 CBC 0.092 BNS 6.4 5.64×10−7 8.9 27.8

S190930s 2019-09-30T13:35:41 3.00×10−9 CBC 0.950 Mass Gap - - - -

S190930t 2019-09-30T14:34:07 1.54×10−8 CBC 0.74 NSBH 5.9 5.15×10−7 11.69 21.15

S191105d 2019-11-05T13:40:51 6.63×10−6 Burst - - - - - -

S191106r 2019-11-06T18:41:51 3.31×10−6 Burst - - - - - -

S191107o 2019-11-07T16:05:23 5.62×10−6 Burst - - 5.6 6.00×10−7 3.02 17.27

S191107t 2019-11-07T18:03:55 4.14×10−6 CBC 0.020 NSBH 6.0 4.35×10−7 0.06 17.98

S191110w 2019-11-10T16:48:32 4.43×10−6 Burst - - 6.6 1.55×10−7 27.57 47.27

S191110x 2019-11-10T18:08:42 2.93×10−11 CBC 0.999 Mass Gap 7.2 1.75×10−7 15.22 56.88

S191112n 2019-11-12T04:43:25 1.76×10−5 Burst - - 5.3 1.09×10−6 38.68 17.28

S191113aj 2019-11-13T14:28:49 2.31×10−5 CBC 0.005 BNS 6.5 2.18×10−7 16.07 0.01

S191114ad 2019-11-14T12:58:04 1.36×10−5 CBC 0.065 BBH 6.0 2.05×10−7 30.58 22

S191114am 2019-11-14T15:39:15 1.57×10−5 CBC 0.021 BBH 6.3 5.12×10−7 0 1.97

S191114at 2019-11-14T16:16:17 8.13×10−6 CBC 0.008 NSBH 6.7 3.66×10−7 15.85 50.49

S191115be 2019-11-15T23:07:27 1.05×10−5 CBC 0.010 NSBH 6.0 9.94×10−7 3 0.64

S191116ac 2019-11-16T14:21:55 9.04×10−6 CBC 0.015 NSBH NFL 4.95×10−7 8.53 1.28

S191118n 2019-11-18T07:59:05 5.88×10−6 CBC 0.018 NSBH 6.8 8.70×10−8 85.8 6.04

S191118z 2019-11-18T16:49:55 7.31×10−7 CBC 0.164 BNS 6.2 1.17×10−7 38.57 54.47

S191121bf 2019-11-21T13:13:24 3.70×10−6 Burst - - - - - -

S191121bq 2019-11-21T15:54:12 2.72×10−6 Burst - - 5.7 2.73×10−7 38.34 29.35

S191121bt 2019-11-21T16:45:42 2.03×10−5 CBC 0.004 NSBH 5.5 3.06×10−7 6.25 7.14

S191123q 2019-11-23T09:01:14 1.07×10−5 Burst - - 5.4 5.84×10−7 2.04 14.18

S191127p 2019-11-27T05:02:27 2.63×10−6 CBC 0.037 Mass Gap - - - -

S191130q 2019-11-30T07:52:23 8.69×10−6 CBC 0.005 NSBH 5.0 5.55×10−7 1.24 28.9

S191202af 2019-12-02T18:42:26 2.36×10−6 Burst - - - - - -

S191204o 2019-12-04T14:17:13 1.16×10−5 CBC 0.009 NSBH - - - -

S191204r 2019-12-04T17:15:26 3.06×10−25 CBC 1.000 BBH NFL 1.21×10−7 86.69 0

S191204t 2019-12-04T18:34:16 1.67×10−6 Burst - - 5.1 3.73×10−7 15.06 24.91

S191205ae 2019-12-05T20:56:37 2.83×10−7 Burst - - 5.7 6.07×10−7 7.73 3.8

S191205ah 2019-12-05T21:52:08 1.25×10−8 CBC 0.932 NSBH 5.2 3.43×10−7 31.7 7.85

S191206ab 2019-12-06T14:05:21 6.19×10−6 CBC 0.024 Mass Gap 6.2 2.82×10−7 34.03 8.59

S191206an 2019-12-06T17:38:57 1.01×10−6 Burst - - 5.7 3.14×10−7 5.28 7.69

S191207o 2019-12-07T10:16:32 1.42×10−5 Burst - - - - - -

S191207u 2019-12-07T12:29:56 1.00×10−5 Burst - - 6.1 3.61×10−7 28.24 32.09

S191208b 2019-12-08T02:02:15 9.14×10−6 CBC 0.017 BNS 5.0 4.92×10−7 0.03 41.23

S191209ao 2019-12-09T13:58:21 1.02×10−6 CBC 0.097 Mass Gap 5.6 4.34×10−7 0.37 39.42

S191209ar 2019-12-09T14:32:42 1.08×10−6 Burst - - 6.2 2.61×10−7 56.27 8.52

S191212ad 2019-12-12T16:57:39 2.55×10−6 Burst - - 7.0 5.43×10−6 0.17 17.49

S191212ap 2019-12-12T19:59:21 1.31×10−6 CBC 0.080 BNS 6.0 4.98×10−7 0.67 4.94

S191212b 2019-12-12T00:31:07 9.49×10−6 Burst - - 4.9 4.94×10−7 7.29 39.35

S191212l 2019-12-12T07:57:05 9.31×10−6 CBC 0.021 Mass Gap 7.2 4.24×10−7 11.14 69.95

S191213al 2019-12-13T16:09:04 1.27×10−7 CBC 0.518 NSBH 6.3 3.61×10−7 16.31 35.94

S191213an 2019-12-13T16:58:32 8.60×10−7 Burst - - 6.2 2.92×10−7 50.3 30.27

S191213au 2019-12-13T18:44:42 7.84×10−7 Burst - - 6.0 1.47×10−7 9.88 87.84

S191213ay 2019-12-13T19:16:25 2.93×10−6 Burst - - 6.3 5.88×10−7 0.26 11.37

S191213be 2019-12-13T19:54:22 1.72×10−6 Burst - - 5.6 6.80×10−7 1.1 79.01
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S191213c 2019-12-13T01:17:45 6.71×10−8 CBC 0.395 NSBH 5.9 4.87×10−8 98.61 0

S191215r 2019-12-15T19:57:29 5.46×10−6 CBC 0.023 BNS 6.3 9.51×10−8 73.13 12.09

S191216ap 2019-12-16T21:33:38 1.13×10−23 CBC 1.000 Mass Gap 6.6 6.61×10−7 0.56 4.99

S191219ak 2019-12-19T17:49:47 1.22×10−6 Burst - - 7.2 1.40×10−7 83.49 3.23

S191219an 2019-12-19T18:36:24 2.26×10−6 Burst - - 6.0 4.64×10−7 0.01 38.33

S191219ap 2019-12-19T19:52:52 3.14×10−6 CBC 0.067 Mass Gap 6.3 3.05×10−7 21.87 42.93

S191220af 2019-12-20T12:24:14 3.96×10−10 CBC 0.996 BNS 6.4 4.93×10−7 4.63 41.78

S191220al 2019-12-20T14:46:02 1.92×10−6 CBC 0.026 BNS - - - -

S191220aw 2019-12-20T17:49:42 9.31×10−8 CBC 0.522 NSBH - - - -

S191221aa 2019-12-21T10:31:37 1.02×10−5 CBC 0.018 BNS 5.6 5.73×10−7 52.7 1.74

S191221al 2019-12-21T14:41:21 2.92×10−6 Burst - - 5.8 4.53×10−7 5.41 24.69

S191221ar 2019-12-21T17:12:28 1.22×10−5 CBC 0.011 NSBH 6.7 7.21×10−7 0.72 7.38

S191221v 2019-12-21T08:51:06 1.43×10−6 CBC 0.003 NSBH 6.3 1.33×10−7 97.95 0

S191221w 2019-12-21T09:02:03 1.76×10−5 CBC 0.055 Mass Gap 4.6 5.28×10−7 8.91 6.08

S191222a 2019-12-22T01:34:42 8.95×10−6 CBC 0.020 BNS 6.6 9.11×10−7 0.03 13.45

S191222af 2019-12-22T13:57:46 1.94×10−5 CBC 0.006 NSBH - - - -

S191222an 2019-12-22T16:30:03 1.79×10−5 CBC 0.037 Mass Gap - - - -

S191223aj 2019-12-23T15:55:41 2.23×10−5 CBC 0.006 BNS 5.9 2.57×10−7 51.53 7.48

S191223p 2019-12-23T08:22:49 1.54×10−5 CBC 0.008 NSBH 5.7 1.22×10−6 3.89 6.33

S191224p 2019-12-24T05:03:59 8.31×10−6 Burst - - 6.1 5.61×10−7 10.96 17.7

S191224x 2019-12-24T11:23:11 1.98×10−5 CBC 0.011 BNS 6.3 5.16×10−7 22.09 8.42

S191225aq 2019-12-25T21:57:15 1.27×10−8 CBC 0.390 Mass Gap 5.7 1.78×10−7 55.64 0.05

S191225e 2019-12-25T02:11:26 9.64×10−6 CBC 0.017 BNS 6.0 2.49×10−7 37.71 36.13

S191225q 2019-12-25T10:30:40 1.69×10−5 CBC 0.006 NSBH 6.0 4.39×10−7 19.53 13.61

S191226ad 2019-12-26T13:31:05 1.19×10−5 CBC 0.011 BNS 5.8 3.58×10−7 9.16 13.79

S191226ae 2019-12-26T14:39:20 1.99×10−6 CBC 0.026 NSBH 5.6 2.49×10−7 21.45 4.19

S191226ai 2019-12-26T17:35:27 2.96×10−7 CBC 0.602 BBH - - - -

S191226aj 2019-12-26T18:10:18 2.46×10−6 CBC 0.073 Mass Gap 6.6 4.71×10−7 0.26 65.36

S191226ap 2019-12-26T20:33:18 5.04×10−6 Burst - - 6.0 4.36×10−7 14.53 51.45

S191226d 2019-12-26T01:40:51 2.24×10−6 Burst - - 5.7 4.80×10−7 0.01 43.14

S191226u 2019-12-26T10:24:57 9.17×10−6 Burst - - - - - -

S191227aa 2019-12-27T11:47:25 1.60×10−5 CBC 0.006 NSBH - - - -

S191227af 2019-12-27T13:06:49 2.79×10−6 Burst - - 6.6 9.85×10−8 57.79 35.03

S191227aj 2019-12-27T14:54:31 5.45×10−6 CBC 0.030 Mass Gap 5.9 2.56×10−7 22.12 13.71

S191227al 2019-12-27T15:49:54 1.62×10−5 CBC 0.010 BNS 6.2 2.71×10−7 41.93 20.28

S191227am 2019-12-27T15:51:27 6.04×10−6 Burst - - - - - -

S191227an 2019-12-27T16:10:45 8.60×10−6 CBC 0.014 NSBH 6.3 7.13×10−7 29.95 0.15

S191227ap 2019-12-27T16:35:12 1.68×10−5 Burst - - 5.9 2.18×10−7 44.6 27.51

S191227as 2019-12-27T17:29:03 1.32×10−5 Burst - - 6.1 2.87×10−7 21.77 35.26

S191227az 2019-12-27T21:55:49 1.21×10−5 CBC 0.008 NSBH 6.9 5.10×10−7 4.48 0.34

S191227bb 2019-12-27T23:04:40 3.86×10−7 Burst - - - - - -

S191227h 2019-12-27T02:58:36 1.94×10−5 CBC 0.034 BBH 6.5 8.67×10−7 9.06 26.08

S191227o 2019-12-27T04:55:18 1.17×10−5 Burst - - 6.8 5.77×10−7 14.35 1.91

S191228ac 2019-12-28T13:17:16 1.44×10−5 CBC 0.007 NSBH 7.0 2.43×10−7 16.91 65.16

S191228am 2019-12-28T18:51:01 7.20×10−6 Burst - - - - - -

S191228an 2019-12-28T20:07:11 1.83×10−6 Burst - - 6.4 2.49×10−7 48.48 0.41

S191228at 2019-12-28T23:57:39 8.92×10−6 Burst - - 4.6 2.99×10−7 36.08 31.05

S191228i 2019-12-28T05:44:50 2.27×10−5 CBC 0.008 Mass Gap 6.5 3.47×10−7 38.65 34.86

S191228q 2019-12-28T08:14:37 5.18×10−6 Burst - - 5.8 4.05×10−7 27.39 34.8

S191228u 2019-12-28T09:08:39 9.00×10−6 Burst - - 5.4 4.01×10−7 10.1 41.03
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S191228w 2019-12-28T09:49:35 1.01×10−5 Burst - - 6.4 4.10×10−7 20.77 26.8

S191229ah 2019-12-29T21:50:21 1.23×10−6 Burst - - 8.9 7.45×10−7 22.06 23.56

S191229ai 2019-12-29T22:11:21 7.60×10−6 CBC 0.015 NSBH 6.4 1.56×10−7 30.56 60.52

S191229ak 2019-12-29T23:16:09 9.76×10−6 Burst - - 5.7 5.81×10−7 7.89 40.58

S191229o 2019-12-29T12:02:34 1.07×10−5 CBC 0.011 NSBH - - - -

S191230aa 2019-12-30T13:51:30 1.07×10−5 CBC 0.011 NSBH 6.6 4.68×10−7 55.93 0.06

S191230ae 2019-12-30T14:19:12 1.44×10−5 CBC 0.011 Mass Gap 5.8 1.89×10−7 34.17 54.3

S191230at 2019-12-30T21:24:48 1.64×10−5 CBC 0.011 BNS 6.1 5.52×10−7 0.09 48.46

S191230au 2019-12-30T22:04:37 2.12×10−6 Burst - - 7.0 2.54×10−7 40.47 20.44

S191230e 2019-12-30T02:40:45 1.09×10−5 Burst - - - - - -

S191230k 2019-12-30T04:10:08 3.17×10−7 Burst - - - - - -

S191230v 2019-12-30T11:19:08 8.75×10−6 CBC 0.013 NSBH 6.8 5.44×10−7 0.36 1.48

S191230y 2019-12-30T13:08:19 1.01×10−5 Burst - - 5.7 4.53×10−7 2.13 52.59

S191231ad 2019-12-31T11:45:12 1.33×10−6 Burst - - 6.9 1.21×10−7 51.96 34.52

S191231an 2019-12-31T16:59:30 1.67×10−5 CBC 0.009 NSBH 6.2 5.52×10−7 11.42 7.79

S200101o 2020-01-01T14:18:13 1.66×10−5 CBC 0.012 BNS 7.4 5.29×10−7 1.52 61.15

S200102ah 2020-01-02T15:04:48 1.70×10−5 CBC 0.007 NSBH 5.3 5.99×10−7 0 38.48

S200102an 2020-01-02T18:05:23 1.45×10−5 Burst - - 6.5 5.94×10−7 1.94 32.62

S200102ar 2020-01-02T19:39:36 2.24×10−5 CBC 0.005 NSBH 6.4 1.77×10−7 73.19 2.04

S200102au 2020-01-02T21:01:56 1.77×10−5 CBC 0.009 Mass Gap 5.6 5.10×10−7 6.1 8.29

S200102k 2020-01-02T06:17:35 5.93×10−6 CBC 0.016 NSBH - - - -

S200102y 2020-01-02T11:15:25 8.42×10−6 Burst - - - - - -

S200103aa 2020-01-03T12:32:22 6.00×10−6 Burst - - 5.7 9.42×10−7 1.26 26.1

S200103am 2020-01-03T16:46:33 1.68×10−5 CBC 0.007 NSBH - - - -

S200103ao 2020-01-03T18:29:37 1.12×10−5 CBC 0.013 NSBH 7.0 3.23×10−6 1.05 67.67

S200103aw 2020-01-03T22:34:12 2.00×10−5 CBC 0.002 BBH 5.2 5.28×10−7 0.22 25.17

S200103az 2020-01-03T23:31:11 1.32×10−6 CBC 0.078 NSBH 6.6 2.58×10−7 1.42 97.64

S200103r 2020-01-03T09:42:24 1.57×10−6 Burst - - 6.4 2.60×10−7 27.35 36.86

S200103t 2020-01-03T10:31:18 4.10×10−6 Burst - - 5.9 7.13×10−7 10.63 21.96

S200103v 2020-01-03T10:55:34 1.18×10−5 Burst - - 6.4 3.68×10−7 24.33 31.88

S200103z 2020-01-03T11:55:03 1.49×10−5 Burst - - - - - -

S200104aa 2020-01-04T10:04:38 9.99×10−6 Burst - - 6.1 4.74×10−7 6.58 43.27

S200104ar 2020-01-04T19:50:42 3.13×10−6 CBC 0.024 NSBH 6.7 5.16×10−7 0.4 26.15

S200104d 2020-01-04T04:13:54 2.99×10−6 Burst - - 6.2 3.78×10−7 8.92 44.22

S200104r 2020-01-04T08:05:48 1.70×10−5 CBC 0.010 BNS 6.0 4.83×10−7 0.03 12.34

S200105aj 2020-01-05T18:00:59 1.43×10−5 CBC 0.010 BNS - - - -

S200105p 2020-01-05T09:03:23 9.27×10−6 CBC 0.019 BNS 6.0 2.87×10−7 18.21 77.63

S200105u 2020-01-05T12:01:59 2.26×10−5 CBC 0.005 NSBH 6.8 8.27×10−7 1.99 41.47

S200105w 2020-01-05T12:48:13 6.15×10−6 CBC 0.012 NSBH 5.6 5.22×10−7 1.4 69.28

S200106ar 2020-01-06T17:48:06 3.03×10−6 Burst - - 6.4 1.54×10−7 58.45 21.4

S200106az 2020-01-06T18:50:35 1.39×10−5 Burst - - 6.5 3.42×10−7 13.15 69.28

S200106bd 2020-01-06T22:24:59 1.76×10−5 CBC 0.005 BNS 5.8 8.99×10−7 0.02 99.56

S200106f 2020-01-06T01:36:45 1.76×10−6 Burst - - 6.0 6.32×10−7 4.58 18.82

S200106i 2020-01-06T03:07:57 1.82×10−5 CBC 0.015 Mass Gap 5.5 4.44×10−7 14.62 28.82

S200106k 2020-01-06T04:37:09 1.86×10−5 CBC 0.009 Mass Gap 7.0 3.30×10−7 17.36 36.7

S200106s 2020-01-06T08:37:45 8.19×10−6 Burst - - - - - -

S200107i 2020-01-07T03:16:26 5.14×10−6 Burst - - 5.4 5.52×10−7 0.1 23.85

S200107j 2020-01-07T03:22:04 3.44×10−7 Burst - - 6.5 6.19×10−7 0 7.88

S200107m 2020-01-07T04:08:28 4.26×10−6 CBC 0.022 NSBH 5.6 4.71×10−7 13.51 34.62

S200107o 2020-01-07T05:11:52 1.05×10−5 CBC 0.006 NSBH 5.3 6.16×10−7 0.77 24.76
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S200108ag 2020-01-08T18:30:05 2.24×10−5 CBC 0.009 BNS 6.6 3.40×10−7 37.19 28.06

S200108ah 2020-01-08T18:42:57 2.16×10−5 CBC 0.008 NSBH 7.1 3.15×10−7 25.82 29.67

S200108an 2020-01-08T23:51:51 1.66×10−5 CBC 0.011 BNS 6.8 4.67×10−7 34.39 12.38

S200108j 2020-01-08T03:42:27 2.24×10−5 CBC 0.007 NSBH 5.7 5.72×10−7 15.67 30.15

S200108l 2020-01-08T04:13:13 2.13×10−6 CBC 0.092 BNS 6.4 3.53×10−7 10.23 41.69

S200108p 2020-01-08T05:20:09 1.93×10−7 CBC 0.470 BNS 7.4 7.83×10−7 2.39 46.3

S200109m 2020-01-09T08:48:21 1.94×10−5 CBC 0.006 NSBH 5.9 4.91×10−7 11.43 3.39

S200109o 2020-01-09T13:51:35 1.44×10−5 Burst - - 5.8 1.09×10−7 77.72 9.11

S200109r 2020-01-09T15:30:31 3.14×10−6 Burst - - 7.0 5.56×10−7 0 99.4

S200109s 2020-01-09T15:44:38 4.34×10−6 Burst - - 7.0 4.75×10−7 22.85 20.23

S200110aa 2020-01-10T11:01:48 2.12×10−5 Burst - - 7.1 2.92×10−7 47.55 21.69

S200110d 2020-01-10T01:23:11 1.45×10−5 Burst - - 7.3 5.40×10−7 7.42 39.3

S200110e 2020-01-10T02:01:40 6.32×10−6 Burst - - 5.8 3.77×10−7 0.77 14.67

S200110m 2020-01-10T05:25:05 1.21×10−6 Burst - - 6.7 6.61×10−7 1.48 5.31

S200110q 2020-01-10T05:46:19 4.45×10−6 Burst - - 6.4 4.99×10−7 0.76 61.25

S200110s 2020-01-10T06:46:45 1.51×10−5 Burst - - 6.9 1.35×10−7 79.96 3.4

S200110t 2020-01-10T07:50:59 1.79×10−5 Burst - - 6.5 4.70×10−7 11.22 28.08

S200110v 2020-01-10T08:40:52 1.56×10−5 Burst - - 6.5 2.89×10−7 25.33 9.06

S200110z 2020-01-10T10:33:06 6.50×10−6 Burst - - 5.8 2.03×10−7 56.99 10.49

S200111ae 2020-01-11T22:02:00 1.61×10−5 CBC 0.009 NSBH 6.2 7.87×10−7 11.26 25.72

S200111j 2020-01-11T06:51:45 2.70×10−6 Burst - - 6.9 5.25×10−7 12.19 27.34

S200111s 2020-01-11T15:23:44 1.04×10−5 CBC 0.019 BNS - - - -

S200111w 2020-01-11T19:00:59 1.36×10−5 CBC 0.011 NSBH 5.7 2.70×10−7 60.18 0.99

S200112ac 2020-01-12T21:29:08 1.60×10−5 CBC 0.004 NSBH 6.0 6.91×10−7 1.12 79.05

S200112e 2020-01-12T09:44:25 1.61×10−5 CBC 0.009 BNS 6.2 6.47×10−7 0.01 58.06

S200113f 2020-01-13T02:14:20 1.79×10−5 CBC 0.010 BNS 5.3 3.12×10−7 18.59 56.9

S200113g 2020-01-13T02:20:40 1.81×10−5 CBC 0.009 BNS 5.6 4.69×10−7 3.35 0.16

S200113n 2020-01-13T09:59:40 1.57×10−5 CBC 0.013 Mass Gap 6.4 6.05×10−7 0.52 68.21

S200113u 2020-01-13T14:59:11 1.13×10−8 Burst - - 6.4 5.70×10−7 7.56 1.52

S200114e 2020-01-14T01:51:22 1.88×10−5 CBC 0.006 NSBH 6.0 4.80×10−7 0.19 95.25

S200114f 2020-01-14T02:08:18 1.23×10−9 Burst 8.8 4.80×10−8 99.74 0.0

S200114m 2020-01-14T05:47:08 1.94×10−5 CBC 0.035 BBH 6.4 3.90×10−7 30.04 0.06

S200114p 2020-01-14T06:50:05 1.27×10−5 CBC 0.009 NSBH - - - -

S200114w 2020-01-14T13:17:40 2.76×10−6 CBC 0.238 BBH 6.2 4.37×10−7 25.85 0.22

S200115ab 2020-01-15T13:47:04 1.07×10−5 Burst - - 6.7 4.82×10−7 6.56 15.38

S200115ak 2020-01-15T21:00:55 1.14×10−5 CBC 0.014 Mass Gap 4.3 8.80×10−8 85.4 11.91

S200116ab 2020-01-16T10:11:59 1.67×10−5 CBC 0.011 BNS 4.5 1.17×10−7 42.05 49.47

S200116am 2020-01-16T13:27:34 3.02×10−6 CBC 0.046 BNS 5.8 1.64×10−7 44.69 36.94

S200116ay 2020-01-16T20:55:30 4.83×10−6 CBC 0.028 BNS 6.4 1.50×10−7 77.03 7.07

S200116b 2020-01-16T00:08:17 2.85×10−6 Burst - - - - - -

S200116ba 2020-01-16T22:20:08 6.77×10−6 CBC 0.059 BNS 5.7 7.51×10−7 31.22 2.16

S200116d 2020-01-16T00:31:07 1.59×10−5 CBC 0.019 BNS 6.8 4.59×10−7 32.04 6.68

S200116k 2020-01-16T05:12:12 3.30×10−6 Burst - - 5.2 2.91×10−7 34.49 36.85

S200116o 2020-01-16T06:43:19 1.46×10−6 Burst - - 6.5 3.25×10−7 10.6 28.01

S200117ag 2020-01-17T15:45:58 1.55×10−6 Burst - - - - - -

S200117ao 2020-01-17T19:43:02 1.05×10−5 CBC 0.017 BNS 5.9 3.21×10−7 0.08 38.99

S200117aq 2020-01-17T20:18:33 1.56×10−5 CBC 0.007 NSBH - - - -

S200117as 2020-01-17T20:57:03 1.99×10−5 Burst - - 6.3 5.93×10−7 3.32 25.36

S200117j 2020-01-17T07:36:50 1.86×10−5 Burst - - 6.2 4.51×10−7 19 37.3

S200117z 2020-01-17T13:25:54 1.88×10−5 CBC 0.005 NSBH 7.3 4.93×10−7 18.54 30.53
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S200118ap 2020-01-18T16:45:38 5.77×10−6 CBC 0.020 NSBH - - - -

S200118as 2020-01-18T19:10:51 2.01×10−6 CBC 0.060 NSBH 6.6 3.31×10−7 67.28 0.84

S200118d 2020-01-18T01:15:36 1.56×10−5 CBC 0.019 NSBH - - - -

S200118e 2020-01-18T01:14:04 1.76×10−6 Burst - - - - - -

S200118k 2020-01-18T02:27:04 2.95×10−6 Burst - - 6.3 2.78×10−7 19.81 11.16

S200118p 2020-01-18T05:07:50 6.22×10−6 CBC 0.027 BNS 5.7 2.65×10−7 32.81 44.11

S200118z 2020-01-18T08:30:55 1.87×10−5 CBC 0.011 BNS 6.0 4.27×10−7 14.37 32.28

S200119g 2020-01-19T05:29:43 5.41×10−6 CBC 0.026 BNS 5.7 5.73×10−7 0.09 96

S200119h 2020-01-19T05:52:36 2.00×10−5 CBC 0.009 BNS 6.5 1.44×10−7 59.9 18.67

S200120e 2020-01-20T20:51:02 1.37×10−6 Burst - - 6.5 4.84×10−7 0 75.71

S200121h 2020-01-21T04:24:28 3.33×10−6 CBC 0.026 NSBH 6.6 4.67×10−7 2.84 10.67

S200121i 2020-01-21T06:14:01 9.81×10−6 CBC 0.019 Mass Gap 6.2 2.85×10−7 8.61 43.99

S200121q 2020-01-21T12:26:48 3.38×10−6 CBC 0.036 BNS 6.5 4.09×10−7 0.8 11.98

S200122a 2020-01-22T01:00:57 3.03×10−6 Burst - - 5.5 5.80×10−7 9.99 63.39

S200122d 2020-01-22T02:11:17 8.91×10−6 Burst - - - - - -

S200122m 2020-01-22T06:15:00 1.59×10−5 CBC 0.007 NSBH 5.6 2.49×10−7 29.58 42.92

S200122n 2020-01-22T06:14:09 3.35×10−6 Burst - - 5.8 3.99×10−7 1.05 61.04

S200124n 2020-01-24T08:50:58 2.28×10−5 CBC 0.006 BNS - - - -

S200124z 2020-01-24T15:18:12 2.20×10−5 CBC 0.005 NSBH 7.0 8.27×10−7 1.41 3.93

S200126ab 2020-01-26T21:05:59 9.92×10−6 CBC 0.020 BNS - - - -

S200126ad 2020-01-26T22:58:49 4.32×10−6 CBC 0.036 BNS 5.8 1.82×10−7 29.24 43.96

S200126b 2020-01-26T01:03:12 1.55×10−5 Burst - - 5.5 4.20×10−7 13.58 8.72

S200126q 2020-01-26T12:12:11 2.11×10−5 CBC 0.011 Mass Gap - - - -

S200126s 2020-01-26T12:44:32 6.16×10−6 CBC 0.022 BNS NFL 3.58×10−7 27.08 4.78

S200127c 2020-01-27T00:49:50 5.48×10−7 CBC 0.042 NSBH 5.8 2.64×10−7 0.36 67.07

S200127o 2020-01-27T11:43:05 2.50×10−6 CBC 0.058 BNS - - - -

S200127s 2020-01-27T15:27:19 1.89×10−5 CBC 0.012 BNS - - - -

S200128d 2020-01-28T02:20:11 1.64×10−8 CBC 0.968 BBH 7.0 2.07×10−7 26.25 53

S200128f 2020-01-28T04:54:04 1.37×10−6 Burst - - 5.8 4.76×10−7 4.67 17.22

S200128p 2020-01-28T09:54:07 5.35×10−6 CBC 0.024 NSBH 6.1 5.62×10−7 13.76 23.17

S200129ab 2020-01-29T11:10:15 5.74×10−6 CBC 0.026 BNS 6.3 4.95×10−7 0.02 70.01

S200129ad 2020-01-29T11:57:52 1.87×10−6 CBC 0.035 NSBH 5.3 6.48×10−7 0.01 0.71

S200129ai 2020-01-29T13:01:06 1.99×10−5 CBC 0.009 BNS - - - -

S200129ap 2020-01-29T15:39:24 1.95×10−5 Burst - - 6.6 5.53×10−7 0.20 37.41

S200129bb 2020-01-29T19:36:46 1.60×10−5 CBC 0.006 NSBH 5.3 2.13×10−7 29.97 45.18

S200129i 2020-01-29T05:07:00 6.89×10−6 CBC 0.022 BNS 6.3 2.93×10−7 6.78 0.01

S200129k 2020-01-29T06:26:01 1.57×10−5 CBC 0.008 BNS 5.9 5.75×10−7 5.58 2.87

S200129m 2020-01-29T06:54:58 6.70×10−32 CBC 1.000 BBH 5.8 9.44×10−7 0 0

S200129q 2020-01-29T08:50:16 2.20×10−6 CBC 0.040 NSBH 5.8 5.38×10−7 1.52 83.06

S200129v 2020-01-29T10:18:47 8.13×10−7 CBC 0.109 NSBH 5.7 6.64×10−7 0 41.39

S200130ac 2020-01-30T07:40:34 3.08×10−6 CBC 0.056 Mass Gap 5.4 1.73×10−6 4.79 25.29

S200130ai 2020-01-30T09:59:58 1.78×10−5 CBC 0.008 NSBH 16.4 1.86×10−7 36.48 0.01

S200130aq 2020-01-30T13:16:21 2.19×10−5 Burst - - 5.1 4.24×10−7 8.56 32.34

S200130at 2020-01-30T14:33:37 2.65×10−6 CBC 0.052 BNS 5.7 6.78×10−7 13.85 0.5

S200130j 2020-01-30T04:27:50 3.69×10−6 Burst - - 6.0 3.04×10−7 35.45 31.31

S200130z 2020-01-30T07:10:21 1.48×10−5 CBC 0.009 NSBH 5.9 4.44×10−7 0.29 39.17

S200131ap 2020-01-31T19:39:35 1.39×10−5 CBC 0.013 BNS 6.4 6.54×10−7 23 57.25

S200131c 2020-01-31T01:15:08 2.14×10−5 CBC 0.020 BNS 5.4 3.11×10−7 21.02 1.03

S200201b 2020-02-01T01:35:45 4.03×10−6 CBC 0.036 Mass Gap 5.8 5.20×10−7 5.04 29.4

S200201c 2020-02-01T01:39:17 9.88×10−6 CBC 0.017 BNS 5.7 2.23×10−7 0.26 56.09
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S200204ak 2020-02-04T21:52:56 1.86×10−5 CBC 0.006 NSBH 6.8 3.76×10−7 1.98 94.09

S200205ab 2020-02-05T07:30:51 3.45×10−6 CBC 0.040 Mass Gap 5.9 6.29×10−7 0.04 1.56

S200205ag 2020-02-05T09:43:05 1.64×10−6 CBC 0.042 NSBH - - - -

S200205as 2020-02-05T17:02:05 1.15×10−5 Burst - - 6.4 5.83×10−7 5.46 4.09

S200205ax 2020-02-05T22:44:49 1.58×10−5 Burst - - 5.8 1.92×10−7 38.29 30.69

S200205e 2020-02-05T01:59:16 1.59×10−5 CBC 0.007 NSBH 5.7 2.00×10−7 55.33 8.32

S200206ao 2020-02-06T11:38:22 5.32×10−6 CBC 0.024 BNS - - - -

S200206at 2020-02-06T17:45:55 1.91×10−5 CBC 0.010 BNS 6.2 6.37×10−7 1.16 64.96

S200206bc 2020-02-06T21:24:22 8.73×10−7 CBC 0.124 NSBH 6.8 2.27×10−7 47.65 0.05

S200206bg 2020-02-06T23:07:15 5.99×10−7 Burst - - 6.0 2.49×10−7 38.9 29.45

S200206r 2020-02-06T05:16:09 6.24×10−6 Burst - - 6.5 9.68×10−7 0.19 79.89

S200206v 2020-02-06T05:40:04 5.90×10−6 Burst - - 6.3 3.51×10−7 10.08 55.9

S200207aq 2020-02-07T16:46:26 3.38×10−6 CBC 0.001 Mass Gap - - - -

S200207t 2020-02-07T07:53:06 2.21×10−5 CBC 0.005 NSBH 5.5 3.37×10−7 37.1 2.7

S200208ac 2020-02-08T18:57:11 2.70×10−6 Burst - - 5.7 2.03×10−7 33.49 40.16

S200208l 2020-02-08T09:01:03 1.76×10−5 Burst - - - - - -

S200208q 2020-02-08T13:01:17 2.52×10−9 CBC 0.993 BBH 6.2 5.33×10−7 0 0.76

S200208v 2020-02-08T15:32:25 2.40×10−6 CBC 0.045 NSBH 5.0 3.36×10−7 18.52 67.4

S200209al 2020-02-09T12:55:21 1.25×10−6 Burst - - 5.6 3.53×10−7 23.45 26.32

S200209am 2020-02-09T13:14:49 8.41×10−6 CBC 0.021 BNS - - - -

S200209au 2020-02-09T16:44:05 1.21×10−5 Burst - - - - - -

S200209aw 2020-02-09T17:00:21 1.40×10−6 Burst - - 6.6 4.63×10−7 0.1 0.61

S200209az 2020-02-09T17:56:15 6.13×10−6 CBC 0.020 BNS NFL 3.45×10−7 1.95 36.71

S200209ba 2020-02-09T17:58:01 1.58×10−5 CBC 0.009 BNS 5.3 3.71×10−7 7.77 80.29

S200209bc 2020-02-09T18:16:45 1.14×10−5 Burst - - 6.2 1.83×10−7 49.17 29.45

S200209h 2020-02-09T02:11:42 2.10×10−5 CBC 0.009 BNS NFL 6.73×10−7 0 0.01

S200209i 2020-02-09T02:17:13 1.16×10−5 Burst - - 6.4 5.82×10−7 5.95 10.37

S200209v 2020-02-09T07:08:38 8.58×10−7 Burst - - - - - -

S200209w 2020-02-09T07:28:45 6.43×10−7 Burst - - - - - -

S200210ab 2020-02-10T10:48:37 1.66×10−5 Burst - - - - - -

S200210ah 2020-02-10T13:05:01 2.11×10−6 Burst - - 6.9 5.10×10−7 0.71 19.31

S200210an 2020-02-10T16:13:46 1.22×10−5 CBC 0.040 BBH 6.7 4.31×10−7 2.56 10.46

S200210b 2020-02-10T00:55:44 8.04×10−6 Burst - - 4.5 2.54×10−7 13.89 11.39

S200211k 2020-02-11T03:15:00 5.56×10−6 CBC 0.036 BNS - - - -

S200212aa 2020-02-12T10:18:23 3.52×10−6 CBC 0.157 BBH 5.6 3.85×10−7 19.75 0.88

S200212ai 2020-02-12T12:09:01 8.97×10−6 CBC 0.018 NSBH 5.3 5.81×10−7 1.33 45.09

S200212s 2020-02-12T08:36:40 8.70×10−6 Burst - - - - - -

S200213p 2020-02-13T03:31:54 1.37×10−5 CBC 0.007 NSBH 5.7 3.93×10−7 49.08 3.09

S200213q 2020-02-13T03:43:44 2.18×10−5 CBC 0.008 BNS 6.5 6.14×10−7 18.76 0.02

S200213z 2020-02-13T06:07:16 6.36×10−6 CBC 0.052 BBH 6.2 5.15×10−7 13.91 10.38

S200214ah 2020-02-14T10:24:52 2.26×10−6 Burst - - 4.7 6.11×10−7 1.18 13.1

S200214av 2020-02-14T14:04:55 2.50×10−7 Burst - - 5.9 6.70×10−7 0.11 56.56

S200214bd 2020-02-14T16:49:01 2.08×10−5 CBC 0.006 BNS 5.8 2.87×10−7 57.29 1.98

S200214bn 2020-02-14T19:56:24 9.25×10−7 Burst - - - - - -

S200214bo 2020-02-14T20:35:29 1.93×10−5 CBC 0.011 BNS 7.2 4.64×10−7 10.09 17.62

S200214bp 2020-02-14T22:14:40 8.48×10−6 CBC 0.021 NSBH 5.3 1.79×10−7 17.92 60.62

S200214bq 2020-02-14T22:33:07 3.08×10−6 CBC 0.005 Mass Gap 5.4 2.37×10−7 3.03 53.35

S200214br 2020-02-14T22:45:26 7.01×10−8 Burst - - 5.2 8.21×10−7 0.12 78.46

S200214m 2020-02-14T04:36:51 1.03×10−5 CBC 0.033 BBH 5.3 8.45×10−7 3.54 3.01

S200214p 2020-02-14T05:11:32 1.17×10−5 CBC 0.015 BNS 5.4 5.44×10−7 0.02 28.5



41

S200215ah 2020-02-15T19:59:56 1.02×10−6 CBC 0.126 BNS - - - -

S200215t 2020-02-15T12:23:33 8.20×10−6 CBC 0.021 BNS - - - -

S200215z 2020-02-15T16:38:59 1.86×10−5 CBC 0.010 BNS - - - -

S200216ae 2020-02-16T10:33:58 7.56×10−7 Burst - - 5.5 4.85×10−7 10.17 19.3

S200216aj 2020-02-16T11:51:34 9.95×10−6 CBC 0.015 BNS 5.9 5.46×10−7 0.9 21.46

S200216be 2020-02-16T18:39:33 5.80×10−7 Burst - - - - - -

S200216br 2020-02-16T22:08:05 1.68×10−5 CBC 0.021 BBH 6.6 2.34×10−7 22.38 0.03

S200216h 2020-02-16T03:24:11 4.34×10−6 Burst - - 5.2 5.73×10−7 1.3 31.24

S200217ar 2020-02-17T12:22:07 2.27×10−5 CBC 0.002 Mass Gap - - - -

S200217bd 2020-02-17T16:05:11 1.80×10−5 CBC 0.009 BNS - - - -

S200217bh 2020-02-17T16:46:46 1.20×10−5 CBC 0.029 BBH - - - -

S200217c 2020-02-17T03:10:33 2.12×10−6 Burst - - 6.4 1.57×10−7 49.36 29.59

S200217cg 2020-02-17T22:52:12 7.45×10−6 CBC 0.014 NSBH 4.9 2.61×10−7 0.32 1.31

S200217k 2020-02-17T04:53:17 7.52×10−6 CBC 0.020 Mass Gap 6.4 6.12×10−7 0.56 1.74

S200217v 2020-02-17T07:30:47 1.53×10−5 Burst - - 5.7 3.55×10−7 26.82 18.2

S200217w 2020-02-17T07:37:44 3.05×10−7 CBC 0.431 BBH 5.9 4.27×10−7 9.19 28.12

S200218al 2020-02-18T10:05:22 6.19×10−8 Burst - - 6.0 4.84×10−7 13.96 10.77

S200218am 2020-02-18T10:39:25 1.28×10−6 CBC 0.131 Mass Gap 6.3 5.47×10−7 2.47 5.86

S200218ay 2020-02-18T14:03:56 8.63×10−6 CBC 0.019 BNS 6.2 3.55×10−7 0.02 97.23

S200218f 2020-02-18T00:39:55 1.01×10−5 CBC 0.014 BNS 5.7 5.31×10−7 3.5 14.09

S200218i 2020-02-18T01:25:25 2.61×10−6 CBC 0.191 BBH 5.2 5.28×10−7 0.01 29.17

S200218k 2020-02-18T01:28:26 2.23×10−5 CBC 0.010 NSBH - - - -

S200218u 2020-02-18T04:17:54 7.26×10−7 Burst - - 5.9 5.04×10−7 8.13 19.83

S200219a 2020-02-19T00:05:16 8.84×10−6 CBC 0.002 BBH 5.8 1.36×10−7 79.35 5.25

S200219ao 2020-02-19T14:33:42 7.08×10−6 CBC 0.027 BNS - - - -

S200219ap 2020-02-19T14:47:34 8.93×10−6 CBC 0.025 Mass Gap 6.4 4.21×10−7 0.15 1.07

S200219aq 2020-02-19T14:50:02 2.91×10−6 CBC 0.081 BBH 5.9 5.52×10−7 0 39.72

S200219az 2020-02-19T18:30:38 2.27×10−6 CBC 0.022 NSBH - - - -

S200219ba 2020-02-19T18:42:03 7.65×10−6 CBC 0.034 BBH - - - -

S200219bg 2020-02-19T19:45:29 7.09×10−6 CBC 0.128 Mass Gap 5.3 3.87×10−7 27.73 26.67

S200219f 2020-02-19T03:09:19 1.32×10−5 CBC 0.021 BBH NFL 1.23×10−7 78.19 0.04

S200219q 2020-02-19T07:07:00 1.47×10−5 CBC 0.023 BBH - - - -

S200220ac 2020-02-20T06:20:14 4.14×10−6 CBC 0.061 BBH 5.8 3.28×10−7 24.26 16.25

S200220ad 2020-02-20T06:19:28 4.86×10−7 Burst - - 4.7 5.08×10−7 0.32 54.14

S200220au 2020-02-20T11:04:01 4.01×10−6 CBC 0.056 BNS 5.8 5.28×10−7 9.19 25.92

S200220b 2020-02-20T00:24:32 1.86×10−5 CBC 0.009 BNS 6.6 6.10×10−7 0.04 96.77

S200220bt 2020-02-20T22:11:49 1.03×10−6 CBC 0.155 BNS 4.8 3.44×10−7 17.69 24

S200220bw 2020-02-20T22:55:31 1.14×10−5 CBC 0.012 NSBH NFL 4.53×10−7 11.26 25.74

S200220k 2020-02-20T02:45:26 1.55×10−5 CBC 0.011 BNS - - - -

S200220l 2020-02-20T02:48:31 7.95×10−6 CBC 0.022 Mass Gap 5.4 5.49×10−7 0 46.11

S200220u 2020-02-20T04:01:28 1.95×10−5 CBC 0.007 NSBH 5.6 1.75×10−7 33.48 50.49

S200220v 2020-02-20T04:25:03 1.20×10−5 CBC 0.015 Mass Gap 6.2 1.31×10−7 58.52 24.14

S200220w 2020-02-20T04:51:22 2.30×10−5 CBC 0.008 BNS 6.3 2.47×10−7 17.67 32.86

S200220x 2020-02-20T04:52:44 1.73×10−5 CBC 0.006 NSBH 5.5 3.81×10−7 28.03 1.27

S200221ai 2020-02-21T09:28:19 2.37×10−6 CBC 0.036 NSBH - - - -

S200221ar 2020-02-21T11:08:44 1.86×10−5 Burst - - - - - -

S200221at 2020-02-21T11:26:18 1.77×10−5 Burst - - 6.5 4.27×10−7 6.49 34.14

S200221ax 2020-02-21T13:19:12 1.83×10−5 CBC 0.052 Mass Gap 5.6 3.76×10−7 14.66 33.62

S200221b 2020-02-21T00:59:26 1.63×10−6 Burst - - - - - -

S200221bc 2020-02-21T14:07:05 2.99×10−6 Burst - - - - - -
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S200221bh 2020-02-21T15:19:18 2.10×10−5 CBC 0.008 Mass Gap 4.9 5.06×10−7 0.00 31.34

S200221bl 2020-02-21T16:59:59 1.20×10−5 Burst - - 5.3 3.15×10−7 22.76 35.58

S200221bu 2020-02-21T20:14:38 9.12×10−6 Burst - - 5.4 6.43×10−7 5.72 33.06

S200221c 2020-02-21T01:13:57 6.13×10−6 CBC 0.028 BNS 6.1 3.91×10−7 33.59 6.07

S200221z 2020-02-21T06:41:32 8.29×10−7 Burst - - 5.8 8.20×10−7 0 44.14

S200222ax 2020-02-22T16:46:05 2.36×10−6 CBC 0.072 Mass Gap 6.6 1.09×10−5 33.39 51.13

S200222h 2020-02-22T02:29:19 2.84×10−6 Burst - - 6.6 2.44×10−7 26.95 39.1

S200222j 2020-02-22T02:42:18 7.70×10−6 CBC 0.012 NSBH 6.2 1.27×10−7 77.7 11.1

S200222u 2020-02-22T04:48:17 1.33×10−5 CBC 0.004 Mass Gap 5.6 3.81×10−7 12.98 6.12

S200223aj 2020-02-23T13:50:49 1.35×10−5 CBC 0.005 BNS 5.4 7.01×10−7 0.02 72.95

S200223ao 2020-02-23T14:28:21 6.04×10−6 CBC 0.054 BBH 5.4 6.81×10−7 0.02 0.04

S200223aw 2020-02-23T18:06:59 8.01×10−8 CBC 0.647 BBH 6.7 2.97×10−7 34.45 6.1

S200223az 2020-02-23T20:01:24 1.36×10−5 CBC 0.004 NSBH 5.1 5.68×10−7 3.36 18.7

S200223l 2020-02-23T05:17:44 1.77×10−5 CBC 0.008 NSBH - - - -

S200223u 2020-02-23T08:09:27 5.54×10−6 CBC 0.054 BBH - - - -

S200224ab 2020-02-24T05:45:46 2.12×10−5 CBC 0.040 Mass Gap 5.8 5.95×10−7 4.78 6.01

S200224ac 2020-02-24T05:52:07 2.64×10−6 Burst - - - - - -

S200224ag 2020-02-24T06:30:15 1.61×10−5 CBC 0.030 Mass Gap - - - -

S200224ak 2020-02-24T06:55:12 1.08×10−5 CBC 0.009 NSBH - - - -

S200224as 2020-02-24T09:34:32 1.91×10−5 CBC 0.003 NSBH - - - -

S200224cb 2020-02-24T22:32:38 1.36×10−5 CBC 0.027 BBH 5.7 4.30×10−7 0.59 78.05

S200224cd 2020-02-24T23:13:13 1.33×10−5 CBC 0.010 NSBH 6.4 5.34×10−7 0.09 99.28

S200224f 2020-02-24T01:45:03 7.47×10−6 CBC 0.037 BBH 6.0 8.83×10−7 3.55 63.38

S200224j 2020-02-24T02:01:47 1.93×10−5 CBC 0.011 Mass Gap 5.2 4.77×10−7 2.08 0.32

S200224o 2020-02-24T03:05:24 1.33×10−6 Burst - - - - - -

S200225ac 2020-02-25T09:12:05 1.65×10−5 CBC 0.015 BBH 5.4 3.89×10−7 9.9 60.86

S200225af 2020-02-25T10:00:45 1.64×10−6 CBC 0.104 BNS 10.6 3.94×10−7 30.89 25.81

S200225ag 2020-02-25T11:02:37 2.21×10−5 CBC 0.008 NSBH 5.8 3.82×10−7 31.76 0.04

S200225an 2020-02-25T12:57:00 1.90×10−5 CBC 0.002 NSBH 6.0 5.91×10−7 15.64 26.36

S200225as 2020-02-25T14:28:07 6.23×10−6 CBC 0.037 BBH 7.3 3.53×10−6 0.33 58.56

S200225av 2020-02-25T21:11:26 1.44×10−5 CBC 0.014 BNS 5.5 3.62×10−7 10.72 81.55

S200225az 2020-02-25T21:59:37 9.58×10−6 CBC 0.013 NSBH - - - -

S200225ba 2020-02-25T22:09:01 9.84×10−6 CBC 0.018 BNS 5.9 6.72×10−7 0.45 88.36

S200225k 2020-02-25T03:41:20 1.18×10−5 CBC 0.008 NSBH 5.7 9.43×10−7 0.12 90.13

S200225q 2020-02-25T06:04:21 9.19×10−9 CBC 0.956 BBH 8.2 4.63×10−6 2.2 1.44

S200225u 2020-02-25T08:22:49 1.47×10−5 CBC 0.008 NSBH - - - -

S200226ac 2020-02-26T07:57:51 1.68×10−5 CBC 0.014 NSBH - - - -

S200226ai 2020-02-26T09:22:07 2.02×10−5 CBC 0.014 BBH - - - -

S200226bp 2020-02-26T18:09:01 1.73×10−5 CBC 0.012 BNS 5.5 6.21×10−7 8.22 12.38

S200226o 2020-02-26T03:25:47 2.21×10−5 CBC 0.007 BNS - - - -

S200226z 2020-02-26T07:18:43 7.77×10−6 CBC 0.017 NSBH - - - -

S200227d 2020-02-27T01:01:17 1.16×10−5 CBC 0.009 NSBH 5.6 4.29×10−7 4.75 41.94

S200227x 2020-02-27T06:49:08 1.12×10−5 CBC 0.054 Mass Gap 6.0 5.80×10−7 12.56 24.34

S200228ai 2020-02-28T12:49:29 1.65×10−5 CBC 0.009 NSBH - - - -

S200228bi 2020-02-28T23:11:26 1.24×10−5 CBC 0.026 BBH 6.8 4.64×10−7 18.36 27.31

S200228bl 2020-02-28T23:44:54 9.17×10−6 CBC 0.017 Mass Gap 5.9 5.99×10−7 5.01 32.9

S200229ae 2020-02-29T08:04:03 1.26×10−5 Burst - - 5.7 7.33×10−7 1.37 66.16

S200229ag 2020-02-29T08:43:31 6.74×10−6 CBC 0.003 NSBH - - - -

S200229al 2020-02-29T10:32:00 2.19×10−5 CBC 0.005 NSBH - - - -

S200229bc 2020-02-29T15:40:15 7.92×10−6 CBC 0.014 NSBH 5.7 3.72×10−7 32.31 0
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S200229x 2020-02-29T06:39:21 1.85×10−5 CBC 0.024 BNS 6.4 8.77×10−7 0.47 33.3

S200301ae 2020-03-01T09:42:26 7.67×10−6 CBC 0.017 Mass Gap 6.8 1.52×10−7 82.21 1.41

S200301an 2020-03-01T17:37:42 2.54×10−6 Burst - - 7.0 5.07×10−7 11.63 26.94

S200301ax 2020-03-01T21:57:02 5.68×10−6 CBC 0.011 BNS 5.4 2.70×10−7 35.19 32.86

S200301o 2020-03-01T06:54:34 9.21×10−8 Burst - - 6.5 1.39×10−7 57.81 27.38

S200301q 2020-03-01T07:45:14 1.09×10−5 CBC 0.015 Mass Gap 5.7 1.63×10−7 61.29 0.53

S200301u 2020-03-01T08:14:42 2.08×10−6 Burst - - 6.3 2.52×10−7 27.83 47.03

S200302b 2020-03-02T00:58:11 2.06×10−5 CBC 0.006 NSBH 6.5 1.10×10−7 83.73 0.06

S200302bg 2020-03-02T21:53:08 9.31×10−6 CBC 0.021 BNS - - - -

S200302c 2020-03-02T01:58:11 9.35×10−9 CBC 0.889 BBH 5.7 3.69×10−7 29.48 27.98

S200302m 2020-03-02T06:14:02 1.61×10−5 CBC 0.018 BBH 6.0 3.65×10−7 31.8 14.56

S200303ad 2020-03-03T07:47:20 1.94×10−5 CBC 0.008 NSBH 5.4 9.99×10−7 0.01 52.01

S200303ae 2020-03-03T08:08:40 4.06×10−6 CBC 0.181 BNS - - - -

S200303aj 2020-03-03T08:36:14 1.47×10−5 CBC 0.016 Mass Gap - - - -

S200303ba 2020-03-03T12:15:48 1.32×10−8 CBC 0.864 BBH 5.8 5.30×10−7 4.42 16.8

S200303bf 2020-03-03T13:14:32 2.12×10−5 CBC 0.014 BBH - - - -

S200303bl 2020-03-03T14:42:16 1.75×10−5 CBC 0.016 BBH 6.6 3.27×10−7 1.97 31.14

S200303f 2020-03-03T01:19:35 6.23×10−6 CBC 0.015 NSBH 5.8 5.79×10−7 1.01 0.19

S200303i 2020-03-03T01:44:47 1.48×10−5 CBC 0.051 BBH - - - -

S200303p 2020-03-03T03:11:58 1.91×10−5 CBC 0.002 NSBH - - - -

S200303r 2020-03-03T03:34:34 2.22×10−5 CBC 0.013 BBH - - - -

S200304ao 2020-03-04T14:46:28 8.26×10−6 CBC 0.029 BBH 5.0 4.85×10−7 13.64 29.69

S200304ay 2020-03-04T18:04:42 1.89×10−5 CBC 0.008 NSBH 7.1 - - -

S200304bg 2020-03-04T20:03:56 1.88×10−5 CBC 0.005 NSBH - - - -

S200304bi 2020-03-04T20:03:19 1.30×10−5 Burst - - 5.4 2.81×10−7 33.15 37.91

S200304bj 2020-03-04T20:23:27 2.16×10−5 CBC 0.053 Mass Gap 6.0 4.88×10−7 16.78 30.41

S200304d 2020-03-04T02:36:34 2.21×10−5 CBC 0.001 NSBH 7.1 2.47×10−7 39.05 12.81

S200305f 2020-03-05T01:01:14 1.98×10−5 CBC 0.008 Mass Gap 6.6 1.14×10−7 71.25 13.45

S200305h 2020-03-05T01:05:29 2.68×10−6 Burst - - 6.2 2.92×10−7 25.95 39.5

S200305q 2020-03-05T03:00:17 2.24×10−5 CBC 0.014 BBH 5.7 1.93×10−7 0.57 99.23

S200305r 2020-03-05T03:09:11 2.26×10−5 CBC 0.006 BNS 6.2 4.11×10−7 31.05 16.42

S200306ar 2020-03-06T11:18:22 9.75×10−6 Burst - - 6.9 7.59×10−7 4.26 20.08

S200306aw 2020-03-06T12:03:00 1.97×10−5 CBC 0.015 BNS 6.6 1.93×10−7 32.37 31.1

S200306az 2020-03-06T12:37:37 3.53×10−6 Burst - - 5.5 3.75×10−6 13.1 26.61

S200306bj 2020-03-06T14:16:31 9.39×10−6 CBC 0.009 NSBH 4.7 1.87×10−7 9.13 76.94

S200306bq 2020-03-06T15:03:01 1.37×10−5 CBC 0.011 BNS 6.1 2.46×10−7 2.12 1.64

S200306by 2020-03-06T16:21:06 1.31×10−7 Burst - - 5.4 6.74×10−7 0.78 12.25

S200306cc 2020-03-06T16:58:29 1.42×10−6 Burst - - 5.6 6.07×10−7 11.21 7.81

S200306ci 2020-03-06T19:39:14 5.85×10−6 CBC 0.021 BNS 6.2 3.61×10−7 22.35 33.5

S200306cv 2020-03-06T21:15:25 2.48×10−6 CBC 0.097 BBH 5.8 4.63×10−7 6.64 21.1

S200306dc 2020-03-06T23:07:39 1.40×10−5 CBC 0.024 BBH - - - -

S200307ac 2020-03-07T07:36:20 9.58×10−6 CBC 0.027 BBH 7.0 3.04×10−7 29.64 25.63

S200307ae 2020-03-07T08:33:25 1.59×10−5 CBC 0.013 BNS 6.1 2.71×10−7 18.12 50.75

S200307ak 2020-03-07T10:01:25 1.24×10−9 Burst - - 5.2 3.69×10−7 20.01 0.08

S200307ao 2020-03-07T11:07:37 2.02×10−5 Burst - - 5.7 5.42×10−7 10.88 63.59

S200307ap 2020-03-07T12:01:25 1.19×10−9 Burst - - 6.5 6.53×10−7 0 23.59

S200307aq 2020-03-07T12:44:02 1.96×10−5 CBC 0.014 BBH 6.4 6.14×10−7 18.03 28.33

S200307ar 2020-03-07T12:51:04 1.24×10−5 Burst - - 6.3 4.82×10−7 7.93 16.88

S200307aw 2020-03-07T15:25:33 9.31×10−7 Burst - - 5.9 3.10×10−7 29.13 21.97

S200307ay 2020-03-07T16:08:24 4.11×10−6 CBC 0.021 NSBH - - - -
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S200307ba 2020-03-07T17:53:38 1.90×10−6 CBC 0.095 BBH 5.4 4.02×10−7 10.03 1.74

S200307bc 2020-03-07T18:40:01 9.05×10−7 CBC 0.090 BNS 5.6 3.40×10−7 27.17 18.28

S200307bk 2020-03-07T23:36:32 2.20×10−5 CBC 0.006 NSBH 6.4 7.47×10−7 4.42 0.39

S200307c 2020-03-07T02:34:37 2.22×10−5 CBC 0.013 BBH 6.6 7.64×10−7 0.02 65.51

S200307r 2020-03-07T06:08:57 1.27×10−6 Burst - - - - - -

S200307s 2020-03-07T06:10:11 2.60×10−6 Burst - - 6.3 2.17×10−7 5.58 91.2

S200307t 2020-03-07T06:39:12 1.20×10−5 CBC 0.008 NSBH 6.3 5.87×10−7 1.25 56.02

S200308af 2020-03-08T11:46:48 5.85×10−6 CBC 0.016 NSBH NFL 2.62×10−7 31.77 36.97

S200308aj 2020-03-08T12:43:22 3.89×10−6 Burst - - 6.0 6.00×10−7 1.14 31.23

S200308au 2020-03-08T14:31:49 1.82×10−5 CBC 0.016 BBH 6.0 6.93×10−7 0.03 99.26

S200308av 2020-03-08T14:28:38 1.25×10−5 Burst - - 5.3 3.86×10−7 25.35 23.97

S200308bp 2020-03-08T17:54:08 7.08×10−6 Burst - - 6.4 3.87×10−7 8.65 31.83

S200308bz 2020-03-08T20:24:27 1.21×10−5 CBC 0.009 NSBH 6.6 7.08×10−7 1.94 74.72

S200308cc 2020-03-08T21:26:18 6.91×10−6 CBC 0.019 Mass Gap 5.4 4.54×10−7 0.3 0.64

S200308e 2020-03-08T01:19:27 3.62×10−9 CBC 0.830 NSBH 6.2 4.97×10−7 1.91 92.48

S200308g 2020-03-08T01:38:18 7.01×10−6 CBC 0.005 NSBH 5.7 2.20×10−7 28.96 50.22

S200308h 2020-03-08T01:45:05 7.82×10−6 Burst - - 5.5 2.04×10−7 43.87 19.8

S200308i 2020-03-08T02:19:35 1.46×10−5 CBC 0.003 NSBH 5.6 1.33×10−7 62.07 9.03

S200308z 2020-03-08T09:11:16 1.08×10−6 CBC 0.087 NSBH 6.2 2.94×10−7 36.66 46.02

S200309ag 2020-03-09T14:45:45 5.47×10−6 CBC 0.031 BNS 5.4 2.96×10−7 23.37 5.03

S200309ai 2020-03-09T15:35:45 1.18×10−5 CBC 0.025 Mass Gap - - - -

S200309av 2020-03-09T17:57:10 2.15×10−5 CBC 0.014 BBH 5.9 5.55×10−8 95.56 0.07

S200309bh 2020-03-09T21:28:42 1.69×10−5 CBC 0.006 NSBH 6.5 6.71×10−7 0.02 29.24

S200309bj 2020-03-09T22:30:15 2.17×10−5 CBC 0.036 Mass Gap 6.8 3.65×10−7 16.3 26.46

S200309bk 2020-03-09T22:36:27 9.07×10−6 CBC 0.015 BNS 6.1 5.75×10−7 5.45 3.48

S200309bm 2020-03-09T23:14:58 2.29×10−5 CBC 0.016 BBH - - - -

S200309bu 2020-03-09T23:59:07 4.84×10−6 CBC 0.041 BBH 5.7 5.00×10−7 0.5 1.53

S200309d 2020-03-09T01:26:51 2.18×10−5 Burst - - - - - -

S200310ab 2020-03-10T07:58:59 2.30×10−6 CBC 0.027 Mass Gap 6.8 3.02×10−7 27.19 25.38

S200310az 2020-03-10T22:54:14 1.69×10−5 CBC 0.014 Mass Gap 5.9 3.96×10−7 2.08 1.34

S200310b 2020-03-10T00:20:05 2.02×10−5 CBC 0.002 NSBH 6.4 7.47×10−7 0.09 15.25

S200310f 2020-03-10T01:02:19 7.31×10−6 CBC 0.051 Mass Gap - - - -

S200310s 2020-03-10T05:59:46 9.75×10−7 Burst - - 6.0 8.05×10−7 0.17 76.04

S200310t 2020-03-10T06:11:59 3.41×10−6 CBC 0.053 BNS 5.9 1.03×10−7 85.57 0.03

S200310u 2020-03-10T06:21:24 1.06×10−6 CBC 0.115 BNS 5.6 4.94×10−7 0 32.14

S200311ba 2020-03-11T10:31:22 6.56×10−6 CBC 0.026 BNS - - - -

S200311bb 2020-03-11T10:34:04 1.41×10−6 CBC 0.115 BNS 5.9 5.97×10−7 11.26 32.65

S200311bp 2020-03-11T14:05:25 9.06×10−6 CBC 0.015 BNS 6.4 3.19×10−7 39.53 31.29

S200311h 2020-03-11T01:48:40 8.12×10−6 Burst - - 5.7 3.49×10−7 26.74 1.72

S200311r 2020-03-11T04:04:20 2.06×10−6 CBC 0.049 NSBH - - - -

S200311v 2020-03-11T04:37:19 1.27×10−5 CBC 0.042 Mass Gap 5.8 4.98×10−7 0.42 53.43

S200311w 2020-03-11T04:50:30 1.40×10−5 CBC 0.018 NSBH - - - -

S200311y 2020-03-11T04:53:03 7.61×10−6 Burst - - 6.5 3.11×10−7 20.96 34.03

S200312aa 2020-03-12T07:36:08 3.63×10−6 CBC 0.023 NSBH 6.2 3.20×10−7 52.44 0

S200312b 2020-03-12T00:34:15 1.93×10−5 CBC 0.008 Mass Gap - - - -

S200312ba 2020-03-12T15:41:49 9.85×10−6 Burst - - 6.8 3.93×10−7 11.22 22.2

S200312br 2020-03-12T22:06:08 1.72×10−5 CBC 0.008 NSBH 6.4 4.39×10−7 16.91 19.47

S200312d 2020-03-12T01:16:51 1.09×10−5 CBC 0.131 BBH 6.4 1.55×10−7 33.13 56.29

S200312i 2020-03-12T01:43:29 2.29×10−7 CBC 0.187 Mass Gap 5.6 3.77×10−7 8.03 69.57

S200313aa 2020-03-13T06:54:23 8.17×10−6 Burst - - 5.8 2.66×10−7 43.35 9.32
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S200313ag 2020-03-13T07:50:28 9.62×10−6 Burst - - 4.2 1.47×10−7 24.9 71.5

S200313aw 2020-03-13T12:33:04 2.11×10−5 CBC 0.010 Mass Gap - - - -

S200313ba 2020-03-13T13:31:50 8.59×10−6 CBC 0.007 BNS 5.8 3.77×10−7 70.07 0

S200313bb 2020-03-13T13:32:17 1.84×10−6 CBC 0.039 NSBH 5.8 5.09×10−7 0.04 64.3

S200313be 2020-03-13T14:45:42 8.23×10−6 CBC 0.015 NSBH 6.6 5.98×10−7 5.5 43.16

S200313bf 2020-03-13T15:06:31 9.69×10−6 CBC 0.020 Mass Gap 5.6 6.52×10−7 0 42.72

S200313bs 2020-03-13T20:08:46 1.92×10−5 CBC 0.006 BNS - - - -

S200313by 2020-03-13T21:40:33 2.39×10−6 Burst - - 6.8 2.18×10−7 35.94 42.59

S200313cd 2020-03-13T22:39:09 1.18×10−5 CBC 0.009 NSBH 5.4 6.30×10−7 8.44 44.62

S200313h 2020-03-13T01:46:59 4.04×10−6 Burst - - - - - -

S200313j 2020-03-13T02:17:18 6.90×10−6 Burst - - - - - -

S200313l 2020-03-13T02:32:04 2.14×10−5 CBC 0.005 NSBH 6.4 3.90×10−7 62.51 0.02

S200313n 2020-03-13T03:33:07 2.26×10−5 CBC 0.006 Mass Gap 7.0 9.18×10−7 0.35 7.04

S200314ay 2020-03-14T17:23:01 2.26×10−5 CBC 0.005 NSBH 5.4 5.15×10−7 0.01 26.18

S200314be 2020-03-14T19:47:18 8.92×10−6 CBC 0.033 BBH 6.3 5.98×10−7 4.68 31.97

S200314bg 2020-03-14T19:51:02 1.86×10−5 CBC 0.007 NSBH - - - -

S200314bn 2020-03-14T21:12:48 7.14×10−7 Burst - - 5.8 3.00×10−7 39.1 8.05

S200314bt 2020-03-14T22:36:02 1.28×10−5 CBC 0.074 Mass Gap 5.7 4.80×10−7 3.78 41.95

S200314bx 2020-03-14T23:29:35 1.63×10−7 CBC 0.189 NSBH 6.2 1.19×10−7 81.51 3.68

S200314m 2020-03-14T04:21:10 1.04×10−5 CBC 0.012 BNS 6.9 7.35×10−6 0.11 0.29

S200314r 2020-03-14T06:10:33 1.34×10−5 CBC 0.008 NSBH 5.5 4.47×10−7 7.22 20.9

S200314x 2020-03-14T07:26:14 2.05×10−5 CBC 0.005 NSBH 5.6 2.42×10−7 10.07 0.01

S200315ac 2020-03-15T11:07:32 9.83×10−6 CBC 0.002 NSBH 6.6 5.28×10−7 2.8 19.02

S200315ba 2020-03-15T20:48:52 1.62×10−5 CBC 0.022 BBH 5.8 3.05×10−7 14.75 21.12

S200316ad 2020-03-16T10:26:06 1.24×10−5 CBC 0.024 Mass Gap 6.5 3.47×10−7 31.9 1.31

S200316aj 2020-03-16T11:39:17 3.69×10−6 CBC 0.034 NSBH 6.3 6.66×10−8 99.29 0.01

S200316bk 2020-03-16T22:16:22 9.73×10−6 CBC 0.013 BNS 5.8 3.18×10−7 28.02 33.66

S200316f 2020-03-16T01:37:07 6.27×10−6 Burst - - 5.8 4.04×10−7 18.78 39.79

S200316u 2020-03-16T06:28:34 1.56×10−5 CBC 0.006 NSBH 5.5 1.73×10−7 95.27 85.21

S200316w 2020-03-16T06:55:03 1.40×10−5 Burst - - - - - -

S200317ad 2020-03-17T11:52:19 1.22×10−5 CBC 0.014 NSBH 5.8 8.61×10−7 0.01 32.78

S200317ag 2020-03-17T13:31:35 3.35×10−7 Burst - - 7.4 4.95×10−7 0.2 11.09

S200317ah 2020-03-17T14:00:01 9.02×10−6 CBC 0.076 Mass Gap 6.5 5.40×10−7 6.56 36.73

S200317ai 2020-03-17T14:14:06 9.12×10−6 CBC 0.021 BNS 5.7 6.33×10−7 2.88 76.18

S200317b 2020-03-17T00:19:00 4.79×10−6 Burst - - 5.0 4.76×10−7 15.23 11.1

S200317c 2020-03-17T02:24:40 7.27×10−6 CBC 0.081 BNS 6.3 2.79×10−7 42.36 20.62

S200317d 2020-03-17T02:33:58 1.34×10−5 CBC 0.025 BBH 6.4 3.22×10−7 19.1 5.8

S200318af 2020-03-18T08:02:54 1.43×10−5 CBC 0.007 BNS - - - -

S200318ak 2020-03-18T10:21:25 1.31×10−5 CBC 0.008 NSBH 5.2 2.64×10−7 7.52 97.84

S200318av 2020-03-18T15:35:18 1.16×10−5 Burst - - 6.7 5.22×10−7 11.87 20.62

S200318be 2020-03-18T17:57:32 3.22×10−6 CBC 0.048 BNS 6.7 4.11×10−7 0.01 75.66

S200318bf 2020-03-18T18:04:09 4.75×10−6 CBC 0.035 BNS 6.2 3.36×10−7 29.71 27.94

S200318n 2020-03-18T03:20:11 1.06×10−5 CBC 0.010 NSBH 5.9 5.68×10−7 3.38 3.54

S200318s 2020-03-18T04:56:32 1.79×10−5 Burst - - 6.6 3.93×10−7 31.15 13.41

S200318z 2020-03-18T06:34:52 6.40×10−6 Burst - - 5.9 5.94×10−7 5.89 57.22

S200319aq 2020-03-19T13:50:32 1.21×10−5 CBC 0.020 BBH 6.3 6.57×10−7 6.6 67.54

S200319ax 2020-03-19T15:50:57 1.93×10−5 CBC 0.011 BNS 5.6 4.90×10−7 0.01 28.26

S200319bh 2020-03-19T22:27:38 4.08×10−6 Burst - - 6.8 5.57×10−7 13.01 24.54

S200319d 2020-03-19T01:38:23 6.70×10−6 CBC 0.053 BNS 6.2 3.44×10−7 49.34 0.28

S200320af 2020-03-20T08:35:13 1.65×10−5 Burst - - 5.9 6.95×10−7 1.24 25.73
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S200320bm 2020-03-20T22:34:05 5.16×10−7 CBC 0.193 Mass Gap NFL 6.95×10−7 3.09 0.4

S200320p 2020-03-20T04:36:30 1.23×10−6 CBC 0.075 NSBH 5.8 2.35×10−7 49.27 35.71

S200320q 2020-03-20T04:37:11 1.49×10−5 Burst - - 6.0 5.27×10−7 20.22 24.6

S200320w 2020-03-20T06:15:52 1.51×10−6 Burst - - 5.4 6.25×10−7 4.29 30.47

S200321ak 2020-03-21T14:34:50 2.09×10−5 Burst - - 5.8 4.99×10−7 10.79 43.72

S200321bb 2020-03-21T22:32:26 2.45×10−6 CBC 0.058 BNS 6.7 6.93×10−8 39.15 59.12

S200321h 2020-03-21T03:46:57 5.11×10−6 Burst - - 6.5 4.66×10−7 27.21 20.06

S200321n 2020-03-21T05:03:14 2.21×10−5 CBC 0.009 Mass Gap 5.6 9.15×10−7 0 5.69

S200321z 2020-03-21T10:08:10 1.67×10−5 CBC 0.005 Mass Gap 5.4 7.36×10−7 3.83 2.07

S200322ab 2020-03-22T09:11:33 9.98×10−6 CBC 0.072 BBH 6.2 5.51×10−7 0.06 24.67

S200322at 2020-03-22T14:59:58 1.37×10−6 Burst - - 4.8 3.75×10−7 8.31 44.23

S200322ax 2020-03-22T16:35:09 6.07×10−6 Burst - - 6.4 5.71×10−7 1.29 33.95

S200322bh 2020-03-22T19:11:57 5.66×10−6 CBC 0.035 Mass Gap 6.8 1.99×10−7 46.19 3.33

S200322bs 2020-03-22T22:32:58 2.23×10−5 Burst - - 6.4 1.39×10−7 61.44 1

S200322bv 2020-03-22T23:06:07 1.81×10−7 CBC 0.300 NSBH - - - -

S200322by 2020-03-22T23:34:00 5.92×10−7 CBC 0.133 NSBH - - - -

S200322n 2020-03-22T04:11:26 2.32×10−6 CBC 0.037 NSBH NFL 4.87×10−7 65.29 4.61

S200322q 2020-03-22T04:24:47 4.55×10−6 CBC 0.027 BNS 5.4 2.69×10−7 65.73 11.29

S200322z 2020-03-22T07:51:55 8.31×10−6 CBC 0.017 Mass Gap 6.1 1.96×10−7 61 7.99

S200323ah 2020-03-23T11:31:55 1.82×10−5 Burst - - 6.1 5.75×10−7 9.2 15.61

S200323aj 2020-03-23T11:59:25 1.65×10−5 Burst - - 5.9 5.11×10−7 8.89 36.02

S200323aq 2020-03-23T13:33:24 4.12×10−6 CBC 0.017 Mass Gap 5.8 2.81×10−7 31.38 31.42

S200323as 2020-03-23T13:53:52 7.47×10−6 CBC 0.013 Mass Gap 5.9 1.30×10−7 24.74 68.22

S200323ax 2020-03-23T14:56:35 1.43×10−5 CBC 0.009 BNS 6.3 8.59×10−7 0.86 1.88

S200323bf 2020-03-23T19:37:34 6.60×10−7 Burst - - 8.3 7.72×10−7 2.7 77.62

S200323n 2020-03-23T05:20:05 2.08×10−5 CBC 0.010 BNS 6.2 7.74×10−7 52.37 28.86

S200324a 2020-03-24T01:46:44 6.30×10−6 CBC 0.021 BNS 6.5 2.39×10−7 32.95 36.47

S200324ax 2020-03-24T22:46:32 1.85×10−5 CBC 0.006 NSBH 10.6 - - -

S200325au 2020-03-25T23:58:52 2.28×10−5 CBC 0.008 Mass Gap NFL 1.24×10−6 1.94 90.04

S200325j 2020-03-25T07:23:35 2.81×10−6 CBC 0.105 BBH 6.4 5.41×10−7 1.33 92.1

S200325s 2020-03-25T11:06:27 9.84×10−6 CBC 0.011 Mass Gap 6.4 4.11×10−7 7.56 57.29

S200325w 2020-03-25T12:33:00 9.84×10−6 Burst 0.011 - 5.4 6.61×10−7 0.33 9.94

S200326af 2020-03-26T11:25:01 2.09×10−7 Burst - - 6.3 4.21×10−7 12.18 31.76

S200326ax 2020-03-26T16:10:49 1.10×10−5 CBC 0.017 BNS NFL 1.70×10−7 26.39 55.04

S200326ay 2020-03-26T16:15:13 8.90×10−6 CBC 0.020 BNS 5.8 6.29×10−8 29.72 69.63

S200326az 2020-03-26T16:15:06 4.02×10−6 Burst - - 5.8 5.02×10−7 3.33 11.8

S200326d 2020-03-26T02:36:25 1.57×10−5 CBC 0.008 NSBH - - - -

S200326k 2020-03-26T04:25:22 1.01×10−5 Burst - - - - - -

S200326x 2020-03-26T09:10:40 2.30×10−5 Burst - - 6.2 5.18×10−7 8.15 31.08

S200327am 2020-03-27T12:53:52 2.18×10−5 CBC 0.020 BBH 5.9 4.80×10−7 0.76 59.11

S200327as 2020-03-27T14:00:08 1.24×10−5 CBC 0.027 BBH 6.2 4.54×10−7 23.93 34.74

S200327az 2020-03-27T16:01:26 1.51×10−5 CBC 0.009 BNS 7.0 3.04×10−7 51.95 12.82

S200327g 2020-03-27T02:34:28 8.28×10−7 CBC 0.111 BNS 5.7 4.27×10−7 10.82 3.53

S200327i 2020-03-27T03:12:11 1.20×10−5 CBC 0.033 BBH 5.8 4.18×10−7 38.79 17.17

S200327j 2020-03-27T03:15:27 1.66×10−5 CBC 0.006 Mass Gap 22.4 5.80×10−7 26.32 0.13



47

Table 2. Details of the O3 candidates confirmed by the offline analysis and with a pastro > 0.5, for which GUANO data dumps
are available. The reported pastro and FAR are relative to the pipeline with the highest pastro. If two pipelines have equal pastro,
we select the one with the highest SNR. The GW FAR, pastro and Class details are quoted from Abbott et al. (2024) and Abbott
et al. (2023).

SID GW name FAR Group pastro Class pClass Pipeline

(Hz)

S190701ah GW190701 203306 1.79× 10−8 CBC >0.99 BBH 1.00 PyCBC-BBH

S190915ak GW190915 235702 2.22× 10−12 CBC >0.99 BBH 1.00 PyCBC-BBH

S190930s GW190930 133541 3.81× 10−10 CBC >0.99 BBH 0.85 PyCBC-BBH

S191127p GW191127 050227 1.29× 10−7 CBC 0.74 BBH 0.74 PyCBC-BBH

S191204r GW191204 171526 1.86× 10−13 CBC >0.99 BBH 1.00 MBTA

S191216ap GW191216 213338 2.96× 10−11 CBC >0.99 BBH 1.00 MBTA

S200128d GW200128 022011 1.36× 10−10 CBC >0.99 BBH 1.00 PyCBC-BBH

S200129m GW200129 065458 9.03× 10−41 CBC >0.99 BBH 1.00 GstLAL

S200208q GW200208 130117 9.84× 10−12 CBC >0.99 BBH 1.00 PyCBC-BBH

S200216br GW200216 220804 1.11× 10−8 CBC 0.77 BBH 0.77 GstLAL

S200220ad GW200220 061928 2.16× 10−7 CBC 0.62 BBH 0.62 PyCBC-BBH

S200225q GW200225 060421 2.79× 10−11 CBC >0.99 BBH 1.00 cWB

S200302c GW200302 015811 3.54× 10−9 CBC 0.91 BBH 0.91 GstLAL

S200322ab GW200322 091133 1.44× 10−5 CBC 0.62 BBH 0.62 MBTA
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Table 3. List of the O3 candidates confirmed by the offline analysis with pastro < 0.5, for which GUANO data dumps were
available. GW FAR, pastro, Class and pClass are reported from Abbott et al. (2023). CBC or Burst group categories are quoted
as per the offline analysis and not from the low-latency information.

SID Time Group GW FAR pastro Class pClass Pipeline

(UTC) (Hz)

S190906ah 2019-09-06T20:05:00 CBC 5.66× 10−6 2.38× 10−3 BBH 1.51× 10−3 GstLAL

S191106r 2019-11-06T18:41:51 CBC 1.18× 10−5 1.97× 10−2 BBH 1.97× 10−2 PyCBC-BBH

S191116ac 2019-11-16T14:21:55 CBC 8.25× 10−6 2.10× 10−4 NSBH 1.67× 10−4 PyCBC-broad

S191121bt 2019-11-21T16:45:42 CBC 5.44× 10−6 4.13× 10−3 BBH 4.13× 10−3 GstLAL

S191208b 2019-12-08T02:02:15 CBC 2.10× 10−5 4.26× 10−4 BNS 4.26× 10−4 PyCBC-broad

S191213be 2019-12-13T19:54:22 CBC 5.78× 10−6 5.40× 10−2 BBH 5.40× 10−2 PyCBC-BBH

S191225aq 2019-12-25T21:57:15 CBC 1.57× 10−6 1.30× 10−2 BBH 1.30× 10−2 GstLAL

S191229o 2019-12-29T12:02:34 CBC 4.17× 10−6 1.15× 10−1 BBH 6.13× 10−2 PyCBC-broad

S191230at 2019-12-30T21:24:48 CBC 1.72× 10−5 7.01× 10−4 BNS 7.01× 10−4 PyCBC-broad

S191231ad 2019-12-31T11:45:12 Burst 4.31× 10−7 8.30× 10−3 - - cWB

S200103az 2020-01-03T23:31:11 CBC 5.09× 10−6 3.02× 10−4 NSBH 2.98× 10−4 PyCBC-broad

S200105aj 2020-01-05T18:00:59 CBC 3.61× 10−6 5.88× 10−4 BNS 5.85× 10−4 MBTA

S200106k 2020-01-06T04:37:09 CBC 1.00× 10−5 5.03× 10−4 BNS 3.83× 10−4 MBTA

S200109m 2020-01-09T08:48:21 CBC 9.82× 10−6 1.44× 10−3 NSBH 1.34× 10−3 PyCBC-broad

S200112e 2020-01-12T09:44:25 CBC 2.01× 10−6 3.10× 10−3 BNS 3.02× 10−3 MBTA

S200113f 2020-01-13T02:14:20 CBC 2.23× 10−5 4.20× 10−5 BNS 4.20× 10−5 MBTA

S200113g 2020-01-13T02:20:40 CBC 8.02× 10−6 1.48× 10−3 NSBH 1.06× 10−3 PyCBC-broad

S200114f 2020-01-14T02:08:18 Burst 5.04× 10−7 2.10× 10−3 - - cWB

S200114w 2020-01-14T13:17:40 CBC 2.89× 10−6 9.44× 10−2 BBH 4.98× 10−2 PyCBC-BBH

S200118p 2020-01-18T05:07:50 CBC 1.75× 10−5 6.41× 10−4 BNS 6.41× 10−4 PyCBC-broad

S200127o 2020-01-27T11:43:05 CBC 1.57× 10−5 1.38× 10−4 BNS 1.37× 10−4 MBTA

S200127s 2020-01-27T15:27:19 CBC 1.31× 10−5 1.34× 10−4 BNS 1.33× 10−4 MBTA

S200128f 2020-01-28T04:54:04 Burst 2.34× 10−7 1.49× 10−1 - - cWB

S200128p 2020-01-28T09:54:07 CBC 1.40× 10−6 1.06× 10−2 NSBH 1.02× 10−2 PyCBC-broad

S200129ap 2020-01-29T15:39:24 Burst 5.57× 10−7 1.50× 10−3 - - cWB

S200129i 2020-01-29T05:07:00 CBC 9.03× 10−6 1.13× 10−3 BNS 1.13× 10−3 PyCBC-broad

S200208l 2020-02-08T09:01:03 CBC 1.33× 10−5 2.75× 10−3 BBH 2.75× 10−3 PyCBC-BBH

S200209am 2020-02-09T13:14:49 CBC 2.10× 10−5 7.40× 10−5 BNS 7.40× 10−5 MBTA

S200210an 2020-02-10T16:13:46 CBC 1.06× 10−5 2.47× 10−2 BBH 2.47× 10−2 PyCBC-BBH

S200212aa 2020-02-12T10:18:23 CBC 4.82× 10−6 1.55× 10−1 BBH 1.55× 10−1 MBTA

S200213q 2020-02-13T03:43:44 CBC 1.06× 10−5 3.58× 10−4 BNS 2.79× 10−4 MBTA

S200214bq 2020-02-14T22:33:07 CBC 8.68× 10−7 2.61× 10−1 BBH 2.61× 10−1 PyCBC-BBH

S200214br 2020-02-14T22:45:26 Burst 4.17× 10−9 9.10× 10−1 - - cWB

S200218al 2020-02-18T10:05:22 Burst 6.84× 10−8 4.88× 10−1 - - cWB

S200218i 2020-02-18T01:25:25 CBC 2.03× 10−5 3.59× 10−3 BBH 3.59× 10−3 GstLAL

S200219f 2020-02-19T03:09:19 CBC 3.91× 10−6 1.34× 10−2 BBH 1.34× 10−2 GstLAL

S200220v 2020-02-20T04:25:03 CBC 8.19× 10−6 1.25× 10−3 BNS 9.78× 10−4 MBTA

S200220w 2020-02-20T04:51:22 CBC 2.28× 10−5 7.00× 10−6 BNS 7.00× 10−6 MBTA

S200221bh 2020-02-21T15:19:18 CBC 4.51× 10−6 1.29× 10−3 NSBH 1.29× 10−3 MBTA

S200223aj 2020-02-23T13:50:49 CBC 1.18× 10−5 4.41× 10−4 BNS 4.41× 10−4 GstLAL

S200223ao 2020-02-23T14:28:21 CBC 1.47× 10−5 4.31× 10−2 BBH 4.31× 10−2 PyCBC-broad

S200223aw 2020-02-23T18:06:59 CBC 1.53× 10−7 2.33× 10−1 BBH 2.33× 10−1 GstLAL

S200223u 2020-02-23T08:09:27 CBC 3.37× 10−7 1.39× 10−1 BBH 1.39× 10−1 GstLAL

S200224cd 2020-02-24T23:13:13 CBC 1.45× 10−5 1.50× 10−4 NSBH 1.19× 10−4 PyCBC-broad

S200224o 2020-02-24T03:05:24 Burst 1.04× 10−7 4.00× 10−1 - - cWB
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S200225as 2020-02-25T14:28:07 CBC 1.37× 10−5 3.87× 10−3 BBH 3.87× 10−3 GstLAL

S200225az 2020-02-25T21:59:37 CBC 4.85× 10−6 2.65× 10−4 NSBH 1.83× 10−4 PyCBC-broad

S200225k 2020-02-25T03:41:20 CBC 1.07× 10−5 4.48× 10−4 NSBH 4.48× 10−4 GstLAL

S200225u 2020-02-25T08:22:49 CBC 1.39× 10−5 4.46× 10−2 NSBH 3.50× 10−2 PyCBC-broad

S200226z 2020-02-26T07:18:43 CBC 4.22× 10−6 3.34× 10−3 NSBH 2.90× 10−3 PyCBC-broad

S200302m 2020-03-02T06:14:02 CBC 3.42× 10−6 1.40× 10−2 BBH 1.40× 10−2 GstLAL

S200303aj 2020-03-03T08:36:14 CBC 2.16× 10−5 5.14× 10−3 BBH 4.85× 10−3 MBTA

S200304ao 2020-03-04T14:46:28 CBC 7.87× 10−6 6.56× 10−3 BBH 6.56× 10−3 GstLAL

S200307ba 2020-03-07T17:53:38 CBC 7.90× 10−6 1.04× 10−2 BBH 1.04× 10−2 PyCBC-BBH

S200307c 2020-03-07T02:34:37 CBC 1.97× 10−5 2.71× 10−3 BBH 2.71× 10−3 GstLAL

S200308g 2020-03-08T01:38:18 CBC 2.97× 10−6 2.43× 10−3 NSBH 2.43× 10−3 GstLAL

S200310b 2020-03-10T00:20:05 CBC 1.58× 10−5 2.29× 10−2 NSBH 1.67× 10−2 PyCBC-BBH

S200310u 2020-03-10T06:21:24 CBC 7.18× 10−8 4.79× 10−3 BNS 4.79× 10−3 MBTA

S200311ba 2020-03-11T10:31:22 CBC 4.10× 10−8 1.94× 10−1 BNS 1.94× 10−1 PyCBC-broad

S200311r 2020-03-11T04:04:20 CBC 1.78× 10−5 7.42× 10−4 NSBH 4.67× 10−4 PyCBC-broad

S200314be 2020-03-14T19:47:18 CBC 2.30× 10−6 1.42× 10−1 BBH 1.36× 10−1 PyCBC-BBH

S200314x 2020-03-14T07:26:14 CBC 1.54× 10−5 4.20× 10−4 NSBH 4.00× 10−4 MBTA

S200316aj 2020-03-16T11:39:17 CBC 9.52× 10−6 9.08× 10−4 NSBH 9.08× 10−4 MBTA

S200318be 2020-03-18T17:57:32 CBC 2.34× 10−6 1.97× 10−4 BNS 1.97× 10−4 MBTA

S200320p 2020-03-20T04:36:30 CBC 7.49× 10−7 1.61× 10−2 NSBH 1.55× 10−2 PyCBC-broad

S200321bb 2020-03-21T22:32:26 CBC 1.82× 10−7 3.55× 10−3 BNS 3.53× 10−3 MBTA

S200323as 2020-03-23T13:53:52 CBC 3.02× 10−6 1.72× 10−2 BBH 1.72× 10−2 GstLAL

S200325j 2020-03-25T07:23:35 CBC 9.14× 10−6 1.02× 10−2 BBH 1.02× 10−2 PyCBC-BBH

S200326af 2020-03-26T11:25:01 Burst 7.51× 10−8 4.57× 10−1 - - cWB

S200326ax 2020-03-26T16:10:49 CBC 1.39× 10−5 3.60× 10−5 BNS 3.60× 10−5 MBTA

S200327g 2020-03-27T02:34:28 CBC 8.91× 10−7 2.80× 10−3 BNS 2.80× 10−3 MBTA

S200327j 2020-03-27T03:15:27 CBC 1.00× 10−5 9.57× 10−4 BNS 9.34× 10−4 PyCBC-broad
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Table 4. Details of the joint FAR computed according to the procedure detailed in Section 5.4 for all the triggers with
FARGRB,max < 10−3 Hz. The RAVEN alert is, by definition, evaluated considering only information received in low latency.
The events marked with a (*) are GW candidates with pastro > 0.5.

Name GW FAR Group Class
√
TS Joint FAR Raven Alert

(Hz) (Hz)

S190919ag 3.42× 10−6 Burst - 7.23 2.16× 10−7 no

S190919au 3.24× 10−6 Burst - 9.44 7.36× 10−9 no

S190919u 8.18× 10−6 Burst - 8.00 8.56× 10−8 no

S190930t 1.54× 10−8 CBC NSBH 14.60 5.97× 10−11 yes

S191110x 2.93× 10−11 CBC Mass Gap 7.17 9.59× 10−12 yes

S191212l 9.31× 10−6 CBC Mass Gap 7.16 4.62× 10−7 no

S191219ak 1.22× 10−6 Burst - 7.15 1.19× 10−7 no

S191226ae 1.99× 10−6 CBC NSBH 10.70 4.81× 10−9 yes

S191229ah 1.23× 10−6 Burst - 8.87 3.15× 10−9 no

S200101o 1.66× 10−5 CBC BNS 7.44 4.15× 10−7 no

S200108ah 2.16× 10−5 CBC NSBH 7.12 6.77× 10−7 no

S200108p 1.93× 10−7 CBC BNS 7.35 1.71× 10−8 yes

S200110aa 2.12× 10−5 Burst - 7.06 6.91× 10−7 no

S200110d 1.45× 10−5 Burst - 7.29 4.84× 10−7 no

S200114f 1.23× 10−9 Burst - 8.82 5.70× 10−12 yes

S200117z 1.88× 10−5 CBC NSBH 7.27 5.63× 10−7 no

S200130ai 1.78× 10−5 CBC NSBH 16.40 3.13× 10−8 no

S200214bo 1.93× 10−5 CBC BNS 7.20 6.15× 10−7 no

S200225af 1.64× 10−6 CBC BNS 10.57 4.06× 10−9 yes

S200225as 6.23× 10−6 CBC BBH 7.30 2.86× 10−7 no

S200225q* 9.19× 10−9 CBC BBH 8.21 1.40× 10−10 no

S200303bl 1.75× 10−5 CBC BBH 10.10 3.09× 10−8 no

S200304ay 1.89× 10−5 CBC NSBH 7.08 6.74× 10−7 no

S200304d 2.21× 10−5 CBC NSBH 7.08 6.90× 10−7 no

S200317ag 3.35× 10−7 Burst - 7.36 2.66× 10−8 no

S200323bf 6.60× 10−7 Burst - 8.27 1.81× 10−9 no

S200324ax 1.85× 10−5 CBC NSBH 10.60 3.24× 10−8 no

S200327j 1.66× 10−5 CBC Mass Gap 22.46 2.96× 10−8 no
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