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39Université Paris-Saclay, CNRS/IN2P3, IJCLab, 91405 Orsay, France

40European Gravitational Observatory (EGO), I-56021 Cascina, Pisa, Italy
41Chennai Mathematical Institute, Chennai 603103, India

42Department of Mathematics and Physics, Gravitational Wave Science Project, Hirosaki University, Hirosaki City, Aomori 036-8561,
Japan

43Columbia University, New York, NY 10027, USA
44Kamioka Branch, National Astronomical Observatory of Japan (NAOJ), Kamioka-cho, Hida City, Gifu 506-1205, Japan

45The Graduate University for Advanced Studies (SOKENDAI), Mitaka City, Tokyo 181-8588, Japan
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49Université catholique de Louvain, B-1348 Louvain-la-Neuve, Belgium
50Nikhef, Science Park 105, 1098 XG Amsterdam, Netherlands

51King’s College London, University of London, London WC2R 2LS, United Kingdom
52Korea Institute of Science and Technology Information (KISTI), Yuseong-gu, Daejeon 34141, Korea

53National Institute for Mathematical Sciences, Yuseong-gu, Daejeon 34047, Korea
54Christopher Newport University, Newport News, VA 23606, USA

55International College, Osaka University, Toyonaka City, Osaka 560-0043, Japan
56School of High Energy Accelerator Science, The Graduate University for Advanced Studies (SOKENDAI), Tsukuba City, Ibaraki

305-0801, Japan
57University of Oregon, Eugene, OR 97403, USA
58Syracuse University, Syracuse, NY 13244, USA
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142Université Libre de Bruxelles, Brussels 1050, Belgium
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151Maastricht University, P.O. Box 616, 6200 MD Maastricht, Netherlands
152University of Portsmouth, Portsmouth, PO1 3FX, United Kingdom

153The University of Sheffield, Sheffield S10 2TN, United Kingdom
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265Università di Trento, Dipartimento di Matematica, I-38123 Povo, Trento, Italy
266Indian Institute of Science Education and Research, Pune, Maharashtra 411008, India



10
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ABSTRACT

We search for gravitational-wave transients associated with fast radio bursts (FRBs) detected by

the Canadian Hydrogen Intensity Mapping Experiment Fast Radio Burst Project (CHIME/FRB),

during the first part of the third observing run of Advanced LIGO and Advanced Virgo (1 April

2019 15:00 UTC – 1 Oct 2019 15:00 UTC). Triggers from 22 FRBs were analyzed with a search that

targets compact binary coalescences with at least one neutron star component. A targeted search

for generic gravitational-wave transients was conducted on 40 FRBs. We find no significant evidence

for a gravitational-wave association in either search. Given the large uncertainties in the distances of

the FRBs inferred from the dispersion measures in our sample, however, this does not conclusively

exclude any progenitor models that include emission of a gravitational wave of the types searched for

from any of these FRB events. We report 90% confidence lower bounds on the distance to each FRB

for a range of gravitational-wave progenitor models. By combining the inferred maximum distance

information for each FRB with the sensitivity of the gravitational-wave searches, we set upper limits

on the energy emitted through gravitational waves for a range of emission scenarios. We find values of

order 1051–1057 erg for a range of different emission models with central gravitational wave frequencies

in the range 70–3560 Hz. Finally, we also found no significant coincident detection of gravitational

waves with the repeater, FRB 20200120E, which is the closest known extragalactic FRB.

1. INTRODUCTION

Fast radio bursts (FRBs) are bright millisecond dura-

tion radio pulses that have been observed out to cosmo-

logical distances, several with inferred redshifts greater

than unity (Lorimer et al. 2007; Petroff et al. 2019;

Cordes & Chatterjee 2019). Although intensely stud-

ied for more than a decade, the emission mechanisms

and progenitor populations of FRBs are still one of the

outstanding questions in astronomy.

Some FRBs have been shown to repeat (Amiri et al.
2019a; CHIME/FRB Collaboration et al. 2019; Kumar

et al. 2019), and the recent association of a FRB with the

Galactic magnetar SGR 1935+2154 proves that mag-

netars can produce FRBs (CHIME/FRB Collaboration

et al. 2020). Alternative progenitors and mechanisms to

produce non-repeating FRBs are still credible and have

so far not been ruled out (Zhang 2020b). Data currently

suggests that both repeating and non-repeating classes

of FRBs have Dispersion Measures (DMs), a quantity

equal to the integral of the free electron density along

the line of sight, and sky locations consistent with be-

ing drawn from the same population. However, the two

classes have been shown to differ in their intrinsic tempo-

∗ Deceased, August 2020.

ral widths and spectral bandwidths (CHIME/FRB Col-

laboration et al. 2021). Whether genuine non-repeating

sources have a different origin to their repeating cousins

is an unresolved question.

The first discovery of an FRB was made over a decade

ago by Parkes 64m radio telescope (Lorimer et al. 2007).

This burst, FRB 010724 or FRB 20010724A, known as

the Lorimer burst, first indicated an extragalactic origin

for FRBs through its observed DM. This burst had a

DM of 375 pc cm−3, far in excess of the likely Galac-

tic DM contribution along the line of sight (of order

45 pc cm−3 for this event), supporting an extragalac-

tic origin. The precise localizations of FRB host galax-

ies have since unambiguously confirmed an extragalactic

hypothesis (Chatterjee et al. 2017; Bannister et al. 2019;

Li & Zhang 2020; Heintz et al. 2020) and constraints on

the progenitor population are starting to be understood

(e.g. Bhandari et al. 2020). The inferred cosmological

distances for many FRBs have shown that these tran-

sients have extreme luminosities by radio standards, of

the order 1038 − 1046 erg s−1 (Zhang 2018).

Recent studies suggest a volumetric rate of order

3.5+5.7
−2.4 × 104 Gpc−3yr−1 above 1042 erg s−1 (Luo et al.

2020). Up to mid-2018, around 70 FRBs had been pub-

licly announced (Petroff et al. 2016), of which around

7% had been shown to repeat. The majority of the de-
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tections during this period had been made by Parkes

(27 FRBs at ∼ 1.5 GHz; Champion et al. 2016; Thorn-

ton et al. 2013) and ASKAP (28 FRBs at central fre-

quencies of ∼ 1.3 GHz; Bannister et al. 2017; Shannon

et al. 2018). Other detections were contributed by tele-

scopes including UTMOST (Caleb et al. 2017) and the

Green Bank Telescope (Masui et al. 2015), each operat-

ing around 800 MHz, and Arecibo (Spitler et al. 2014),

operating around ∼ 1.5 GHz.

The FRB detection rate has greatly increased since

the Canadian Hydrogen Intensity Mapping Experiment

(CHIME) instrument (Newburgh et al. 2014; Bandura

et al. 2014; CHIME/FRB Collaboration 2020, ;see https:

//chime-experiment.ca/) began its commissioning phase

in late 2018, and its first FRB observation run shortly

after. The CHIME radio telescope observes in the

frequency range 400 − 800 MHz and consists of four

20 m× 100 m cylindrical parabolical reflectors. Its

large collecting area and wide field-of-view (≈ 200 deg2)

make it a valuable survey instrument for radio tran-

sients. FRB detection for this instrument has been led

by the CHIME/FRB project (CHIME/FRB Collabora-

tion et al. 2018) which published its first sample of 13

FRBs during its early commissioning phase, despite op-

erating at a lower sensitivity and field-of-view than de-

sign specifications (Amiri et al. 2019b).

The CHIME/FRB project recently published a cat-

alog of 535 FRBs detected during their first year of

operation; this includes 62 bursts from 18 previously

identified repeating sources (CHIME/FRB Collabora-

tion et al. 2021). This is the first large collection of FRBs

from a homogeneous survey and represents a significant

milestone in this area of study. The CHIME/FRB data

is supportive of different propagation or emission mech-

anisms between repeaters and non-repeaters, however,

it is still not clear whether all FRBs do repeat (Ravi

2019) and, significantly, the FRB emission mechanism

remains unknown. There presently exist many compet-

ing FRB emission theories (Platts et al. 2019), some

of which predict the accompaniment of a time-varying

mass quadrupole moment, and thus, the emission of

gravitational waves (GWs).

A number of studies have looked at the possibility

of GW emission associated with FRBs indirectly, us-

ing radio observations to search for coherent FRB-like

emissions associated with short, hard gamma-ray bursts

(GRBs) (Anderson et al. 2018; Rowlinson & Anderson

2019; Gourdji et al. 2020; Rowlinson et al. 2020). A ra-

dio search for FRB-like signals using early warning GW

alerts has also been suggested (James et al. 2019).

The identification of an FRB within the sensitive

reach of GW interferometric detectors could provide

conclusive proof of an association or constrain the pa-

rameters of the emission mechanisms for a given FRB.

The increased population of detected FRBs from the

CHIME/FRB Project therefore offers a unique chance

of achieving this endeavor.

A first search for GW counterparts to transient ra-

dio sources was conducted by Abbott et al. (2016).

This used a minimally modelled coherent search

(X-Pipeline) ± 2 min around the detection time of

6 Parkes FRBs using GW data from GEO600 (Grote

2010) and initial Virgo (Accadia et al. 2012). No GW

coincidences were found, but this study provided a use-

ful framework for future searches using improved GW

sensitivities.

In this paper we present the second targeted GW

follow-up of FRBs using bursts detected by CHIME/FRB

during the first part of the third observing run of Ad-

vanced LIGO and Advanced Virgo (O3a) (Aasi et al.

2015; Acernese et al. 2015), which took place between 1

April 2019 15:00 UTC and 1 October 2019 15:00 UTC.

This search uses both a generic GW transient search and

a modelled search targeting coalescing binary systems.

The organization of this paper is as follows: in Section

2 we describe the motivation of this study by discussing

possible GW counterparts to FRBs. We introduce the

CHIME/FRB data sample in Section 3 and in Section 4

discuss the GW search methods employed; this includes

an overview of both of the pipelines used in our analysis.

Section 5 provides the results of the GW analysis of the

FRB sample. In Section 6 we report results of a gravi-

tational wave analysis of the repeater, FRB 20200120E,

which is the closest known extragalactic FRB. Finally,

in section 7 we summarize the astrophysical implications

of our results and discuss future GW searches for FRB

counterparts at greater GW sensitivities.

2. PROPOSED GRAVITATIONAL WAVE

COUNTERPARTS TO FRBS

This section will review some of the more popular

models of non-repeating and repeating FRBs that could

provide plausible GW counterparts and could there-

fore be constrained or confirmed through GW searches.

(An online theory catalog tracks new FRB models; see

https://frbtheorycat.org).

As the millisecond durations of FRBs indicate com-

pact emission regions, many models of non-repeating

FRBs have suggested cataclysmic events, including co-

alescing compact objects. A number of studies have

investigated the possibility of FRB-like emissions from

binary neutron star (BNS) coalescence around the time

of merger (see review in Platts et al. 2019). During this

phase the magnetic fields of the NSs are synchronized to

https://chime-experiment.ca/
https://chime-experiment.ca/
https://frbtheorycat.org
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binary rotation and a coherent radiation could be gener-

ated due to magnetic braking. The mechanism requires

magnetic fields of order 1012–1013 Gauss and would pro-

duce FRB pulse widths consistent with the timescale of

the orbital period of the BNS just prior to coalescence

(Totani 2013).

Wang et al. (2016) considered that an FRB could

be produced during the final stages of a BNS inspiral

through magnetic reconnection due to the interaction of

a toroidal magnetic field, produced as the NS magneto-

spheres approach each other. Dynamic ejecta launched

shortly after the final merger would produce significant

opacity over a large solid angle, thus screening an FRB-

type signal via absorption (Yamasaki et al. 2018). Zhang

(2020a) has recently entertained the idea that similar

interactions between the two NS magnetospheres could

produce repeating FRB-like coherent radio emissions

decades or centuries before the final plunge.

Other studies have suggested that BNS mergers

could generate prompt coherent radio emission on ms

timescales through mechanisms such as excitation of

the circumbinary plasma by GWs (Moortgat & Kui-

jpers 2005), from a dynamically-generated magnetic

field after the merger (Pshirkov & Postnov 2010) or

from the onset of the collision of a GRB forward shock

with the surrounding medium (Usov & Katz 2000; Sagiv

& Waxman 2002).

Zhang (2016) postulated that the inspiral of a pair

of spinning black holes (BHs) could produce a Poynt-

ing flux, if at least one them is charged, by inducing a

global magnetic dipole normal to the orbital plane (one

of the black holes would require a characteristic charge

of order 3.3 × 1021 C (M/M�)). During the inspiral,

as the orbital separation decreases, the magnetic flux

of the system would change rapidly to produce parti-

cle bunching and thus, emission of coherent curvature

radiation. The theory was extended in Zhang (2019) to

show that the methodology could also be applied to BNS

and neutron star-black hole (NSBH) systems; it was

termed the charged compact binary coalescence signal.

However, Zhang (2019) showed that the relatively small

charge sustained by the NSs would mean that the radio

signal would be orders of magnitude dimmer than ob-

served FRB events. Additionally, as in the case of BNS

mergers, the opacity from dynamic ejecta launched dur-

ing the merger would negate an FRB-type signal. How-

ever, for systems with a mass ratio m1/m2 & 5 (Shibata

et al. 2009), this process could produce an FRB as the

NS would plunge into the BH with no tidal disruption.

Mergers of significant fractions of BNSs are likely to

give rise to millisecond magnetars (Gao et al. 2016; Mar-

galit et al. 2019), although this is highly dependent on

the unknown nuclear equation of state (see Sarin &

Lasky 2021, for a review). If the remnant NS mass is

greater than the maximum non-rotating mass, it can

survive for hundreds to thousands of seconds before col-

lapsing to form a BH (Ravi & Lasky 2014). As the

magnetic field lines snap as they cross the BH horizon,

an outwardly directed magnetic shock would dissipate

as a short, intense radio burst (Falcke & Rezzolla 2014;

Zhang 2014). This model has been motivated by the

observation of relatively long lived X-ray plateaus fol-

lowing short gamma-ray bursts (sGRBs) that exhibit

an abrupt decay phase, commonly interpreted as the

collapse of the nascent NS to a BH (Troja et al. 2007;

Lyons et al. 2010; Rowlinson et al. 2010, 2013). Such

collapses are expected to occur . 5 × 104 s after the

merger (Ravi & Lasky 2014).

It has been suggested that FRBs could be related to

the activity of magnetars or to strong pulses of energetic

radio pulsars (Popov & Postnov 2013). Additionally, the

energy stored in rotational kinetic energy and the mag-

netic field of a millisecond pulsar are ample to power a

repeating FRB (Metzger et al. 2017). Resonant oscilla-

tion modes in the core and crust of magnetars have been

suggested to cause quasi-periodic oscillations observed

in the X-ray tails of giant flares. If the process by which

these FRBs are created also excites non-radial modes

in the magnetars, then GWs could simultaneously be

produced (e.g. Levin & van Hoven 2011; Quitzow-James

et al. 2017). The detection of a repeating FRB-like event

associated with the Galactic magnetar SGR 1935+2154

makes this a possible candidate for repeated GW emis-

sions for repeating FRBs.

The stellar oscillation mode that couples strongest to

GW emission is the fundamental f-mode. The frequency

of this mode depends on the equation of state, however

analyzes of the tidal deformability of GW170817 are

consistent with NS f-mode frequencies typically being

around 2 kHz (Abbott et al. 2017a; Abbott et al. 2017;

Wen et al. 2019; Abbott et al. 2018). This is above the

most sensitive frequency of the Advanced LIGO/Virgo

observatories. While early theoretical studies indicated

the GW amplitude could be large enough for f-mode os-

cillations from Galactic magnetar flares to be observable

by Advanced LIGO/Virgo (Ioka 2001; Corsi & Owen

2011), more sophisticated analyzes give much more pes-

simistic predictions (Levin & van Hoven 2011; Zink et al.

2012). Other modes such as gravity modes (known as

g-modes - here the restoring force is buoyancy) and r-

modes (where the restoring force is the Coriolis force)

emit at frequencies closer to the most sensitive range

for Advanced LIGO/Virgo, however these modes couple
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more weakly to gravitational modes, and are therefore

not likely to be detectable in association with an FRB.

3. THE CHIME/FRB SAMPLE

The CHIME/FRB data sample provided for this anal-

ysis consists of 338 bursts observed within O3a. Out

of this sample, 168 bursts have been published in the

first CHIME/FRB catalog (CHIME/FRB Collaboration

et al. 2021). Within the sample of 338 bursts, only

events overlapping with up-time of at least one of the

three GW observatories were considered for analysis.

Within this sub-sample, the selection of bursts that were

analyzed was based on the inferred distance to each

burst. This selection will be described at the end of this

section, after the calculation of the inferred distance is

described.

The data for each FRB includes localization informa-

tion, a topocentric arrival time and a measure of the to-

tal DM. For each burst, a Transient Name Server (TNS;

see https://www.wis-tns.org) designation was also pro-

vided. The TNS naming convention takes the form

‘FRB YYYYMMDDLLL’ with YYYY, MM and DD the

year, month and day information in UTC and LLL a

string from ‘A’ to ‘Z’, then from ‘aaa’ to ‘zzz’, indicat-

ing reporting order on any given day.

The arrival time at the CHIME instrument’s loca-

tion (topocentric) at 400 MHz was converted to a de-

dispersed arrival time using the DM value associated

with each event. This time was used as the central event

time around which each GW search was conducted.

The localization information of each FRB is in the

form of up to 5 disjoint error regions of varied morphol-

ogy centered around the region with the highest SNR;

each separate localization “island” has a central value

and a 90% confidence uncertainty region. The different

approaches to these localization data adopted by the

generic transient and modelled search pipelines will be

described in Section 4.

To determine a measure of the luminosity distance of

each FRB we employ the Macquart relation (Macquart

et al. 2020). This relation maps the redshift to the quan-

tity DMIGM, which is the DM contribution from extra-

galactic gas along the line of sight; this can be obtained

after all other contributions are subtracted. Taking into

account all contributions to the total DM, the quantity

DMT, a measure of redshift can therefore be determined

by solving:

DMT(z) = DMMW + DMhalo + DMIGM(z)

+ DMhost(z)/(1 + z) ,
(1)

where DMMW is the Milky Way contribution to the DM

along the line of sight, DMhalo is the contribution from

the Milky Way halo and DMhost the contribution from

the host galaxy, which is corrected by the cosmic expan-

sion factor. The estimates of z are then converted to a

luminosity distance assuming a ‘flat-Λ’ cosmology with

the cosmological parameters Ωm = 0.31, ΩΛ = 0.69 and

H0 = 67.8 km s−1 Mpc−1 (Planck Collaboration et al.

2016).

To determine redshift values for each FRB we employ

the Bayesian Markov-Chain Monte Carlo (MCMC) sam-

pling framework described in (Bhardwaj et al. 2021a)

with a posterior distribution defined by:

P(θ̂ |DMT,O) =
L(DMT,O | θ̂ )π(θ̂)

Z , (2)

where L(DMT,O | θ̂ ) is the likelihood distribution of the

observed quantity DMT,O given the parameters θ̂, π(θ̂)

are the prior distributions on θ̂ and Z is the Bayesian

evidence; this latter factor enters Eq. (2) as a normal-

ization factor independent of the model parameters and

can be ignored if one is only interested in the posterior

distribution rather than model selection. We assume a

Gaussian likelihood function provided as:

L(DMT,O | θ̂ ) =
1√

2πσ2
exp

[
− (DMT,O −DMT(θ̂))2

2σ2

]
,

(3)

with σ the uncertainty on DMT,O for each burst and

DMT given by Eq. (1) (Rafiei-Ravandi et al. 2021).

For the Milky Way contribution DMMW, there is no

consensus between the two popular models of Cordes &

Lazio (2002) and Yao et al. (2017). Therefore, we follow

Bhardwaj et al. (2021a) and assume a Gaussian prior

based around the minimum of DMMW from these two

models along the line of sight; a standard deviation of

20% of this value is also used.

The contribution DMhalo has been estimated in a

number of studies but is quite uncertain. For example,

Yamasaki & Totani (2020) found values of DMhalo ∼
30 − 245 pc cm−3 using a two component model.

Studies by Dolag et al. (2015) found values between

DMhalo ∼ 30− 50 pc cm−3 based on cosmological sim-

ulation and Prochaska & Zheng (2019) estimated values

between 30− 80 pc cm−3. To take account of the large

uncertainty in this quantity we follow Bhardwaj et al.

(2021a) and assume a Gaussian prior such that at 3σ,

DMhalo has a value 0 or 80 pc cm−3.

The prior on DMIGM assumes the parameterization

∆ = DMIGM/〈DMIGM〉 with the denominator obtained

through the Macquart relation. This takes the form pro-

vided in Macquart et al. (2020):

P (∆) = A∆−βexp

[−(∆−α − C2)

2α2σ2
DM

]
, (4)

https://www.wis-tns.org
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with σDM = 0.2z−0.5 and [α, β] = 3; the value of C

is determined by requiring that 〈∆〉 = 1. The form

of this model is motivated by the requirement that the

DM distribution approaches a Gaussian at small σDM in

accordance with the Gaussianity of large scale structure.

It also incorporates a skew at large σDM to reflect the

possibility of over-densities along the line of sight.

Finally, for a prior on DMhost, we adopt a lognor-

mal distribution with median eµ = 68.2 and logarith-

mic width parameter σhost = 0.88 as in Macquart et al.

(2020).

The quantities outlined above have a large range of

uncertainty and there could be additional contributions

e.g., circumburst material. As a result, redshift values

calculated from DMs are generally taken as upper lim-

its. We perform MCMC sampling using the emcee pack-

age (Foreman-Mackey et al. 2013) based on an affine-

invariant sampling algorithm (Goodman & Weare 2010)

using 256 walkers of 20,000 samples. Inferred values of

z, and thereby luminosity distance, and their 90% cred-

ible intervals are thus determined for each FRB, based

on the observed values of DMT, right ascension (RA)

and declination (Dec), the estimated DMMW along the

line of sight and the priors on other DM contributions

described above.

Given the large uncertainties in the distances of FRBs,

we based our analysis and results on the 90% credi-

ble intervals inferred for the CHIME/FRB sample of

bursts. However, for illustration, we show in Fig. 1 the

distribution of the median distances of the total sam-

ple of 338 FRBs that occurred during O3a. The plot

shows that most events seem to occur within 1700 Mpc

(z ∼ 0.3) and 6000 Mpc (z ∼ 0.9). The closest events

in the distribution include a significant number of re-

peating FRBs. Due to the relatively limited range of

the GW detectors, in selecting which bursts to analyze,

we first downselected the sample to all bursts from the

closest 10% of CHIME/FRB non-repeating bursts that

have GW detector network data available for analysis

(if the recent CHIME/FRB catalog of 535 bursts is rep-

resentative of the FRB population, at least around 11%

of FRBs repeat). Within this selection, a coherent anal-

ysis using modelled waveforms was then conducted on

a smaller subset of the closest 22 non-repeating events

for which data was available from at least one interfer-

ometric GW detector, and a generic transient coherent

analysis was conducted on a subset of FRBs for which

data was available from at least two interferometric GW

detectors. The further downselection to the final set of

analyzes reported was based on two considerations. For

some events, the systematic noise in the detector was too

significant near the time of the burst for one or both of
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Figure 1. The distribution of inferred median distances for
the CHIME/FRB data sample based on the MCMC analysis
of Section 3; there is a large uncertainty in these distances,
thus this distribution should be taken as only an approximate
representation. The distribution peaks between 1700 Mpc
(z ∼ 0.3) and 6000 Mpc (z ∼ 0.9). The closest non-
repeating event analyzed in our sample was FRB 20190425A
for which we inferred a median distance of 133 Mpc and a
range [13–386] Mpc at 90% confidence; the most distant was
FRB 20190601C with a median inferred distance of 914 Mpc
within a range [199–1737] Mpc.

our two searches, and these events were then excluded.

Finally, as each search requires significant personpower

and computational resources, we performed searches on

the remaining subset of events in order of increasing dis-

tance, until we reached a point of diminishing returns

caused by the reduced overlap between the effective de-

tection range of the GW detection network and the in-

ferred distance to each FRB event. These considera-

tions yielded a sample of 34 non-repeating FRBs that

were analyzed by one or both types of analysis. Using

the same considerations for selection, we analyzed a to-

tal of 11 repeated bursts from the closest 3 repeating

sources: FRB 20180916B (7 repeat events during O3A),

FRB 20180814A (2 repeat events) and FRB20190303A

(2 events). The lower and upper 90% limits of the cred-

ible intervals on the luminosity distances to each of the

non-repeating FRBs analyzed are included in the tables

in Section 5.

4. SEARCH METHODS

Here we will provide a description of the two targeted

search methods used in this paper. These are the same

methods applied to search for GW events coincident

with GRBs that occurred during the first (Abbott et al.

2017b), second (Abbott et al. 2019b) and third (Ab-

bott et al. 2021) Advanced LIGO and Advanced Virgo
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observing runs. In Section 4.1 we describe the mod-

elled search method that aims to uncover sub-threshold

GW signals emitted by BNS and NSBH binaries (PyGRB;

Harry & Fairhurst 2011; Williamson et al. 2014), high-

lighting choices in analysis configuration that are unique

to the followup of FRB events. In Section 4.2 we dis-

cuss the search for generic GW transients (X-Pipeline;

Sutton et al. 2010; Was et al. 2012).

4.1. PyGRB- Modelled search for binary mergers

The modelled search for GWs associated with FRB

events makes use of the PyGRB data analysis pipeline

(Harry & Fairhurst 2011; Williamson et al. 2014), and

the search is configured to be similar to the search for

GW signals coincident with GRBs in O3a (Abbott et al.

2021). This is a coherent matched-filtering pipeline that

compares the GW detector network data with a bank

of pre-generated waveforms, including the inspiral of

BNS and NSBH binaries. PyGRB uses the PyCBC (Nitz

et al. 2020) open-source framework for distribution of

the analysis of the GW data across large computing clus-

ters, and also relies on several elements of the LALSuite

software library (LIGO Scientific Collaboration 2018).

The PyGRB analysis searches the combined detector

data in the range 30–1000 Hz. A set of coherent data

streams is formed by combining the data from the de-

tectors, using a sample of sky-positions in the region

reported for the FRB event that is being studied. These

data streams are then compared using matched filter-

ing to the same predefined bank of waveform templates

(Owen & Sathyaprakash 1999) used in the search for

GWs associated with GRBs events in O3a (Abbott et al.

2021). The bank is created with a hybrid of geomet-

ric and stochastic template placement methods across

target search space (Harry et al. 2008; Brown et al.

2012; Harry et al. 2014; Capano et al. 2016; Dal Can-

ton & Harry 2017), using a phenomenological inspiral-

merger-ringdown waveform model for non-precessing

point-particle binaries (IMRPhenomD; Husa et al. 2016;

Khan et al. 2016). This bank of templates is designed

to cover binary masses in the range [1.0, 2.8]M� for

NSs, and [1.0, 25.0]M� for BHs. The bank also allows

for aligned-spin, zero-eccentricity BNS and NSBH, with

dimensionless spins in the range [0, 0.05] for NSs and

[0, 0.998] for BHs.

Coherent matched filtering can be susceptible to loud

transient noise in the detector data and can produce a

high signal-to-noise ratio (SNR) (Nitz et al. 2017). To

combat this, the analysis performs additional tests on

each point of high SNR data, which we also refer to

as triggers. These tests can either remove the trigger

or re-weight the SNR using a χ2 test. This latter test

determines how well the data agrees with the template

over the whole template duration. Such cuts and re-

weighting significantly improve the ability of the search

to distinguish a GW from many types of transient noise,

thus improving the significance of real GW triggers. The

final re-weighted SNR of each candidate event is used

as the measure of its relative significance, or ranking

statistic, within the search.

The PyGRB analysis searches for GW inspiral events

that merge within 12 s of the de-dispersed event time of

each FRB, with an asymmetric on-source window start-

ing 10 s before the FRB event and ending 2 s after the

event. The search window is chosen to strike a bal-

ance between maximizing the possible progenitor models

through a wider window or maximizing the sensitivity of

the search by using a narrower window. In this search

we seek a GW signal with a merger time close to the

time of the FRB, assuming the FRB results from the

interaction of the two binary components.

The sensitivity of the search is governed by the com-

parison between the most significant event in the on-

source window and the most significant event in equiv-

alent trial searches of 12 s windows in the surrounding

data, known as the off-source trials. These off-source

trials form the background data for the search, and if

a sufficient number of background trials are conducted,

this allows the search to determine the significance of

any candidate events in the on-source window to the

level needed to make a confident detection statement by

computing a false-alarm probability.

If multiple detectors are available, then additional ef-

fective background data can be produced by combin-

ing the data from the detectors with an intentional mis-

alignment in time of at least the light-travel time across

the network to ensure any detected events cannot possi-

bly be true coherent GW candidates (Williamson et al.

2014). This can be repeated for multiple possible time

shifts, and in this search, these time shifts are set to

match the on-source window length of 12 s. This pro-

duces fewer time shifts than a 6 s on-source window, as

used in previous searches for GW associated with GRB

events such as Abbott et al. (2021). This again impacts

the effective significance of any detected events, because

the amount of background data used by the search is

limited by the amount of coherently analyzable data for

all detectors in the network that surrounds the target

time. Thus, a search is only conducted if a minimum of

30 min of data are available.

In the results section, we report the effective range

of each search conducted as a 90% exclusion distance,

D90. This is calculated by first creating a set of sim-

ulated GW signals to inject into the off-source data,
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then attempting to find these injected signals with the

standard search pipeline. The signals are injected with

amplitudes appropriate for a distribution of distances

between their simulated origin and the detectors, and

the D90 distance is defined as the distance within which

90% of the injected simulated signals are recovered with

a ranking statistic greater than the loudest on-source

event.

Mirroring the approach taken in the O3a search for

GW events associated with GRB detections (Abbott

et al. 2021), the injected signals include BNS systems

with dimensionless spins in the range −0.4 to 0.4, taken

from observed pulsar spins (Hessels et al. 2006), and

are distributed uniformly in spin and with random ori-

entations. Injections also include aligned spin NSBH

binaries, and NSBH binaries with generically oriented

spins up to 0.98, motivated by X-ray binary observa-

tions (e.g., Özel et al. 2010; Kreidberg et al. 2012; Miller

& Miller 2014). The simulated signals are intentionally

generated using different GW signal models than those

used in the matched-filtering template bank, to approx-

imate the target search space difference between the ap-

proximate templates used and the true GW signals. In

particular, the injected waveforms are identical to those

used in the equivalent O3a GRB event follow up analysis

(Abbott et al. 2021). Precessing BNS signals are simu-

lated using the TaylorT2 time-domain, post-Newtonian

inspiral approximant (SpinTaylorT2; Sathyaprakash &

Dhurandhar 1991; Blanchet et al. 1996; Bohé et al. 2013;

Arun et al. 2009; Mikoczi et al. 2005; Bohé et al. 2015;

Mishra et al. 2016), while NSBH injected waveforms are

generated assuming a point-particle effective-one-body

model tuned to numerical simulations which can allow

for precession effects from misaligned spins (SEOBNRv3;

Pan et al. 2014; Taracchini et al. 2014; Babak et al.

2017). Again, identical to the injections used in Abbott

et al. (2021), NS masses for the injections are taken be-

tween 1 M� and 3 M� from a normal distribution cen-

tered at 1.4 M� with a standard deviation of 0.2 M�
Kiziltan et al. (2013) and 0.4 M� for BNS and NSBH

systems, respectively. BH masses are taken to be be-

tween 3 M� and 25 M� from a normal distribution cen-

tered at 10 M� with a standard deviation of 6 M�.

Although this PyGRB follow up of FRB events mir-

rors the search conducted for GWs associated with GRB

events in O3a (Abbott et al. 2021) where appropriate,

there were several differences in the choices of analysis

parameters for the FRB analysis. The first major dif-

ference has been noted above, wherein a 12 s on-source

window is used, which is double that of the GRB anal-

ysis. This does reduce the significance of any detected

signals, but has the benefit of allowing for more pro-

genitor models where the EM emission occurs further in

time from the peak of the GW emission.

Another significant change was the method of deter-

mining the area of sky over which to search for the GW

signals. The FRB data sample contains multiple local-

izations for each event, each with their own RA and Dec

uncertainties. This effectively creates multiple patches

on the sky where the source could potentially reside.

The effective GW network localization capability results

in 90% credible regions for detections on the order of

≈ 10 − 10000 deg2, with an average of order 100 deg2.

In contrast, the multiple O3a FRB sample localizations

spanned only order 1 deg2 in total (Abbott et al. 2020).

The sensitivity of the search also did not vary signifi-

cantly over the sky localizations, and so the final set of

sky positions considered by the analysis was one circu-

lar patch on the sky with a size large enough to ensure

coverage over all possible provided FRB localizations.

Within this patch, the sky is sampled by creating a cir-

cular grid of sky positions such that the time-delay be-

tween grid points is kept below 0.5 s (Williamson et al.

2014). This ensures coverage of the possible sky location

of the source. For each sky position, the timestream data

from each GW detector is combined with the appropri-

ately different time offsets required to form a coherent

streams of data for that point on the grid. These multi-

ple coherent time streams are finally each considered in

the search.

4.2. X-Pipeline- Unmodelled search for generic

transients

The search for generic transients is performed with the

coherent analysis algorithm X-Pipeline (Sutton et al.

2010; Was et al. 2012). This targeted search uses the

sky localization and time window for each CHIME/FRB

trigger to identify consistent excess power that is coher-

ent across the network of GW detectors. We use differ-

ent search parameters in our searches for repeating and

non-repeating FRB sources.

There are a number of differences between our generic

transient search on non-repeated sources and those pre-

viously conducted on GRBs (Abbott et al. 2017b, 2019b,

2021). As in GRB searches, the on-source time win-

dow is chosen to start 600 s before the trigger, but is

extended from 60 s seconds post trigger to 120 s to al-

low for the possibility of GW emissions delayed relative

to the FRB emission. This on-source window is also

longer than the ±120 s window employed in the previ-

ous FRB search (Abbott et al. 2016). The extended

window allows for a greater number of non-Compact

Binary Coalescence (CBC) sources than those consid-

ered in GRB searches and possible GW emissions from
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magnetars, given the recent FRB-magnetar association

(CHIME/FRB Collaboration et al. 2020).

The broadband search for FRBs with X-Pipeline cov-

ers the range 32 Hz up to 2 kHz, the upper range be-

ing higher than the GRB search (20–500 Hz) in order

to include GW emissions from oscillation modes of NSs

that are likely to occur above 1 kHz, specifically f-modes

(Wen et al. 2019; Ho et al. 2020). We note that above

300 Hz a ∝ f2 frequency dependence in energy (see later

Eq. (5)) combined with the ∝ f1 of the noise power

spectral density of the detector increases the GW en-

ergy required to enable a confident detection as ∝ f3.

Although including high frequency data increases the

computational cost, including this data allows us to set

limits on a wider variety of signal models.

X-Pipeline processes the on-source data around each

FRB trigger by combining the GW data coherently, tak-

ing into account the antenna response and noise level

of each detector to generate a series of time–frequency

maps. The maps show the temporal evolution of the

spectral properties of the signal and allow searches for

clusters of pixels with excess energy significantly greater

than one would expect from background noise. These

clusters are referred to as events.

Events are given a ranking statistic based on energy

and are subjected to coherent consistency tests based on

the signal correlations between data in different detec-

tors. This allows X-Pipeline to veto events that have

properties similar to the noise background.

The surviving event with the largest ranking statistic

is taken to be the best candidate for a GW detection. Its

significance is quantified as the probability for the back-

ground alone to produce such an event. This is done

by comparing the SNR of the trigger within the 720 s

on-source to the distribution of the SNRs of the loud-

est triggers in the off-source trials. The off-source data

are set to consist of at least 1.5 hours of coincident data

from at least two detectors around the trigger time. This

window is small enough to select data where the detec-

tors should be in a similar state of operation as during

the on-source interval, and large enough so that through

artificial time-shifting, probabilities can be estimated at

the sub-percent level.

We quantify the sensitivity of the generic transient

search by injecting simulated signals into off-source data

and recovering them. We account for calibration errors

by jittering the amplitude and arrival time of the in-

jections according to a Gaussian distribution represen-

tative of the typical calibration uncertainties expected

in O3a. We compute the percentage of injections that

have a significance higher than the best event candidate

and determine the amplitude at which this percentage

is above 90%; this value sets the upper limit.

As discussed in Section 3, localization information for

each FRB is in the form of up to 5 non-contiguous or

overlapping error regions of varied morphology. Occa-

sionally these islands can be dominated by the uncer-

tainty of a single island. The sky position errors can

span a few degrees or more in RA. This could result in a

temporal shift causing a GW signal to be rejected by a

coherent consistency test (Was et al. 2012). For each is-

land we set up a circular grid around the central location

of the island, with overlapping grid points discarded. A

coherent data stream is formed from the GW detector

data with an appropriate time offset for each point on

the grid. These data streams are then analyzed. Grid

positions are large enough to cover the error radius and

dense enough to ensure a maximum timing delay error,

set as 1.25 × 10−4 s, is within 25% of the signal period

at our frequency upper limit of 2000 Hz. This is 4 times

finer than GRB searches that typically analyze data up

to a frequency cutoff of 500 Hz. Using this grid ap-

proach, the antenna responses change only slightly over

sky position; of order a few percent over a few degrees

(Aasi et al. 2014). The responses are known to change

rapidly near a null of the response; in such a case they

are already negligible.

A particular difference between this search and other

searches focused on GRBs is the increased number of

simulated waveform types used in this study. Given

the uncertainty in plausible GW emissions, we consider

a larger range of generic burst scenarios, using an ex-

tended set of those used in both GRB and magnetar

searches (Abbott et al. 2021, 2019c). Also, as we have

no knowledge on whether or not FRBs are beamed along

the rotation axis of the progenitor, all of our signal mod-

els correspond to elliptical and random polarization.

The waveforms chosen to cover the search parame-

ter space are from 3 families that have different mor-

phological characteristics: binary signals, generic burst-

like signals and accretion disk instability (ADI) mod-

els. X-Pipeline is equally adept at detecting signals

whose frequency decreases with time (ADI) and sig-

nals whose frequency increases with time (CBC models;

Abadie et al. (2012); Abbott et al. (2017b)). This paper

reports the results for CBCs when obtained using the

dedicated modelled search (described in Section 4.1), so

we will limit our discussions here to only the latter two

waveform families.

The generic burst-type waveforms are described in Ta-

ble 1, where we list the most important parameters (see

also Abbott et al. 2019a). In all cases, to determine ex-

clusion distances for this model family, we assume an op-
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Table 1. The main parameters of the waveform injections
used for the generic transient search. Models and their pa-
rameters have been chosen to cover as large a parameter
space as possible. For all models the central frequencies are
shown. We note that WNB models are defined by an ad-
ditional frequency bandwidth, this parameter is shown in
parenthesis. For the SG and WNB waveforms the dura-
tion parameter scales the width of the Gaussian envelope;
for the DS2P models this parameter defines the decay time
constant. An asterisk (*) denotes waveforms used in the
repeaters search only; c denotes waveforms with a circular
polarization.

Label Frequency Duration Parameter

[Hz] [ms]

Sine–Gaussian Chirplets

SG-A 70 14

SG-B 90 11

SG-C 145 6.9

SG-D 290 3.4

SG-E 650 1.5

SG-F 1100 0.9

SG-G 1600 0.6

SG-H 1995 0.5

SG-I* 2600 0.38

SG-J* 3100 0.32

SG-K* 3560 0.28

SG-L*c 1600 0.6

SG-M*c 1995 0.5

Ringdowns

DS2P-A 1500 100

DS2P-B 1500 200

White noise bursts

WNB-A 150 (100–200) 11

WNB-B 150 (100–200) 100

WNB-C 550 (100–1000) 11

WNB-D 550 (100–1000) 100

timistic emission of energy in GWs of EGW = 10−2M�c2

(Abbott et al. 2021). Waveforms in this family aim to

capture the general characteristics of a burst of GW en-

ergy:

Sine–Gaussian: These signals have been used previ-

ously to represent the GWs from stellar collapses.

The models are defined in Eq. (1) of Abbott et al.

(2017b) with a Q factor of 9 and varying central

frequency as shown in Table 1. They can also

model f-modes in the core of a canonical NS. We

therefore also include them in the search over re-

peating sources, and include SG waveforms at ad-

ditional frequencies listed in Table 1. In order to

better constrain some models, we also include cir-

cularly polarized SG chirplets at the frequencies

nearest the f-mode range (1600 Hz and 1995 Hz)

in the search over repeated sources.

Ringdowns (DS2P): These signals capture the form

of damped sinusoids (DS2P) at a frequency of

1500 Hz and decay constants of 100 ms and 200 ms.

White Noise Bursts (WNB): These signals mimic

broad bursts of uncorrelated white noise, time-

shaped by a Gaussian envelope. We use two mod-

els band-limited within frequencies of 100–200 Hz

and 100–1000 Hz, and with time constants of

11 ms and 100 ms.

Following the predictions from oscillation modes for

NS starquakes (Wen et al. 2019; Li et al. 2019), the first

two waveforms in this family (SG and DS2P) have been

used in the search for GWs associated with magnetar

bursts (Abbott et al. 2019c).

We also consider a range of Accretion Disk Instability

(ADI) models. These are long-lasting waveforms which

are modelled to represent the GW emissions from in-

stabilities in a magnetically suspended torus around a

rapidly spinning BH. The model specifics and parame-

ters used to generate the five types of ADI signals, des-

ignated ADI-A to ADI-E, are the same used in the pre-

vious searches (see Table 1 of Abbott et al. 2017b).

The version of X-Pipeline used in this analysis has

a new feature named autogating. This feature increases

the sensitivity of the longer-duration (& 10 s) signals,

previously limited by loud background noise transients

(Abbott et al. 2021). This technique gates the whitened

data from a single detector if the average energy over

a 1-second window exceeds a user-specified threshold.

To minimize the possibility of a loud GW transient be

gated, this procedure is canceled if the average energy at

the same time in any other detector exceeds the thresh-

old.

4.2.1. X-pipeline Search on Repeating FRBs

A subset of 11 of the FRBs that we analyze have been

identified to repeat. Repeating FRBs are likely caused

by a process distinct from those that produce singu-

lar FRBs; most notably they are unlikely to be asso-

ciated with CBC events. We therefore only run the

X-Pipeline generic transient search on these events,

and we choose the parameters to provide maximal sen-

sitivity to the GW transients that would most probably

be produced by flaring magnetars.

This search is similar to that for GW events associated

with magnetars during the third observing run of Ad-
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vanced LIGO and Advanced Virgo (O3) (Abbott et al. in

preparation). The frequency band of the search ranges

from 50 Hz to 4000 Hz, which encapsulates the NS f-

mode frequency band, but excludes the lowest frequen-

cies where nonstationary noise could potentially ‘pol-

lute’ the search statistics. The search spans 8 s of time

centered within one second of the arrival time of the

FRB to ensure optimal sensitivity at the event time.

Injected waveforms are chosen to reasonably model the

f-modes of a canonical NS as described in Kokkotas et al.

(2001). This includes a series of SG chirplets with a Q

factor of 9 and varying center frequencies as shown in

Table 1. We also neglect to use the autogating algorithm

for noise transients as described above, as its tendency

is also to gate fast injections such as SG. We also inject

white noise bursts to estimate sensitivity at broadband

frequency ranges.

4.3. RAVEN Coincident Analysis

To perform a wider sweep of the O3a data, we also

looked for coincidences between these CHIME/FRB

events and existing GW candidates using the tools

of the Rapid, on-source VOEvent Coincidence Mon-

itor (RAVEN; Urban 2016; Cho 2019) to query the

Gravitational-Wave Candidate Event Database GraceDB

(Pace et al. 2012). This query to GraceDB tests

whether any GW candidates were found by any of the

modelled or generic transient low-latency GW search

pipelines within a time window around the FRB events.

The queries used the same on-source search windows

as our modelled and generic transient searches, with

[−10 s,+2 s] and [−600 s,+120 s] windows around the

FRB triggers, respectively. We then computed the joint

false-alarm rate of any coincident GW candidate within

these windows using the overall rate of FRB events in

the CHIME/FRB sample calculated across the full span

of the O3a observing run and the false-alarm rate of the

GW candidate.

5. RESULTS OF ANALYSIS

5.1. Analysis Subsample

We performed two different searches: for non-

repeating FRBs, a PyGRB modelled search was com-

pleted on a total of 22 FRB events and an X-Pipeline

search for generic transient signals was completed on a

total of 29 non-repeaters and 11 repeating FRBs.

5.2. The false-alarm probability (p-value) distribution

The searches conducted for GW counterparts returned

no likely GW signals in association with any of the an-

alyzed repeating or non-repeating FRB events.

The most significant events found by the PyGRB search

and the X-Pipeline search had p-values of 3.74× 10−2

10−1 100

p-value

10−1

100

F
ra

ct
io

n
of

F
R

B
s

Observed

Figure 2. The cumulative distribution of p-values for the
loudest on-source events for the modelled search in O3a
around CHIME/FRB data. The dashed line indicates an ex-
pected uniform distribution of p-values under a no-signal hy-
pothesis, with the corresponding 90% confidence band shown
by the dotted lines.

and 1.90 × 10−2, respectively. For the X-Pipeline

analysis of the repeating FRBs, the lowest p-value was

1.3×10−1, corresponding to the repeat FRB 20190702B

of burst FRB 20190303A, for which we analyzed 2 burst

events.

The cumulative p-value distributions from both search

methods are shown in Fig. 2 and Fig. 3. In both fig-

ures, the dashed lines indicate the expected background

distribution under the no-signal hypothesis, and the dot-

ted lines indicate the 90% confidence band around the

no-signal hypothesis.

5.3. Exclusion Distance Results

Fig. 4 shows the cumulative 90% exclusion distances

for the 22 FRBs followed up with the modelled search.

The lowest exclusion distances, of order 40 Mpc, were

obtained for FRBs that occurred during times in which

only Virgo data was available.

For each of the three simulated signal classes consid-

ered in the modelled search, we quote the median of

the D90 results in the top row of Table 2; we see values

of the order of 190 Mpc for BNS and around 260 Mpc

(350 Mpc) for NSBH with generic (aligned) spins.

Fig. 5 provides the cumulative 90% exclusion dis-

tances for 29 non-repeating FRBs considered in the

generic transient search. This plot shows three represen-

tative burst models; ADI-A, SG-C and a WNB-C; the



21

10−1 100

p-value

10−1

100
F

ra
ct

io
n

of
F

R
B

s

Observed

Expected

Figure 3. The cumulative distribution of p-values for the
loudest events from the generic transient search for transient
GWs associated with 29 non-repeating CHIME/FRB bursts.
The dashed line represents the expected distribution under
the no-signal hypothesis, with the 90% bands shown as dot-
ted lines.

latter two have central frequencies of 145 Hz and 550 Hz

respectively. Based on a standard EGW ∼ 10−2M�c2 of

emitted GW energy, there is a noticeable offset between

the SG and the other two GW burst models. For the

ADI-A waveform model, this is due to the energy of the

former being distributed over a longer signal duration,

of order ∼ 40 s; for the WNB-C model, this effect is

due to a significant portion of its energy content being

at higher frequency where detector performance is more

comparatively limited.

The lower rows of Table 2 show the median of the

D90 estimates for all other waveforms considered by the

generic transient search. We see that SG models span-

ning central frequencies 70 Hz to 2000 Hz have corre-

sponding median values of D90 in the range 78 Mpc to

0.5 Mpc; the latter models’ performance diminished at

higher frequency through detector response. This is also

clearly evident for the DS2P ringdown models, which are

more likely to encounter a transient burst of noise than

SG models due to their longer durations. Similarly, the

median D90 values for the higher frequency WNB mod-

els are lower in comparison with the lower frequency

models (WNB-A and WNB-B). These median D90 val-

ues of the 150 Hz and 550 Hz models differ by around

a factor of at least 4. Overall, the median D90 varies
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Generic Spin NSBH

Aligned Spin NSBH

Figure 4. Cumulative histograms of the 90% confidence
exclusion distances, D90, for the 22 CHIME/FRB bursts fol-
lowed up by the modelled search. The blue line shows gener-
ically spinning BNS models, the orange line shows generi-
cally spinning NSBH models, and the thick green line shows
aligned spin NSBH models. We define D90 as the distance
within which 90% of the simulated GW signals injected into
the off-source data were recovered with a significance greater
than the most significant on-source trigger.

within a range approaching 2 orders of magnitude, re-

flecting the wide range of models used in the analysis.

In comparison with D90 values obtained in the O3a

GRB paper (Abbott et al. 2021) the values in Table 2

are almost systematically a factor of 2 smaller for the

SG and ADI models used in that study. We find that
this is a result of the sky locations surveyed by CHIME

corresponding with a region of weak sensitivity for the

Virgo interferometric detector, due to their relative loca-

tions on the surface of the Earth. The average antenna

responses for the LIGO Hanford (H1) and LIGO Liv-

ingston (L1) detectors are of order 0.72 and 0.65 respec-

tively; the same metric for the V1 instrument is 0.28.

This has a severe effect when V1 is one of only two de-

tectors in a network, a situation that has occurred 55%

of the time for the generic transient analysis of non-

repeating FRBs. Looking ahead, this type of sensitivity

bias will be a feature of future searches for CHIME/FRB

triggers, as well as surveys by other facilities, depending

on their location on the Earth.

In Table 3 we present the exclusion distances achieved

for each of the FRBs analyzed in our joint analysis. For

the modelled search we quote values from each of the 3
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Figure 5. Cumulative histograms of the 90% confidence
exclusion distances, D90, for SG model C (orange line), ac-
cretion disk instability (ADI) signal model A (blue line) and
white noise burst (WNB) model C (green, thick line). The
quantity has the same definition as described in Fig. 4.

Table 2. Median values for the 90% confidence level exclu-
sion distances, D90. Modelled search results are shown for
three classes of BNS progenitor model, and generic transient
search results are shown for models described in Table 1.

Modelled NSBH NSBH

search BNS Generic Spins Aligned Spins

D90 [Mpc] 191.9 256.6 345.1

Unmodelled SG SG SG SG

search A B C D

D90 [Mpc] 77.9 63.3 43.7 24.9

Unmodelled SG SG SG SG

search E F G H

D90 [Mpc] 6.8 2.3 1.2 0.5

Unmodelled DS2P DS2P WNB WNB WNB WNB

search A B A B C D

D90 [Mpc] 0.7 0.7 66.4 71.7 15.2 9.2

Unmodelled ADI ADI ADI ADI ADI

search A B C D E

D90 [Mpc] 17.6 64.9 23.1 8.4 25.7

classes of compact binary progenitor models considered.

For the generic transient search we present values of D90

for a representative sample of SG, ADI, DS2P and WNB

models. We also provide information relating to the

times and positions of these events as well as values of

the DM, and the inferred 90% credible intervals on the

luminosity distance. Table 3 allows comparison of the

inferred luminosity distances of each FRB with the D90

value for different searches.
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Fig. 6 compares the D90 values for the BNS and

NSBH (with generic spin) emission models with the 90%

credible intervals on DL inferred by the MCMC analysis.

The plot shows the FRB sample in order of increasing

distance. No event can be fully excluded from any of

the models we have considered for this search, because

there is still a sufficient region of space from which the

FRB events could have originated that is outside the

detection range of the searches performed.

5.4. RAVEN Analysis Results

As described in Section 4.3, two RAVEN coincidence

searches were completed with differing time windows,

[−600 s,+120 s] for the generic transient search and

[−10 s,+2 s] for the modelled search. The generic

transient search found 8 coincidences and the modelled

search found 1 coincidence. However, none of these were

of sufficient significance, as determined by the computed

joint false-alarm rate from the two samples, to be distin-

guished from random coincidences. All of the FRBs in

these coincidences had distances that were well beyond

the values of D90 obtained, with the exception being

FRB 20190518E, a repeat of burst FRB 20190518A, with

9 episodes occurring during O3a. Of these 9 repeating

episodes, 7 were also analyzed using our generic tran-

sient search method, as described earlier. Again, none

of the repeating episodes returned a significant false-

alarm probability, with the minimum p-value across the

search of repeating FRB events equal to 1.3× 10−1.

5.5. Upper Limits on GW Energy

A measure of the inferred distance to a FRB source

also allows one to place constraints on the energy car-

ried in a burst of GWs. The GW energy, EGW, emitted

by an elliptically polarized GW burst signal can be re-
lated to the root-sum-square signal amplitude hrss and

the central frequency of the source, f0, through (Sutton

2013):

EGW =
2

5

π2c3

G
D2

Lf
2
0h

2
rss , (5)

where DL is the luminosity distance to the source. As

the DMs of FRBs provide a measure of the maximum

distance, one can use Eq. (5) to place 90% upper limits

on the GW energy emitted by each FRB source, E90%
GW .

This estimate, calculated using h90%
rss , the 90% detec-

tion upper limit on the root-sum-squared GW ampli-

tude, is highly dependent on the detector sensitivity and

antenna factors at the time of the FRB as well as the

central frequency of the simulated waveform injections.

Table 4 and Table 5 provide the upper limits on E90%
GW

for SG models and DS2P or WNB GW burst models

respectively. These limits assume that the FRB dis-

tances are at the lower limits of their inferred distance

ranges. Given a large range of models, and since this

quantity scales as h2
rss f

2
0 , one would expect the lower

frequency models to provide the most constraining lim-

its. For SG models, the most constraining estimate

was 2.5 × 1050 erg for the 70 Hz SG-A model and

for the highest frequency model considered, SG-H at

1995 Hz, the upper limit was 7.9 × 1054 erg. These

values were obtained for the closest inferred burst in the

sample, FRB 20190425A. The same burst yielded up-

per limit values in the range 4.8 − 470 × 1050 erg for

the WNB model. The DS2P model gave the best con-

straints, 5.8− 6.4 × 1054 erg, for FRB 20190531B.

For completeness, in Table 6 and Table 7, we also

provide less constraining limits on E90%
GW based on the

upper credible intervals on the distance of each FRB.

Table 8 lists the repeating bursts that were analyzed

in the generic transient search. The most sensitive coun-

terpart to a repeating FRB was for CHIME/FRB event

FRB20190825A. The SG injection centered at 1600 Hz

(which most closely models an f-mode) was recovered

90% of the time at hrss = 2.62× 10−22. The distance to

this event is 148.1 Mpc to 149.9 Mpc. This corresponds

to an energy upper limit range of 5.83 × 1055 erg to

5.98 × 1055 erg.

These estimates are well above predictions of the GW

emissions by the NS’s fundamental f-mode. For example

Corsi & Owen (2011) have suggested EGW ∼ 1048 −
1049 erg in GW energy emitted at around 1 − 2 kHz,

although predictions in (Levin & van Hoven 2011; Zink

et al. 2012) span a much lower range EGW ∼ 1028 −
1038 erg based on studies that suggest lower effective

energy conversion to GWs.

6. THE M81 REPEATER FRB 20200120E

A repeater, FRB 20200120E, which was discovered

by CHIME/FRB on 20 Jan 2020, overlaps with the sec-

ond part of the third observing run of Advanced LIGO

and Advanced Virgo (O3b). This burst is at 3.6 Mpc,

the closest extragalactic FRB so far discovered (Bhard-

waj et al. 2021b). This event was shown to be con-

clusively associated with a globular cluster in the M81

galactic system (Kirsten et al. 2021) which supports the

possibility that it was formed from an evolved stellar

population such as a compact binary system. Due to

the proximity and significance of this burst, we discuss

it in this paper, despite it being discovered after O3a.

The burst FRB 20200120E was shown to repeat at

least 4 times. Two of the repeats occurred after O3b;

another episode, despite being consistent with the local-

ization of the other associated bursts, had no intensity
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Table 4. The upper limits on the energy emitted through GWs in erg for the generic transient search using the SG waveforms
described in Table 1. The distances represent the lower bounds of 90% credible intervals from the MCMC inference described
in Section 3.

FRB DL SG SG SG SG SG SG SG SG

[Mpc] A B C D E F G H

FRB 20190410A 60.1 1.5 × 1052 2.8 × 1052 4.9 × 1052 4.1 × 1053 5.5 × 1054 5.4 × 1055 3.0 × 1056 1.1 × 1057

FRB 20190419B 24.8 2.6 × 1051 4.3 × 1051 9.7 × 1051 5.9 × 1052 9.4 × 1053 8.9 × 1054 5.0 × 1055 1.5 × 1058

FRB 20190423B 57.8 5.9 × 1052 8.9 × 1052 3.7 × 1053 3.7 × 1054 4.6 × 1055 5.6 × 1056 3.4 × 1057 1.1 × 1058

FRB 20190425A 12.6 2.5 × 1050 3.5 × 1050 6.5 × 1050 3.4 × 1051 2.6 × 1052 2.7 × 1053 1.6 × 1054 7.9 × 1054

FRB 20190517C 44.3 5.8 × 1051 8.8 × 1051 2.2 × 1052 1.3 × 1053 2.3 × 1054 2.1 × 1055 9.8 × 1055 3.5 × 1056

FRB 20190518D 62.0 9.5 × 1051 1.3 × 1052 2.3 × 1052 9.5 × 1052 1.1 × 1054 6.8 × 1054 3.6 × 1055 2.0 × 1056

FRB 20190531B 37.2 3.2 × 1051 3.4 × 1051 7.9 × 1051 3.3 × 1052 2.5 × 1053 2.0 × 1054 8.1 × 1054 3.1 × 1055

FRB 20190601C 198.7 8.6 × 1052 1.1 × 1053 1.6 × 1053 6.3 × 1053 1.1 × 1055 6.8 × 1055 4.8 × 1056 1.5 × 1057

FRB 20190604G 97.1 1.1 × 1053 3.2 × 1053 9.0 × 1053 3.7 × 1054 8.7 × 1055 7.5 × 1056 3.2 × 1057 1.2 × 1058

FRB 20190605C 68.2 3.0 × 1052 2.8 × 1052 1.0 × 1053 5.2 × 1053 8.7 × 1054 9.4 × 1055 5.2 × 1056 1.6 × 1057

FRB 20190606B 168.6 1.7 × 1053 1.3 × 1053 2.7 × 1053 8.2 × 1053 1.1 × 1055 9.6 × 1055 3.6 × 1056 1.4 × 1057

FRB 20190612B 64.9 8.2 × 1051 8.5 × 1051 1.5 × 1052 7.3 × 1052 8.0 × 1053 7.0 × 1054 3.7 × 1055 3.6 × 1056

FRB 20190613B 27.7 1.2 × 1051 1.0 × 1051 2.2 × 1051 1.3 × 1052 9.3 × 1052 7.4 × 1053 4.2 × 1054 1.8 × 1055

FRB 20190616A 107.3 1.9 × 1053 2.1 × 1053 6.9 × 1053 3.1 × 1054 3.5 × 1055 5.1 × 1056 2.8 × 1057 8.2 × 1057

FRB 20190617A 62.2 9.5 × 1051 1.3 × 1052 2.4 × 1052 9.2 × 1052 9.2 × 1053 8.3 × 1054 4.2 × 1055 8.8 × 1055

FRB 20190618A 78.3 6.0 × 1051 7.7 × 1051 1.7 × 1052 7.0 × 1052 6.8 × 1053 5.9 × 1054 3.0 × 1055 1.4 × 1056

FRB 20190621A 78.0 1.1 × 1053 1.2 × 1053 4.6 × 1053 1.5 × 1054 5.4 × 1055 6.5 × 1056 1.7 × 1057 4.9 × 1057

FRB 20190624B 47.0 1.3 × 1052 1.9 × 1052 4.2 × 1052 1.7 × 1053 2.9 × 1054 2.3 × 1055 1.5 × 1056 8.3 × 1056

FRB 20190710A 89.5 1.1 × 1052 1.6 × 1052 2.3 × 1052 1.0 × 1053 9.4 × 1053 7.6 × 1054 3.3 × 1055 1.4 × 1056

FRB 20190713A 141.1 1.2 × 1053 1.6 × 1053 4.3 × 1053 2.3 × 1054 4.2 × 1055 4.4 × 1056 2.2 × 1057 6.7 × 1057

FRB 20190718A 71.8 1.1 × 1052 1.1 × 1052 2.8 × 1052 1.1 × 1053 1.1 × 1054 7.7 × 1054 3.1 × 1055 1.2 × 1056

FRB 20190722A 97.8 7.0 × 1052 1.3 × 1053 5.0 × 1053 3.3 × 1054 5.4 × 1055 4.0 × 1056 1.6 × 1057 9.6 × 1057

FRB 20190812A 186.5 3.7 × 1052 4.1 × 1052 9.9 × 1052 4.3 × 1053 4.3 × 1054 3.7 × 1055 1.6 × 1056 5.8 × 1056

FRB 20190903A 66.8 9.0 × 1052 9.8 × 1052 5.0 × 1053 4.4 × 1054 5.5 × 1055 7.4 × 1056 3.4 × 1057 9.2 × 1057

FRB 20190912A 97.6 1.2 × 1053 2.0 × 1053 7.9 × 1053 4.6 × 1054 1.0 × 1056 8.1 × 1056 3.8 × 1057 1.7 × 1058

FRB 20190912B 22.7 7.1 × 1050 9.1 × 1050 1.7 × 1051 8.1 × 1051 6.9 × 1052 7.1 × 1053 3.9 × 1054 1.5 × 1055

FRB 20190922A 66.2 5.1 × 1052 7.7 × 1052 3.1 × 1053 1.5 × 1054 2.4 × 1055 2.8 × 1056 1.5 × 1057 4.7 × 1057

FRB 20190928A 20.5 9.9 × 1050 1.1 × 1051 2.3 × 1051 9.2 × 1051 1.1 × 1053 8.2 × 1053 3.7 × 1054 1.4 × 1055

FRB 20190929B 149.0 2.9 × 1052 3.9 × 1052 6.7 × 1052 3.4 × 1053 2.8 × 1054 2.6 × 1055 1.2 × 1056 4.0 × 1056

data saved. Therefore, we discuss here only the initial

burst FRB 20200120E, for which GW data exists.

At the time of FRB 20200120E, only H1 data was

available, thus a generic transient search was not con-

ducted. Likewise, since this is a repeating event, it

does not pass our criteria for conducting a modelled

search. Due to these restrictions, only a RAVEN coin-

cidence search was conducted within a [−6000,+6000] s

time window. No coincidences were found with suffi-

cient significance as determined by the coincident false-

alarm rate. Given the relative close proximity of this

burst, further repeat emissions will be of interest for GW

follow-up during the fourth observing run of Advanced

LIGO, Advanced Virgo and Kagra (O4) (Abbott et al.

2020).

7. CONCLUSIONS

We performed a targeted search for GWs associated

with FRBs detected by the CHIME/FRB project dur-

ing O3a. As the sources of non-repeating FRBs are

currently not known, we ran both a modelled search

for BNS and NSBH signals (Harry & Fairhurst 2011;

Williamson et al. 2014) and a generic transient search

for generic GW transient signals (Sutton et al. 2010;

Was et al. 2012).

Our searches found no significant GW event candi-

dates in association with the analyzed FRBs. We set

90% confidence lower bounds on the distances to FRB

progenitors for several different emission models. Addi-

tionally, we present 90% credible intervals on the lumi-
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Table 5. The upper limits on the energy emitted through GWs in erg for the generic transient search using the DS2P and
WNB waveforms described in Table 1. The distances represent the lower bounds of 90% credible intervals from the MCMC
inference described in Section 3.

FRB DL DS2P DS2P WNB WNB WNB WNB

[Mpc] A B A B C D

FRB 20190410A 60.1 2.0 × 1056 1.8 × 1056 1.2 × 1053 9.5 × 1052 3.4 × 1054 1.0 × 1055

FRB 20190419B 24.8 4.4 × 1055 3.0 × 1055 1.6 × 1054 1.8 × 1052 6.0 × 1053 1.7 × 1054

FRB 20190423B 57.8 2.4 × 1057 2.6 × 1057 2.8 × 1053 3.0 × 1053 1.4 × 1055 3.6 × 1055

FRB 20190425A 12.6 1.7 × 1056 4.6 × 1054 4.8 × 1050 7.9 × 1050 1.4 × 1052 4.7 × 1052

FRB 20190517C 44.3 6.7 × 1055 5.8 × 1055 2.4 × 1052 3.1 × 1052 1.4 × 1054 7.3 × 1054

FRB 20190518D 62.0 6.7 × 1055 1.1 × 1056 2.0 × 1052 2.6 × 1052 5.8 × 1053 1.7 × 1054

FRB 20190531B 37.2 5.8 × 1054 6.4 × 1054 5.7 × 1051 8.6 × 1051 1.4 × 1053 5.6 × 1053

FRB 20190601C 198.7 5.5 × 1056 8.3 × 1056 1.2 × 1053 1.6 × 1053 3.4 × 1054 8.6 × 1054

FRB 20190604G 97.1 1.9 × 1057 1.6 × 1057 − 4.9 × 1054 1.5 × 1056 3.4 × 1056

FRB 20190605C 68.2 2.4 × 1056 1.7 × 1056 3.5 × 1053 1.6 × 1053 6.2 × 1054 1.8 × 1055

FRB 20190606B 168.6 5.7 × 1056 9.9 × 1056 3.6 × 1053 2.0 × 1053 4.7 × 1054 1.3 × 1055

FRB 20190612B 64.9 6.2 × 1055 1.1 × 1058 1.3 × 1052 2.1 × 1052 3.7 × 1053 1.2 × 1054

FRB 20190613B 27.7 6.2 × 1054 1.1 × 1055 1.6 × 1051 2.5 × 1051 5.4 × 1052 1.6 × 1053

FRB 20190616A 107.3 2.2 × 1057 2.7 × 1057 1.1 × 1054 7.3 × 1053 2.4 × 1055 1.4 × 1056

FRB 20190617A 62.2 3.6 × 1055 5.1 × 1055 3.3 × 1052 2.7 × 1052 3.9 × 1053 1.6 × 1054

FRB 20190618A 78.3 4.4 × 1055 7.0 × 1055 1.0 × 1052 1.8 × 1052 3.6 × 1053 1.2 × 1054

FRB 20190621A 78.0 1.1 × 1057 4.8 × 1056 − 9.3 × 1053 2.8 × 1055 5.9 × 1055

FRB 20190624B 47.0 1.9 × 1056 3.6 × 1056 2.8 × 1052 4.4 × 1052 1.0 × 1054 3.7 × 1054

FRB 20190710A 89.5 3.9 × 1055 4.3 × 1055 1.7 × 1052 2.6 × 1052 5.6 × 1053 1.6 × 1054

FRB 20190713A 141.1 2.3 × 1057 3.7 × 1057 3.1 × 1053 5.0 × 1053 1.5 × 1055 4.4 × 1055

FRB 20190718A 71.8 3.7 × 1055 6.1 × 1055 1.7 × 1052 2.3 × 1052 4.6 × 1053 1.4 × 1054

FRB 20190722A 97.8 1.1 × 1057 8.0 × 1056 9.2 × 1055 2.7 × 1054 8.2 × 1055 1.8 × 1056

FRB 20190812A 186.5 2.7 × 1056 5.3 × 1056 8.2 × 1052 1.1 × 1053 2.4 × 1054 7.1 × 1054

FRB 20190903A 66.8 1.1 × 1057 7.3 × 1056 5.0 × 1053 3.6 × 1053 1.7 × 1055 4.5 × 1055

FRB 20190912A 97.6 2.0 × 1057 1.5 × 1057 7.9 × 1053 6.6 × 1053 2.9 × 1055 8.9 × 1055

FRB 20190912B 22.7 7.6 × 1054 1.4 × 1055 1.4 × 1051 1.7 × 1051 4.3 × 1052 1.2 × 1053

FRB 20190922A 66.2 2.2 × 1057 3.2 × 1057 1.5 × 1054 4.2 × 1053 1.5 × 1055 3.9 × 1055

FRB 20190928A 20.5 6.2 × 1054 1.1 × 1055 1.8 × 1051 2.6 × 1051 4.3 × 1052 1.7 × 1053

FRB 20190929B 149.0 1.4 × 1056 3.0 × 1056 6.6 × 1052 7.3 × 1052 1.8 × 1054 4.7 × 1054

nosity distance, DL, inferred from the DM measurement

of each FRB source.

The DL information can be used to test models based

on the simulated injections used for calculating the D90

values of each FRB. However, the significant uncertain-

ties in the relative contributions to the total DM for

each FRB produce relatively wide credible intervals for

the DL posteriors. We find no FRB event can be fully

excluded from any of the models we have considered due

to some posterior support on DL existing for the FRB

outside the detection range of the analyzes performed.

The results however, as illustrated in Fig. 6, indi-

cate that the GW network’s detection range is advanc-

ing into cosmological volumes where FRB emissions are

expected. This is encouraging as we look forward to

future GW searches at higher sensitivity. Furthermore,

the redshifts obtained from the ongoing efforts to local-

ize host galaxies (there are currently 18 FRBs with an

associated host galaxy (see http://frbhosts.org/) could

significantly improve the chances of constraining pro-

genitor populations (Heintz et al. 2020; Bhandari et al.

2021).

The distance estimates for each FRB allowed us to

place 90% upper limits on the GW energy emitted by

each FRB source, E90%
GW . For each non-repeating FRB

analyzed with a generic transient search, we provided

limits on E90%
GW for a range of emission models. Repeat-

ing FRBs were also analyzed to determine 90% upper

limits on the energy emitted through GWs. For the

most sensitive repeating FRB analysis in our sample we

http://frbhosts.org/
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Table 6. As for Table 4 but with distances based on the the upper bounds of 90% credible intervals on the luminosity distance.

FRB DL SG SG SG SG SG SG SG SG

[Mpc] A B C D E F G H

FRB 20190410A 956.6 3.9 × 1054 7.2 × 1054 1.2 × 1055 1.0 × 1056 1.4 × 1057 1.4 × 1058 7.5 × 1058 2.7 × 1059

FRB 20190419B 575.7 1.4 × 1054 2.3 × 1054 5.2 × 1054 3.2 × 1055 5.1 × 1056 4.8 × 1057 2.7 × 1058 8.0 × 1060

FRB 20190423B 1704.6 5.1 × 1055 7.7 × 1055 3.2 × 1056 3.2 × 1057 4.0 × 1058 4.9 × 1059 2.9 × 1060 9.4 × 1060

FRB 20190425A 385.9 2.4 × 1053 3.3 × 1053 6.1 × 1053 3.2 × 1054 2.4 × 1055 2.5 × 1056 1.6 × 1057 7.5 × 1057

FRB 20190517C 1030.5 3.1 × 1054 4.7 × 1054 1.2 × 1055 6.8 × 1055 1.2 × 1057 1.1 × 1058 5.3 × 1058 1.9 × 1059

FRB 20190518D 852.0 1.8 × 1054 2.4 × 1054 4.4 × 1054 1.8 × 1055 2.0 × 1056 1.3 × 1057 6.9 × 1057 3.8 × 1058

FRB 20190531B 675.5 1.0 × 1054 1.1 × 1054 2.6 × 1054 1.1 × 1055 8.2 × 1055 6.7 × 1056 2.7 × 1057 1.0 × 1058

FRB 20190601C 1736.9 6.6 × 1054 8.3 × 1054 1.2 × 1055 4.8 × 1055 8.2 × 1056 5.2 × 1057 3.6 × 1058 1.1 × 1059

FRB 20190604G 1143.0 1.5 × 1055 4.5 × 1055 1.3 × 1056 5.1 × 1056 1.2 × 1058 1.0 × 1059 4.5 × 1059 1.6 × 1060

FRB 20190605C 893.7 5.1 × 1054 4.9 × 1054 1.7 × 1055 8.9 × 1055 1.5 × 1057 1.6 × 1058 8.9 × 1058 2.7 × 1059

FRB 20190606B 1465.7 1.3 × 1055 9.6 × 1054 2.0 × 1055 6.2 × 1055 8.3 × 1056 7.3 × 1057 2.7 × 1058 1.0 × 1059

FRB 20190612B 922.2 1.7 × 1054 1.7 × 1054 3.1 × 1054 1.5 × 1055 1.6 × 1056 1.4 × 1057 7.4 × 1057 7.3 × 1058

FRB 20190613B 780.1 9.7 × 1053 8.2 × 1053 1.8 × 1054 1.0 × 1055 7.4 × 1055 5.8 × 1056 3.4 × 1057 1.4 × 1058

FRB 20190616A 1125.8 2.1 × 1055 2.4 × 1055 7.6 × 1055 3.4 × 1056 3.9 × 1057 5.6 × 1058 3.1 × 1059 9.0 × 1059

FRB 20190617A 872.9 1.9 × 1054 2.5 × 1054 4.7 × 1054 1.8 × 1055 1.8 × 1056 1.6 × 1057 8.2 × 1057 1.7 × 1058

FRB 20190618A 964.0 9.1 × 1053 1.2 × 1054 2.6 × 1054 1.1 × 1055 1.0 × 1056 9.0 × 1056 4.5 × 1057 2.1 × 1058

FRB 20190621A 978.1 1.7 × 1055 2.0 × 1055 7.2 × 1055 2.3 × 1056 8.4 × 1057 1.0 × 1059 2.6 × 1059 7.7 × 1059

FRB 20190624B 822.5 4.0 × 1054 5.8 × 1054 1.3 × 1055 5.1 × 1055 8.9 × 1056 7.0 × 1057 4.6 × 1058 2.5 × 1059

FRB 20190710A 997.6 1.4 × 1054 2.0 × 1054 2.9 × 1054 1.2 × 1055 1.2 × 1056 9.5 × 1056 4.1 × 1057 1.7 × 1058

FRB 20190713A 1436.5 1.2 × 1055 1.6 × 1055 4.4 × 1055 2.4 × 1056 4.4 × 1057 4.6 × 1058 2.2 × 1059 6.9 × 1059

FRB 20190718A 973.4 2.0 × 1054 2.1 × 1054 5.1 × 1054 2.0 × 1055 1.9 × 1056 1.4 × 1057 5.8 × 1057 2.3 × 1058

FRB 20190722A 1129.9 9.4 × 1054 1.7 × 1055 6.7 × 1055 4.4 × 1056 7.2 × 1057 5.3 × 1058 2.2 × 1059 1.3 × 1060

FRB 20190812A 1362.0 2.0 × 1054 2.2 × 1054 5.3 × 1054 2.3 × 1055 2.3 × 1056 2.0 × 1057 8.7 × 1057 3.1 × 1058

FRB 20190903A 925.4 1.7 × 1055 1.9 × 1055 9.6 × 1055 8.4 × 1056 1.0 × 1058 1.4 × 1059 6.5 × 1059 1.8 × 1060

FRB 20190912A 1090.5 1.5 × 1055 2.5 × 1055 9.9 × 1055 5.8 × 1056 1.2 × 1058 1.0 × 1059 4.7 × 1059 2.2 × 1060

FRB 20190912B 485.0 3.2 × 1053 4.1 × 1053 7.7 × 1053 3.7 × 1054 3.1 × 1055 3.3 × 1056 1.8 × 1057 6.7 × 1057

FRB 20190922A 959.6 1.1 × 1055 1.6 × 1055 6.6 × 1055 3.2 × 1056 5.0 × 1057 5.9 × 1058 3.2 × 1059 9.8 × 1059

FRB 20190928A 510.3 6.1 × 1053 6.9 × 1053 1.5 × 1054 5.7 × 1054 6.6 × 1055 5.1 × 1056 2.3 × 1057 8.4 × 1057

FRB 20190929B 1533.6 3.0 × 1054 4.1 × 1054 7.1 × 1054 3.6 × 1055 3.0 × 1056 2.8 × 1057 1.3 × 1058 4.2 × 1058

find an energy upper limit range of 5.83 × 1054 erg to

5.98 × 1055 erg, well above the predictions for GW emis-

sions from the fundamental f-modes of NSs. Based on

Equation 5, an FRB event such as that associated with

SGR 1935+2154 occurring during O3a would have al-

lowed the search to probe the more optimistic of these

estimates allowing limits, EGW ∼ 1047 erg, assuming

a generic burst waveform emitting at roughly 1 kHz at

10 kpc.

We also analyzed the repeater, FRB 20200120E, dis-

covered on 20 Jan 2020 during O3b. A RAVEN (Ur-

ban 2016; Cho 2019) coincidence search for any previ-

ously detected compact binary coalescence GW events

was conducted within a [−6000, +6000] s time win-

dow around the first burst of this repeater. No coinci-

dences were found with sufficient significance to be dis-

tinguished from random coincidences, as determined by

the computed joint false-alarm rate from the two sam-

ples.
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Advanced LIGO was provided by the Australian Re-

search Council. The authors gratefully acknowledge the

Italian Istituto Nazionale di Fisica Nucleare (INFN),
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Table 7. As for Table 5 but with distances based on the the upper bounds of 90% credible intervals on the luminosity distance.

FRB DL DS2P DS2P WNB WNB WNB WNB

[Mpc] A B A B C D

FRB 20190410A 956.6 5.0 × 1058 4.5 × 1058 3.2 × 1055 2.4 × 1055 8.6 × 1056 2.5 × 1057

FRB 20190419B 575.7 2.3 × 1058 1.6 × 1058 8.4 × 1056 9.5 × 1054 3.2 × 1056 9.0 × 1056

FRB 20190423B 1704.6 2.1 × 1060 2.2 × 1060 2.4 × 1056 2.6 × 1056 1.2 × 1058 3.2 × 1058

FRB 20190425A 385.9 1.6 × 1059 4.4 × 1057 4.5 × 1053 7.4 × 1053 1.3 × 1055 4.4 × 1055

FRB 20190517C 1030.5 3.6 × 1058 3.2 × 1058 1.3 × 1055 1.7 × 1055 7.5 × 1056 4.0 × 1057

FRB 20190518D 852.0 1.3 × 1058 2.1 × 1058 3.7 × 1054 4.9 × 1054 1.1 × 1056 3.2 × 1056

FRB 20190531B 675.5 1.9 × 1057 2.1 × 1057 1.9 × 1054 2.9 × 1054 4.5 × 1055 1.8 × 1056

FRB 20190601C 1736.9 4.2 × 1058 6.4 × 1058 9.4 × 1054 1.2 × 1055 2.6 × 1056 6.6 × 1056

FRB 20190604G 1143.0 2.6 × 1059 2.2 × 1059 − 6.8 × 1056 2.0 × 1058 4.7 × 1058

FRB 20190605C 893.7 4.1 × 1058 2.9 × 1058 5.9 × 1055 2.7 × 1055 1.1 × 1057 3.0 × 1057

FRB 20190606B 1465.7 4.3 × 1058 7.5 × 1058 2.7 × 1055 1.5 × 1055 3.6 × 1056 9.7 × 1056

FRB 20190612B 922.2 1.3 × 1058 2.2 × 1060 2.7 × 1054 4.2 × 1054 7.5 × 1055 2.5 × 1056

FRB 20190613B 780.1 4.9 × 1057 8.9 × 1057 1.3 × 1054 2.0 × 1054 4.3 × 1055 1.3 × 1056

FRB 20190616A 1125.8 2.4 × 1059 3.0 × 1059 1.2 × 1056 8.0 × 1055 2.6 × 1057 1.6 × 1058

FRB 20190617A 872.9 7.1 × 1057 1.0 × 1058 6.4 × 1054 5.3 × 1054 7.7 × 1055 3.2 × 1056

FRB 20190618A 964.0 6.7 × 1057 1.1 × 1058 1.5 × 1054 2.7 × 1054 5.4 × 1055 1.8 × 1056

FRB 20190621A 978.1 1.8 × 1059 7.6 × 1058 − 1.5 × 1056 4.4 × 1057 9.2 × 1057

FRB 20190624B 822.5 5.9 × 1058 1.1 × 1059 8.5 × 1054 1.4 × 1055 3.1 × 1056 1.1 × 1057

FRB 20190710A 997.6 4.8 × 1057 5.4 × 1057 2.1 × 1054 3.2 × 1054 6.9 × 1055 2.0 × 1056

FRB 20190713A 1436.5 2.4 × 1059 3.8 × 1059 3.2 × 1055 5.2 × 1055 1.6 × 1057 4.5 × 1057

FRB 20190718A 973.4 6.7 × 1057 1.1 × 1058 3.2 × 1054 4.2 × 1054 8.4 × 1055 2.6 × 1056

FRB 20190722A 1129.9 1.5 × 1059 1.1 × 1059 1.2 × 1058 3.6 × 1056 1.1 × 1058 2.3 × 1058

FRB 20190812A 1362.0 1.4 × 1058 2.8 × 1058 4.4 × 1054 6.1 × 1054 1.3 × 1056 3.8 × 1056

FRB 20190903A 925.4 2.1 × 1059 1.4 × 1059 9.6 × 1055 7.0 × 1055 3.3 × 1057 8.6 × 1057

FRB 20190912A 1090.5 2.5 × 1059 1.8 × 1059 9.8 × 1055 8.2 × 1055 3.7 × 1057 1.1 × 1058

FRB 20190912B 485.0 3.5 × 1057 6.4 × 1057 6.5 × 1053 7.9 × 1053 2.0 × 1055 5.3 × 1055

FRB 20190922A 959.6 4.7 × 1059 6.7 × 1059 3.2 × 1056 8.8 × 1055 3.1 × 1057 8.2 × 1057

FRB 20190928A 510.3 3.8 × 1057 7.1 × 1057 1.1 × 1054 1.6 × 1054 2.6 × 1055 1.1 × 1056

FRB 20190929B 1533.6 1.5 × 1058 3.1 × 1058 7.0 × 1054 7.8 × 1054 1.9 × 1056 5.0 × 1056
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Table 8. Details of the 3 repeating FRBs analyzed in the generic transient search and their various repeating episodes. The
TNS name is provided in the first column. The Network column lists the GW detector network used: H1 = LIGO Hanford, L1
= LIGO Livingston, V1 = Virgo. The total DM for each FRB is listed in the DM column and the 90% credible intervals on the
luminosity distance are provided in columns DL-low and DL-High. 11 total events were analyzed for the three different FRB
repeaters considered. For FRB 20190518A and its associated repeats, we list only the distance of Marcote et al. (2020) obtained
by galaxy localization.

FRB Name UTC Time R.A. Dec. Network DM DL-Low DL-high

[s] [pc cm−3] [Mpc] [Mpc]

FRB20190817A 14:39:52 4h21m08s 73◦47′ H1L1V1 189.5 19.5 539.2

FRB20190929C 11:58:29 4h22m25s 73◦40′ H1L1V1 191.6 20.8 550.1

FRB20190518A 18:13:33 1h58m14s 65◦46′ L1V1 350.5 148.1 149.9

FRB20190518E 18:20:57 1h57m50s 65◦43′ L1V1 350.0 148.1 149.9

FRB20190519A 17:50:16 1h43m44s 65◦48′ H1V1 350.0 148.1 149.9

FRB20190519C 18:10:41 1h58m00s 65◦47′ H1V1 348.8 148.1 149.9

FRB20190809A 12:50:40 1h58m16s 65◦43′ H1L1 356.2 148.1 149.9

FRB20190825A 11:48:18 1h58m07s 65◦42′ H1L1 349.6 148.1 149.9

FRB20190825B 11:51:54 1h58m04s 65◦23′ H1L1 349.9 148.1 149.9

FRB20190421A 08:00:04 13h51m57s 48◦10′ H1L1V1 225.9 125.1 1260.8

FRB20190702B 03:14:36 13h52m25s 48◦15′ L1V1 224.4 125.8 1257.5
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Figure 6. Lower limits on the 90% confidence level exclusion distances for BNS (lower bar), generic spin NSBH (middle bar),
and aligned spin NSBH (upper bar) progenitor systems are shown as found by the modelled search. These are compared to the
90% credible intervals (whisker plot) on the DL posterior determined by the MCMC method for the FRBs considered in this
study.
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Bohé, A., Marsat, S., & Blanchet, L. 2013, Class. Quant.

Grav., 30, 135009

Brown, D. A., Harry, I., Lundgren, A., & Nitz, A. H. 2012,

Physical Review D, 86, doi:10.1103/physrevd.86.084017

Caleb, M., Flynn, C., Bailes, M., et al. 2017, MNRAS, 468,

3746

Capano, C., Harry, I., Privitera, S., & Buonanno, A. 2016,

PhRvD, 93, 124007

Champion, D. J., Petroff, E., Kramer, M., et al. 2016,

MNRAS, 460, L30

Chatterjee, S., Law, C. J., Wharton, R. S., et al. 2017,

Nature, 541, 58

CHIME/FRB Collaboration. 2020, The Canadian

Hydrogen Intensity Mapping Experiment is a

revolutionary new Canadian radio telescope designed to

answer major questions in astrophysics and cosmology.,

https://chime-experiment.ca/, ,

CHIME/FRB Collaboration, Andersen, B. C., Bandura,

K. M., et al. 2020, Nature, 587, 54

CHIME/FRB Collaboration, Andersen, B. C., et al. 2019,

CHIME/FRB Detection of Eight New Repeating Fast

Radio Burst Sources, , , arXiv:1908.03507

CHIME/FRB Collaboration, Amiri, M., Bandura, K.,

Berger, P., et al. 2018, ApJ, 863, 48

CHIME/FRB Collaboration, Amiri, M., et al. 2021, arXiv

e-prints, arXiv:2106.04352

Cho, M.-A. 2019, PhD thesis, University of Maryland

https://chime-experiment.ca/


33

Cordes, J. M., & Chatterjee, S. 2019, ARA&A, 57, 417

Cordes, J. M., & Lazio, T. J. W. 2002, arXiv e-prints, astro

Corsi, A., & Owen, B. J. 2011, PhRvD, 83, 104014

Dal Canton, T., & Harry, I. W. 2017, arXiv:1705.01845

Dolag, K., Gaensler, B. M., Beck, A. M., & Beck, M. C.

2015, MNRAS, 451, 4277

Falcke, H., & Rezzolla, L. 2014, A&A, 562, A137

Foreman-Mackey, D., Hogg, D. W., Lang, D., & Goodman,

J. 2013, PASP, 125, 306
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