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Abstract
We probe the atomic hydrogen (HI) emission from the host galaxies of fast radio bursts (FRBs) to investigate the emerging trend of distur-
bance and asymmetry in the population. Quadrupling the sample size, we detect 16 out of 17 new hosts in HI, with the single non-detection
arising in a galaxy known to be transitioning towards quiescence. With respect to typical local Universe galaxies, FRB hosts are generally
massive in HI (MHI > 109 M�), which aligns with previous studies reporting that FRB hosts also tend to have high stellar masses and are
star-forming. However, they span a broad range of other HI derived properties. Using visual inspection alongside various asymmetry met-
rics, we identify six unambiguously settled host galaxies, demonstrating for the first time that a disturbed HI morphology is not a universal
feature of FRB host galaxies. However, we find another six that show clear signs of disturbance, one borderline case, and three which require
deeper or more targeted observations to reach a conclusion; this brings the confirmed ratio of disturbed-to-settled FRB hosts to 11:6. Given
that roughly a 1:1 ratio is expected for random background galaxies of similar type, our observed ratio yields a p-value of 0.222. Therefore,
we conclude that contrary to earlier indications, there is no statistically significant excess of HI disturbance in this sample of FRB host galax-
ies with respect to the general galaxy population, and hence we find no evidence for a fundamental connection between FRB progenitor
formation and merger-induced star formation activity.
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1. Introduction

Fast radio bursts (FRBs) are energetic pulses of radio emission
that generally last for a few milliseconds in timescale (Lorimer
et al. 2007). Whilst their extragalactic origins are well estab-
lished (Chatterjee et al. 2017; Bannister et al. 2019), their gener-
ation mechanisms remain unclear, despite significant advances
in the field. Dozens of progenitor models have been proposed
to explain the phenomena, from outbursting neutron stars to
interacting black holes (for reviews, see Platts et al. 2019; Petroff
et al. 2019). The former, specifically young, highly magnetised
neutron stars or magnetars, are favoured within the community
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due to observations of energetic FRBs found to be embedded
within persistent radio sources (PRSs) (e.g. Metzger, Berger, &
Margalit 2017). This link was strengthened in 2020 with the detec-
tion of an FRB from a magnetar within our galaxy (CHIME/FRB
Collaboration et al. 2020; Bochenek et al. 2020), although its
isotropic-equivalent energy falls nearly 30 times lower than the
next weakest FRB.

Since their discovery, the population of detected FRBs has
rapidly expanded, primarily due to dedicated observations from
the Australian Square Kilometre Array Pathfinder (ASKAP;
Hotan et al. 2021; Bannister et al. 2019; Shannon et al. 2024),
the Canadian Hydrogen Intensity Mapping Experiment (CHIME;
Bandura et al. 2014; CHIME/FRB Collaboration et al. 2021),
MeerKAT (Jonas & TheMeerKAT Team 2016; Bezuidenhout et al.
2022), and the Deep Synoptic Array (DSA; Kocz et al. 2019; Ravi
et al. 2023; Connor et al. 2025). Crucially, improvements to spatial
resolution have allowed many FRBs to be localised to arcsecond or
better accuracy, allowing for deep follow up photometry and spec-
troscopy of their host galaxies and environments (e.g. Bannister
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et al. 2019; Heintz et al. 2020; Mannings et al. 2021; Bhandari et al.
2022; Gordon et al. 2023; Ryder et al. 2023; Sharma et al. 2024;
CHIME/FRB Collaboration et al. 2025). Such localisations are key
to revealing the environments of FRBs and unlocking their poten-
tial for cosmological studies (e.g. McQuinn 2014; Macquart et al.
2020; James et al. 2022; Connor et al. 2025).

As of September 2025, over 100 host galaxies have been iden-
tified, spanning redshifts out to z =2.15. These galaxies tend to be
star-forming spiral galaxies, though most other galactic parame-
ters such as stellar mass and mass-weighted age are highly varied
(Bhandari et al. 2022; Gordon et al. 2023). These observations
broadly support a magnetar progenitor hypothesis, as magnetars
are expected to trace star formation through a core-collapse super-
novae generation channel (Metzger et al. 2017). However, a num-
ber of counterexamples, such as a localisation to a globular cluster
(Kirsten et al. 2022), and several to quiescent galaxies (Eftekhari
et al. 2025; Shah et al. 2025), muddy the waters. Furthermore, no
statistically significant trend differing the hosts of repeating and
apparently non-repeating FRBs has been observed (Gordon et al.
2023; Sharma et al. 2024), despite significant evidence suggesting
fundamental differences in their respective origins (CHIME/FRB
Collaboration et al. 2021).

Beyond analysis of the optical output of these host galaxies, a
number of studies have been conducted on their atomic hydrogen
(HI) gas emission (Michalowski 2021; Kaur, Kanekar, & Prochaska
2022; Glowacki et al. 2023; Lee-Waddell et al. 2023; Glowacki et al.
2024). At redshifts greater than 0.1, the HI line becomes weak and
contaminated by RFI; with much of the localised FRB popula-
tion lying beyond this redshift, only six host galaxies (excluding
the Milky Way) have thus far been probed. All six of these galax-
ies have been detected in HI, an expected result considering the
star-forming nature of most hosts as derived from optical obser-
vations. Interestingly, a trend has emerged, with five of six of these
detections exhibiting either a strongly asymmetric HI spectrum or
a highly disturbed spatial gas distribution. The single apparently
symmetric profile, that of FRB 20211127I, was analysed with a low
resolution and low signal-to-noise ratio (SNR) ASKAP observa-
tion, and thus its lack of disturbance was considered inconclusive
(Glowacki et al. 2023).

Such features, which are well documented in the literature
(e.g. Holwerda et al. 2011; Espada et al. 2011; Bok et al. 2019;
Reynolds et al. 2020a), are attributed to recent or ongoing disrup-
tions to the galactic environment. The gaseous disk is sensitive
to both external and internal perturbative mechanisms, includ-
ing tidal interactions and mergers, ram pressure stripping, and
feedback from supernovae or active galactic nuclei (AGN; Yu
et al. 2022). Disturbed HI distributions are not uncommon; many
studies have found that a significant fraction of galaxies exhibit
some sign of disturbance. Historical studies using single dish
instruments focused on the asymmetry of the 1D profile; early
estimates found that at least 50% of galaxies exhibit spectra with
some level of asymmetry (Richter & Sancisi 1994; Haynes et al.
1998; Matthews, van Driel, & Gallagher 1998). However, more
recent studies use more stringent cutoffs; including these results
(Espada et al. 2011; Watts et al. 2020; Reynolds et al. 2020a; Yu
et al. 2022) and reevaluating the historical ones find anywhere
between 10-40% of galaxies exhibit asymmetric HI line profiles.

In comparison, few studies have investigated similar properties
in the spatial distribution of resolved HI galaxies (Holwerda et al.
2011; van Eymeren et al. 2011). Reynolds et al. (2020b) recently
probed ∼120 galaxies from the LVHIS (Koribalski et al. 2018),

VIVA (Chung et al. 2009), and HALOGAS (Heald et al. 2011)
surveys, finding similar rates of asymmetry. However, with a num-
ber of more advanced interferometric observatories currently in
the process of conducting large HI surveys of resolved galaxies –
such as the Widefield ASKAP L-band Legacy All-sky Blind sur-
veY (WALLABY, Koribalski et al. 2020) on ASKAP, the HI project
within theMeerKAT International GigaHertz Tiered Extragalactic
Exploration survey (MIGHTEE-HI, Maddox et al. 2021), and
the Apertif HI surveys (Adams et al. 2022) on the Westerbork
Synthesis Radio Telescope (WRST, van Cappellen et al. 2022) –
many more observations will be made to properly pin down
morphological asymmetry in HI disks.

Overall, the exact fraction of disturbed galaxies measured by
each study is highly dependent on the samples used (e.g. isolated
vs galaxy pairs), the observational properties (e.g. resolution and
sensitivity), the method of quantification, and the point of cut-off
in these methods above which a profile is considered disrupted.
However, it can generally be said that disturbances are common
and are likely present in up to half of the galaxy population.

Thus, given the low number of hosts probed, the early trend
towards asymmetry in the population – with a ratio of 5:0 or 5:1 –
is not necessarily significant at this stage. However, if this trend
perseveres as more host galaxies are observed in HI, it may indi-
cate a connection between FRBs and a recent enhancement of star
formation due to galactic interaction (Michalowski 2021). Indeed,
studies over the past few decades have identified higher star forma-
tion rates in merging galaxies (e.g. Alonso et al. 2004; Darg et al.
2010). Such a scenario would lend further credence to so called
‘fast track’ FRB progenitors such as magnetars, which are expected
to trace star formation.

To this end, we set forth to expand the sample size of FRB host
galaxies observed in HI, and search for signs of asymmetry in their
spectral and spatial profiles. This paper is structured as follows: in
Section 2, we outline the sample of FRB host galaxy targets, and
detail the observations and processing methods used to acquire
HI information. In Section 3, we present our detections and the
HI properties of the sample. Section 4 highlights the various meth-
ods we use to assess the disturbance/asymmetry of a detection. We
evaluate each target in Section 5 and discuss the implications of
these findings in Section 6. Finally, we summarise and conclude in
Section 7.

2. Data

2.1 FRB host galaxy targets

The FRBs selected for this study are taken from pub-
lished datasets from the CRAFT survey (Commensal Real-
time ASKAP Fast Transients; Macquart et al. 2010; Bannister
et al. 2019; Shannon et al. 2024), the CHIME/FRB Collaboration
(CHIME/FRBCollaboration et al. 2021, 2025), and theMeerTRAP
survey (More TRAnsients and Pulsars; Bezuidenhout et al. 2022;
Rajwade et al. 2022; Driessen et al. 2024).

We place two criteria on targets for inclusion in this study.
The first is that the host association is robust, which is evalu-
ated through the PATH framework (Probabilistic Association of
Transients to their Hosts; Aggarwal et al. 2021). PATH employs
a Bayesian approach to calculate the probability a given transient
event is associated with a galaxy, based on the event’s localisation
and the galaxy’s magnitude and size. Following the convention
used in Bhandari et al. (2022), Gordon et al. (2023), we consider
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Table 1. FRB host galaxies analysed in this study. Repeaters are shown with a dagger.

FRB name Dataset Host galaxy R.A. (◦) Dec. (◦) Redshift Reference

FRB 20181220A CHIME 2MFGC 17440 348.6982 48.3421 0.02746 Bhardwaj et al. (2024)

FRB 20181223C CHIME SDSS J120340.98+273251.4 180.9207 27.5476 0.03024 Bhardwaj et al. (2024)

FRB 20190418A CHIME SDSS J042314.96+160425.6 65.8123 16.0738 0.07132 Bhardwaj et al. (2024)

FRB 20190425A CHIME UGC 10667 255.6625 21.5767 0.03122 Bhardwaj et al. (2024)

FRB 20200223B† CHIME SDSS J003304.68+284952.6 8.2695 28.8313 0.06024 Ibik et al. (2023)

FRB 20200723B CHIME NGC 4602 190.1538 -5.1328 0.0085 Shin et al. (2024)

FRB 20201123A MeerTRAP J173438.35-504550.4 263.6596 -50.7641 0.0507 Rajwade et al. (2022)

FRB 20210405I MeerTRAP 2MASS J1701249-4932475 255.3537 -49.5465 0.0656 Driessen et al. ( 2024)

FRB 20211127I CRAFT WALLABY J131913–185018 199.8082 -18.8378 0.04695 Glowacki et al. (2023)

FRB 20211212A CRAFT SDSS J102924.22+012139.2 157.3509 1.3608 0.0715 Shannon et al. (2024)

FRB 20231229A CHIME UGC 1234 26.4658 35.1110 0.0190 CHIME/FRB Collaboration et al. (2025)

FRB 20231230A CHIME J045109.39+022205.02 72.7887 2.3681 0.0298 CHIME/FRB Collaboration et al. (2025)

FRB 20240201A CRAFT WISEA J095937.44+140519.4 149.9060 14.0887 0.04273 Shannon et al. (2024)

FRB 20240210A CRAFT WISEA J003506.47–281619.1 8.7768 -28.2723 0.02369 Shannon et al. (2024)

FRB 20240312D CRAFT WISEA J032629.50-543557.2 51.6227 -54.5993 0.04973 Gordon et al. (2025)

FRB 20240615B CRAFT WISEA J021551.26-143729.8 33.9633 -14.6247 0.0730 Gordon et al. (2025)

FRB 20250316A CHIME NGC 4141 182.4472 58.8492 0.00635 CHIME/FRB Collaboration et al. (2025)

PATH posterior probabilities P(O|x) ≥ 0.9 to be robust host
associations.

Our second criterion is that the redshifts of the target host
galaxies are ≤ 0.1. This is due to both the weak intensity of the
HI line, and also the prevalence of contaminating radio frequency
interference (RFI) below 1 300 MHz (z ∼0.092), largely due to the
Global Navigation Satellite System (GNSS).

Based on these cuts, our sample consists of nine CHIME
FRBs, six CRAFT FRBs, and two MeerTRAP FRBs. All but one
CHIME target (FRB 20200223B) are apparently non-repeating
bursts (‘non-repeaters’ herein), and one of the CRAFT targets
(FRB 20211127I) is the FRB previously analysed in Glowacki et al.
(2023). The details of their host galaxies are presented in Table 1.

2.2 HI observations and processing

We first searched for archival HI datasets and found observations
of the hosts of FRB 20231229A and FRB 20250316A (CHIME/FRB
Collaboration et al. 2025). Both galaxies have been observed in HI
twice; we take the most recent spectra available in each case, cor-
responding to an ALFALFA (Arecibo Legacy Fast ALFA; Haynes
et al. 2018) survey observation and an Effelsberg 100-m observa-
tion (Haynes et al. 1999) respectively. Both of these are at spectral
resolutions of 11 km s−1, with single-dish beams encompassing
several times the angular size of the galaxy.

A search of the MeerKAT archive hosted by the South African
Radio Astronomical Observatory (SARAO) revealed that the coor-
dinates of three targets were contained in archival L band obser-
vations. The host of FRB 20200723B (Shin et al. 2024) was the
target of a 0.5 h 4K channelisation (corresponding to ∼44 km s−1

resolution) pointing from ‘Part 2: 1.28 GHz MeerKAT survey of
12MGS Galaxies in the Southern Hemisphere’, project ID SCI-
20220822-LM-01, capture block ID 1671245181. The host of FRB
20201123A (Rajwade et al. 2022) was contained in a 1 h 4K chan-
nelisation pointing by the ‘Legacy Survey of the Galactic Plane’,
project ID SSV-20180505-FC-01, capture block ID 1610418665, a

distance of 0.4◦ from the phase centre. The host of FRB 20231230A
(CHIME/FRB Collaboration et al. 2025) was contained in a 7.5
h 4K channelisation pointing from the proposal ‘Observation of
the galaxy cluster A520’, project ID SCI-20210212-SG-01, capture
block ID 1638727749, a distance of 0.9◦ from the phase centre.

The remaining targets had no other archival data available,
and thus we pursued targeted observation with the upgraded
Giant Metrewave Radio Telescope (uGMRT; Swarup et al. 1991;
Gupta et al. 2017) and the Five-hundred-meter Aperture Spherical
Telescope (FAST; Nan et al. 2011) for northern hemisphere tar-
gets, and MeerKAT for southern hemisphere targets. We present
summaries of all HI observations in Table 2.

2.2.1 GMRT observations and data reduction

Through proposals 45_059 and 46_112, we obtained a total of
114 h of L band observation (∼85 h on-source) centred on the
hosts of FRB 20181220A, FRB 20181223C, FRB 20190418A, FRB
20190425A (Bhardwaj et al. 2024), and FRB 20200223B (Ibik et al.
2023). These observations were taken in November 2023 and
August 2024, using the GMRT Wideband Backend as the corre-
lator. Depending on the location of the HI line in the band, we
used 100 and 200 MHz bandwidths between 1 260–1 460 MHz,
covering the entire z = 0− 0.1 range. These were subdivided into
4096 channels, resulting in velocity resolutions of∼ 6 and∼12 km
s−1, respectively.

The raw data were transferred and processed using CASA
(McMullin et al. 2007) on the ilifu supercomputing cloud sys-
tem. Initial flagging of corrupted antennas and scans was com-
pleted manually, and gain, bandpass, and phase calibrations were
conducted following standard procedures. The data were rebinned
to 1 MHz for self-calibration, and the calibration solutions were
applied to the visibilities around the HI line region. Final deep
continuum images were made out to the first null of the uGMRT
primary beam, whose resulting model continuum visibilities were
subtracted from the corrected visibilities using the CASA task
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Table 2. Summary of FRB host galaxy HI observations.

FRB Facility Observation date(s) Channel width (kHz)a Time on source (mins) Bandpass calibrator Gain calibrator

FRB 20181220A GMRT 17/19th August 2024 24.414 996 3C286 2202+422
FAST 30th September 2024 7.629 10 – –

FRB 20181223C GMRT 17/19/23rd August 2024 24.414 1 038 3C147 1158+248
FAST 21st Decemeber 2024 7.629 51 – –

FRB 20190418A GMRT 16/17/21st August 2024 48.828 1 056b 3C48 0421+206
FRB 20190425A GMRT 22/26/27th August 2024 24.414 990 3C286 1640+123

FAST 8th February 2025 7.629 3 – –

FRB 20200223B GMRT 10/18/23rd November 2023 48.828 1 020 3C48 0029+349
FAST 1st October 2024 7.629 1 – –

FRB 20200723B MeerKAT 17th December 2022 208.984 30 J1939-6342 J1215-1731

FRB 20201123A MeerKAT 12th January 2021 208.984 60 J1939-6342 J1744-5144

FRB 20210405I MeerKAT 21st June 2024 13.062 240 J1939-6342 J1744-5144

FRB 20211127I MeerKAT 18th March 2023 3.265 180 J1939-6342 J1311-2216

FRB 20211212A MeerKAT 13th December 2022 3.265 180 J0408-6545 J1008+0730
FRB 20231229A Areciboc – 24.390 ∼1 – –

FRB 20231230A MeerKAT 5th December 2021 208.984 450 J0408-6545 J0503+0203
FRB 20240201A MeerKAT 21st February 2025 26.123 240 J0408-6545 J1008+0730

FAST 13th November 2024 7.629 23 – –

FRB 20240210A MeerKAT 28th July 2025 26.123 240 J0408-6545 J0025-2602

FRB 20240312D MeerKAT 29th June 2025 26.123 240 J0408-6545 J0303-6211

FRB 20240615B MeerKAT 3rd August 2025 26.123 240 J0408-6545 J0240-2309

FRB 20250316A Effelsbergd Oct/Nov 1989 11.965 – – –
aRaw observation channel widths; we rebin to lower resolution in most cases.
b16th August observation is corrupted, true on source time is∼66% of this.
cHaynes et al. (2018) – ALFALFA survey was conducted over a 7 yr time span with an average integration time of 48 s.
dHaynes et al. (1999) – precise on source time unknown.

UVSUB. The residual data were then run through a final round of
automatic RFI removal.

A uv-plane continuum subtraction was completed with the
CASA task UVCONTSUB, excluding 500 km s−1 around the region
of the HI line with a first-order polynomial fit. We then made data
cubes surrounding the host galaxy coordinates using the CASA
task TCLEAN with Briggs weighting. Various robust levels and res-
olutions were employed to test different emphases on sensitivity
and structure, ensuring that around 5 pixels covered the beam.
Due to some residual variations in the baseline, in a few cases,
we ran a final image-plane based continuum subtraction using
the CASA task IMCONTSUB, excluding the channels visibly con-
taining HI emission with a second order polynomial. Finally, each
spectral-line datacube was corrected for its frequency-dependent
primary beam shape and convolved to its largest synthesised
common beam.

2.2.2 MeerKAT observations and data reduction

Through three MeerKAT proposals (project IDs SCI-20220822-
MG-01, SCI-20230907-MG-02 and SCI-20241103-MG-01), we
obtained a total of 14 on-source hours, centred on the hosts of
seven FRBs. The observations were conducted from December
2022, through to August 2025 (capture block IDs 1670970986,
1679181682, 1718998942, 1739386395, 1740164485, 1751156931,
1753661382, and 1754260765). Each observation was taken in the
L band (107 MHz centred at 1358.5 MHz) at 32K and 32K-zoom

spectral resolutions, which corresponds to velocity resolutions of
5.5 and 0.7 km s−1, respectively.

The data were stored on ilifu and processed using
PROCESSMEERKAT,a a dedicated MeerKAT reduction pipeline
which also utilises CASA. We rebinned the 32K-zoom data to a
maximum of 64 K mode (i.e. 13.062 kHz wide channels) for this
step.

Model continuum visibilities were subtracted from the cor-
rected data using UVSUB, and then a further UVCONTSUB step
was run. Spectral-line cubes were made using TCLEAN with
Briggs weighting, again with various robust levels, resolutions, and
cleaning depths. Each cube was primary beam corrected using
katbeamb and then was convolved to a synthesised common
beam.

2.2.3 FAST observations and data reduction

To supplement a few northern hemisphere observations, and in
reaction to more recent FRB localisations, we proposed for FAST
time through proposal SQB-2024-0174 and were awarded four
hours of observation. The targets were observed in On-Off mode
with the spec(W+N) backend; this spectral backend records the
full 400 MHz (1.05–1.45 GHz) bandwidth with a resolution of
7.629 kHz, and a narrower 31.25 MHz region with a resolution

ahttps://idia-pipelines.github.io/docs/processMeerKAT.
bhttps://github.com/ska-sa/katbeam.
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of 476.83 Hz. The On-Off mode utilises the periodic injection of a
standardised noise diode for flux calibration.

The data are stored in FITS format as a dual polarisation time
series of bandwidth data. We separated the on and off source data
and performed a temperature calibration using the high power
noise diode (e.g. Section 3.1 of Jing et al. 2023) to convert from
raw power to brightness temperature. Due to the electromagnetic
wave reflection that is common in single dish instruments, the
FAST data contains periodic fluctuations in the bandpass which
manifest as standing waves. We removed this signal using a fast
Fourier transform (FFT) based approach, modelled off the meth-
ods of Xu et al. (2024). Using the spectroscopic redshifts of each
target, we extracted 2 000 km s−1 around the HI line and stacked
each observation weighted by its RMS noise.

To subtract the baseline, we performed a polynomial fit with
250 km s−1 excluded around the HI frequency. The polynomial
was chosen as either 3rd or 4th degree such that the resulting base-
line was flat around the line. In a few datasets, the baseline was too
erratic for a clean subtraction; for these cases, we first subtracted
the off source summed spectra from the on source summed spec-
tra, and then performed the baseline polynomial fitting. This was
completed separately for each polarisation, and the final spectra
were obtained by stacking them together.

3. HI results

Here, we highlight the global HI properties of the sample. For
each spatially resolved observation (i.e. the GMRT and MeerKAT
datacubes), we use the SoFiA-2 (Westmeier et al. 2021) source
finding pipeline to extract HI sources and generate moment maps.
We use the pipeline’s default smooth-and-clip (S+C) finder with
parameters following those used in Westmeier et al. (2022) for
the pilot data release of the WALLABY survey (which SoFiA-
2 was designed for). This includes a scfind.threshold value
of 3.5 and a reliability.minSNR value of 3, to ensure only
robust signals are picked up. For detections with particularly nar-
row line widths, we rerun SoFiA-2 with a maximum spectral axis
smoothing kernel equal to this apparent width.

Figure 1 presents spectra for each target, binned to lower spec-
tral resolution where sensible.c The GMRT and MeerKAT spectra
are generated by summing the flux from pixels included in a 2D
mask, which itself is a flattened projection of the 3D mask gener-
ated by SoFiA-2. We also present moment 0 (intensity), moment
1 (velocity), and moment 2 (velocity dispersion) maps for these
targets in Figure 3, overlaid on imaging from the DESI Legacy
Imaging Survey (Dey et al. 2019), the Dark Energy Camera Plane
Survey (Saydjari et al. 2023, DECaPS), and the Pan-STARRs1 sur-
vey (Chambers et al. 2016). The lowest contours are defined as the
3σ level measured by SoFiA-2.c

Table 3 presents a summary of the global HI properties of the
sample. These properties are measured from the masked spectra;
i.e. only voxels in the 3D SoFiA-2 mask are included, and as a
result they are slightly different to those displayed in Figure 2.
We calculate HI masses following Meyer et al. (2017), equation
48, assuming a 10% absolute flux scale uncertainty on all measure-
ments due to calibration alongside the noise contribution. As radio
continuum (RC) emission is considered a robust tracer of star for-
mation due to its association with young, massive stars, when RC

cSee Table A1 in Appendix for more information.

sources are present, we estimate an SFR following the methods of
Molnar et al. (2021), equation 22.

We estimate the radius of the HI emission, RHI, out to the 3σ
contour level by measuring the average surface densityc of the
intensity maps as a function of elliptical radius from a chosen cen-
tre, which we choose to be the optical centre of brightness in the
survey imaging. This RHI estimate is technically a lower limit; as
many of our maps do not reach the nominal 1 M� pc−2 thresh-
old used in the literature, they are not necessarily half the disk
size DHI commonly used to describe HI disks e.g. for the mass-
size relation (Wang et al. 2016). We estimate the ellipticity and
position angles of the galaxies using 2MASS (Skrutskie et al. 2006)
K-band data where possible; otherwise we fit elliptical isophotes
to the legacy photometry presented in Figure 2. These values are
then combined with estimates of the galaxies’ rotation velocities
Vrot to make broad approximations of the dynamical mass Mdyn
and hence the virial massM200 for these galaxies. We estimate Vrot
using

Vrot = W50

2 sin i
where W50 is the line width at 50% of the peak flux and i is the
inclination of the galaxy; we discard four galaxies with inclina-
tions lower than 10◦. To ensure these rotational velocities are in
the flat part of each galaxies’ rotation curve, we examine position-
velocity diagrams across the major axes and find that all targets
extend beyond the break. We do not apply systematic corrections
for instrumental broadening and turbulence as we expect such cor-
rections to be small for such high resolution data, and we are not
attempting a fully robust measurement. We calculate Mdyn and
M200 following Yu et al. (2020), equations 10 & 13.

3.1 Marginal/non-detections

As seen in Figure 1, the host of FRB 20201123A peaks very
marginally above the noise. This host is at a relatively high redshift
of 0.0507, and the MeerKAT observation was 0.4◦ from the phase
centre. Due to this, and the beam size, we presume the picked-up
signal is simply the unresolved core emission; as such, we do not
place much weight on its derived HI properties, considering its
HI mass to be a lower limit. Only its intensity map is displayed in
Figure 8, and we do not attempt to measure its asymmetry.

Figure 1 also shows the non-detection of the host of FRB
20200223B. We place a 5σ upper limit on its HI mass using both
the GMRT and FAST data, assuming a linewidth of 200 km s−1

and a disk size of 30 kpc. As outlined in Ibik et al. (2023), this host
is in a transitional regime between star-formation and quiescence,
which reflects its lower gas fraction. This is uncommon for FRB
hosts; Gordon et al. (2023), Sharma et al. (2024) clearly find a pref-
erence towards star-forming galaxies, a conclusion well supported
by our findings given that 16 of our 17 targets are emitting in HI.

4. Asymmetry calculations

To fully investigate the degree of disturbance in the HI distribu-
tions of FRB hosts, we employ close by-eye examination of the
spectral profiles, the moment maps, and individual channel inten-
sity maps. However, we also wish to quantify any disturbance to
allow for direct comparison with background galaxies. In this sec-
tion, we cover our methods for quantifying and calculating the
asymmetry of the HI detections.
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Figure 1. HI spectra of the FRB host galaxies. The red, green, and blue colours represent dedicated observations from FAST, GMRT, and MeerKAT, with the two orange spectra
taken from archival data. When necessary, the data are binned by various channel widths; fainter lines in the plots represent the raw data, with bolder lines representing the
binned data. The vertical dashed line represents the rest frame of the hosts’, determined by their optical redshifts.
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Figure 1. Continued.

4.1 Asymmetry metrics

There are a number of common metrics used in the literature
to assess asymmetry (see the introduction of Deg et al. 2023, for
an overview); in this study, we utilise five: Aflux, Aspec, A1D, A2D,
and A3D. The first is a common historical measurement used to
consider the lopsidedness of a spectrum, and is defined by

Aflux = | max(Fl/Fu , Fu/Fl) | (1)

where

Fl =
∫ vsys

v1
Fv dv (2)

is the integrated flux of the lower half of the spectrum up to some
central velocity vsys, and

Fu =
∫ v2

vsys
Fv dv (3)

is the integrated flux of the upper half. This central velocity is gen-
erally defined as the systemic velocity, given by themidpoint of the
spectrum at the 20% flux level.

The second metric, Aspec, was introduced by Reynolds et al.
(2020b) to emphasise more local disturbances through investiga-
tion of channel-by-channel variation, defined by

Aspec =
∑

i=1 | S(i)− S(iflip) |∑
i=1 | S(i) | (4)

where S(i) and S(iflip) are the fluxes of the ith channel and its
mirrored channel pair about a central channel. This centre is gen-
erally different than vsys, and is instead chosen as the flux-weighted
mean velocity to highlight the differences in profile far away from

the centre of mass, e.g. through an extended tail on one side of
the spectrum. These metrics were used in Michalowski (2021),
Glowacki et al. (2023) to compare FRB hosts with wider LVHIS
and HALOGAS HI survey populations (Reynolds et al. 2020b),
and thus we include calculations here.

Recently, Deg et al. (2023) introduced new metrics to properly
account for the bias contributed by noise to the asymmetry of a
profile, and to take advantage of the full information that three-
dimensional datacubes can offer. As next generation surveys, such
asWALLABY and LADUMA, will resolve many HI galaxies, these
higher dimensional metrics are likely to be the most robust way
to quantify a galaxy’s disturbance, especially in low SNR regimes.
Thus, we also calculate values for A1D, A2D, and A3D, based on
equation 20 in Deg et al. (2023):

A1D/2D/3D =
(
Psq,m − Bsq,m

Qsq,m − Bsq,m

)1/2

(5)

where

Psq,m =
N∑
i

( fi − f−i )2 (6)

is the sum of the squared difference between each flux chan-
nel/pixel/voxel fi in an HI profile and its mirrored counterpart f−i
about a 1D/2D/3D rotation point,

Qsq,m =
N∑
i

( fi + f−i )2, (7)

and Bsq,m is the contribution of the noise to Psq,m, which for uncor-
related Gaussian noise σ can be approximated as 2Nσ 2. These
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Figure 2. FRB host galaxy moment maps, displaying total intensity (left), velocity (centre) and velocity dispersion (right). The lowest contours are at the 3σ level, with the higher
contours set at varying multiples of that level. When the FRB’s localisation region is significantly smaller than the size of its host, we include its position shown in magenta in the
intensity maps and black in the others; a star represents a localisation region too small to be shown, whereas a cross and dashed ellipse shows the estimated position and 1σ
uncertainty region. The beam sizes are shown in the upper right hand corner. Velocities are displayed in the rest frame, defined with respect to the optical redshift.
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Figure 2. Continued.
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Figure 2. Continued.
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Figure 2. Continued.
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Figure 2. Continued.

metrics are calculated by the 3DACs code,d which simply requires
a datacube, a source mask, and a 3D rotation voxel as inputs.

It should be noted that in some cases, Bsq,m may be larger
than Qsq,m, which causes the result to be undefined. This indi-
cates that the noise is dominating the measured asymmetry Psq,m.
3DACs returns a value of -1 in these cases, which should be treated
essentially equal to a value of zero.

The choice of rotation voxel is critical to the usefulness and
applicability of these metrics. We want to define it such that tidal
features cannot introduce bias in either the spatial or spectral
dimensions. As such, we choose to first find the optical centre
of brightness in the background survey image and take the flux
weighted centre of the spectrum at the closest pixel to this 2D
point. This choice is thus sensitive to any gas volume that is away
from the centre of the galaxy’s core.

We note that as we cannot run 3DACs on the single dish spectra,
for consistency we calculate allA1D values externally (following the
same methodology as above) using the flux weighted centre as the
pivot. As 3DACs estimates the RMS noise of the 1D spectrum based
on an expected scaling of the 3D RMS noise when summing over
spatial pixels, rather than measuring the noise itself, our values
differ slightly, though never significantly.

When extracting final values for each of the 1D metrics, we
consider the optimal spectral resolution. Each can become temper-
amental as the SNR of the HI line decreases and as the linewidth
(in channels) decreases, and thus we take measurements at many
different rebinning ratios (i.e. until the spectral line is unresolved)
to estimate the most stable resolution. This estimation differs
between target and is done purely by eye; we inspect the varia-
tion of eachmetric to find the resolution which appears coincident
with the most overall stable point in the three metrics, aiming to
use the highest resolution possible. We highlight an example case
in Figure 16 in the Appendix.

4.2 Asymmetry thresholds

We wish to identify the thresholds above which a profile is con-
sidered asymmetric for each of our metrics. Espada et al. (2011)

dhttps://github.com/NateDeg/3DACS.

modelled the Aflux distribution of AMIGA isolated galaxies, find-
ing a 2σ threshold of 1.26. Reynolds et al. (2020b) did the same
with the low density fields of LVHIS and HALOGAS, and the
higher density field of VIVA, finding 2σ thresholds of 1.25, 1.17,
and 1.53 respectively for galaxies with stellar masses ≥ 109 M�.
Watts et al. (2020) focused on the more representative xGASS
sample, and chose to define asymmetry by generating noiseless
mock spectra with inherent Aflux equal to 1.1, perturbing them by
various noise levels, and finding the threshold (as a function of
SNR) within which 80% of the spectra are measured. Considering
these results and the fact that a number of our targets are low
SNR (<10), we choose a flat threshold of 1.3; this is similar to
the 3σ limits of Espada et al. (2011), Reynolds et al. (2020b), and
corresponds to the low SNR threshold of Watts et al. (2020).

Reynolds et al. (2020b) also measured Aspec for the LVHIS,
HALOGAS, and VIVA samples, finding 2σ thresholds of 0.428,
0.263, and 2.031 respectively. As this metric is the most affected by
noise, we choose a slightly arbitrary conservative threshold of 0.5;
this also reflects the fact that FRB hosts are not exclusively found
in low-density environments.

As the A1D, A2D, and A3D measurements are even newer, there
are not many comparisons to be made with wider populations
from which to infer at what point a profile is considered asymmet-
ric. Perron-Cormier et al. (2025) recently applied these metrics to
data from theWALLABY pilot survey (Westmeier et al. 2022) and
found that anA3D threshold of 0.5 corresponds to highly disturbed
galaxies, though this value likely represents the extreme end of the
disturbance spectrum. Fig. 8 of Deg et al. (2023) presents a trial
analysis of 500 galaxies from a simulated WALLABY-like survey,
showing a median visual disturbance of approximately 0.2, with
most values falling within 0.1 of this median. Thus, an A3D value
of 0.3 can serve as a rough threshold for identifying galaxies with
above-average disturbance. In Section 5, we also present asymme-
try measurements of the disturbed FRB host from Lee-Waddell
et al. (2023) to use as a reference.

4.3 Uncertainties

The uncertainties in the 1D metrics come from a number of
sources; we first consider statistical contributions arising from the
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Table 3. Host galaxies properties derived from radio observations: HI flux, HI mass, line width (defined by the width between the 50% peak flux levels), radio
continuum flux density, radio-derived star formation rate, HI disk radius, and virial mass.

SHI log(MHI) W50 Sacont SFRradio RHI

FRB name Observation (Jy km s−1) (M�) (km s−1) (mJy) (M� yr−1) (kpc) log(M200/M�)b

FRB 20181220A GMRT 0.76± 0.12 9.44± 0.08 126± 14 2.72 2.29+1.30
−0.83 20.5± 10.0 11.0

FAST 0.72± 0.08 9.42± 0.05 315± 2 N/A N/A N/A N/A

FRB 20181223C GMRT 0.60± 0.10 9.42± 0.08 70± 5 ≤0.08 ≤0.15 11.1± 2.4 10.6

FAST 0.45± 0.04 9.30± 0.05 79± 1 N/A N/A N/A N/A

FRB 20190418A GMRT 0.82± 0.15 10.33± 0.09 217± 19 ≤0.06 ≤ 0.51 36.2± 8.2 –

FRB 20190425A GMRT 3.55± 0.39 10.22± 0.05 303± 3 1.11 1.35+0.75
−0.48 35.0± 5.0 12.0

FAST 3.61± 0.36 10.23± 0.05 307± 1 N/A N/A N/A N/A

FRB 20200223B GMRT ≤0.13 ≤9.377 N/A 0.10 0.59+0.32
−0.21 N/A N/A

FAST ≤ 0.14 ≤ 9.394 N/A N/A N/A N/A N/A

FRB 20200723B MeerKAT 20.47± 2.11 9.84± 0.05 401± 4 47.7 3.42+1.97
−1.25 23.0± 2.9 12.0

FRB 20201123A MeerKAT 0.41± 0.18 9.72± 0.16 415± 36 5.15 10.96.50−4.08 N/A N/A

FRB 20210405I MeerKAT 1.00± 0.12 10.34± 0.06 245± 5 0.59 2.85+1.63
−1.04 29.3± 3.3 12.7

FRB 20211127I MeerKAT 0.90± 0.10 9.99± 0.05 158± 3 1.16 2.82+1.61
−1.02 14.5± 2.5 11.7

FRB 20211212A MeerKAT 0.17± 0.04 9.65± 0.11 87± 8 0.31 1.92+1.09
−0.69 25.9± 9.0 –

FRB 20231229A Arecibo 5.29± 0.54 9.96± 0.05 256± 3 N/A N/A N/A N/A

FRB 20231230A MeerKAT 0.18± 0.04 8.89± 0.09 206± 21 ≤5.19 ≤4.47 12.3± 3.4 –

FRB 20240201A† MeerKAT 1.01± 0.11 9.96± 0.05 373± 5 0.42 1.04+0.57
−0.37 – –

FAST 0.89± 0.09 9.90± 0.05 384± 1 N/A N/A N/A N/A

FRB 20240210A MeerKAT 1.51± 0.16 9.61± 0.05 166± 1 1.67 1.19+0.66
−0.43 16.8± 4.2 11.38

FRB 20240312D MeerKAT 1.25± 0.13 10.19± 0.05 182± 1 1.26 3.311.901.21 27.2± 4.3 –

FRB 20240615B MeerKAT 0.25± 0.03 9.84± 0.06 76± 1 0.30 1.99+1.12
−0.72 30.3± 3.0 11.39

FRB 20250316A Effelsberg 7.13± 0.79 9.13± 0.05 132± 2 N/A N/A N/A N/A
aEstimates are accompanied by 10% uncertainties due to absolute flux scaling errors.
bDashes indicate hosts with inclinations too near 0 for properVrot correction.
†HI estimates include entangled neighbour emission.

Figure 3. Intensity map of the unresolved detection of the host of FRB 20201123A.

inherent noise component of each channel. We estimate this sta-
tistical uncertainty following Michalowski (2021), Glowacki et al.
(2023). We take the standard deviation of the line-free regions of
the spectra at their final chosen resolutions, and remeasure each

metric 1 000 times with the spectra shifted by a noise array gener-
ated by a Gaussian of this width. The final uncertainties are taken
as the standard deviation of these measurements.

There are also a number of contributors to the systematic
uncertainty that arises from these methodologies. One source
originates from the choice of central velocity used in each of the
metrics. As these centres are generally some fractional distance
inside a channel, we must interpolate our spectral bins such that
the nearest half channel increment aligns with the centre. We esti-
mate the uncertainty in this method in a similar fashion as the
statistical contribution, taking 1 000 measurements with central
velocities drawn from a Gaussian with a mean equal to the true
centre and a width of one channel. The standard deviation of
these results are taken as our systematic uncertainty. Thus, in our
results, we present the value ± δ(stat.) ± δ(sys.)

The 3DACs code does not output any uncertainties directly.
Deg et al. (2023) claims that in their testing, the uncertainty associ-
ated with noise variation rarely exceeds 0.02, and almost certainly
is dominated by systematics. We also note that the authors high-
light imprecisions in the 3DACs results when the size of the HI disk
is smaller than four resolution elements (beams). Unfortunately,
only three of our targets (FRB 20190425A, FRB 20200723B, and
FRB 20211127I) satisfy this requirement. However, we still wish
to investigate how useful these metrics are on real datasets across
different instruments and resolutions. Thus, we choose to incor-
porate our own uncertainty associated with the choice of rotation
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Table 4. Asymmetry measurements derived from HI profiles and moment maps: flux asymmetry (Aflux), spectral asymmetry (Aspec), one-dimensional
morphological asymmetry (A1D), two-dimensional map asymmetry (A2D), and three-dimensional asymmetry (A3D). For the first three columns, the first
uncertainty represents the contribution from noise, and the second represents the contribution from resolution. For A2D and A3D, the uncertainties
represent the choice of central rotation pixel/voxel.

FRB name Observation Aflux Aspec A1D A†2D A†3D
FRB 20181220A GMRT 1.504± 0.649± 0.528 0.354± 0.170± 0.168 0.161± 0.098± 0.078 0.279± 0.086 0.463± 0.132

FAST 1.055± 0.052± 0.046 0.217± 0.046± 0.023 0.090± 0.032± 0.015 N/A N/A

FRB 20181223C GMRT 1.146± 0.271± 0.232 0.395± 0.158± 0.127 0.196± 0.030± 0.067 0.259± 0.055 0.252± 0.097

FAST 1.084± 0.044± 0.073 0.229± 0.036± 0.102 0.112± 0.022± 0.057 N/A N/A

FRB 20190418A GMRT 1.302± 0.375± 0.397 0.488± 0.177± 0.168 0.224± 0.035± 0.099 0.208± 0.041 0.232± 0.114

FRB 20190425A∗ GMRT 1.086± 0.081± 0.062 0.175± 0.067± 0.109 0.109± 0.003± 0.080 0.099± 0.028 0.140± 0.062

FAST 1.054± 0.029± 0.027 0.171± 0.022± 0.028 0.070± 0.016± 0.029 N/A N/A

FRB 20200723B∗ MeerKAT 1.198± 0.058± 0.137 0.111± 0.037± 0.142 0.058± 0.023± 0.091 0.084± 0.037 0.210± 0.166

FRB 20210405I MeerKAT 1.135± 0.148± 0.069 0.300± 0.099± 0.076 0.170± 0.026± 0.042 0.074± 0.066 –

FRB 20211127I∗ MeerKAT 1.034± 0.060± 0.061 0.105± 0.056± 0.097 0.043± 0.037± 0.060 0.091± 0.026 0.116± 0.042

FRB 20211212A MeerKAT 1.244± 0.563± 0.299 0.371± 0.222± 0.143 0.140± 0.048± 0.065 0.126± 0.055 –

FRB 20231229A Arecibo 1.360± 0.079± 0.125 0.323± 0.051± 0.042 0.140± 0.027± 0.026 N/A N/A

FRB 20231230A MeerKAT 2.394± 1.252± 1.161 0.311± 0.225± 0.158 0.130± 0.046± 0.104 – –

FRB 20240210A∗ MeerKAT 1.048± 0.057± 0.035 0.197± 0.053± 0.055 0.077± 0.016± 0.035 0.134± 0.063 0.166± 0.048

FRB 20240312D∗ MeerKAT 1.161± 0.087± 0.141 0.145± 0.054± 0.097 0.072± 0.033± 0.058 0.133± 0.017 0.199± 0.059

FRB 20240615B MeerKAT 1.208± 0.226± 0.149 0.379± 0.123± 0.037 0.153± 0.088± 0.024 0.053± 0.050 –

FRB 20250316A Effelsberg 1.659± 0.187± 0.192 0.406± 0.081± 0.015 0.180± 0.049± 0.008 N/A N/A

FRB 20171020A∗ ATCA 1.320± 0.037± 0.184 0.319± 0.027± 0.076 0.1633± 0.013± 0.036 0.123± 0.016 0.237± 0.021
†Dashed lines indicate measurements with no statistically significant asymmetry (-1 result returned by 3DACs).
∗Targets with resolutions/SNRs great enough for 2D/3Dmeasurements to be considered robust according to Deg et al. (2023).

centre – which is the quantity that introduces the most error due
to low spatial resolution – by again retaking 1 000 measurements
with centres perturbed by a 3D Gaussian, with σx, σy, and σν

all equal to 1. This is relatively straightforward as 3DACs already
incorporates interpolation methods to allow for fractional rota-
tion centres. While a Gaussian of this width likely overestimates
the uncertainty, it is simple in design and clearly accounts for the
effect of spatial and spectral resolution. Furthermore, as we do not
present a statistical contribution, we are satisfied with the larger
systematic estimate.

There are also uncertainties that arise due to the effects of
galaxy inclination and viewing angle. While Deg et al. (2020)
clearly shows that both have notable impacts on these measure-
ments, we do not incorporate such considerations here as their
contributions are nontrivial to model and likely require detailed
kinematic modelling to accurately describe.

5. Target analysis

Here we discuss the asymmetry results for each FRB host galaxy,
highlighting interesting cases. Table 4 presents the quantified
asymmetry metrics for each target; at the bottom, we include
measurements for the known disturbed host of FRB 20171020A
(Lee-Waddell et al. 2023) to compare against.

5.1 FRB 20181220A

The host of FRB 20181220A is a highly inclined edge-on spi-
ral which shows moderate HI emission in both the GMRT and
FAST data. By eye, the higher SNR FAST spectrum appears largely
symmetric, which is reflected in its low asymmetry metrics. In
contrast, the GMRT spectrum exhibits significantly greater asym-
metry, though the deviation is consistent within the noise level.

Furthermore, the intensity map shows a peak line flux away from
the optical core of the galaxy. This causes the A2D and A3D val-
ues to inflate to the highest in this sample. However, the area of
the GMRT detection with respect to the beam size is right in the
grey area of where Deg et al. (2023) identifies that 3D asymme-
try modelling becomes less robust. Thus, we are hesitant to place
too much weight on the GMRT result, especially considering the
spectrum deviates from the FAST spectrum. The GMRT data does
reveal that the galaxy lies in an HI rich group, with at least two
other nearby detections in the field, the nearest of which lies 0.55
Mpc away.

5.2 FRB 20181223C

The spiral host of FRB 20181223C clearly exhibits a disturbed HI
distribution in the GMRT intensity map. Once again, the GMRT
and FAST spectra do not fully match, but are consistent within
the noise when accounting for the much lower SNR of the GMRT
detection.

The moment 0 and 1 maps show a clear extension to the west,
captured primarily in a single channel due to the low spectral
resolution of the cube. To highlight this, we produce individual
channel maps in Figure 4, with the channel at 8 775 km s−1 reveal-
ing strong HI emission centred nearly 30" from the core of the
galaxy. This is the primary cause of the higher A2D and A3D values
exhibited by this target. We also note the interesting extension in
the channel map at 8 740 km s−1, which is too faint to affect the
total intensity map.

This host is clearly significantly disturbed, though the origin of
this morphology is difficult to ascertain. There are a number of
galaxies in the visual field, including one very nearby to the south
east, and another further away to the west. However, Bhardwaj
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Figure 4. GMRT channel maps of the host of FRB 20181223C, overlaid on DECam imaging. Contours are at 1.0, 1.5, 2.0 mJy beam−1, with dashed contours signifying negative
counterparts.

et al. (2024) investigated these as potential hosts of the FRB, and
found incompatible redshifts greater than 0.25 for both. Thus,
there is no clear candidate that could be causing a disturbance
through tidal means.

5.3 FRB 20190418A

With the third most distant redshift in this sample, the massive
host of FRB 20190418A exhibits a weak HI signal in the GMRT
data. As such, its spectral features are largely dominated by the
noise. However, the moment maps of Figure 2 reveal an asymme-
try in the extent of the galaxy either side of its core which gets
picked up by SoFiA-2 even with a higher S+C threshold of 5.
Furthermore, the asymmetry metrics all suggest disturbance; Aflux
exceeds our threshold, Aspec is the highest in this sample, and even
A1D –which is themost resilient to noise – is also the highest in this
sample. Thus, we consider this target disturbed, though deeper
observations would be useful to confirm the nature of this.

5.4 FRB 20190425

The host of FRB 20190425A appears to be largely undisturbed. The
FAST and GMRT spectra are symmetric, and the moment maps
are typical for a spiral of this inclination. This is reflected in the
low asymmetry metrics across the board, all of which are robust
due to the spectral and spatial resolution of the cube. This galaxy
also appears isolated, with no nearby HI detections observed.

5.5 FRB 20200723B

The host of FRB 20200723B again exhibits mostly typical HI emis-
sion, with a symmetrical spectrum and emission aligned with the
plane of the optical disk. However, the northern edge of the galaxy

appears a lot less smooth than the rest; investigating the individ-
ual channel maps reveals faint elongation in at least five channels
out to approximately 20 kpc above the stellar disk, as shown in
Figure 5. To confirm the nature of this elongation, we employ
3DBarolo to fit a smooth rotation disk profile, and compare with
the data (see Figure C1 in Appendix), which verifies this emission
is not standard for a settled galaxy. The flux level of these features
is near the noise level, and thus they are not contributing signifi-
cantly to the asymmetry metrics, though the A3D result is not far
from that of the disturbed host of FRB 20171020A. We also note
that the DECam photometry hints at a potential perturbation to
the stellar distribution on the north east side, with the spiral arm
extending in a slightly unexpected direction to the north.

As the disturbance is spread across the entire northern face,
and the velocity map shows no evidence of the more uniform
bulk motion expected from a wind-driven outflow, this feature is
most likely caused by a recent or ongoing minor tidal interaction.
There are a number of nearby extended sources in the DECam
imaging, though the only HI detection visible in MeerKAT arises
from a large spiral 1.6 Mpc to the south. The tip of the outer
contour in the 2 532 km s−1 channel map, which shows the
most extreme elongation, appears to overlap with a faint extended
source, though this is likely a coincidence. Unfortunately, with no
further redshift information on the surrounding objects, it is not
possible to definitively characterise the system. Regardless, these
HI observations reveal that NGC 4602 is another disturbed FRB
host galaxy.

5.6 FRB 20210405I

The host of FRB 20210405I appears almostly perfectly symmetrical
in the MeerKAT data. The 3DACs code returned an A3D value of
-1, signifying no statistically significant asymmetry, and thus we
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Figure 5. MeerKAT individual channel maps of the host of FRB 20200723B, overlaid on DECam imaging. Contours are at 1, 3, 5, 7, and 9 mJy beam−1, with dashed contours
signifying negative counterparts.

conclude this host is undisturbed. According to the SoFiA-2 source
finder, this galaxy is also isolated in HI.

5.7 FRB 20211127I

The host of FRB 20211127I was previously analysed in Glowacki
et al. (2023) using low resolution ASKAP data, and was prior to
this study the only non-interacting FRB host observed in HI. The
detection appeared symmetric in spatial and spectral dimensions,
but the authors concluded that higher resolution data would be
required to fully confirm this case.

The new MeerKAT observation does indeed reveal a mostly
symmetrical HI distribution, both in the spectra and intensity
map. The 1D asymmetry measurements are the lowest in this
study, and while A3D value returned by 3DACs is not -1, it is low.
This is perhaps due to the slight elongation in the north east cor-
ner of the intensity map, but neither the channel nor velocity
maps indicate anything definitive. Thus, we conclude that this host
galaxy is undisturbed. Interestingly, it is worth noting that unlike
the previous two undisturbed hosts, this galaxy is in a rich HI
group. Three nearby galaxies are detected in this deeper MeerKAT

observation, none of which were present in the WALLABY Pilot
Survey II observation of this field (Glowacki et al. 2023). The
nearest neighbour lies roughly 2.4 Mpc away.

5.8 FRB 20211212A

The faint emission from this high redshift host appears to be sym-
metrical, though neither the spectral nor spatial resolution is great
enough to properly describe it. We conclude that it is mostly likely
an undisturbed galaxy, but deeper observations would be needed
to confirm this. This host has two faint HI neighbours that each lie
approximately 2 Mpc away.

5.9 FRB 20231229A

The host of FRB 20231229A is a face-on spiral that appears to have
a significant disturbance to one of its spiral arms. The Arecibo
spectrum shows a moderately asymmetric profile, resulting in an
Aflux value above our threshold for asymmetry. We consider it
likely that this target is disturbed, but interferometric observations
are required to fully reveal the nature of this.
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5.10 FRB 20231230A

As this target was detected in an off-centred observation, the noise
level dominates its HI spectrum. It appears slightly asymmetric,
but with such low resolution data, is not possible to accurately
quantify, as shown by the enormous uncertainties in the asym-
metry metrics. Targeted observations are required to ascertain the
true nature of this host.

5.11 FRB 20240201A

The host of FRB 20240201A is an edge-on spiral galaxy in an
apparent galaxy pair. Spectroscopic observations from the Sloan
Digital Sky Survey (SDSS) reveal the two share similar redshifts;
0.04273 and 0.04314 for the host and neighbour respectively. The
moment maps clearly show an overlap in the clouds surrounding
the two galaxies. The data displayed was processed with a robust
weighting of 0.5; a weighting of 2 reveals the extent of the com-
bined gas cloud reaches far beyond the combined optical region,
whilst a weighting of 0 is unable to pick up the emission of the FRB
host.

The spectra presented in Figure 1 show the superposition of
both galaxies’ emission. The host contributes partially to the first
peak but is dominated by the neighbour; examining the resolved
MeerKAT data reveals the neighbour’s rotating arms form the bulk
of the outer peaks and its notably gas rich central bulge forms the
third peak in the centre. The slightly blueshifted nature of the HI
emission originating from the position of the FRB host, seen in the
MeerKAT moment 1 map, confirms that it is not simply emission
from the edges of the neighbour’s HI cloud.

Inspecting the SoFiA-2 mask confirms that there is a smooth
emitting connection in both physical and spectral space between
the two galaxies. From this, it is clear that the pair are tidally inter-
acting, and likely have been for some time. A good amount of
emission from the neighbour is arising from directly behind the
host, and thus it is not possible to cleanly extract an HI spectra
for it alone. As such, we calculate global properties for the pair as a
whole, and do not attempt tomeasure the asymmetrymetrics. This
interaction observed in HI correlates with the apparent distortion
of the stellar disk in the south west of the neighbouring galaxy
towards the FRB host, as seen in the DECam imaging. The veloc-
ity dispersion map reveals heightened turbulence in the region
between the two, highlighting the impact of their gravitational
influences.

5.12 FRB 20240210A

The spiral host of FRB 20240210A lies only 1.5’ from of a smaller
neighbour to the south west, and both exhibit clear HI emission.
When imaging with a Briggs weighting with a robust value of 2,
SoFiA-2 considers the galaxies to be connected. However, the sig-
nificance of any potential tidal bridge is extremely marginal; even
when rebinned from a spectral resolution of 26 kHz to 104 and 208
kHz resolutions, the link never rises above 2σ , and is completely
absent when imaging with a robust weighting of 0.5. Furthermore,
individual channel maps do not suggest any consistent extension
of the host galaxy.

Given the neighbour’s archival redshift of 0.02360 from the 2dF
Galaxy Redshift Survey (Colless et al. 2001), the angular separation

deprojects into a physical distance of roughly 1 Mpc. The spec-
tral profile of the host is symmetric, and none of the asymmetry
metrics hint at intrinsic disruption. As such, we do not consider
this host to be tidally interacting with the neighbour, and thus is
undisturbed.

5.13 FRB 20240312D

The host of FRB 20240312D shows an unusual gas distribution
in its intensity map, with the emission extending further to the
south than to the north. Channel maps, presented in Figure 6, con-
firm this asymmetry, as the southern extension is present across at
least a third of the velocity profile. However, these features are less
significant than in previous hosts: they do not reach the high con-
tour levels seen in the host of FRB 20181223C, nor are they highly
resolved by the beam as in the host of FRB 20200723B, making the
evidence less conclusive. This is further reflected in the host’s A3D
value of 0.199, which sits above every undisturbed host and below
every disturbed host.

This galaxy resides in a highly rich HI group containing at least
eight nearby HI galaxies, a number of which are within 1 Mpc.
Cross-matching these detections with DECam imaging reveals
that, apart from one case, they are all small, faint dwarf galaxies.
The larger edge-on spiral visible to the south in Figure 6 appears
close in projection, but the central frequency of its strong HI line
places it nearly 10 Mpc in the background. Consequently, the
nearest companion to the FRB host lies roughly 600 kpc to the
east. Given the host exists in such a dense environment, and the
observed gas extension does not point toward the nearest neigh-
bour, it is more likely that the asymmetry is simply a lingering
imprint of an earlier gravitational perturbation caused during the
formation of the group than a recent tidal interaction. In these
cases, peripheral gas can take considerable time to resettle into the
disk.We therefore regard this host as amiddle-ground case and, in
Section 6, examine it under both classifications when interpreting
the results.

5.14 FRB 20240615B

The HI emission arising from this distant host appears largely
symmetrical. The line is narrow, but the double-horned profile is
still resolved, with the peaks reaching similar intensities. Neither
its moment maps nor its asymmetry metrics suggest any distur-
bance, and thus we conclude this host is settled. It is worth noting
that this galaxy does lie in a relatively HI rich group, with at least
four galaxies within 10 Mpc, the nearest positioned roughly 900
kpc away.

5.15 FRB 20250316A

NGC 4141 is a slightly inclined spiral that shows a highly asym-
metric line profile in the archival Effelsberg spectrum. In par-
ticular, its Aflux parameter is the highest robust measurement in
this sample. PanSTARRS imaging reveals that a highly elongated
uncatalogued galaxy lies very nearby; it appears very similar in
colour profile to NGC 4141, and thus may well have a similar
redshift. If this were to be the case, the two would almost cer-
tainly be interacting, which would likely be the cause of the profile
asymmetry. Therefore, this region is a prime target for future
interferometric observations to resolve its spatial HI distribution.
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Figure 6. MeerKAT individual channel maps of the host of FRB 20240312D, overlaid on DECam imaging. Contours are at 0.4, 0.8, 1.2, 1.6, 2.0, and 2.4 mJy beam−1, with dashed
contours signifying negative counterparts.

6. Discussion

6.1 Are FRB hosts disturbed?

Frome this analysis, we find that six of these FRB host galaxies
are disturbed: FRB 20181223C, FRB 20190418A, FRB 20200723B,
FRB 20231229A, FRB 20240201A, and FRB 20250316A. Another
six are clearly undisturbed: FRB 20190425A, FRB 20210405I,
FRB 20211127I, FRB 20211212A, FRB 202404210A, and FRB
20240615B. One is borderline (FRB 20240312D), and the remain-
ing three require deeper/targeted observations to draw firm con-
clusions. With respect to the total population of FRB hosts now
observed in HI the confirmed ratio of disturbed to undisturbed
galaxies is 11:6.

Comparing this ratio to background populations is somewhat
nebulous. While in Section 4.2 we quantify the thresholds for
disturbance with respect to the asymmetry metrics, we have not
relied solely on these values as indicators of disruption. In fact,
at least two of the hosts we consider disturbed here may not
have been considered so in large volume surveys. For example,
determining the disrupted nature of the host of FRB 20200723B
required in-depth analysis of individual channel maps at low flux

thresholds; none of the asymmetry metrics would otherwise sug-
gest this nature. It is likely that digging deep enough would reveal
that the fraction of nearby galaxies with some low level disrup-
tion similar to this is much higher than the fractions reported from
asymmetry quantification methods.

Therefore, the observation that ∼65% of FRB hosts are dis-
turbed cannot be directly contrasted to the 10-40% results in
the literature. In Figure 7, we do utilise the Aflux and Aspec met-
rics to compare with the LVHIS and HALOGAS samples as is
done in Michalowski (2021), Glowacki et al. (2024), and also
include approximations for the xGASS (Catinella et al. 2018) and
HIPASS (Barnes et al. 2001) datasets. These are stellar mass and
HI mass selected samples that span a wide range of environ-
ments and masses, and thus are more representative of the local
galaxy population. We estimate their Aflux values by extracting the
data from Watts et al. (2020), Fig. 2 and Reynolds et al. (2020a),
Table A1 respectively. We note that robust comparison should be
done exclusively with galaxies similar in mass and SFR to FRB
hosts; however, both Watts et al. (2020), Reynolds et al. (2020b)
find no evolution in Aflux or Aspec as a function of mass, and
thus comparing with these samples is satisfactory. Our sample of
FRB hosts exhibits slightly higher 1D asymmetry levels than the
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Figure 7. Aflux and Aspec values of FRB hosts compared to background populations
presented in Reynolds et al. (2020b), Watts et al. (2020). LVHIS and HALOGAS sample
low-density environments, whereas xGASS is more representative of the local galaxy
population. The xGASS result is an approximation; we generate the results by extract-
ing the cumulative distribution of Fig. 2 from Watts et al. (2020). The two dashed lines
indicate our chosen thresholds for asymmetry, outlined in Section 4.2.

background galaxy population, though the discrepancy is min-
imal – particularly when compared to the more representative
background samples.

As discussed in Section 4.2, comparing our A1D, A2D, and A3D
values to literature is largely non-viable. Perron-Cormier et al.
(2025) only includes figures of their A1D and A3D distributions
for the ∼31% of galaxies in their sample which had A3D ≥ 0 (i.e.
not -1). Thus, these results are inherently biased against settled
galaxies.

All this considered, we cannot definitively claim what the
disturbed-to-settled ratio for background galaxies is in a way that
is meaningful for comparison with our sample. We speculate
that it should hover somewhere near 1:1 considering the quanti-
fied asymmetry percentages of background galaxies and including
some allowance for the more detailed analysis we have used to
characterise our sample. Under this assumption, the observed rate
of disturbance in FRB hosts remains higher than expected.

To quantitatively assess the significance of this, we can assume
Poisson error, and perform a likelihood ratio test. If our null
hypothesis is that the ratio should follow 1:1 – i.e. the Poisson λ

variable for both the disturbed and undisturbed host galaxy counts
is 8.5 in this case – then a result of 11:6 results in a p-value asso-
ciated with rejecting this hypothesis of 0.222. This is far higher
than the standard significance threshold of 0.05; even considering
the borderline case of FRB 20240312D as a disturbed host only
shifts the p-value to 0.153. As such, we find that the earlier appar-
ent trend suggesting underlying disturbance in FRB host galaxies
is no longer statistically significant. While our observations, which
reveal that 21 of 22 FRB hosts emit in HI, further link FRB pro-
genitors with star formation, the data provide no evidence that
merger-induced star formation enhancement plays a significant
role in their production.

6.2 HI properties of FRB hosts

As with most other galaxy population measurements, FRB hosts
appear to span a broad range of values with respect to their
global HI properties. In Figure 8, we compare our hosts with the
xGASS dataset (Catinella et al. 2018) and with previously anal-
ysed FRB hosts. Hosts of non-repeaters are shown in red, and

(a)

(b)

(c)

Figure 8. Global HI properties of FRB hosts, separated into non-repeating (red) and
repeating (blue) FRBs. Stars indicate our sample, anddiamonds indicate the previously
published hosts. These are overlaid on the xGASS sample (grey=detected inHI, pink=
non-detections in HI) (Catinella et al. 2018). The FRB host stellar masses and SFRs are
taken from literature SEDmodelling values where possible; open stars represent hosts
without SED fitting, where we derive M∗ from literature K-band luminosities and use
our radio continuum SFR estimates (see Table 3). The black lines indicate the median
values at eight arbitrary bins along the x-axis for all xGASS galaxies (solid line) and for
just HI detected galaxies (dashed line).

hosts of repeaters are shown in blue. All of our new FRBs are
non-repeaters, other than FRB 20200223B, whose host is our
only non-detection. Measurements of stellar mass and SFR in the
xGASS sample are derived from UV and mid-IR observations,
tracing the past 100 Myrs of star-formation history (SFH). The
values we use for our FRB hosts are taken from SED fitting in
the respective localisation papers (see Table 1). The hosts of FRB
20210405I, 20240312D, and 20240615B have not had SED fitting,
and thus we derive stellar mass approximations using their 2MASS
K-band magnitudes and the mass-luminosity relation for spiral
galaxies (McGaugh & Schombert 2014), and use their RC-derived
SFRs, which should probe similar timescales of SFH to SED fitting;
these hosts are shown with unfilled stars in Figure 8.

Panel (a) shows that FRB hosts have standard SFRs for their
HI masses, but are mostly massive in HI (MHI > 109.5 M�) with
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respect to the background population, which aligns with the stel-
lar mass trend observed in optical studies (Gordon et al. 2023;
Sharma et al. 2024). Interestingly, the four repeater hosts appear
to lie towards the less massive end of the FRB host HI mass range;
Gordon et al. (2023), Sharma et al. (2024) also noted a similar pat-
tern in their stellar masses. However, due to the low number of
repeaters in their samples (6 and 5), significance tests found no
statistical evidence for such a trend. However, Chen et al. (2025)
presented a comparison between M� and SFR(Hα) in 11 repeater
and 33 non-repeater hosts, and found a statistically significant
separation (p-value of 0.0203 when excluding high redshift non-
repeaters) between the two populations when considering both
properties in tandem.

Only one of the repeater hosts in our sample was included
in any of the stellar mass studies above, potentially providing
further evidence to separate repeater and non-repeater host pop-
ulations based on mass. However, with such a small number of
targets, and given the level of overlap observed in panel (a), this
phenomenon is clearly not yet significant. To verify this, we run
a simple two sample Kolmogorov-Smirnov (KS) test on the HI
masses of our sample, and also run a MANOVA (Multivariate
Analysis of Variance) test (as in Chen et al. 2025) on the mul-
tivariate domain of MHI vs. SFR. In each case, we find p-values
greater than 0.05 (0.11 and 0.16 respectively). Regardless, future
HI studies of FRB hosts should consider probing this relation a
focus.

Panel (b) of Figure 8 shows that the average gas fractions
(MHI/M�) of FRB hosts are greater than background galaxies;
because all of our hosts are spirals, this is expected. With respect
to xGASS galaxies with HI detections (which are muchmore likely
to be late-type galaxies), the FRB hosts are slightly gas-rich, but are
spread widely about the median.

Panel (c) displays a more robust relationship between gas frac-
tion and specific SFR (sSFR), used by Kaur, Kanekar, & Prochaska
(2022), Glowacki et al. (2023) to assess if any large gas mass had
recently been deposited into the galaxy through a merger. FRB
hosts tend to lie above the median for HI detected xGASS galax-
ies, but the spread again is quite large. The highly interacting host
of FRB 20180916B (upper blue diamond) lies further above its
respective bin median than any in our new sample; however, the
two disturbed hosts presented in Michalowski (2021) fall below
this median, demonstrating that this relationship is not necessarily
a consistent indicator of overall disturbance.

We see no noticeable trend in any of these three plots when
colour-coding by our disturbance assessment (see Figure D1 in
Appendix). We also see no significant difference between the
disturbance in isolated galaxies vs. those in HI groups.

6.3 The baryon fraction of FRB hosts

We briefly consider the baryon fractions, (M�+MHI)/M200, of FRB
host galaxies (excluding the CGM).We reiterate that our estimates
ofM200 are not particularly robust due to the unconsidered errors
in Vrot arising from inclination uncertainties and instrumental
effects. Figure 9 compares the galaxy baryonic mass Mbar=M� +
MHI withM200 for our selection of hosts and a recent background
sample of galaxies from Mancera Piña et al. (2025). It is clear that
these FRB hosts are typical when considering this relation, falling
generally in line with the background sample in both spatial distri-
bution and gas-baryon fraction, which is indicated by colour. The

Figure 9. Baryonic vs. virialmasses for FRB hosts and the sample ofMancera Piña et al.
(2025).

scatter in this relation is wide, and thus even our rough estimates
forM200 allow this conclusion to be drawn.

6.4 Connecting HI observations with the DM of FRB hosts

In addition to using HI to probe the properties of FRB hosts
beyond the stellar disk, such observations can be broadly utilised
as a proxy for electron column density. Disentangling the host
galaxy contribution from the measured dispersion measure (DM)
is a pressing issue for cosmological studies using FRBs (for a
review, see Glowacki & Lee 2025). The free electrons which con-
tribute to the DM arise from the ionised hydrogen (H II) gas;
assuming standard ionisation fractions, H II column densities can
be derived from HI column densities. As such, highly resolved
HI maps could theoretically be used to better pin down the
contribution of the host to the DM.

Local Universe FRBs are particularly useful for this approach.
Any uncertainty in the excess DM of an FRB – the remaining
contribution when subtracting theMilkyWay’s disk and halo con-
tributions and the median intergalactic medium contribution as
predicted by the Macquart relation (Macquart et al. 2020) – will
not be dominated by the scatter on the Macquart relation, and
instead will encode information about errors in the estimations of
the MilkyWay ISM and halo contributions. Recording the HI sur-
face density at the location of an FRB thus may offer clues as to the
expected density of free electrons along the line of sight in the host
galaxy. Of course, a number of drawbacks – e.g. the lack of knowl-
edge about the projected distance of the progenitor inside the host,
and the quality of the assumptionsmade regarding ionisation frac-
tions – limit the efficacy of this approach. However, given the lack
of alternative prior information constraining the DM contribution
of the host, this is a valid avenue to investigate.

Unfortunately, the maps presented in this study are unlikely
to provide significant constraints; the majority of these FRBs are
not localised to high enough precision, and the beam sizes likely
preclude the measured column densities from being accurately
representative of the line of sight to the FRB. As such, we do
not attempt a correlation between excess DM and our derived HI
properties, leaving this for future work with a larger, well-localised
sample.

6.5 3D asymmetry quantification

Having utilised 3DACs to measure 3D asymmetry in these host
galaxies, we can assess the considerations that are likely to be
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Figure 10. Smoothed sampling of the A3D volumes for the hosts of FRB 20190425A and FRB 20200723B, which both pass the resolution requirements for robust A3D measurement
according to Deg et al. (2023). The red star in the centres show the location of the fractional 3D voxel used for our measurements, and the black crosses designate the location of
the flux-weighted centre. The slightly disturbed host of FRB 20200723B shows a much greater discrepancy between the two points, which corresponds to a significantly different
measured value of A3D.

important for future studies which do the same. Of course, we reit-
erate that only three of these targets satisfy the spatial resolution
requirements outlined in Deg et al. (2020) for robust asymmetry
modelling. However, using just these we can clearly show how
difficult it can be to make physically meaningful asymmetry mea-
surements.

Figure 10 presents a smoothed sampling of the A3D space with
respect to the choice of central (x,y,z) voxel, for the hosts of FRB
20190425A and FRB 20200723B. The red stars represent the cho-
sen rotation centre (i.e. the flux-weighted spectral centre of the
optical centre of brightness) whereas the black crosses represent
simply the flux-weighted centre of the masked cube. It can be seen
that very slight changes in the choice of rotation voxel can lead to
significant variations in the returned A3D value.

The host of FRB 20190425A is undisturbed, and thus the dis-
crepancy between theA3D value measured using our chosen centre
and the flux-weighted centre is just 0.009. However, for the slightly
disturbed host of FRB 20200723B, using the latter cuts the mea-
sured value in half, from 0.210 to 0.108. This makes intuitive
physical sense; a flux-weighted centre will always be biased by
extended/disrupted emission. However, it is interesting to observe
how significantly this impacts the asymmetry quantification even
for such a low level disruption, essentially completely concealing
its existence. Thus, we recommend that if kinematic modelling is
not possible/feasible in order to ascertain a kinematic centre, it is
certainly worth deriving the rotation voxel from optical data rather
than HI data.

7. Conclusions

In this study, we have probed the HI emission from 17 FRB
host galaxies to investigate the emerging trend of disturbance and
asymmetry in the population.We detect emission from 16 of these;
the other is known to be transitioning to a quiescent stage and
thus is less likely to contain a significant gas reservoir. By examin-
ing the spectra and intensity maps, and using various asymmetry
quantification metrics, we identify six hosts which are disturbed,
four which are not, and three which require deeper observations
to draw clear conclusions on. Incorporating past results leads to a
disturbed-to-settled HI profile ratio for FRB hosts of 11:6, which
tells a much different story to the previous ratio of 5:0 (or 5:1
when including the inconclusive result of Glowacki et al. 2023).
The ratio we find yields a p-value of 0.222 under the assumption of
an underlying 1:1 distribution as is roughly expected of the back-
ground galaxy population. This clearly signifies that the observed
excess of disturbance in FRB hosts is not statistically significant,
dispelling any consistent underlying link between FRB progeni-
tor formation and host galaxy merger activity. However, given 21
of 22 FRB hosts now observed in HI do indeed contain emitting
HI reservoirs, the connection between these progenitors and star
formation is further solidified.

In accordance with their optically derived stellar masses, FRB
host galaxies are mostly massive in HI, but exhibit a spread in
gas and baryon fraction that is unremarkable with respect to the
background population. Hosts of repeating FRBs may be slightly
less massive on average than those of apparently non-repeating
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FRBs, though our sample size is too small to draw firm conclu-
sions. Similar observations have been noted in recent stellar-mass
studies, but significance tests in those works fail to confirm a
difference; we perform comparable tests on our independent sam-
ple of repeater hosts and likewise find no statistically significant
difference.

With a number of low-z FRBs localised since the start of this
study, and with CHIME DR2 on the horizon, a significantly larger
sample of local Universe FRB hosts should be observable in HI
in the near future. Highly resolved HI maps of these hosts may
offer clues to aid in disentangling their contributions from the
measuredDMof FRBs. Future works with a large sample of arcsec-
ond localised nearby FRBs should aim to investigate the relation
between HI column density and excess DM, and should also focus
on probing the potential mass discrepancy between the hosts of
repeating and non-repeating FRBs.
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Appendix

Appendix A. Additional Information

Table A1. Extra information for Figures 1 and 2. Columns 3 and 4 display the resolution and RMS sensitivity of
the bold (i.e. binned) spectra in each case in Figure 1. Columns 5 and 6 display the HI column/surface densities as
presented in Figure 2, starting with the 3σ level as returned by SoFiA-2, and increasing by the multiples given in
column 7.

Spectra Moment Maps

Resolution RMS 3σ NHI 3σ �H<sc>i</sc>

FRB Name Observation (km s−1) (mJy) (×1020 cm−2) (M� pc−2) Multiples

FRB 20181220A GMRT 29.2 0.62 1.99 1.60 1,2,4,8

FAST 12.9 0.30 – – –

FRB 20181223C GMRT 11.6 1.32 1.36 1.09 1,2,4

FAST 9.7 0.14 – – –

FRB 20190418A GMRT 46.7 0.46 3.95 3.17 1,2,3,4

FRB 20190425A GMRT 14.5 2.34 1.12 0.90 1,2,4,8

FAST 12.9 0.99 – – –

FRB 20200223B GMRT 10.4 0.50 – – –

FAST 12.9 0.36 – – –

FRB 20200723B MeerKAT 44.1 3.26 1.26 1.01 1,2,4,8

FRB 20201123A MeerKAT 132.3 0.14 2.13 1.71 1,2,4

FRB 20210405I MeerKAT 11.0 0.93 0.67 0.53 1,2,4,8

FRB 20211127I MeerKAT 11.0 0.81 0.93 0.74 1,2,4,8,16

FRB 20211212A MeerKAT 22.0 0.35 0.28 0.23 1,2,3

FRB 20231229A MeerKAT 21.3 1.65 0.27 0.22 1,2,4

FRB 20231230A MeerKAT 44.1 1.42 0.31 0.25 1,1.3,1.6,1.9

FRB 20240201A MeerKAT 22.0 0.35 1.24 0.99 1,2,4,8,16

FAST 12.9 0.20 – – –

FRB 20240210A MeerKAT 11.0 0.95 2.39 1.91 1,2,4,8

FRB 20240312D MeerKAT 22.0 0.34 1.20 0.96 1,2,4,8

FRB 20240615B MeerKAT 11.0 0.43 0.27 0.22 1,2,4

FRB 20240615B MeerKAT 10.4 5.94 0.27 0.22 1,2,4
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Appendix B. Asymmetry Metrics vs. Resolution

As outlined in Section 4.1, measuring the asymmetry metrics at
various resolutions is particularly important for lower SNR targets.
Figure B1 demonstrates our methods for determining the optimal
resolution at which to takemeasurements. Here we take a high res-
olution, lower SNR target (the host of FRB 20210405I), and display
the values of Aflux, Aspec, and A1D as a function of rebinning fac-
tor. The values appear to be particularly unstable at low rebinning
factors (due to noise) and high rebinning factors (due to resolu-
tion); these regimes are shown in red. The green region appears
the most stable in all three metrics, with the central rebinning fac-
tor of 4 thus chosen as the one we use in our final asymmetry
measurement.

Figure B1. 1D asymmetry metrics for FRB 20210405I at various resolutions.
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Appendix C. Kinematic Modelling of FRB 20200723B

Figure C1. Comparison between observations of the host of FRB 20200723B (left) and a smooth rotating disk model from 3DBarolo (centre), with residuals shown (right).
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Appendix D. Host Disturbance vs. HI Properties

Figure D1 presents an identical plot to Figure 8, just with FRB
hosts colour-coded by our disturbance classification. Red targets
are those we consider disturbed, orange are potentially disturbed,
and green are settled.

(a)

(b)

(c)

Figure D1. Same as Figure 8 but with targets coloured by disturbance classification.
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