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ABSTRACT

Several sources of repeating coherent bursts of radio emission with periods of many minutes have now been reported in
the literature. These ‘ultralong period’ (ULP) sources have no clear multiwavelength counterparts and challenge canonical
pulsar emission models, leading to debate regarding their nature. In this work, we report the discovery of a bright, highly
polarized burst of radio emission at low Galactic latitude as part of a wide-field survey for transient and variable radio sources.
ASKAPJ175534.9—-252749.1 does not appear to repeat, with only a single intense two-minute ~200-mJy burst detected from
60h of observations. The burst morphology and polarization properties are comparable to those of classical pulsars but the
duration is more than one hundred times longer, analogous to ULPs. Combined with the existing ULP population, this suggests
that these sources have a strong Galactic latitude dependence and hints at an unexplored population of transient and variable
radio sources in the thin disc of the Milky Way. The resemblance of this burst with both ULPs and pulsars calls for a unified
coherent emission model for objects with spin periods from milliseconds to tens of minutes. However, whether or not these are
all neutron stars or have the same underlying power source remains open for debate.

Key words: stars: neutron — pulsars: individual —radio continuum: transients.

1 INTRODUCTION

Searches for transient radio sources, independent of any multiwave-
length trigger, have traditionally been hindered by a combination
of sensitivity and field-of-view. However this has changed with
the advent of the Square Kilometre Array (SKA) Pathfinders —
the Murchison Widefield Array (MWA; Tingay et al. 2013; Wayth
et al. 2018), the Low Frequency Array (van Haarlem et al. 2013),
MeerKAT (Jonas & MeerKAT Team 2016), and the Australian SKA
Pathfinder (ASKAP; Hotan et al. 2021). All-sky surveys such as
the Very Large Array Sky Survey (Lacy et al. 2020) and the Rapid
ASKAP Continuum Survey (RACS; McConnell et al. 2020) have also
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led to the possibility of serendipitous transient searches. Millisecond
time-scale coherent transients such as fast radio bursts (FRBs) are
now found regularly (e.g. CHIME/FRB Collaboration 2021) and
searches for synchrotron afterglows on time-scales of weeks—years
have also yielded several detections (e.g. Dong et al. 2021; Dobie
et al. 2022; Dong & Hallinan 2023).

Even with this proliferation of new discoveries, few radio surveys
have probed intermediate time-scales (seconds—hours) due to the
computational and observational requirements of doing so. FRB
searches can be conducted using standard pulsar backends and
afterglow searches typically utilize a small number of deep images,
but searching for radio variability on ~minute time-scales requires
forming a much larger number of images which is computationally
expensive. However, these searches are now becoming feasible —
Dobie et al. (2023) reported the discovery of several radio sources
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with minute-time-scale variability in a day-cadence transient survey,
Fijma et al. (2024) describe a search for radio transients on time-
scales of 8s, 128s, and 1h, and Wang et al. (2023b) reported the
discovery of 38 radio variables on 15 min time-scales, including six
rapid scintillators associated with a large plasma filament (Wang
etal. 2021).

In addition, several sources of repeating coherent bursts with
periods of minutes, much longer than canonical pulsar rotation
periods, have now been reported. CHIME J0630+25 has a period
of 7min (Dong et al. 2024), GLEAM-XJ1627 has a period of
18.18 min (Hurley-Walker et al. 2022), GPM J1839—10 has a period
of 22min (Hurley-Walker et al. 2023) ASKAPJ1935+42148 has
a period of 54min (Caleb et al. 2024), ILTJ1101+5521 has a
period of ~2.1h (de Ruiter et al. 2024) and GLEAM-XJ0704—37
has a period of ~2.9h (Hurley-Walker et al. 2024). These six
new discoveries are remarkably similar to the Galactic-centre radio
transient GCRT J1745—3009, which has a period of 77 min (Hyman
et al. 2005). None of the sources have detectable persistent radio
emission. Two (ILTJ110145521 and GLEAM-XJ0704—37) have
optical counterparts, while the others have no multiwavelength coun-
terparts (Kaplan et al. 2008; Rea et al. 2022, and the aforementioned
discovery papers). For the purposes of this work, we consider these
sources to be four members of the emerging class of ultralong
period sources (ULPs).! The physical origin of these sources is
unclear, but the leading prospects are white dwarfs or neutron stars
(e.g. Tong 2023). A number of scenarios have been proposed to
explain the unusually long periods in these scenarios (e.g. wind-
dominated spin-down of aregular pulsar; Sun et al. 2024), while more
exotic origins have also been proposed (e.g. Baumgarte & Shapiro
2024).

In this work, we present the discovery of a new radio tran-
sient source at low Galactic latitude. ASKAP J175534.87—-252749.1
(hereafter ASKAP J1755) was detected as a single coherent burst
lasting approximately 2 min, with high circular and linear polar-
ization. In Section 2, we present the discovery and follow-up
observations. In Section 3, we analyse the burst properties and in
Section 4, we discuss possible origins and the implications of this
discovery.

2 OBSERVATIONS AND RESULTS

2.1 The Variables And Slow Transients (VAST) survey

The Australian Square Kilometre Array Pathfinder (ASKAP; Hotan
et al. 2021) is a radio interferometer consisting of thirty-six 12m
dishes located at Inyarrimanha Ilgari Bundara, the CSIRO’s Murchi-
son Radio-astronomy Observatory in Western Australia. Each dish
is equipped with a phased array feed that is used to form 36
dual linear polarization beams on the sky, giving ASKAP a field
of view of approximately 30 square degrees at typical observing
frequencies. All cross-correlations are recorded (providing full-
Stokes information) in 10s integrations, and in the observations
considered here, across 1 MHz wide channels. All ASKAP imaging
data are calibrated and imaged with ASKAPSOFT, which produces
per-beam calibrated visibilities and full-Stokes images for the
full field of view. Total intensity catalogues and noise maps are
generated with SELAVY (Whiting & Humphreys 2012), with all data

ICaleb et al. (2022) reported the discovery of a pulsar with a 76 s period,
although this has been suggested to have a canonical pulsar origin (e.g. Rea
et al. 2024).
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automatically uploaded to the CSIRO ASKAP Science Data Archive
(CASDA?) and made public after passing scientific validation.

The Variables And Slow Transients (VAST) project (Murphy
et al. 2021) is a Survey Science Project that ASKAP will carry
out across its first five years of operation. VAST observes a series
of 42 fields (40 targeting the Galactic plane and one targeting each
of the magellanic clouds) on an approximately fortnightly cadence,
with another 265 extragalactic fields observed approximately every
two months. VAST observations use the Square_6 x 6 footprint with
288 MHz of bandwidth centred on 887.5 MHz — the same as the
RACS (McConnell et al. 2020). The typical sensitivity across the
full survey footprint is 250 pJy, although it can reach ~500 wy
close to the Galactic plane due to bright sources, extended emission
and source confusion.

In this work, we use the post-processed (Jiang et al. 2024) VAST
data, which has been corrected for flux scale and astrometry relative
to RACS and cropped to a central 6.3° x 6.3° square. We regularly
ingest the post-processed data covering the period from into the
VAST pipeline (Pintaldi et al. 2022) as it becomes available. The
VAST pipeline takes images, noise maps and source catalogues from
ASKAP observations, runs source association, carries out forced
photometry where appropriate, and calculates source statistics. The
resulting data can then be queried programmatically using VAST-
TOOLS, a PYTHON package designed for interacting with VAST data
(Stewart et al. 2023).

2.2 Discovery

As part of VAST pipeline testing we ran a search for sources with
a single detection on an early subset of the VAST Galactic survey
including observations through to early 2023. We selected sources
that satisfied the following criteria:

(1) nearest neighbour distance larger than 1 arcmin;

(ii) average compactness (peak flux density divided by integrated
flux density for each measurement) between 0.8 and 1.4;

(iii) number of relations equal to zero (i.e. the source is isolated).

These cuts remove most variable false positives such as ex-
tended multicomponent sources and imaging artefacts close to bright
sources. We also only consider sources with a maximum peak flux
density >5 mJy and a signal-to-noise >10 for observations in which
they are detected. Using both parameters may seem unnecessary
as they are comparable quantities, but doing so removes imaging
artefacts in noisy areas (which would pass a peak flux density cut,
but not a signal-to-noise cut) and noise spikes in areas where the
source finder underestimates the noise (which would pass a signal-
to-noise cut, but not a peak flux density cut).

We then searched for sources with a single detection and then
used VAST-TOOLS to determine whether that detection was circularly
polarized. ASKAP J1755 was the only source that satisfied all criteria
in the original search, although several other sources have been
detected in more recent searches, which will be presented in future
work.

ASKAP J1755 was detected in SB47253 on 2023-01-21 with a flux
density of 25.9 & 0.8 mJy and a circular polarization fraction of ~25
per cent. After applying astrometric corrections (see Appendix C for
details), we measured a position of 17:55:34.9(1) —25:27:49.1(1),
with uncertainties in the final digit quoted in brackets. This position

Zhttps://research.csiro.au/casda/
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is covered by two overlapping adjacent fields, meaning that there are
85 observations of the position in our sample.

We downloaded the calibrated measurement set of SB47253 beam
33 (the beam most sensitive at the position of the burst) from CASDA
and generated dynamic spectra using DSTOOLS (Pritchard 2024).
A detailed description of this process is available in Appendix A.
The resulting dynamic spectra (Fig. 1) show that the observed radio
emission consists of a short burst with both circular and linear
polarization components. We performed Faraday rotation measure
(RM) synthesis (Brentjens & de Bruyn ) and found an RM of
961 +45radm™2,

The dynamic spectrum shows no frequency-dependent time evo-
Iution and we are therefore able to average across time to create
a spectral energy distribution (SED), and average across frequency
to create a standard light curve time-series. Averaging the dynamic
spectrum for each Stokes parameter (after correcting the Stokes Q
and U for Faraday rotation) results in the light curves shown in Fig.
2. We also calculate the linear polarization position angle, defined
as

1 Sy (t)
W(t) = 5 arctan (Sg(t)) , (D

where W is the polarization angle in radians, and Sy (f) and Sy ()
are the frequency averaged de-rotated flux density measurements
of Stokes Q and U, respectively. We measure a time above half-
maximum of 80s for the Stokes [ (total intensity) light curve,
although the emission is detectable above So for 140s. Averaging
the Stokes I dynamic spectrum across the fourteen 10 s time samples
where the frequency-averaged lightcurve shows emission above 5o,
we find the resulting SED is well fit by a power law with an extreme
spectral index of « = —3.1 £ 0.1, where S, o v, similar to the four
known ULPs.

The light curve shows a weak leading flux density excess
commencing ~230s into the observation. This excess also shows
substantial degrees of linear polarization, with a position angle
of ~ —45°. Because the burst is located close to the end of the
observation we are unable to determine whether this excess is
symmetric in time or confined to before the burst. These scenarios
correspond to a total burst duration of approximately 700 or 380 s,
respectively.

We also fitted the Stokes I dynamic spectrum with a dis-
persed Gaussian model and find a tentative dispersion measure
(DM) of 71072% pcecm™ (see Appendix B for details), although
we note that the inferred dispersion delay across our observing
band is significantly less than the integration time. Using the
YMW16 model for the Milky Way electron density (Yao, Manch-
ester & Wang 2017), this corresponds to a distance of ~4.7kpc
and a luminosity of ~5 x 10*' ergs™! Hz~!. The magnitudes of
DM and RM are consistent with Galactic plane lines of sight
probed by e.g. radio pulsars (e.g. Figure S8 of Ryder et al.
2023).

Based on the inferred burst distance, brightness, and duration we
estimate a brightness temperature to be Ty, &~ 3 x 10'2 K D3 ,, where
D = 4.7D47kpc is the distance to the burst source. This brightness
temperature confirms the burst to have been produced by a coherent
emission process. The brightness temperature, time-scale, luminosity
and spectral index are all comparable to the known ULP population
(Hyman et al. 2005; Hurley-Walker et al. 2022, 2023; Caleb et al.
2024; de Ruiter et al. 2024; Dong et al. 2024; Hurley-Walker et al.
2024)

Discovery of ASKAP J175534.9—252749.1 911

2.3 Search for a multiwavelength counterpart
2.3.1 MeerKAT

We observed the position of the burst on 2023-05-28 with the L-band
receiver on the MeerKAT radio telescope under a Director’s Discre-
tionary Time (DDT) proposal (proposal ID: DDT-20230525-DD-01).
The observing block consisted of 11 x 30 min scans on the target,
interleaved with 60 s scans of the phase calibrator J1833—2103. We
used 2 x 300s scans of the radio galaxy J1939—6342 for bandpass
and flux calibration, and a 200 s scan of J1331+3030 for polarization
calibration. We performed standard flagging, calibration and imaging
with the IDIA MeerKAT pipeline? to form a deep image, with a noise
level of ~25 pJy/beam in the region around the burst. The noise is
dominated by the complex extended emission associated with the
Galactic Centre. We detect no emission at the transient location, with
a 30 upper limit of 75 uJy. We formed dynamic spectra using the
same process as in Section A. We find no evidence for any emission
at the burst location in the 8 s/1 MHz dynamic spectrum with a 3o
upper limit of 750 ply.

We queried the MeerKAT archive* and found a series of obser-
vations with the UHF receiver covering the location of the burst
under schedule block 20190215-0010. The schedule block consists
of 9 separate pointings, of which two (N1R0O1CO05 and N1R02C06)
contain the burst location within the full width-half-maximum of the
primary beam. The corresponding time on source is 71 min across
an 8h observation. The same bandpass, flux and gain calibrators
were used, although no polarization calibrator scan was conducted.
We performed the same procedure as above to generate a dynamic
spectrum and found no evidence for any emission at the burst
location. The primary beam response at the burst location is > 0.7,
so we place a 30 upper limit on repeat bursts within the dynamic
spectrum of 1.1 mJy.

2.3.2 Murchison Widefield Array

The burst position was also observed with the MWA at 185-215 MHz
as part of the Galactic Plane Monitoring program (GPM; project code
G0080). The program is briefly described by Hurley-Walker et al.
(2023) and will be fully described by Hurley-Walker et al. (in prep.)
There are 446 five-minute scans that cover the burst location spanning
2022-06-02 to 2022-09-08, corresponding to 74.3 h of coverage in
total. After subtracting a continuum model of the field, imaging was
performed at a 4-s time cadence. No bursts are detected with a typical
noise level of 50 mJy beam™'. This corresponds to a 3¢ upper limit
of 1.5 mJy at 888 MHz, assuming a spectral index of « = —3.1 based
on the observed burst.

2.3.3 Murriyang

We performed follow-up observations with the Parkes/Murriyang
radio telescope UWL receiver for 3.5 h from 2023-04-13 20:30 UTC.
Observations were conducted in search mode at centre frequency
1856 MHz with a bandwidth of 1024 MHz and 4096 channels
(frequency resolution of 250kHz) and a time resolution of 64 ps.
Observations were split into separate files, each containing 11.5 min
of data. We searched for periodic pulses using Heimdall and PRESTO
and did not find detect any repetition burst activity from the

3https://github.com/idia-astro/pipelines
“https://archive.sarao.ac.za/
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Figure 1. Dynamic spectra, showing flux density as a function of observing frequency (vertical axis) and time (horizontal axis) from the observation in which
ASKAP J1755 was discovered for all four Stokes parameters. Stokes Q and U data have not been corrected for Faraday rotation. The burst is detected in all

polarizations at approximately 9.5 min into the observation.
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Figure 2. Bottom: frequency-averaged light curve for ASKAPJ1755, in
Stokes I (black), de-biased linear polarization corrected for Faraday rotation
(‘L’; red), and Stokes V (blue). Top: the linear polarization position angle,
W. Position angle measurements are only shown where they are statistically
significant. Data are taken from SB47253, which started on 2023-01-
21T00:51:45.

observation. The non-detection indicates an S/N > 3 upper limit
of 0.06 Jy with a repetition 95 percent upper limit of < 0.85h~!
(Gehrels 1986).

2.3.4 Ultraviolet and X-rays

We searched for archival X-ray observations that overlap the
position of ASKAPJ1755. We find that the location of source
was observed serendipitously by the XMM-Newton Observatory
(Jansen et al. 2001) ~ 256d after the source was discovered
and by the Neil Gehrels Swift Observatory (Swift; Gehrels et al.
2004), ~3792d prior to discovery. To place constraints on the
presence on an X-ray source that may be associated with the
radio transient, we reduced both the XMM-Newton and Swift X-ray
Telescope data.

Swift observed the location of ASKAP J1755 three times between
MID 56 168 and MJD 56 175 (ObsIDs: 00043737002,00043738001-
00043738002). It simultaneously observed this location with the
UltraViolet and Optical Telescope (UVOT; Roming et al. 2005) and
X-Ray Telescope (XRT; Burrows et al. 2005). Due to the positioning
of the UVOT and XRT, only 00043738001 and 00043738 002

Discovery of ASKAP J175534.9—252749.1 913

had overlapping UVOT observations of the source, while only the
UVM2 filter was used for these observations. Aperture photometry
was obtained using the UVOTSOURCE package and a source
and source-free background region of 5” and 207, respectively
was used. We find no UV source at the location of the transient
and obtain a 3 sigma AB magnitude upper limit of 21.5 in the
UVM?2 filter.

The source was observed using photon counting mode of the XRT
and all observations were processed using the XRTPIPELINE version
0.13.7, the most up-to-date calibrations and standard filters and
screenings. As these observations were taken within a short period of
time, we merged all three observations using XSELECT version 2.5b
to place the strongest constaints on the X-ray emission at location of
the transient prior to its discovery. Using a source region with a radius
of 50” centred on the position of ASKAP J1755 and a nearby source
free background region, we find no significant X-ray emission from
this location prior to the transient. Using this merged observation
and assuming an absorbed power law with a photon index of 2 and a
Galactic column density of 1.37~ 10?> cm~2 (HI4PI Collaboration
2016), we derive a 30 upperlimit for the absorbed (unabsorbed) flux
of 1.4x107Bergem™2s7! (2.9x107 3 ergcm=2s7!) over the 0.3—
10.0keV energy range.

XMM-Newton observed the location of ASKAPJ1755 once on
MID 60221 (ObsID: 0886090601). We reduced this observation
using the XMM-Newton Science System version 21.0.0, the most up
to date calibration files and standard screening of events and flags as
suggested by the XMM—-Newton Users Handbook. As XMM-Newton
suffers from background flares and periods of high background, we
filtered the data of these flares producing clean event files for our anal-
ysis. XMM-Newton observations have three detectors corresponding
tothe MOS1,2 and PN. While the MOS detectors have a higher spatial
resolution, due to the high sensitivity, and large effective area of the
PN detector, we use the PN observation to constain the presence
of X-ray emission coincident with the location of ASKAPJ1755.
We find no X-ray emission coincident with the location of the
source after the detected radio flare. Using a circular region with
a radius of 30” centred on the location of ASKAPJ1755 and a
120” source-free background region, we derive an 30 upperlimit
to the count rate of 0.013 counts/sec in the 0.3-10.0keV energy
band. Using the same absorbed power law that we used for the Swift
data, we derive a 30 upperlimit to the absorbed (unabsorbed) flux
of 6.6x107*ergem™2s7! (1.3x107 3 ergcm=2s7!) over the 0.3—
10.0keV energy range.

2.3.5 Optical and infrared

The proximity of the burst to the Galactic plane means that the
utility of optical and infrared observations is limited due to extinction
from dust. Using the NED extinction calculator’, we estimate
there is ~75 magnitudes of extinction at g band, decreasing to
~7 magnitudes at K band (Schlafly & Finkbeiner 2011), along
this line of sight to extragalactic sources. The burst is likely
Galactic, based on its Galactic latitude and tentative DM and
hence the actual extinction to its position is lower than the above
limits, but non-trivial to estimate accurately. Nevertheless, we have
searched archival optical and infrared survey data for a potential
counterpart to the burst.

We find no catalogued sources at the burst location, but do note
the presence of a star 2.9” away from the burst position (RA =

Shttps://ned.ipac.caltech.edu/extinction_calculator
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Table 1. Deepest optical and infrared limits at the location of ASKAP J1755
from archival DECam imaging and the VISTA Variables in the Via Lactea
(VVV; Minniti et al. 2010). We coadded all available frames at the burst
location from the NOIRLab Astro Data Archive from 2013-2019 and VVV.
These limits are not corrected for extinction, which may be as high as ~ 75
magnitudes in g band.

Survey Band AB Mag.

DECaPS > 24.5
> 24.0
> 233
>22.5

>21.4

VVV > 19.8
> 19.0

> 18.1

NI~ o~y ®

17:55:34.71, Dec. = —25:27:50.6; i ~ 21.4 AB) in both the DECam
Plane Survey (DECAPS; Saydjari et al. 2023) and PanStaRRS-1
surveys (PS1; Chambers et al. 2016). Both surveys use stacked
images that are not necessarily observed concurrently, with PS1
observations carried out from 2012-2013 and DECaPS observations
carried out from 2016-2017. The position of the star is consistent
between both surveys to within the ~100 mas uncertainties, and
hence we infer a proper motion of < 25 mas per year. We therefore
rule out this star as the burst progenitor due to the > 100 offset.
For completeness we report the deepest optical and infrared limits
available from archival data in Table 1.

The burst location is covered by two major time-domain surveys —
ZTF (Bellm et al. 2019; Graham et al. 2019) and PS1. ZTF observed
the field 712 times between 2018-05-08 and 2023-06-30, to a typical
sensitivity of 20.5 AB mag in the g, r, and i filters, including minute-
cadence monitoring consisting of 142 observations in the r filter on
2019-06-02. PS1 observed the field 71 times between 2010-03-28
and 2014-06-27 in the g, r, i, z and yp, filters to a typical sensitivity
of 23 AB mag. Neither survey reports any detections at the burst
location.

3 POLARIZATION ANALYSIS

3.1 Rotating vector model

The linear position angle swing across the profile shown in Fig.
2 bears a striking resemblance to those seen among radio pulsars.
There, the S-shaped sweeps are interpreted under the rotating vector
model (RVM) of Radhakrishnan & Cooke (1969), where the linear
polarization position angle (PA) corresponds to the sky-projected
magnetic field direction of a rotating dipole on the plane of the sky.
Note that this formalism has also been previously applied in scenarios
where the local magnetic topology of a possible higher order
multipolar field approximates a dipole (e.g. radio-loud magnetars;
Kramer et al. 2007; Lower et al. 2021). RVM fits to the PA swings of
pulsars provide us with measurements of their magnetic and viewing
geometries (Johnston et al. 2023), where the PA as a function of
rotation phase is modelled as

sin o sin(¢ — ¢o)

sin ¢ cosa — cos ¢ sina cos(¢p — ¢g)’

tan(W — W) = 2)

where W is the position angle at some reference pulse phase (¢y),
« is the angle between the spin and magnetic axes of the star, and ¢
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Figure 3. Resulting magnetic inclination angle («) and impact parameter (8)
from RVM fits to ASKAP J1755. Each set of contours shows the 68 per cent
and 95 per cent confidence intervals, where the colour indicates the assumed
pulse duty cycle.

is the inclination angle of the spin axis from our line of sight. The
angle of closest approach between the magnetic axis and our line of
sight can be computed as B = ¢ — «.

Typical RVM fits require a-priori knowledge of the pulsar rotation
period. If we assume that ASKAP J1755 originated from a rotating
object, such as a ULP, then we can infer its magnetic and viewing
geometry via RVM fits to the position angle swing using various
presumed pulse duty cycles. A similar approach was recently applied
to an apparently non-repeating FRB that also displayed a curiously
RVM-like position angle swing (Mckinven et al. 2024). In Fig.
3 we show the recovered posterior distributions of « and 8 for
eight different pulse duty cycles ranging between 5-95 percent
for a putative burst width of ~380 s based on the time that any
emission was detectable. Considering only the burst-like component
would imply lower values of 8, while assuming that the steady pre-
burst component is symmetric around the burst would imply the
opposite. The recovered values of « are all broadly consistent re-
gardless of the input duty cycle, with median values ranging between
119°-142° and substantial overlap at the 68 percent confidence
interval. Conversely, the median magnitude of 8 increases from ~ 1°
to ~ 19° as the duty cycle is increased from 5 per cent to 95 per cent,
as the corresponding decrease in position angle gradient across the
burst requires a larger offset between the magnetic axis and our line of
sight. Very few radio pulsars have been found to possess 8| > 15°,
and those that do are subject to large measurement uncertainties
(Johnston et al. 2023; Wang et al. 2023a). If ASKAPJ1755 arises
from a population with B similar to that of pulsars, then this model
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Figure 4. Black crosses: Poincaré sphere representation of the Stokes
parameters Q, U, and V as a fraction of total polarization P for the main
burst of ASKAP J1755, from 527 to 617 s after the start of the observation.
Black arc: output of modelling the burst as the partially coherent sum of
two elliptical orthogonal modes with the phase offset between the modes
increasing linearly with time. The arc shape replicates the behaviour of the
data: full details of the model are given in the text.

disfavours pulse duty cycles >80 per cent. The four published ULP
sources have duty cycles ranging from 5-15 percent, suggesting
that if ASKAPJ1755 is a ULP then it has [B] < 2.5° based on
Fig. 3.

3.2 Partially coherent mode addition

Although the position angle swing appears to resemble an RVM
curve, the rotating-vector-model interpretation of the burst po-
larization does not consider the substantial circular polarization
present. Dyks (2020) discussed how, for radio pulsars, a transition of
polarization state close to the Stokes V pole on the Poincaré sphere
can lead to distortion of the PA that appears to resemble an RVM
swing. This motivates considering the polarization state as a whole,
including the circular polarization: plotting the Stokes parameters
Q, U, and V as fractions of total polarization P, we find that the
polarization state of the main burst follows an arc on the surface of
the Poincaré sphere (see Fig. 4).

Similar arc shapes have been seen in the polarization of radio
pulsars and have often been interpreted as coherent mode transi-
tions (Edwards & Stappers 2004; Dyks, Weltevrede & Ilie 2021;
Primak et al. 2022). Oswald et al. (2023a) demonstrated that,
for the radio pulsar population, the presence of strong circular
polarization is correlated with deviations of the position angle
from an RVM curve. Oswald, Karastergiou & Johnston (2023b)
developed the partial coherence model to explain this as origi-
nating from two orthogonal modes combining together partially
coherently, and partially incoherently, to generate simultaneously
in the observed pulsar a rotation of the position angle, the presence
of circular polarization, and an overall depolarization of the radio
emission. They demonstrated that the partial coherence model can
generate arcs on the Poincaré sphere if the phase offset between
the two orthogonal modes is allowed to vary smoothly across the
pulse.

Motivated by the similarity between ASKAPJ1755 and these
results for radio pulsars, we sought to use the partial coherence model
of Oswald et al. (2023b) to account for the polarization state of this
burst. We find that the burst is best described by the partially coherent
addition of orthogonal modes that are also inherently elliptical. The
relative amplitudes of these modes remain constant across the burst,
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as does the coherence fraction (the extent to which they combine
coherently versus incoherently). However, the phase offset between
the two modes increases linearly with time to produce the varying
polarization state across the burst. Using the fully elliptical version
of the partial coherence model (see appendix A4 from Oswald et al.
2023b) we are able to visually replicate the key polarization features
of the burst with the following constant parameters: C = 0.58, y =
0.8, =—1,8 =1, x =—35° ¢ = 35° and with the phase offset
n varying linearly with time between —35° and 185°. This generates
the same arc shape on the Poincaré sphere. These parameters describe
an inherent polarization mode with a position angle of —45° and an
ellipticity angle of 17.5°, which is then combined partially coherently
with its orthogonal counterpart. In this model, the position angle is
inherently flat, and equal to —45°, throughout the entire burst, not
just for the previously described weak leading flux density excess.
The rotation of polarization state we observe between 527 and 617 s
comes entirely from combining the two modes with a varying phase
offset.

Fig. 5 provides a visual comparison between ASKAP J1755 and
the output of the partial coherence model generated from these
parameters. Comparing the Stokes parameters for the data and
model more carefully in Fig. 6, we see that the model does not
completely replicate the Stokes parameters as a fraction of total
intensity: the observed polarization fraction is slightly lower than
that modelled. This may mean that there is an additional source
of unpolarized radio emission in addition to that generated by
partially coherent mode addition, or alternatively it may be that
the mathematical implementation of the partial coherence model
is not completely accounting for all of the incoherent mode addition,
possibly due to the model-simplifying choice of having only one
coherence fraction parameter C (see appendix A2 of Oswald et al.
2023b). However, the model successfully recreates the Stokes
parameters as a fraction of total polarization: the simultaneous
rotation of the PA and the presence of large amounts of circular
polarization are fully accounted for. Overall, the implication of
being able to model the polarization state of ASKAPIJ1755 so
successfully is that it must, at least in part, have been influenced
by propagation of the radio waves through a birefringent medium,
which would enable orthogonal modes to be produced, and to
interact.

4 DISCUSSION

4.1 Classification

The duration and luminosity of ASKAP J1755 is broadly consistent
with the current population of ULP sources, although the simple
morphology of the total intensity burst differs with the sub-pulse
structure observed in the current sample. We see no evidence for
any repeat bursts in the other 80 VAST observations that cover
this location from the start of the pilot survey in 2019 through to
2024-02-02, corresponding to 16 total hours on-source. We also
find no repeat bursts in 6.7h of MeerKAT observations, corre-
sponding to a combined duty cycle of ~0.1 percent at GHz-
frequencies. Combining that with the lack of detections in 74.3h
of the GPM survey (Section 2.3.2) we measure an overall duty cycle
of ~0.03 per cent.

Such a low duty cycle may be intrinsic or may be the product of the
bursts being intermittent or having a flat energy distribution. Given
that GPM J1839—10, GCRT J1745—3009 and ASKAP J1935+2148
are all highly intermittent, we interpret the low duty cycle as originat-
ing from intermittency. Assuming ASKAP J1755 was active for 16d
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Figure 5. Polarized radio emission from ASKAP J1755 around the time of
the burst. The top panel shows the polarization angle profile and the bottom
panel shows the light curve for Stokes / (black circular markers and solid
line), Q (orange square markers and dotted line), U (red diamond markers and
dashed line), and V (blue triangle markers and dot-dashed line). The markers
in both panels show the observed data, while the lines show the model as
described in Section 3.2. Uncertainties on the observed data are included,
but in most cases are smaller than the marker size. The model only contains
information about relative mode intensity, so we scale the output by the total
intensity of ASKAP J1755 to generate Stokes parameters for comparison. In
the PA plot, we mark the intrinsic model PA with a horizontal dashed line at
45°.

either side of the detected burst (comparable to GLEAM-XJ1627
being active for two one-month intervals, and motivated by the avail-
able VAST observations) we can conclusively rule out periods up to
43 min (implying a pulse duty cycle <5 per cent), and most periods
up to 2h (implying a pulse duty cycle < 2 per cent), based on the
non-detections during that time. Motivated by GCRT J1745—3009
being active for at least 6 h, we also consider a more conservative
scenario, relying only on the observation in which it was detected
and the observation of an adjacent overlapping field 27 min prior. In
this scenario we can conclusively rule out periods up to 18.5 min
and from 24-37 min (ruling out duty cycles 210 per cent and
from ~ 8 percent to ~ 5 per cent). Details of this analysis can
be found in Appendix D. The range of potential duty cycles in either
scenario are broadly consistent with the RVM parameters measured
in Section 3.1. We conclude that the data are consistent with an
intermittent ULP origin, although given the lack of repeat bursts we
cannot conclusively determine this.
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We also considered a stellar origin for ASKAPJ1755. Highly
magnetized stars, such as ultracool dwarfs, M-dwarfs, RS CVn
binaries, and magnetic chemically peculiar stars produce coherent,
highly polarized bursts with time-scales of milliseconds to hours
(e.g. Osten & Bastian 2008; Slee, Wilson & Ramsay 2008; Hallinan
et al. 2015; Villadsen & Hallinan 2019; Das et al. 2022). Many of
these stars produce periodic bursts at the stellar rotation period (~h),
which is interpreted as the result of beamed emission originating from
stable, field-aligned auroral current systems at the magnetic polar
regions of the star (Ergun et al. 2000; Treumann 2006; Hallinan
et al. 2015). These bursts — whether intermittent or periodic — are
usually highly circularly polarized (|V /I| > 50 per cent; Villad-
sen & Hallinan 2019; Pritchard et al. 2024), as expected for electron—
cyclotron maser emission from a mildly relativistic plasma. However,
rare examples of elliptically polarized emission have recently re-
ported (Lynch et al. 2017; Zic et al. 2019; Bastian, Cotton & Hallinan
2022), with fractional degrees of linear polarization <40 per cent.
This contrasts with the polarimetric properties of ASKAPJ1755,
which instead exhibits a high degree of linear polarization (peak-
ing at L/I > 60 per cent), and a more moderate degree circular
polarization (|V /1| ~ 40 per cent) The typical spectral luminosi-
ties of stellar radio bursts are 10'“-10'8 ergs™' Hz~' (Driessen
et al. 2024; Pritchard et al. 2024), much lower than the estimated
~5 x 10*' ergs™ ' Hz ™'

Finally, the radio detections of stellar radio bursts can usually be
associated with the responsible star in optical or infrared imaging.
Non-detection of an optical/infrared counterpart therefore usually
implies a distant star or cool star as the source of the emission. Taking
the J > 19.8 infrared limit (Table 1), and the catalogue of nearby
ultracool dwarfs from (Reid et al. 2008), we determine distance
lower limits on low-mass stellar counterparts of ~ 100-900 pc for
L8 to M6 spectral types. Based on a radio-to-bolometric luminosity
ratio Lyuq/Lypot ~ 107> (Berger et al. 2010), these distances would
imply radio flux densities < 90 pwJy for a typical radio-emitting
ultracool dwarf, which is a factor of ~3000 lower than the peak flux
density of ASKAP J1755. We therefore rule out a low-mass stellar
origin.

No other known class of transient is consistent with the observed
properties of the burst. For example, the time-scale and presence of
linear polarization is inconsistent with a dwarf nova or cataclysmic
variable interpretation (Coppejans et al. 2015; Mooley et al. 2017).
While the polarization properties of the burst are comparable to
canonical pulsars and magnetars, the duration is inconsistent. We
cannot rule out the possibility that ASKAP J1755 originates from a
previously undiscovered class of transient radio source, but consider
this an unnecessarily complex explanation. Instead our preferred
interpretation for the burst is as a single pulse from an intermittent
ULP source.

4.2 A population confined to the Galactic Plane

ASKAPIJ1755 is located at a Galactic latitude of b = 0.12° and
the five of the seven ULP sources in the literature (Hyman et al.
2005; Hurley-Walker et al. 2022, 2023; Caleb et al. 2024) are all
located within ~ 3 degrees of the Galactic plane. The thin disc
has a scale height of 279 pc (Vieira et al. 2023), corresponding
to an angular size of ~ 2° at the Galactic Centre. Six of the
seven ULP sources (all but GCRT J1745—3009) have distance
estimates, along with ASKAP J1755 and hence their position within
the Galaxy can be computed. ASKAPJ1755, GLEAM-XJ1627,
GPMJ1839—10, ASKAPJ1935+4-2148 and CHIME J0630+-25 all
lie comfortably within the thin disc while ILTJ11014-5521
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Figure 6. Left: comparison of the Stokes parameters Q, U, and V as a fraction of total polarization P of ASKAPJ1755 (shown with triangles and points)
and the equivalent output parameters of the partial coherence model (shown with dotted, dashed and solid lines). Right: the equivalent comparison, but now
comparing Stokes parameters as a fraction of total intensity 7, rather than total polarization P.

and GLEAM-XJ0704—37 are located at heights of |z| &~ 430pc
and |z| &~ 330pc above the Galactic plane respectively. While
GCRT J1745—3009 does not have a distance constraint, its extremely
low Galactic latitude (|b] ~ 0.5°) suggests it also lies within the thin
disc.

Interpretation of the positions of the existing sample of ULPs is
subject to some level of selection bias — e.g. GCRT J1745—-3009
was discovered in a targeted search of the Galactic Centre and
GPM J1839—10 was discovered in a search of the Galactic plane
covering |b| < 15°. However, the VAST survey covers ~1600 deg?
of the Galactic plane, with coverage extending up to |b| ~ 10°, along
with 265 other extragalactic fields covering ~ 10000 deg?. Hence,
our search is less affected by a potential positional selection bias than
previous searches.

Approximately 85 per cent of the Milky Way’s stars are located
in the thin disc (Allende Prieto 2010; Anguiano et al. 2020), so a
population of transients confined to the Galactic plane is not entirely
unexpected — indeed, it would almost be surprising if there was
not one. However, the observed distribution is so far inconsistent
with the distribution of classical pulsars which are found at a wider
range of Galactic latitudes due to high-velocity kicks imparted during
their formation (Hobbs et al. 2005). It is also inconsistent with
the observed distribution of white dwarfs, which spans a much
wider range of Galactic latitudes (Gentile Fusillo et al. 2021). In
contrast, the observed magnetar population (which is presumably
biased towards young, active objects) is found almost exclusively at
very low Galactic latitudes, with a typical scale height of 20-31 pc
(Olausen & Kaspi 2014).

If the ULP population is confined to the thin disc, they must
be associated with very young neutron stars, neutron stars with
little or no kick, or a different class of progenitor. The first
scenario is accessible if the stars rotation is rapidly decelerated
shortly after birth, e.g. by fall-back accretion from the surrounding
supernova remnant, thereby preserving their strong birth magnetic
field (Ronchi et al. 2022). This might be necessary to generate the
observed radio emission despite the slow spin periods. However,
one might expect bright X-ray emission from such magnetar-like
objects, and also that they would lie within visible supernova
remnants, such as the compact object in RCW103 (Rea et al. 2016).
The large distances of the radio-selected ULPs may make X-ray
emission difficult to detect, and confuse their surrounding supernova
remnants with other Galactic emission too much to be detected,
but this becomes increasingly untenable as further discoveries are
made.

The second scenario is difficult to justify. For example, Beniamini
et al. (2023) argue that the ULPs are instead older magnetars
(~ 10°°-10° yr), with considerably different magnetic field and
spin evolution to standard magnetars. Their modifications to these
evolutionary scenarios have no predicted correlation with kick
velocity. They therefore predict a population distribution similar
to that of pulsars. The third scenario is an exciting prospect with
as-yet unknown implications. Conclusively testing either the sec-
ond or third scenarios requires a larger sample of ULP systems,
both to confirm the Galactic latitude dependence and to better
understand the population properties in order to determine possible
progenitors.
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4.3 Implications for pulsar and ULP emission models

The apparent consistency of the polarimetric properties of
ASKAP J1755 with either the RVM or the partial coherence model,
as discussed in Section 3, has important implications for models
of pulsar and ULP emission mechanisms. Pulsar radio emission
is thought to originate from a relativistic plasma within a rotating
dipolar magnetosphere (e.g. Ruderman & Sutherland 1975), with the
resulting polarimetric phenomenology arising from a combination
of viewing geometry and propagation effects within the magne-
tosphere (e.g. Radhakrishnan & Cooke 1969; Mitra, Melikidze &
Basu 2023; Oswald et al. 2023b). The shared polarization mor-
phology between ASKAPJ1755 and canonical pulsars therefore
suggests that the emission from ASKAP J1755 originates in similar
circumstances.

The burst width of ASKAPJ1755 is at least two orders of
magnitude larger than that of canonical radio pulsars, and more
comparable to that of the known ULP population. Under the ULP
interpretation proposed in Section 4.1, the pulsar-like polarization
properties of ASKAPJ1755 suggest that pulsar emission mecha-
nisms may also be applicable to ULPs. However, at least one ULP
appears to lie below the commonly invoked ‘death line’ (Hurley-
Walker et al. 2023), where existing pulsar emission models predict
that coherent radio emission should shut off (Chen & Ruderman
1993). The existence of ASKAP J1755 supports the proposition that
the standard pulsar emission mechanism can operate up to spin
periods of tens of minutes. If that mechanism powers both pulsars
and ULPs then it requires substantial revision to explain the other
members of the class. Alternatively, the ULP population may be
made of several sub-classes with different origins and mechanisms
that will be revealed as more are discovered, a la gamma-ray
bursts. In this scenario, ASKAPJ1755 may arise from a canonical
pulsar with a relatively high period derivative, while ULPs like
GPM J1839—10 that lie below the ‘death line’ would produce radio
emission via a different mechanism and have a non-neutron star
origin.

5 CONCLUSIONS

The recent discoveries of multiple transient and highly variable radio
sources with characteristic durations of minutes demonstrates that
there is a gap in our understanding of the radio dynamic sky between
the sub-second regime (e.g. pulsars, FRBs) and the days-long regime
(e.g. extragalactic synchrotron transients). The detection of a short
burst of highly polarized radio emission, ASKAP J1755, presented
in this work hints towards an unexplored population of minute-
time-scale variables combined to low Galactic latitudes. While the
burst does not appear to repeat, we argue that it is likely to be a
member of the emerging class of ‘ULP’ sources. The similarities
of ASKAPJ1755 with both ULPs and canonical pulsars suggests
a relationship between the two classes and potentially a common
emission mechanism.

While only a small number of ULPs have been discovered to-
date, they are all tightly confined to the Galactic plane unlike
canonical radio pulsars. The low Galactic latitude of ASKAP J1755
and the similarity of its polarization properties with canonical pul-
sars should motivate a comprehensive search for minute-time-scale
variability around the Galactic Centre and at low Galactic latitudes
more generally, in order to characterize ULPs, other transient or
variable Galactic sources, and potentially find other new classes of
object.
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APPENDIX A: GENERATION OF DYNAMIC
SPECTRA

We generated dynamic spectra and light curves using DSTOOLS
(Pritchard 2024), a CASA based PYTHON package to construct
and post-process dynamic spectra from calibrated visibilities, and
describe the details of each processing stage below.

We first applied some telescope-specific pre-processing. ASKAP
visibilities processed with the ASKAPsoft pipeline are stored on a
per-beam basis, but the MeasurementSet of each beam retains the
centre of the 36-beam mosaicked field as the pointing centre rather
than the true pointing centre of the individual beam. This causes
a shift in the astrometric frame against which the phase centre is
referenced if uncorrected, so we first updated the SB47253 beam
33 MeasurementSet to the correct pointing centre. ASKAPsoft also
uses definitions of the Stokes parameters based upon the total flux
of orthogonal correlations (e.g. I = XX + YY) while CASA uses
Stokes parameter definitions based on the average flux (e.g. I =
(XX 4+ YY)/2), so we multiplied all ASKAP visibilities by two in
order to establish the correct flux scale in DSTOOLS generated data
products.
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We applied further automated flagging to the MeerKAT data
using TFCROP and RFLAG with default settings. We then per-
formed a custom flagging routine, removing all time-frequency
chunks that had over half the baselines flagged, then flagging
all baselines shorter than 100 m and finally flagging all channels
where over half the visibilities across the whole observation are
flagged.

To form dynamic spectra, we first built a model of all non-target
sources in the field and subtracted this from the visibilities, such
that the subtracted visibilities represent only the target emission
and noise. We generated the field model from the ASKAP obser-
vation with TCLEAN, using the multiterm multifrequency synthesis
deconvolver with three Taylor terms to capture source spectral slope
and curvature across the band. The MeerKAT measurement sets
already include model components generated as part of the deep
imaging described in 2.3.1. For each measurement set we converted
the model components to model visibilities using TCLEAN with the
same parameters used during imaging and model construction, and
subtracted them from the calibrated visibilities using the UVSUB
task. We then rotated the phase-centre of the model-subtracted
visibilities to the position of ASKAPJ1755 and averaged across
all baselines, producing 2D time-frequency arrays of Stokes XX,
XY,YX,and YY fluxes. Using this procedure we extracted dynamic
spectra from the ASKAP and MeerKAT observations at the native
time and frequency resolution of 10s and 1 MHz (ASKAP), 8s
and 1 MHz (archival MeerKAT) and 2s and 1 MHz (MeerKAT
DDT).

We then formed dynamic spectra for all Stokes parameters using
the formalism

I= %(XX +7YY) (AD)
0= %(XX -YY) (A2)
U= %(XY +YX) (A3)
V= é(YX - XY), (A4)

and constructed the total linear polarization dynamic spectrum L =
Re(Q) + iRe(U) where Re(Q) and Re(U) are the real components
of the Stokes Q and U dynamic spectra respectively, and i is the
imaginary unit. We also de-biased the linearly polarized intensity
using the method described by Miiller, Beck & Krause (2017). We
performed Faraday rotation synthesis (Brentjens & de Bruyn 2005)
using RMCLEAN (Heald, Braun & Edmonds 2009; Heald 2017) to
extract a RM of RM = 961 £+ 45radm™2 at the time of the burst
peak, then corrected L for Faraday rotation using

_ZMZRMLObserved (AS)

and extracted Faraday de-rotated Q and U dynamic spectra from the
real and imaginary components Of Linginsic

Limrinsic =¢e

Qintrinsic = Re(Limrinsic) (A6)

Uintinsic = Im(Limrinsic)~ (A7)

APPENDIX B: INFERRED DISPERSION
MEASURE

We fit the dynamic spectrum using a dispersed Gaussian pulse model
based on the methodology in Qiu et al. (2020), assuming no scatter
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broadening or smearing (which is expected to be on millisecond time-
scales and therefore not resolvable in our data). We assume uniform
priors of 500-650 s since observation start for the central burst time
t1, 0-20 arbitrary rms units for the burst amplitude a;, 10-100 s for
the burst width w,, and 0-3000 pc cm~> for the DM. We use 500 live
points and apply nested sampling with Dynesty (Speagle 2020) to fit
for 8logz < 0.5, which results in the posterior distributions shown in
Fig. B1. Specifically, we find a preferred DM of 7 £ 2 x 102 pc/cm?,
corresponding to a time delay of approximately 2.6 s across the
ASKAP band. Applying the model to the Stokes V data gives a
similar result.
There are three potential issues with this fit.

(1) The inferred dispersion delay is significantly less than one time
sample;

(i1) The uncertainty in the DM is quite large; and

(iii) The model does not account for any intrinsic frequency
structure.

The first issue is not unexpected —a 10 s dispersion delay across the
observed bandwidth corresponds to a DM of 2783 pc cm™3, which is
in excess of the Milky Way contribution along this line of sight. To
determine whether the recovered DM was sensible, we performed
rigorous testing of this method by injecting Gaussian pulses into
coarse-time-resolution white noise data with DMs between 0—
3000 pc/cm®. We considered two scenarios — a weak (S/N=5)
pulse and a strong (S/N = 50) pulse. Fig. B2 shows the results
of our simulations, where we recover the injected DM in both
scenarios.

The second issue stems directly from the first — it is not possible to
precisely infer the DM with such low time resolution. The third issue
is difficult to address — other ULPs show some complex frequency
structure, but the origin of that structure is unclear and there are
currently no models to reproduce it. Simultaneously, there is no
obvious time or frequency structure in the dynamic spectrum light
curve or SED.

All of these issues would be remedied by a detection of a repeat
burst with a higher time resolution instrument, but as discussed in the
main text, the source does not appear to repeat despite comprehensive
observations. We therefore work with the available data and report a
preferred DM of 7.1779 x 10? pc/cm?, corresponding to a distance
of ~4.7kpc based on the YMW16 model (Yao et al. 2017).
For completeness we also report a 95 percent confidence upper
limit on the DM of 1000 pc/cm?, which implies a distance of
< 6 kpc. The corresponding luminosity is ~ 5 x 10?! ergs™! Hz™!
in the former scenario and <8 x 10*'ergs™' Hz™' in the
latter.

APPENDIX C: POSITION MEASUREMENT

ASKAP observations are not phase referenced, and hence by default,
all VAST images have a systematic astrometric uncertainty of
~ 1 arcsec (McConnell et al. 2020). Additionally, some VAST
observations show systematic offsets of a few arcsec in each beam
— the origin of these offsets is not yet clear, but likely arises
from a combination of the lack of phase referencing, ionospheric
effects (exacerbated by high solar activity during the relevant
observing period) and observing conditions. We correct for these
offsets on a per-image basis as part of the VAST post-processing
(Jiang et al. 2024), but these corrections are not perfect as the
offsets likely occur on a per-beam basis and the corrections we
apply are relative to RACS, which is also impacted by the same
issues.
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Figure B1. Corner plot for pulse profile fitting results, we display the pulse centre position (t-pulse), amplitude, pulse width and DM. The rms noise (sigma
parameter) of the data set is also measured to check for correct for the amplitude units.
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Figure B2. DM recovery for simulated pulses as described in Appendix B. The injected pulse DM is shown on the x-axis, while the offset between the injected
and measured DM values is shown on the y-axis. Left: DM recovery for a weak (S/N=5) pulse. Right: DM recovery for a strong (S/N = 50) pulse.

In order to better correct for the expected astrometric offsets
and improve the overall astrometric uncertainty we performed an
astrometric correction relative to the phase-referenced MeerKAT
observations on a per-beam basis. We used Aegean (Hancock et al.
2012; Hancock, Trott & Hurley-Walker 2018) to perform source-
finding on the single-beam ASKAP image generated using the proce-
dure in Section A and the deep MeerK AT image of the field generated
using the procedure in Section 2.3.1. We filtered the list of sources
from each image to exclude those with a peak flux density signal-to-
noise ratio below 20, a compactness ratio (the ratio between the peak
and integrated flux density) above 1.2 and those with a nearby source
within 30” and 60” for MeerKAT and ASKAP respectively. This final
filter removes source finding artefacts associated with bright sources,
with the separation limits corresponding to approximately four
beam-widths.

We then cross-matched both source lists with a 15” radius
(approximately one ASKAP synthesized beam-width), resulting in
16 sources common to both images. For each common source
we calculated the spherical offsets between its position in the
ASKAP and MeerKAT images. We calculated the uncertainty in
these offsets by adding the relevant positional uncertainties in
quadrature. After combining the offsets of all common sources
and weighting by the offset uncertainty, we measure a mean
astrometric offset of 1.31 £0.08” in R.A. and 1.14 +0.07" in
Declination.

For completeness we perform the same analysis using the NRAO
VLA Sky Survey (NVSS; Condon et al. 1998) catalogue, which is
an archival survey carried out at 1.4 GHz. While it is less sensitive
than both the MeerKAT and ASKAP images, it is a commonly used
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catalogue with well-understood astrometry. NVSS only provides
integrated flux density values (not peak flux density), so we are unable
to perform the same compactness ratio cuts as the MeerKAT-ASKAP
comparison, and we use a nearest-neighbour cut of 180" to reflect
the larger synthesized beam. The analysis is otherwise identical to
that outlined above. We find astrometric offsets of 2.14 4+ 0.4” in
R.A. and 1.4 £ 0.4” in Declination based on 16 common sources,
overall consistent to within ~ 20 with those obtained from the
MeerKAT analysis. We adopt the MeerKAT values due to their higher
precision.

After shifting the burst coordinates by the mean offset, we
measure a final position of 17:55:34.9(1) —25:27:49.1(1), where
the uncertainties are calculated by adding the statistical astrometric
uncertainty from the ASKAP image and the uncertainty of the offset
correction in quadrature.

APPENDIX D: PERIODICITY CONSTRAINTS

ASKAP J1755 is characterized by a symmetric burst centred on 2023-
01-21T01:01:15.4 utc. Table D1 shows the start and end times of
the eight VAST observations covering the position of the burst within
16 d of it occurring, inclusive of the observation it was discovered in.
We use the non-detections of repeat bursts in those observations to
rule out possible periods. To do this, we generated an array of possible
periods up to 6 h, with 10 s resolution (corresponding to the ASKAP
integration time). For each possible period we project whether any
repeat bursts would be expected to occur in each observation. We
assume a burst width of 110s, corresponding to the time above
8o significance. If there are any predicted burst times within an
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Table D1. Start and end times for all observations covering the location of
ASKAP J1755 within 16 d of the burst.

observation, or 55 s before or after, we consider the burst detectable,
and hence rule out that period.

Fig. D1 shows the period constraints for each observation for

periods up to 2h. The bottom line shows the overall constraint SBID

Observation start

Observation end

after considering the combined constraints of each of the above 47062 2023-01-06 02:12:23 2023-01-06 02:24:23
observations. In short, periods less than 43 min are conclusively ruled 47063 2023-01-06 02:26:11 2023-01-06 02:38:11
out and we can also rule out most periods up to ~ 2 h. The constraints 47251 2023-01-21 00:24:53 2023-01-21 00:36:53
above 2h are substantially less comprehensive and therefore not 47253 2023-01-21 00:51:45 2023-01-21 01:03:45
reported in the interest of brevity. The more conservative scenario 47627 2023-02-04 01:43:39 2023-02-04 01:55:39

discussed in Section 4.1 combines the constraints from SB47253 and 47630

2023-02-04 02:26:07

2023-02-04 02:38:07

SB47251, i.e. periods up to 18.5 min and from 24-37 min are ruled 47692 2023-02-05 01:43:17 2023-02-05 01:55:17

out. 47695 2023-02-05 02:26:35 2023-02-05 02:38:35
2023-02-05 A - SB47695
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Figure D1. Constraints on the possible period of ASKAP J1755 based on the detection time and non-detections in observations 16 d either side of the detection,
assuming the source was active during that time. Each row corresponds to one observation (labelled with both observation date and schedule block) and each
interval shows the period ranges that can be ruled out based on the non-detection of a repeat burst in that observation. The overall constraint from combining all
eight observations under the assumption that the source was active for the entire interval is shown on the bottom row, showing that most periods up to 2 h can
be ruled out.
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