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A B S T R A C T 

Medium-time-scale (minutes to hours) radio transients are a relatively unexplored population. The wide field-of-view and high 

instantaneous sensitivity of instruments such as MeerKAT provides an opportunity to probe this class of sources, using image- 
plane detection techniques. The previous letter in this series describes our project and associated Transient Radio Observations 
for Newbies (TRON) pipeline designed to mine archival MeerKAT data for transient and variable sources. In this letter, we 
report on a new transient, a radio flare, associated with Gaia DR3 6865945581361480448, a G type star, whose parallax places 
it at a distance of 1330 pc. Its duration and high degree of circular polarization suggests electron cyclotron maser instability as 
the mechanism, consistent with an RS CVn variable. 
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 I N T RO D U C T I O N  

eerKAT’s high instantaneous sensitivity and large field of view 

ake it an excellent instrument for detecting radio transients. The 
rst letter of this series 1 (Smirnov et al. 2025 ) introduced our
roject of mining archi v al MeerKAT data for new transients and
ariables using high time cadence interferometric imaging, briefly 
iscussed the Transient Radio Observations for Newbies (TRON) 
ipeline developed for this project, and reported initial detections of 
illisecond pulsars in globular clusters. 
In this letter, we report on a new transient source detected by

RON. The source has a clear stellar origin. The detection was made
n a single pointing that was part of the ``pulsar with anomalous
efraction recurring on odd time-scales” (PARR O T) transient follow- 
p (Smirnov et al. 2024 ), thus making for two completely unrelated
and astrophysically very different) transient detections in a single 

eerKAT observation, which underscores the opening point of our 
ntroduction. 
 E-mail: o.smirnov@ru.ac.za 
 https:// arxiv.org/ abs/ 2501.09488 
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2025 The Author(s). 
ublished by Oxford University Press on behalf of Royal Astronomical Society. Th
ommons Attribution License ( https:// creativecommons.org/ licenses/ by/ 4.0/ ), whic
rovided the original work is properly cited. 
 OBSERVATI ONS  A N D  DATA  R E D U C T I O N  

he observation reported on here were conducted by MeerKAT 

n conventional synthesis imaging mode, using the L -band (856–
712 MHz) and UHF (544–1088 MHz) systems in 4096 channel 
orrelator mode, with 8 s integrations. 

The detection observation was a 10-h L -band track taken on
021 June 20, consisting of conventional tracking scans on target, 
nterspersed with shorter scans on a bandpass and gain calibrator. 
etails of all observations are given in Smirnov et al. ( 2024 ); this
articular epoch is referred to as ‘L2’ therein. Other observations 
eported on here were structured similarly, using a mix of L -band
nd UHF systems. 

.1 Data reduction 

s highlighted in the first letter of this series, the inputs to TRON
re, generally, yielded by any conventional calibration and imaging 
orkflow. All that is required is a set of calibrated visibilities, and
 deep sky model. For the PARR O T observations, we used the
alibration pipeline described by Smirnov et al. ( 2024 ). The corrected
ata and model image from the pipeline was then passed through
RON, as described in Letter I (Smirnov et al. 2025 ). 
is is an Open Access article distributed under the terms of the Creative 
h permits unrestricted reuse, distribution, and reproduction in any medium, 

http://orcid.org/0000-0003-1680-7936
mailto:o.smirnov@ru.ac.za
https://arxiv.org/abs/2501.09488
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Figure 1. MeerKAT image of the field surrounding Gaia DR3 
6865945581361480448 at 1.28 GHz. The position of the star is marked by a 
circle. 

Figure 2. Full L band, 240 s-smoothed light curve of Gaia DR3 
6865945581361480448. Units are apparent flux. Time is UTC . Error bars 
(computed as the local image rms) are plotted in a lighter shade. 4 σ deviations 
are indicated with a different shade. The three curves (refer to the right y axis 
for scale) show the power beam gain in the direction of the source as a function 
of time for the bottom (highest gain), mid, and top (lowest gain) end of the 
band. 
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Table 1. Full-band flux measurements for Gaia DR3 
6865945581361480448. Fluxes are reported as peak flux o v er a 6 
arcsec circular aperture centred on the detected MeerKAT position, and are 
corrected for the primary beam response. In the case of the flare, flux is 
measured in the 240 s image at the peak of the light curve. 

Stokes I , μJy Stokes V , μJy V /I 

2021 June 20 (L2) full 70 ± 5 64 ± 5 92 per cent 
2021 June 20 (L2) pre-flare 70 ± 9 58 ± 8 82 per cent 
2021 June 20 (L2) flare 491 ± 36 425 ± 33 87 per cent 
2021 June 20 (L2) post-flare 27 ± 8? 
2021 May 31 (L1) 14 ± 5 
2021 July 27 (L3) 28 ± 11 
2023 June 20 (L4) 16 ± 5 
2021 July 27 (U1) 10 ± 7 
2021 August 8 (U2) 39 ± 6 
2022 February 4 (U3) 15 ± 6 
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 RESU LTS  

he PARR O T L2 epoch was processed with sole intent of validating
RON on a known variable source, i.e. the PARR O T itself. While

he PARR O T was reliably detected (at time-scales of 15 s and
onger), the reprocessing yielded a second transient disco v ery, MKT
200730.4 −203550, detected at time-scales of 30 s and longer
Figs 1 , and 2 ). The fitted FK5 position of the radio source is
= 20 h 07 m 30 . s 41(1) ,δ = −20 ◦35 ′ 49 . ′′ 6(2). This matches to within

.5 arcsec the position of Gaia DR3 6865945581361480448 (Gaia
ollaboration 2016 , 2023 ). 
We can estimate the probability of a false-positive association by

stimating the local density of Gaia sources. Gaia contains 82522
ources within a circular r = 1 ◦ aperture centred on the source
osition, giving an average source density of 259251 deg −2 . This
ranslates to 0.014 sources per a r = 1.5 arcsec aperture, or a false-
ositive rate of 1.4 per cent. We note that arcsec-level astrometric
ffsets in MeerKAT radio positions are not unusual (e.g. Heywood
NRASL 538, L89–L93 (2025) 
t al. 2022 ), and are most likely driven by uncertainties in the gain
alibrator and the correlator geometric model. 

Gaia DR3 6865945581361480448 is also noted in several other
tellar catalogues using the VizieR catalogue access tool (Ochsen-
ein, Bauer & Marcout 2000 ), with astrometry, proper motion
nd spectrophotometric estimates that are in agreement with those
btained using Gaia (Monet et al. 2003 ; Zacharias et al. 2004 ;
edoro v, Akhmeto v & Bobylev 2011 ; Girard et al. 2011 ). The star
as a calculated distance of 1330 + 60 

−80 pc placing it well within the
alaxy as a G type star ( T eff = 5300 K ; Babusiaux et al. 2023 ). 
Having reprocessed the visibility data with the source excluded

rom the deconvolution mask, we are able to obtain a light curve
or the source that is not mean-subtracted (as opposed to the normal
RON outputs, which yield mean-subtracted light curves). This is
hown in Fig. 2 , in units of apparent flux. The light curve shows
 substantial flare between approximately 21:20 and 00:05 UTC , as
ell as detectable flux outside the flare. 
The source being off-axis, the power beam in its direction will

ary in time and frequency. We use the MeerKAT primary beam
olography measurements of de Villiers ( 2023 ) to compute the
xpected power beam towards the source. The power beam gain
s a function of time for the bottom (highest gain), mid, and top
lowest gain) of the band is also plotted in Fig. 2 . The variation
f the beam gain in time is not significant for our purposes, being
ithin 2 per cent, 5 per cent, and 10 per cent at the bottom, middle,

nd top of the band, respectively. We adopt a mean value of 0.55
or the mid- L -band power beam gain (and 0.8 for UHF), and apply
his value to derive the intrinsic fluxes quoted below. We also note
hat the instrumental leakage from Stokes I to Stokes V due to the
rimary beam is expected to be below 0.15 per cent as per the abo v e
easurements (not plotted). 
The star manifests itself as a 70 ± 5 μJy continuum source in the

eep 10 h image, which corresponds to the mean flux value across the
ight curve. The flare peaks at 491 ± 36 μJy . To get an estimate for
he fluxes pre- and post-flare, we image those segments of the data
eparately, and fit a Gaussian component. The resulting flux estimates
re summarized in Table 1 . The source is reliably detected pre-flare
n Stokes I and V . Post-flare, there is only a tentative detection in
tokes I (a 3 . 5 σ peak, slightly offset from the source position, so we
an not exclude the possibility of this being a noise excursion. This is
ndicated by a question mark in the table), and no detection in Stokes
 . The source shows a very high circular polarization fraction of
 v er 85 per cent both pre- and during the flare. We should note that,
iv en the comple x behaviour of the dynamic spectrum (discussed
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elow), these wideband flux measurements are crude at best. We do 
ot detect any linear polarization component, neither in the wideband 
mages, nor in the Stokes QU dynamic spectra, nor in the Faraday
pectrum yielded by rotation measure synthesis. 

With multiple observations of the field available as part of the 
ARR O T follow-up (Smirnov et al. 2024 ), we are able to check if
he source is detected in other epochs. None of them show a clear
o v er 4 σ ) detection (Fig. 3 ), ho we ver there is a hint of emission
n the L4 and U2 epochs, just to the south-east of Gaia DR3
865945581361480448. Its association with the star is uncertain, 
articularly in the UHF images, due to blending with nearby 
onfusing sources. For all other epochs, we may take the peak flux at
he source position to be an upper limit. The L2 image also contains
 hint (23 μJy peak) of a compact source, designated ‘B’, just to the
ast of the star, which is also clearly visible in the 240 s Stokes V 

mage. Any physical association is unlikely – the on-sky separation 
etween source B and the star would correspond to a minimum 

hysical distance of approximately 21 000 au – and the ‘source’ 
s almost certainly associated with a point spread function (PSF) 
idelobe (bottom right image of Fig. 3 ) produced at the peak of the
are. Note that the star is excluded from the deconvolution mask in

hese images. 
Using the L 2 epoch observations, we construct a dynamic spectrum 

f the source, using the DYNSPECMS tool 2 (Callingham et al. 2021 ;
mirnov et al. 2024 , 2025 ; Tasse et al. submitted). This is presented

n Fig. 4 , and shows evidence of drift across the passband of order ∼
0 MHz min −1 . 
In the Gaia DR3 release, this star is catalogued as having been

bserved 34 times between September 2014 and May 2017, with 
 mean G magnitude of 14.7883 ± 0.0021. The associated time- 
eries shows clear evidence of consistent variability, with a �m ∼
.11, and a Lomb–Scargle analysis yields a dominant period of 
.19 d. Gaia DR3 6865945581361480448 is coincident with star 
P60750815 in the All Sky Automated Survey for SuperNovae 

ASAS-SN) programme (Shappee et al. 2014 ; Kochanek et al. 
017 ), with a m V = 15.09 ± 0.056 o v er 198 epochs between May
014 and September 2018, again showing a consistently variable 
lbeit noisier time-series ( �m ∼ 0.3) from which a Lomb–Scargle 
nalysis reco v ers the same 1.19 d period. The duration of MKT
200730.4 −203549’s L2 flare ( ∼2 h), its high circular polariza- 
ion and associated estimated brightness temperature ( > 10 12 K), as
erived from the luminosity estimates below, all point towards a 
oherent emission process. A supervised machine-learning based 
lassification of 12.4 million variable sources in the Gaia DR3 
atalogue flagged this source as a likely RS CVn variable (Rimoldini
t al. 2023 ). 

RS CVn binaries are chromospherically active on account of their 
ight, tidally locked, orbital orientation resulting in high rotational 
elocities and complex magnetic field topologies associated with 
re v alent star-spots on one or both of the component stars, which
re typically of the F, G, or K spectral type. These conditions give
ise to distinct emission properties observable at multiple passbands. 
he orbital period of such systems – ranging from ∼1 to ∼30 d –

s easily detectable optically, with a magnitude variation typically 
f ±0.2, and in certain viewing alignments, periodic eclipses are 
resent. The rotationally enhanced magnetic activity manifests itself 
ith the presence of strong H α, Ca II , H, and K emission lines,
ith flare-like activity observed in both the EUV/X-ray and radio 
assbands when presumed magnetic loop reconnection events occur, 
 https:// github.com/ cyriltasse/ DynSpecMS 

h  

a  

t  
ith the resulting observed long duration ( ∼ hours) and highly 
ircularly polarized radio emission. Recent observations at low 

requencies using LOFAR for 14 RS CVn systems suggest the source
f this emission is one or both of the stellar chromospheres or via
lectrodynamic interactions between the stars (Toet et al. 2021 ). 

Whilst RS CVn systems are known to produce both quiescent and
nhanced (‘flare’) radio emission, the conventional understanding 
s that gyrosynchrotron processes dominate, yielding low levels 
f circularly polarized emission (Chiuderi Drago & Klein 1990 ). 
o we v er, there hav e also been a number of cases reported in the

iterature where prolonged ( ∼ hours) pronounced flare emission 
rom such systems has been reported at GHz bands to be associated
ith consistently high levels ( > 40 per cent) of circular polarization

ssociated with brightness temperatures > 10 12 K with evidence of 
rift across the bandpasses ( ∼1–10 MHz min −1 ) that are difficult to
xplain without involving a coherent process, with several authors 
mplicating the electron cyclotron maser instability (ECMI; Mutel 
t al. 1987 ; Osten et al. 2000 ; Garc ́ıa-S ́anchez, Paredes & Rib ́o
003 ; Slee, Wilson & Ramsay ). 
Given the bandpass of 856 MHz and a central channel frequency

f 1.284 GHz, one can estimate both peak and quiescent luminosity
f L peak ∼ 1.04 × 10 18 erg s −1 Hz −1 and L q ∼ 1.49 × 10 17 erg s −1 

z −1 . This compares fa v ourably with RS CVn luminosities reported
etween 10 16 and 10 18 erg s −1 Hz −1 at this frequency band, with
he latter being associated with ‘superflare’ activity having its origin 
n local coherent emission processes in the RS CVn system (Mutel
t al. 1987 ). 

The observational data we have to hand – periodicity of 1.19 d,
onsistent variability of ∼± 0.2 magnitudes, and the physical 
roperties of the observed flare – given its duration ∼2 h and high
ircular polarization fraction – are all consistent with Gaia DR3 
865945581361480448/MKT J200730.4 −203550 being a distant 
S CVn. The dynamic spectrum (Fig. 4 ) is of particular interest, as

here is some suggestion of drifting across the 0.9–1.7 GHz bandpass
imilar to ECMI emission observed from the RS CVn binary HR
099 at 1.384 GHz albeit with a smaller bandwidth of 104 MHz,
gain associated with ∼2 h highly circularly polarized flare events 
Slee, Wilson & Ramsay 2008 ). An examination of the archived Gaia
P mean spectrum for 6865945581361480448 shows no evidence 

or emission lines, ho we ver this is not unexpected given its low
pectral resolution and averaged nature – follow-up high-resolution 
pectroscop y w ould lik ely confirm the characteristic chromospheric 
mission-line signature. 

 C O N C L U S I O N S  

eerKAT has pro v en itself to be a remarkable instrument for the
etection of faint, medium-time-scale radio transients and variables, 
nd we can expect a systematic reprocessing of archi v al synthesis
maging data to yield many new discoveries. A reprocessing of the
ARR O T fields yielded a new transient, associated with the star Gaia
R3 6865945581361480448. The optical properties of the star are 

ndicative of it being a distant RS CVn binary, and the observed
adio behaviour (i.e. the nature of the dynamic spectrum, and the
igh degree of circular polarization) are consistent with an ECMI
urst from such a system. 

Unlike Letter I of this series, where the detections were made
t the centre of the observed fields, and where the fields were
lready known to host variable sources, the detection reported on 
ere is truly serendipitous, and underscores the value of the ‘mining’
pproach. The detection was made far from the field centre, while
he observation was done for unrelated reasons. This shows that the
MNRASL 538, L89–L93 (2025) 
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Figure 3. 2 arcmin × 2 arcmin image cutouts centred on Gaia DR3 6865945581361480448. Top row: Stokes I , bottom row: Stokes V . From left to right: (i) L2 
epoch, 240 s image at peak of detection (not deconvolved); (ii–iv) deep L -band images for epochs L 1, L 2, and L 4; (v, vi) deep UHF images for epochs U2 and U3 
(Stokes I only). The bottom right image shows the PSF corresponding to the 240 s image at peak of detection. The position of Gaia DR3 6865945581361480448 
is indicated by the solid circle; the dotted circle indicates ‘source’ B (see the text). 

Figure 4. Primary beam corrected Stokes I (top) and V (bottom) dynamic 
spectra of Gaia DR3 6865945581361480448, smoothed to 35 MHz and 
650 s (full width at half-maximum of the smoothing kernel is indicated in 
the top right). Gaps in the dynamic spectra correspond to calibrator scans 
and fully flagged (radio frequency interference contaminated) bands. Note 
that the noise across time and frequency is not uniform, due to (a) primary 
beam correction and (b) the frequency ranges between 0.9–1, 1.2–1.3, and 
1.55–1.65 GHz having a larger flagged data fraction. 
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RON pipeline is capable of disco v ering transients and variables of
ifferent astrophysical nature, o v er the entire field of view of the
elescope. 
NRASL 538, L89–L93 (2025) 
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