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A B S T R A C T 

We report on the detection of MKT J174641.0 −321404, a new radio transient found in untargeted searches of wide-field 

MeerKAT radio images centred on the black hole X-ray binary H1743 −322. MKT J174641.0 −321404 is highly variable at 
1.3 GHz and was detected three times during 11 observations of the field in late 2018, reaching a maximum flux density of 
590 ± 60 μJy. We associate this radio transient with a high proper motion, M dwarf star SCR 1746 −3214 12 pc away from the 
Sun. Multiwavelength observations of this M dwarf indicate flaring activity across the electromagnetic spectrum, consistent with 

emission expected from dMe stars, and providing upper limits on quiescent brightness in both the radio and X-ray regimes. TESS 

photometry reveals a rotational period for SCR 1746 −3214 of 0.2292 ± 0.0025 d, which at its estimated radius makes the star a 
rapid rotator, comparable to other low-mass systems. Dedicated spectroscopic follow up confirms the star as a mid-late spectral 
M dwarf with clear magnetic activity indicated by strong H α emission. This transient’s serendipitous disco v ery by MeerKAT, 
along with multiw avelength characterization, mak e it a prime demonstration of both the capabilities of the current generation 

of radio interferometers and the value of simultaneous observations by optical facilities such as MeerLICHT. Our results build 

upon the literature of M dwarfs’ flaring behaviour, particularly rele v ant to the habitability of their planetary systems. 

K ey words: stars: acti vity – stars: flare – stars: late-type – radio continuum: stars – radio continuum: transients. 
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 I N T RO D U C T I O N  

adio telescopes have, until recently, been primarily of use for
ariable and transient searches as follow-up instruments, typically
nformed by detections at higher energies such as optically transient
upernovae, gamma-ray bursts (GRBs), and X-ray binaries (XRBs).
o we v er, with the adv ent of the current generation of wide field radio

nterferometers, including Square Kilometre Array (SKA) pathfinder
nstruments like MeerKAT (Camilo et al. 2018 ), the Australian SKA
athfinder (ASKAP; Johnston et al. 2007 ), the Murchison Widefield
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rray (MWA; Tingay et al. 2012 ), and the LOw Frequency ARray
LOFAR; Van Haarlem et al. 2013 ), the astronomical community can
ow sample the radio sky with improved sensitivity and, crucially,
ith larger fields of view (FoVs). 
To date, the number of serendipitously detected, image plane radio

ransients remains low. This is in contrast to the well-established
oherent population of variable radio sources such as pulsars and
ast radio bursts (see Fender & Bell 2011 ; Pietka, Fender & Keane
015 , for a discussion on coherent and incoherent transients) that are
isco v ered re gularly in untargeted searches. Ongoing image plane
earches for radio transients include the ASKAP surv e y for Variables
nd Slow Trasients (VAST; Murphy et al. 2013 ) and the Amsterdam–
STRON Radio Transients Facility and Analysis Centre (AART-
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AAC; Prasad et al. 2016 ), along with large field surv e ys such as
he Karl G. Jansky Very Large Array’s (VLA) Sky Survey (VLASS;
acy et al. 2020 ). A number of transients have been discovered at

requencies ranging from tens of MHz to a few GHz for which there
ave yet to be associated multiwavelength counterparts or definite 
rogenitor systems (e.g. Hyman et al. 2005 ; Bower et al. 2007 ; Ofek
t al. 2011 ; Jaeger et al. 2012 ; Stewart et al. 2016 ; Murphy et al. 2017 ;
arghese et al. 2019 ; Wang et al. 2021 ). Large surv e ys hav e shown

hat, in the radio band, many variable and transient phenomena can be
ttributed to scintillation or intrinsic AGN variation (e.g. Levinson 
t al. 2002 ; Bannister et al. 2011 ; Mooley et al. 2016 ; Bhandari
t al. 2018 ; Radcliffe et al. 2019 ; Driessen et al. 2022 ). For example,
arbadhicary et al. ( 2021 ) utilize the VLA’s COSMOS HI Le gac y
urv e y to create a Variable and Explosive Radio Dynamic Evolution
urv e y (CHILES VERDES), which makes use of the plethora of
ultiwavelength data of the COSMOS field and 5.5 yr worth of data

eaching RMS sensitivities of ∼10 μJy beam 

−1 per epoch. Their 
esults reach low flux density limits and find 58 AGN-type sources
sing the moderate FoV of radius 22.5 arcmin. From this literature, 
nly ∼1–5 per cent of the radio sky seems to be variable, with the
umber of confirmed Galactic sources limited primarily to follow- 
p or targeted observations of kno wn v ariables. Mooley et al. ( 2016 )
ssociate two of their transients with known types of active star whilst
riessen et al. ( 2020 ) describe the first commensally disco v ered

mage plane transient from MeerKAT, MKT J170456.2 −482100, 
imilarly associating it with a known stellar system. One of the 
ommon conclusions arrived at by much of the radio variability 
iterature is that, in order to systematically find radio transients, 
igh sensitivity, regular cadence and large FoVs are required and 
hat surv e ys lacking an y of these three pillars can limit detection
apabilities. 

ThunderKAT 

1 (Fender et al. 2016 ) is the MeerKAT Large Surv e y
roject (LSP) dedicated to image plane radio transients. This project 
ses MeerKAT’s 64 dishes and FoV > 1 square degree to take
egular cadence observations of reported transients such as XRBs, 
ataclysmic variables, and GRBs, whilst also operating commensal 
earches of internal and cross-LSP data. ThunderKAT also makes use 
f the robotic optical facility MeerLICHT (65 cm primary mirror; 
loemen et al. 2016 ) that was built and is operated to support

ransient work with MeerKAT. MeerLICHT observes simultaneously 
ith night-time MeerKAT observ ations, allo wing for better char- 

cterization of the multiwavelength transient sky. Both dedicated 
nd commensal work from the ThunderKAT team is bearing fruit 
nd herein we follow in the footsteps of Driessen et al. ( 2020 ) by
eporting on the disco v ery of MKT J174641.0 −321404, the second
erendipitous, image plane radio transient found by MeerKAT, and 
ssociate it with a known, nearby red dwarf. 

Radio transients have been seen originating from some late- 
ype dwarf stars, typically as a result of magnetic activity and 
econnection. These systems are sometimes referred to as ‘dMe’ 
tars due to the near ubiquitous presence of hydrogen emission lines, 
ndicative of chromospheric heating (Cram & Mullan 1979 ; Cram & 

iampapa 1987 ); for re vie ws of stellar radio astronomy across
he Hertzsprung–Russell diagram and on dwarf flares see G ̈udel 
 2002 ) and Osten ( 2007 ) respectively. Some of the pioneers of radio
stronomy observed radio flares from late-type dwarfs, including the 
rototypical class namesake UV Ceti (Lo v ell, Whipple & Solomon 
963 ; Lo v ell 1969 ). Stellar radio flares are caused by either inco-
erent cyclotron or gyrosynchrotron emission of electrons caught in 
 The HUNt for Dynamic and Explosive Radio transients with MeerKAT. 
s  

η

agnetic fields, or coherent bursts attributed to either plasma- or 
lectron cyclotron maser-emission, which probe the local electron 
ensity and magnetic field strength, respectiv ely. F or a detailed
e vie w of the emission processes in radio bright stars, we refer
he reader to Dulk ( 1985 ). Most radio observations of flare stars
ave focused on a few nearby sources such as UV Ceti, Proxima
entauri, AD Leonis, and YZ Canis Minoris (Lacy, Mof fett & Ev ans
976 ; Bastian 1990 ; Slee, Willes & Robinson 2003 ; Villadsen &
allinan 2019 ), ho we ver, Pritchard et al. ( 2021 ) utilized the circular
olarization capabilities of ASKAP to detect coherent emission from 

3 stars with no previous radio counterparts. This was done with data
eaching an rms sensitivity of 250 μJy beam 

−1 across the entire sky
outh of + 41 ◦ declination, again emphasizing the need for wide-
eld observations. ASKAP has also been used to detect elliptically 
olarized radio pulses from UV Ceti (Zic et al. 2019 ). In just the
ast year, Driessen et al. ( 2021 ) have found radio emission coming
rom the pre viously kno wn X-ray flare star EXO 040830-7134.7 –
 chromospherically active M-dwarf of spectral type M0V – and 
allingham et al. ( 2021 ) detailed the detection of coherent emission

rom 19 M dwarfs with LOFAR. 
In Section 2 , we detail the radio observations and source disco v ery,

hilst Section 3 reconciles said observations with archival optical 
nd X-ray data. Section 4 presents dedicated spectroscopy before the 
iscussion and conclusions of Sections 5 and 6 , respectively. 

 R A D I O  OBSERVATI ONS  

s part of the ThunderKAT monitoring program, XRB H1743 −322 
as observed at weekly cadence for 11 epochs, following reports of
ew outb urst beha viour (Williams et al. 2020 ). Weekly monitoring
f this field ran from 9th September until the 10th of No v ember
018, with each observation consisting of 15 minutes on source 
nd an integration time of 8 seconds. The on source observations
ere preceded and succeeded by 2 minutes on the phase calibration

ource J1712 −281 or J1830 −3602, whilst the band-pass calibrator 
KS J1939 −6342 was observed for 10 minutes before beginning 
ach observation block. These observations were taken using the 
 -band (900–1670 MHz) receiver, with a central frequency of 
284 MHz, bandwidth of 856 MHz and 4096 frequency channels. 
he data were reduced using the standard procedure, from flagging 
ith AOFLAGGER (Offringa, Van De Gronde & Roerdink 2012 ) and

alibration using CASA (Mcmullin et al. 2007 ) through to imaging
ith WSCLEAN (Offringa et al. 2014 ; Offringa & Smirno v 2017 ). F or

ull details on the data reduction, see Williams et al. ( 2020 ). 

.1 TraP 

he MeerKAT images were run through the LOFAR Transients 
ipeline ( TRAP ; Swinbank et al. 2015 ) to detect serendipitous varying
nd transient sources in the large FoV observations. This pipeline 
oes source finding and association across all epochs and constructs 
 data base of sources and their associated light curves. From each
ource’s light curve, variability statistics η and V are calculated. The 
ormer, defined for N flux density measurements I ± σ of weighted 
ean ξ , as 

= 

1 

N − 1 

N ∑ 

i= 1 

( I i − ξI N ) 
2 

σ 2 
i 

(1) 

describes their reduced chi-squared value when compared to a 
table source i.e. constant flux density sources are expected to have
≈ 1 whilst variable sources produce values greater than unity. V 
MNRAS 513, 3482–3492 (2022) 
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M

Figure 1. Variability parameters for all sources detected in the H1743 −322 
field during ThunderKAT observations in late 2018. Clear outliers, particu- 
larly in V can be seen, including the XRB H1743 −322 itself, several manually 
vetted artefacts, and an unknown source. 
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cal Data, accessed via http:// simbad.u-strasbg.fr/ simbad/ . At time of first 
research in spring 2021, only SCR 1746 −3214 was returned when cross- 
matching at this search radius. 
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s sometimes known as the modulation parameter or co-efficient of
ariability and is the ratio of the sample standard deviation to the
ean of its flux measurements. In general, sources with large values

or both V and η are likely to be identified as transients or variable.
or more information on how TRAP processes data and calculates

ts statistics refer to Swinbank et al. ( 2015 ) or other studies using
he pipeline (e.g. Rowlinson et al. 2019 , Driessen et al. 2020 or
arbadhicary et al. 2021 ). 
The TRAP was first run with default parameters, analysing the

1743 −322 field out to approximately 1.5 × the primary beam radius
 ∼45 arcmin). During fitting, each source is assumed to be the size of
he synthesized beam as here we are only interested in the unresolved
oint source variability. Using the default 8 σ detection threshold
bo v e the local noise, 377 individual sources were detected across
ll epochs. This threshold was used as a trade-off between being
nundated with many false positives and missing genuine transients.
he resultant TRAP variability parameter distributions are detailed in
ig. 1 , showing outliers to typical η and V parameters (i.e. V � 0.75
nd η � 100). We note that ∼50 per cent of sources lie below η = 1,
hilst those abo v e are either bright sources with very little variability

 η is approximately proportional to signal-to-noise ratio squared), or
xtended sources whose variation is artificially caused by the shape
f the synthesized beam changing between epochs. The grouping of
igh- V sources were all inspected by eye and found to be imaging
r processing artefacts near bright sources. Two highly significant
strophysical sources were identified. One, reassuringly, was the
arget of this field, the candidate black hole XRB H1743 −322, and
he other was MKT J174641.0 −321404, a hitherto unknown radio
ource located ∼5 ≈ arcmin East of the aforementioned XRB. 

This pre viously unkno wn radio source was detected serendip-
tously twice during the final four epochs of observation, at a
aximum of 590 ± 60 μJy and can be seen to appear and disappear

n the radio images of Fig. 2 . Running TRAP whilst monitoring
he source’s location during every time-step allows us to better
nderstand the emission from MKT J174641.0 −321404 and provide
etter constraints on its variability. The resulting light curve from
uch forced photometry of the source o v er all epochs can be seen
n Fig. 3 ’s upper panel, where non-detections (defined as flux
easurements detected at < 3 σ abo v e local noise) are indicated with

aint points. The source can be seen to be detected during the first
poch of observation, at ∼3.5 σ . Fig. 3 ’s lower panel shows marginal
NRAS 513, 3482–3492 (2022) 
vidence for intra-epoch variability, wherein the brightest detection
f MKT J174641.0 −321404 has been split into 5–3-min integrations.
t ∼5 arcmin remo v ed from the phase-centre of the radio images,

he flux calibrations for this source are imperfect. Ho we ver, the true
alues will not be so dissimilar as to invalidate our findings, especially
s we are primarily interested in relative variations, and so no further
bservations have been made nor primary beam corrections applied
o correct the light-curve values. 

 A R C H I VA L  MULTI WAV ELENGTH  

SSOCI ATI ON  

he radio position of the source is taken to be the weighted mean
f the three detection epochs using the Python Blob Detector
nd Source Finder ( PYBDSF ; Mohan & Raf ferty 2015 ), dif fering
lightly from TRAP as the former includes the first epoch’s detection.
t the time of research, cross-matching this mean position of
7 h 46 m 41 . s 0 , −32 ◦14 ′ 04 ′′ (266 . ◦6709 , −32 . ◦2343) with the SIMBAD
ata base 2 returns two objects within 2 arcmin, the optical sources
CR 1746 −3214 (henceforth SCR 1746, detection detailed in Boyd
t al. 2011 ) and Gaia DR2 4055567846152508160. The latter is
97 arcsec from the radio emission and so is likely too distant

o be the origin thereof. SCR 1746 has an ICRS J2000 position
f 17 h 46 m 40 . s 659 − 32 ◦14 ′ 04 . ′′ 50 with uncertainties of 0.10 and
.8 mas, respectively, calculated from Gaia data release 2 (Gaia
ollaboration 2016 , 2018 ), placing it at an on-sky distance from the

adio coordinates of 4 . ′′ 5. SCR 1746 has a Gaia -calculated distance
rom the Sun of 12.06 + 0 . 1 

−0 . 2 pc (Bailer-Jones et al. 2018 ). Taking into
ccount this star’s high proper motion μ of (205.4 ± 0.2, 103.0 ± 0.1)
as yr −1 in Right Ascension and Declination, respectively, this star is
 . ′′ 3 from the radio source. This is within the 2 σ positional uncertainty
f the radio position where σ = 1 . ′′ 2 and so we associate the radio
ransient events of MKT J174641.0 −321404 as originating from
CR 1746. The next nearest optical source in the q -band MeerLICHT

mage (see below and Fig. 4 ) is > 20 arcsec away. 
Multiwav elength co v erage from MeerLICHT (Bloemen et al.

016 ) confirms this association. A stack of q -band (440–720 nm)
xposures taken on 2019 July 7th, July 9th, and 16th and 2020 July
8th form the MeerLICHT reference image for this field, where
he small temporal gap between the radio and optical observations
enders proper motion effects negligible. The region surrounding

KT J174641.0 −321404 can be seen in Fig. 4 , showing the proper
otion of the Gaia source to within positional uncertainties of

oth the MeerKAT and MeerLICHT objects. This confirms that the
adio transient coincides with SCR 1746. We note that there are no
bservations simultaneous with the radio data as the strict MeerKAT-
eerLICHT coupling was not fully in-place during 2018, early in

he life of the projects. In contemporary observations, MeerLICHT
ollows MeerKAT pointings when possible, though the opposite
s not true, hence there being no ThunderKAT data taken during

eerLICHT observations. 

.1 Optical and near-IR photometry 

here is substantial photometric sky survey coverage of SCR 1746.
atalogued measurements of this source include the Two-Micron

art/stac1002_f1.eps
http://simbad.u-strasbg.fr/simbad/
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Figure 2. 1 arcmin square images of MKT J174641.0 −321404 and surrounding noise during all ThunderKAT observations, running chronologically from top 
left, across then down. The source can be clearly seen to appear and disappear multiple times across all epochs. The synthesized beam of each image can be 
seen in the bottom left of each panel, whilst the white central cross-hairs show the source’s mean MeerKAT position. 

A  

t  

B
(
R
2  

t  

t
r

 

w  

(  

T  

J  

c
p
O  

s  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/513/3/3482/6567874 by C
airns Library, U

niversity of O
xford user on 27 July 2022
ll-Sk y Surv e y (2MASS; Cutri et al. 2003 ; Skrutskie et al. 2006 ),

he AllWISE data release (Cutri et al. 2013 ), US Naval Observatory
 catalog (USNO-B; Monet et al. 2003 ), GLIMPSE Source Catalog 

Spitzer Science Center 2009 ), and the optical SuperCOSMOS- 
ECONS (SCR) southern sky proper motion searches (Boyd et al. 
011 ). A non-e xhaustiv e summary of some of the recorded magni-
udes of this source can be found in Table 1 and is intended to illustrate
he source’s photometric properties of being relatively bright and 
ed. 
SCR 1746 (Tess Input Candidate 111898820; Stassun et al. 2019 )
as also observed by NASA’s Transiting Exoplanet Surv e y Satellite

 TESS ; Ricker et al. 2015 ) during Sector 39 of the extended mission.
he data, which span 27.9 d between 2021 May 27 and June 24
une, consist of observations obtained every 2 s. These images were
ombined into 2-min cadence data products onboard of the spacecraft 
rior to being processed and reduced by the Science Processing 
perations Center (SPOC; Jenkins et al. 2016 ). The full TESS data

et, shown in Fig. 5 binned to 2-min and 30-min cadence, 3 shows
MNRAS 513, 3482–3492 (2022) 

art/stac1002_f2.eps
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Figure 3. Upper: Radio light curve of MKT J174641.0 −321404 across 
all 11 ThunderKAT observation epochs. Non-detections are defined as 
measurements below a 3 σ threshold (dashed line), where σ is the local 
rms noise in that epoch. The non-physical measurements in some epochs are 
caused by the forced photometry and epoch-specific noise structure, visible 
in Fig. 2 . The higher detection threshold (due to more noise) in the first 
three epochs is likely due to the use of a different phase calibrator than the 
later observations. Lower: Radio light curve compiled from 5 × 3 min slices 
of the brightest 15 min epoch. From this we can see evidence for marginal 
variability within the epoch. 
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lear flares that reach up to 30 times quiescent brightness levels. The
ata were searched using a Lomb–Scargle periodogram (Lomb 1976 ;
cargle 1982 ) to identify periodic signals in the light curv e, rev ealing
 significant periodicity with a period of 0.2292 ± 0.0025 d. When
hase folding the TESS light curve at this period, a sinusoidal fit to
he data produces a best-fitting relative amplitude of 0.52 ± 0.01
bottom panel of Fig. 6 ). There are some background sources on the
ame TESS pixel, but at G magnitudes of 18.9 or fainter (cf. 13.95
or SCR 1746) we conclude that these are all too faint to be causing
he observed modulation. As can be seen in the top panel of Fig. 6 ,

ore flares tend to occur between phase 0 and 0.5, corresponding
o the brightest parts of the phase curve. This is in keeping with the
hotometric modulation being caused by magnetically active spots
nd associated bright plages rotating into or out of view. If we assume
hat the star rotates as a rigid body with radius R (see Section 3.1.1 )
e can express the photometric period as a tangential velocity
 t = 2 πR / P = 32.2 ± 0.9 km s −1 , demonstrating that SCR 1746
s a fast rotator, comparable to other low-mass systems (cf. Gizis
t al. 2017 for other dwarfs, or the solar value of ∼2 km s −1 ). 
NRAS 513, 3482–3492 (2022) 

 We note that the chosen binning matches the TESS Full Frame Image time- 
cale by coincidence. 
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Additional optical monitoring of the source is provided by both
eerLICHT (see Section 1 ) and the All-Sky Automated Surv e y for

upernovae (ASAS-SN, a global network of 24 40-cm telescopes;
happee et al. 2014 ; Kochanek et al. 2017 ). The optical data in
ig. 7 span almost 4 yr of observations in Johnson’s V , Sloan
griz , and q -band filters. MeerLICHT rotates between filters every
 min, allowing for quasi-simultaneous colour determination (see
ection 3.1.1 ). From the MeerLICHT data, we can clearly see the
tar is much brighter at redder wavelengths. Aperture photometry
t a 5 σ detection threshold from the ASAS-SN Sk y P atrol portal
hows that optical flares are likely to have been observed from this
ource in the g band. Despite this, none of the optical or radio
ares are simultaneous to within < 0.4 d. Given that flares can be
s short as minutes, this is not unexpected behaviour. Similarly, the
hotometric period observed by TESS is not observed in these data
ue to infrequent sampling with diurnal and seasonal gaps. 

.1.1 Photometric spectral typing 

he latest version of the TESS Input Catalog (TIC v8; Stassun
t al. 2019 ) estimates the target to have an ef fecti ve temperature
f 2870 ± 160 K, a mass of 0.12 ± 0.02 M �, and radius of
.146 ± 0.004 R �. Sebastian et al. ( 2021 ) compile a target list
f ultracool dwarf systems in preparation for TESS , wherein an
mpirical relationship for T eff ( M H ) from Filippazzo et al. ( 2015 )
s inverted to show that the target has a spectral type of M5.1. Their
alculated temperature, mass, and radius are all slightly different
han, but consistent with, those from Stassun et al. ( 2019 ). The
f fecti ve temperature scale of M dwarfs given by Rajpurohit et al.
 2013 ) also indicates that a temperature of ∼2900 K is in agreement
ith a mid-M spectral typing. Finally, MeerLICHT observations
rovide quasi-simultaneous colours ( r − i ) = 2.22 ± 0.02 and ( i
z) = 1.09 ± 0.02, in agreement with typical values for M6 stars

W est, W alkowicz & Ha wle y 2005 ; Douglas et al. 2014 ). 

.2 X-ray obser v ation and correlation 

-ray counts from the 7 yr Swift -XRT point source catalogue
1SWXRT; D’Elia et al. 2013 ), taken o v er a total exposure time
f 4631.1 s on the H1743 −322 field are found to be coincident
ithin positional uncertainties of SCR 1746. Assuming an absorbed
ower-law spectrum, the associated X-ray source has a 0.3–10
eV flux upper limit of 1.68 × 10 −13 mW m 

−2 , measured at
 / N = 2.8. 1SWXRT has been superseded by the Swift -XRT Point
ource catalogs 1 and 2 (1SXPS; Evans et al. 2014 , 2SXPS; Evans
t al. 2020 ), both of which contain nearby sources (separation in
SXPS = 7 . ′′ 5, 2SXPS = 2 . ′′ 31), but that do not formally lie close
nough to the Gaia position for association within a 90 per cent
onfidence interval region. As such, herein we use the analysis from
SWXRT, but it is worth noting that the equi v alent fluxes for the
earest sources in 1SXPS and 2SXPS, respectively, are ∼1.16 × and
0.43 × the 1SWXRT flux, so the o v erall conclusions made here
ould still broadly apply. 
There is a known relation between the quiescent radio ( L R ) and

-ray ( L X ) luminosities of several types of active star, indicating a
onnection between the non-thermal, energetic electrons causing the
adio emission and the bulk coronal plasma responsible for thermal
-rays: 

og ( L X ) � log ( L R ) + 15 . 5 (2) 

Guedel & Benz 1993 ; Benz & Guedel 1994 ). The standard interpre-
ation of this G ̈udel and Benz relation is that magnetic reconnection in

art/stac1002_f3.eps
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Figure 4. MeerLICHT q -band (440–720 nm) reference image (pixels) of the region near radio source MKT J174641.0 −321404. 1 σ and 2 σ positional 
uncertainties on the MeerKAT position (circles) show an o v erlap between the MeerLICHT object and the Gaia proper motion attributed to SCR 1746. 

Table 1. Select magnitudes of red dwarf SCR 1746 −3214 across the visible 
and near-IR spectrum. Bands are listed with their ef fecti v e wav elength λeff . 

Band ( λeff ) Magnitude Uncertainty Reference 
( μm ) (mag) (mag) 

B (0.45) 17.97 0.04 Page et al. ( 2012 ) 
V (0.55) 15.6 0.2 Stassun et al. ( 2019 ) 
G (0.62) 13.9734 0.0006 Gaia Collaboration et al. 

( 2018 ) 
I (0.88) 12.98 0.30 Sebastian et al. ( 2021 ) 
J (1.25) 10.35 0.02 Cutri et al. ( 2003 ) 
H (1.65) 9.74 0.03 ’ 
K (2.16) 9.38 0.02 ’ 
W 1 (3.35) 9.18 0.03 Cutri et al. ( 2013 ) 
W 2 (4.6) 9.07 0.3 ’ 
W 3 (11.6) 8.82 0.10 ’ 
W 4 (22.1) 8.1 0.4 ’ 
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Figure 5. The TESS light curve of SCR 1746 (Tess Input Candidate 
111898820) spanning 27.9 d from 2021 May to June, including the 2-min 
cadence data (purple) and the same data binned down to 30-min cadence. 3 

Flare amplitudes can be seen up to 30 × abo v e non-flaring times. 
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he corona accelerates a population of non-thermal electrons that emit 
t radio frequencies via gyrosynchrotron emission. These electrons 
lso heat the chromosphere of the star, producing thermal X-ray 
mission. Note that coherent emission processes are known to violate 
his relationship, as shown by Callingham et al. ( 2021 ), making
greement with the G ̈udel and Benz relation an ef fecti ve diagnostic
f emission mechanism (see Section 5 ). 
Fig. 8 shows the quiescent limits and flare magnitude of SCR 1746

n comparison to other M dwarfs and other types of active star.
his figure shows that M- and K-type dwarfs, some suffixed ‘e’

o denote emission lines (dM/dMe and dKe, pink triangles and 
ello w diamonds, respecti v ely) tend to hav e lower radio and X-
ay luminosities than the RS CVn binaries denoted by black circles.
he quiescent radio limit for SCR 1746 is 3 × the lowest rms noise
oor across the individual MeerKAT epochs, measured locally using 
YBDSF to be ∼ 22 μJy. This corresponds to a specific luminosity
pper limit of 1 × 10 13 erg s −1 Hz −1 , an order of magnitude below
he brightest observed flare at (1.0 ± 0.1) × 10 14 erg s −1 Hz −1 . We
ote that these are only approximate positions of the SCR 1746 in
he figure, as the quiescent radio and X-ray emission measurements 
hould be taken simultaneously, which has not been the case 
ere. 
MNRAS 513, 3482–3492 (2022) 
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M

Figure 6. Upper: The phase folded TESS light curve of SCR 1746, with 
the corresponding Lomb–Scargle periodogram inset. Flares tend to occur 
between 0.0 and 0.4 in phase, corresponding to the brighter parts of the 
quiescent light curve. A sinusoidal best fit to the unbinned data is plotted, 
showing a relative amplitude of 0.52 ± 0.01. Lower: A closer view at the 
non-flare behaviour of the phase-folded light curve, in which the amplitude of 
the best-fitting sine curve is clearly visible. The 30-min cadence data reduce 
the scatter and falls in good agreement with the sinusoid. 
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Figure 7. Upper: Optical data from MeerLICHT and ASAS-SN. Flaring 
behaviour can be seen in data from the ASAS-SN Sk y P atrol portal between 
radio observations and mid-2021. Downwards facing triangles indicate upper 
limits in their respective bands. Lower: The radio light curve of SCR 1746 
o v erlaid with the simultaneous optical data. No flares are simultaneous to 
within < 0.4 d with those in the other bands. 

Figure 8. X-ray and radio luminosities of several types of active star 
(Guedel & Benz 1993 ) – reproduced from ht tps://github.com/Ast roLaur 
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 O P T I C A L  SPECTROSCOPY  

CR 1746 was observed with the 11-m Southern African Large
elescope (SALT; Buckley, Swart & Meiring 2006 ) to provide
onfirmation of spectral type and investigate the magnetic activity of
he star. Two consecutive 1000 s exposures were taken using SALT’s
igh Resolution Spectrograph (HRS; Bramall et al. 2012 ; Crause

t al. 2014 ) starting at UT 23:49:05 on the 2021 July 11th at a seeing
f ∼2 . ′′ 0. The HRS is a high dispersion Échelle spectrograph and
as operated in low-resolution mode at a spectral resolving power of
16 500. Wavelength calibration is performed relative to ThAr arc

pectra on a weekly basis and the data were reduced accounting for
rimming, bias subtraction, gain correction, cosmic ray cleaning, and
at fielding, done via PYSALT 4 (Crawford et al. 2016 ). Whilst HRS

s dual beam, providing both blue (370–555 nm) and red (555–890
m) spectra, as archi v al photometry indicates SCR 1746 is highly
ed, we opt to only analyse the latter. 

The two red spectra taken of SCR 1746 can be seen in Fig. 9 .
he e xtensiv e structure at wav elengths > 7000 Å is typical for late
 dwarfs and is caused by absorption due to molecules such as TiO,
hilst H α can also be seen in emission at ∼6560 Å. Following the
rescription of Newton et al. ( 2017 ), the equi v alent widths (EWs)
f the H α emission line integrated between 6558.8 and 6566.8

were calculated relative to a continuum level either side of the
eature, between 6500–6550 and 6575–6625 Å. The mean EW and
ts standard deviation of the two spectra are −5.5 ± 0.2 Å placing
NRAS 513, 3482–3492 (2022) 

 ht tp://pysalt .salt.ac.za/

a/GuedelPlot. Limits on SCR 1746’s quiescent emission show this is an 
intrinsically faint source and could be approximately consistent with the 
G ̈udel and Benz relation for M dwarf (dM/dMe) stars. The radio flare is also 
plotted, showing a brightness increase of o v er an order of magnitude abo v e 
quiescent limits. 
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Figure 9. Two reduced spectra of SCR 1746 −3214, taken by SALT. Some 
notable spectral features have been indicated, including clear H α emission 
and molecular lines, estimated from Kirkpatrick et al. ( 1991 ). Inset is a view 

of the H α emission line, which shows rotational broadening (see Section 5 ). 

S  

≤

l
o
B
e  

2  

v
s
+
m
s
t  

t
S  

t
t  

t
a  

d  

o

5

C
r
J
1  

t  

s
t  

t
e
D  

h
s  

f

5

 

e
a

T

(  

J
f  

c  

t  

t  

s  

m
t  

m
e
a  

c
t
a  

i
m  

F  

t  

(  

o
b  

a
a

w
i
w  

o  

t
b  

(  

m  

(  

2  

a  

a  

b
e  

1  

r  

d  

t
fl  

(  

e  

r  

M
(  

o  

u

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/513/3/3482/6567874 by C
airns Library, U

niversity of O
xford user on 27 July 2022
CR 1746 clearly in the population of magnetically active stars (EW
−1 Å; see Newton et al. 2017 ). 
In order to estimate a spectroscopic classification and metal- 

icity for SCR 1746, data were compared to co-added templates 
f individual stellar spectra from the Sloan Digital Sky Survey’s 
aryon Oscillation Spectroscopic Surv e y (SDSS BOSS; Dawson 
t al. 2013 ) using the spectral typing code PYHAMMER (Kesseli et al.
017 ; Roulston, Green & Kesseli 2020 ). 5 The weighted mean and
ariance of 34 spectral indices from all co-added spectra across 
pectral types O5 through L3 and metallicities −2.0 < [Fe/H] < 

 1.0 dex provide the empirical models against which chi-squared 
inimization is performed relative to the same features in the input 

pectra. The model of smallest chi-squared is therefore the closest 
o the input spectra and visual inspection allows for confirmation of
his. Using this analysis, the best-fitting empirical template for both 
ALT spectra is of an M8 star with metallicty Z = −0.5. We can

ake the standard deviations of the PYHAMMER results when tested on 
heir own SDSS BOSS spectra i.e. those used to build the empirical
emplates, as pessimistic estimates for uncertainties in classification 
nd metallicity Z , which come to ±1.5 spectral subtypes and ±0.4
e x, respectiv ely (see the appendix of Kesseli et al. 2017 for more
n this). 

 DISCUSSION  

ommensal analysis of MeerKAT images of the sky sur- 
ounding H1743 −322 identified a new radio transient, MKT 

174641.0 −321404, coincident with the high proper motion star SCR 

746 −3214. The radio flaring seen in late 2018 was detected three
imes o v er 11 epochs of data from MeerKAT. This marks the second
erendipitous, Galactic transient disco v ered by the ThunderKAT 

eam, both associated with kinds of active star. SCR 1746 is also
he second M dwarf detected by MeerKAT (see likely quiescent 
mission from targeted searches of ThunderKAT commensal data in 
riessen et al. 2021 ). Being only a few arcminutes from the black
ole XRB H1743 −322, more commensal observations of the flare 
tar are likely if the XRB enters an outburst phase o v er the coming
ew years. 
 https://github.com/BU-hammer Team/PyHammer 
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The brightness temperature T b of a source is a useful diagnostic of
mission mechanism. For radio emission of flux density f ν observed 
t a distance d and frequency ν

 b = 2 × 10 9 
(

f ν

mJy 

)( ν

GHz 

)−2 
(

d 

pc 

)2 (
L 

R Jup 

)−2 

K (3) 

Dulk 1985 ; Burgasser & Putman 2005 ), where R Jup is the radius of
upiter. We take length-scale L to be 2 stellar radii (radius ∼0.146 R �
rom the TIC; Stassun et al. 2019 ), the approximate size of M dwarf
orona (Benz, Alef & Guedel 1995 ). For the brightest radio detection
his produces a brightness temperature of ∼10 10 K. We can relax
he assumption of a length-scale by taking the variation on time-
cales ∼3 min (see the lower panel of Fig. 3 ) to correspond to a
aximum emitting region. Doing so produces a minimum brightness 

emperature of 9 × 10 7 K. This is below the expected 10 12 K
aximum for incoherent emission and so the mechanism could be 

ither incoherent or coherent in nature. The clearest evidence for 
 coherent mechanism would be the presence of high degrees of
ircular polarization, a measurement we do not currently have as 
he appropriate calibration for short-integration MeerKAT data not 
t phase-centre are still being developed. A factor of � 10 brightness
ncrease on quiescent emission lasting for time-scales of at least 
inutes is also in keeping with incoherent radio bursts (Osten 2007 ).
uthermore, the magnetic activity seen by the measured H α EW and

he approximate position of SCR 1746 on the G ̈udel and Benz relation
Fig. 8 ) suggest that gyrosynchrotron emission is responsible for the
bserved emission. Further radio observations such as polarimetry, 
roader frequenc y co v erage to constrain the spectral index, or simply
 longer observation campaign will help determine the exact nature 
nd frequency of the radio flares. 

Optical photometry clearly indicates SCR 1746 is bright and red, 
ith photometric relations suggesting a mid-M spectral type. This is 

n mild disagreement with the findings from the SALT spectrograph 
hen run through PYHAMMER , which indicates a later spectral type
f M8 (see Section 4 and Fig. 9 therein), thus suggesting it falls under
he ultracool dwarf designation. The properties of ultracool dwarfs 
eyond spectral type M7 depart from expectations set by earlier types
Ber ger 2002 ; Bur gasser & Putman 2005 ; Ber ger et al. 2010 ), in the
ost extreme cases deviating from the G ̈udel and Benz relation

plotted in Fig. 8 ) by four orders of magnitude (e.g. Berger et al.
001 ). These ultracool dwarfs show a marked decrease in magnetic
ctivity (seen in reduced relative H α flux) and relative X-ray flux, but
n almost constant level of radio emission, i.e. the relevant coupling
etween wavebands appears to no longer hold in ultracool dwarfs. For 
xample, Callingham et al. ( 2021 ) demonstrate that radio emission of
9 M dwarfs detected at 144 MHz deviate from the G ̈udel and Benz
elation and are caused by coherent processes i.e. different to that
etected for late-type stars at gigahertz frequencies and not related to
heir chromospheric activity. To provide a relative H α to bolometric 
ux density we employ the χ method of Walkowicz, Ha wle y & West
 2004 ). Calculating χ from SCR 1746’s ( i − J ) colour (Douglas
t al. 2014 ), then L H α/ L bol = EW H α × χ = (8.1 ± 2.5) × 10 −5 . This
elatively strong H α flux is again in agreement with a spectral type

5–M6, before the breakdown of the radio–X-ray–H α couplings 
see fig. 5 of Berger et al. 2010 ). Furthermore, the spectral indices
f late M dwarfs are not well characterized – Kesseli et al. ( 2017 )
se seven M8 dwarfs to calculate their spectral indices, compared 
o a sample of 184 M5 stars – so it is perhaps not surprising that
he empirical spectroscopic analysis is in disagreement with all other 
ave bands. As such we conclude that SCR 1746 is of spectral type

t least M5 but note that a later spectral-type may be possible. 
MNRAS 513, 3482–3492 (2022) 
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The TESS monitoring of SCR 1746 (Figs 5 and 6 ) shows clear
ptical flares, along with a photometric modulation of relative
mplitude 0.52 ± 0.01 at a period of 0.2292 ± 0.0025 d. We suggest
hat the photometric period observed is the rotational period of the
tar (as in e.g. Gizis et al. 2017 ) and can check this by comparing
he inferred tangential velocity to that calculated by the broadening
f spectral lines in the SALT data (Fig. 9 , inset). For example, Lane
t al. ( 2007 ) reconcile the photometric period of a radio-detected M
warf with its spectroscopically inferred rotational velocity, invoking
agnetically induced spots as the cause of periodic variability.
pectral lines are expected to be broadened due to rotation and
rom their width we can estimate vsin( i ), not accounting for the
tar’s inclination i with respect to our line of sight. We assume a
imple relationship for rotational velocity to be vsin( i ) = �λc / λ =
WHM H αc /2 λH α where the factor of 2 accounts for the effect of
oth blueshifted and redshifted radial motion. Using the SALT data
sin( i ) = 33.0 ± 1.0 km s −1 , in excellent agreement with the
hotometric inferred velocity of 32.2 ± 0.9 km s −1 . This therefore
grees with the idea that the modulation is rotational in nature, is
onsistent with previous findings that fast rotators are magnetically
cti ve (e.g. Ne wton et al. 2017 ), and e ven implies a high inclination of
he star with respect to our line of sight. Additionally, the flares in the
ESS data tend to occur when the source is brighter or increasing in
rightness (Fig. 6 ), also in agreement with the light-curve modulation
eing caused by large magnetically active regions rotating into
iew. 
The optical broad-band behaviour of SCR 1746 according to

SAS-SN (Fig. 7 ) appears to show clear and regular optical flares,
hich again is to be expected from a mid-late M dwarf (Paudel

t al. 2018 ). During the times of radio observations, no flares in
ither waveband are simultaneous to within 0.4 d of observations in
he other. This demonstrates the value of simultaneous radio–optical
bservations to further constrain source properties, something now
rovided by the MeerKAT-MeerLICHT coupling. If the black hole
RB H1743 −322 enters another outburst during ThunderKAT’s life-

ime, then this will provide a good opportunity for multiwavelength,
imultaneous follow up. 

The M dwarf population in general is expected to harbour many
otential exoplanets, due to the abundance of hosts (Henry 2006 )
nd estimated occurrence rate of ∼1.2 planets per star, increasing
t later spectral types (Hardegree-Ullman et al. 2019 ). Therefore,
ost star variability is a crucial consideration in understanding planet
abitability . Namely , the flares produced by M dwarfs can be orders
f magnitude larger than solar flares (Lacy et al. 1976 ) and, along
ith associated space weather events such as coronal mass ejections

CMEs), are likely to erode the atmospheres of planets (Lammer et al.
007 ), affecting UV surface dosage, greenhouse warming efficiency
nd surface water retention (Airapetian et al. 2017 ). This is thought to
ost affect planets close enough to their host to sustain liquid water,

s at this distance from an M dwarf they are expected to be tidally
ocked to their host, resulting in small magnetic moments and a weak

agnetic shield to protect against CME plasma (Khodachenko et al.
007 ). Flares and superflares have been recorded from known planet
r planet-candidate hosting M dwarf systems (G ̈unther et al. 2020 ;
in et al. 2021 ) including the seven planets hosted by TRAPPIST-
, a nearby (12 pc) active M8 dwarf (Gillon et al. 2017 ; Luger
t al. 2017 ). Flaring has even been seen from our planet hosting,
tellar nearest-neighbour Proxima Centauri (Anglada-Escud ́e et al.
016 ; Damasso et al. 2020 ), wherein ASKAP’s unique capabilities
rovided identification of a solar type IV burst, whose occurrence
s strongly associated with space weather events (Zic et al. 2020 ).
iven the nature of the source, multiwavelength studies of SCR 1746
NRAS 513, 3482–3492 (2022) 
ill be helpful in understanding the space weather around M dwarfs,
etermining the habitability of any potential orbiting planets. 

 C O N C L U S I O N S  

e have reported on the serendipitous detection of MKT
174641.0 −321404, a radio flaring transient source disco v ered in
ommensal searches of images from the H1743 −322 radio field
aken by MeerKAT. This is the second Galactic serendipitous
ransient found with MeerKAT, demonstrating the unique capabil-
ties of the current generation of radio telescopes for commensal
cience. MKT J174641.0 −321404 is coincident with M dwarf SCR
746 −3214, which, based on archi v al optical and X-ray photometry
nd dedicated SALT spectroscopy, is of mid-late M spectral type,
ear the transition between mid-M dwarfs and ultracool systems.
ESS observations of SCR 1746 −3214 show clear stellar flares,
emonstrating it is an active star, whilst the observed periodic
ariability is rotational in nature and likely caused by the presence
f magnetically active regions. These observations emphasize the
ecessity for multiwavelength association in understanding the
ature of the transient sky, one of the core drivers of the MeerLICHT
roject. 
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