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A B S T R A C T 

We present the discovery of radio emission from the Be/X-ray binary A0538 −66 with the Australian Square Kilometre Ar- 
ray Pathfinder, and results from a subsequent weekly monitoring campaign with the MeerKAT radio telescope. A0538 −66, 
located in the Larg e Mag ellanic Cloud, hosts a neutron star with a short spin period ( P ≈ 69 ms) in a highly eccentric 
≈ 16 . 6 -d orbit . Its rare episodes of super-Eddington accretion, rapid optical and X-ray flares, and other peculiar properties 
make it an interesting system among high-mass X-ray binaries. Our MeerKAT data reveal that it is also one of the most 
radio-luminous neutron star X-ray binaries observed to date, reaching ≈ 3 × 10 

22 erg s −1 Hz −1 (at 1.28 GHz), with radio 

emission that appears to be orbitally modulated. We consider several possible mechanisms for the radio emission, and 

place A0538 −66 in context by comparing it to similar systems. 

Key wor ds: accr etion, accr etion discs – stars: neutron – X-rays: binaries – X-rays: individual: A0538 −66. 
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 INTRODUCTION  

-ray binaries (XRBs) are bright X-ray sources in which a compact
bject – either a neutron star (NS) or black hole (BH) – accretes 
atter from a stellar binary companion (donor star). Be/X-ray 

inaries (Be/XRBs; see P. Reig 2011 for a review) are a type of 
igh-mass X-ray binary (HMXB) hosting an NS accreting mate- 
ial from an early-type Oe/Be star of luminosity class III–V. The
mission lines in the donor star’s optical spectra (most commonly 
tudied are the Balmer and Paschen series) and enhanced in- 
r ared r adiation indicate the pr esence of a disc of dense g as lying
n the equatorial plane of the donor star, known as the circum-
 E-mail: justine.cr ook-mansour@physics.o x.ac.uk 
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tellar/decretion disc . A ccr etion-driven outbursts ar e classically 
ivided int o tw o types: Type I outbursts, 1 occur when the NS

ntersects the Be star’s decretion disc near periastron, leading to 
pisodic accretion and typical peaks of L X � 10 37 erg s −1 (e.g. A.
. Okazaki & I. Negueruela 2001 ), while Type II (giant) outbursts
ay last multiple orbital cycles and can reach (super-)Eddington 

uminosities (e.g. Y. Moritani et al. 2013 ). 
A0538 −66 (also known as 1A 0535 −668) is a Be/XRB in the

arg e Mag ellanic Cloud (LMC; D ≈ 50 kpc; G. Pietrzy ́nski et al.
019 ) that was discovered in 1977 when the Ariel V satellite de-
 ect ed tw o X-r ay outbursts separ at ed by ∼17 d (N. E. Whit e & G. F.
 Not to be confused with ‘Type I X-ray bursts’ in low -mass X-r ay binaries 
LMXBs). 
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arpenter 1978 ). The system contains an NS in a highly eccentric
rbit ( e ≈ 0 . 72 ), with a period of P orb ≈ 16 . 6 d around a B1 IIIe
onor (A. F. Rajoelimanana et al. 2017 ). The inclination of the
inary plane to our line of sight is constrained to be high (but
 75 ◦, owing to the absence of X-ray eclipses), while the decretion

isc is inferred to be misaligned with respect to this and may
recess (A. F. Rajoelimanana et al. 2017 ; R. G. Martin & P. A.
harles 2024 ). 
The source undergoes X-ray outbursts occurring on a range of 

ime-scales, with luminosities spanning five orders of magnitude
n dynamical range. In the years following its discovery, several X-
ay ev ents w er e r eport ed t o e x ceed the isotr opic Eddington limit
for an NS, L Edd ∼ 10 38 erg s −1 ; e.g. N. E. White & G. F. Carpen-
er 1978 ), whereas later observations found lower luminosities
 ∼10 33 - 37 erg s −1 ; e.g. S. Campana et al. 2002 , P. Kretschmar et al.
004 ). 2 How ev er, in 2018, the sour ce once ag ain r eached Edding -
 on lev els (with a peak 0.2–10 keV luminosity of ∼4 × 10 38 erg
 

−1 ; L. Ducci, S. Mereghetti & A. Santangelo 2019b ). During this
ime, it exhibited rapid, strong X-ray flares near periastron – with
ux changes of up to three orders of magnitude on time-scales
f a few seconds – which may be attribut ed t o v ery fast swit ches
etween spherical accretion and supersonic pr opeller r egimes
L. Ducci et al. 2019b ; M. Rigoselli et al. 2025 ). Occasionally,
he source exhibits X-ray flares far from periastron, which could
e due to a warped decretion disc (supported by observations
rom A. F. Rajoelimanana et al. 2017 ) or inhomogeneities/clumps
n the surrounding circumstellar environment (L. Ducci et al.
022 ). On 2025 September 30, the source again reached super-
ddingt on lev els, with a 0.2–12 keV luminosity of ∼1 . 5 × 10 39 erg
 

−1 (L. Ducci, S. Mereghetti & M. Bachetti 2025 ). 
A0538 −66 displa ys X-ra y pulsations at ∼69 ms (G . K. Skinner

t al. 1982 ; L. Ducci & S. Mereghetti 2025 ), making it the fastest
pinning accr etion-power ed NS in a HMXB . 3 Inter estingly, these
ulsations have only been detected three times: during a super-
ddington outburst in 1980 (G. K. Skinner et al. 1982 ), in a single
11-min observation in January 2023 at a much lower luminos-

ty ( L X ∼ 8 × 10 36 erg s −1 , 0.3–10 keV; L. Ducci & S. Mereghetti
025 ), and during the super-Eddington outburst in September
025 (L. Ducci et al. 2025 ). Their sporadic appearance has been
ttribut ed t o plasma t emporarily leaking thr ough the centrifug al
arrier via an instability mechanism, allowing accretion onto the
olar caps (L. Ducci & S. Mereghetti 2025 ). 
The source’s optical outbursts also vary widely in amplitude

nd duration, reaching some of the brightest levels seen in
MXBs ( L opt ∼ 3 × 10 38 erg s −1 ; G. K. Skinner 1980 ), likely pri-
arily powered by the reprocessing of X-rays in an envelope of 

ense gas surrounding the donor star (L. Ducci et al. 2019a ). Its
ptical emission is orbitally modulated (G. K. Skinner 1980 ), with
ouble-peaked profiles near periastron supporting a disc–plane
isalignment (e.g. A. F. Rajoelimanana et al. 2017 ; L. Ducci &

. Mereghetti 2025 ). The source also displays irregular optical
ariability on ∼day time-scales, possibly caused by density per-
urbations in the decretion disc due to tidal interactions with the
S (L. Ducci et al. 2016 ; A. F. Rajoelimanana et al. 2017 ). 
NRAS 548, 1–9 (2026) 

 Some super-Eddington outbursts may have been missed or confused in 
ll-sky survey data because A0538 −66 lies only ∼30 ar cmin fr om the 
uminous LMC X-4, and its bright episodes are typically short. 
 SAX J0635.2 + 0533 is reported to have a shorter period, but is more likely 
 otation power ed (N. La Palombara & S. Mer eghetti 2017 ). 
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On longer time-scales, photometry revealed a ∼420-d super-
rbital optical modulation, which could be caused by the build-
p and depletion of a high-inclination decretion disc, which tog-
les the system between different states of activity (C. Alcock
t al. 2001 ; K. E. McGowan & P. A. Charles 2003 ; A. F. Ra-
oelimanana et al. 2017 ). Under this interpretation, during ac-
ive/flaring phases, the system is optically fainter because the
isc partially occults the B star – consistent with Balmer (and
ccasional He i ) emission lines and reddening – while accre-
ion as the NS crosses the disc triggers X-ray and optical flares.
uccessive periastron passages may deplete the disc, producing
uiesc ent int ervals when the optical emission is relativ ely stable
nd at its bright est, dominat ed by the naked B star. How ev er,
eak orbital outbursts sometimes persist, and since about 2010,

he quiescent phases hav e short ened, suggesting that the disc is
or e persistently pr esent (P . C. Schmidtke, A. P . Cowley & A.
dalski 2014 ; L. Ducci et al. 2016 , 2022 ; A. F. Rajoelimanana et al.

017 ). Alt ernativ ely, the superorbital modulation may arise from
recession of the decretion disc (R. G. Martin & P. A. Charles
024 ). 

In Sections 2.1 and 2.2 , we present the detection of the radio
ount erpart t o A0538 −66 and our subsequent weekly radio mon-
toring campaign. Sections 2.3 and 2.4 describe our analysis of 
uasi-simultaneous X-ray and optical data, respectively . Finally ,

n Section 3 , we discuss possible origins of the radio emission,
eferring a more detailed analysis to a forthcoming paper once
dditional multiwavelength data have been obtained. 

We define phase zero as the optical maximum, adopting the
phemeris of L. Ducci et al. ( 2022 ) ( P orb = 16 . 64002 ± 0 . 00026
, T 0 = MJD 55673 . 71 ± 0 . 05 ), which aligns better with our op-
ical peak than that of A. F. Rajoelimanana et al. ( 2017 ). The
hase-folded light curves are centred on T 0 , such that −0 . 5 < φ ≤
 . 0 and 0 . 0 < φ ≤ 0 . 5 correspond to the half-orbits preceding
nd following the optical maximum, r espectively. Fr om radial-
elocity fits, A. F. Rajoelimanana et al. ( 2017 ) placed periastron
t φperi ≈ 0 . 04 , i.e. ∼0.7 d after the optical maximum, although
o revised estimates are available. 

 DA  T  A  ANAL  Y S I S  

.1 ASKAP discovery 

e discovered radio emission from A0538 −66 using data from
he Variables and Slow Transients Survey (VAST; T. Murphy et
l. 2013 ) on the Australian Square Kilometre Array Pathfinder
ASKAP; A. W. Hotan et al. 2021 ), which comprises thirty-six
2-m dishes in Western Australia. VAST observes 40 fields in
he Galactic plane and two in the Magellanic Clouds at roughly
ortnightly cadence (T. Murphy et al. 2021 ), achieving typical
ensitivities of ∼250 μJy beam 

−1 across the full survey footprint.
he data were processed with askapsoft (T. Cornwell et al.
011 ) to produce calibrated visibilities and full-Stokes images,
fter which catalogues of noise maps and total intensities were
enerated with selavy (M. Whiting & B. Humphreys 2012 ). The
AST pipeline (A. Stewart et al. 2024 ) uses these data products
nd source catalogues to perform source detection, association,
nd for ced photometry, pr oducing a set of light curves that be-
ome accessible via a web interface and the vast - tools python
ackage (A. Stewart et al. 2025 ). 
A0538 −66 was det ect ed in data from the VAST pilot Galactic

urveys (2022–2024) using a machine-learning-based anomaly
rogramme, which identified its light curve as highly anomalous
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Figure 1. 888 MHz flux densities (top) and phase-folded light curve 
(bottom) from the VAST survey on ASKAP. Grey lines mark the dates 
of the optical maxima, arrows denote 3 σrms upper limits (where σrms is 
the image r oot-mean-squar e noise), and error bars show the 1 σ statistical 
uncertainties. 
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A. Andersson et al. 2025 ; Andersson et al., in preparation). The
earch used code adapted from astronomaly (M. Lochner & B. 
. Bassett 2021 ), which computes features for each light curve 

nd applies anomaly-detection algorithms to assign an anomaly 
cor e. Sour ces ar e then pr esent ed t o users via an int erface that
t erativ ely reranks them to reflect the r equir ed scientific goals
active learning). Independently, A0538 −66 was detected with an 

RB monitoring programme, which conducted a pilot census of 
RB variability during the surveys (Qiu et al., in preparation). 
The VAST light curve for A0538 −66, spanning 2022 November 

4 (MJD 59897) to 2024 November 19 (MJD 60633), is shown in
ig . 1 . The sour ce was det ect ed multiple times, notably peaking
t ∼6 mJy in 2022 December – a few weeks after renewed activity
as reported (R. Stubbings & G. Skinner 2022 ) – and rebrighten-

ng to ∼4 mJy in the final 2024 November epoch. The plot for the
hase-folded flux densities (lower panel) shows that all the strong 
adio flar es occurr ed within the ∼0.2 phase following the optical

aximum, likely around (and shortly after) periastron passage. 

.2 MeerKAT 

ubsequent to its radio detection, we followed up with observa- 
ions of A0538 −66 through the X-KAT programme – the suc- 
essor of ThunderKAT (P. Woudt et al. 2018 ) – which conducts
 eekly radio monit oring of activ e XRBs with the MeerKAT t ele-

cope in South Africa (J. Jonas & the MeerKAT Team 2018 ). The
rray comprises sixty-four 13.5-m dishes, and is equipped with L-, 
-, and UHF-band receivers. It has a dense core and a maximum
aseline of ∼8 km, providing excellent snapshot uv coverage. In 

he L band (0.856–1.712 GHz; centred at 1.284 GHz, with a 856
Hz bandwidth), it covers a large field of view of 1.69 deg 2 , and

chieves a resolution of ∼5 arcsec. 
.2.1 Calibration and imaging 

eerKAT’s higher sensitivity compared to ASKAP allowed us 
o probe much lower flux densities for A0538 −66. Our first L-
and observation on 2025 February 4 (MJD 60710) det ect ed an
nresolved ∼0.2 mJy source at its reported position. We then 

onitored the target at L band at roughly weekly cadence until
025 October 12 (MJD 60960), yielding a total of 35 epochs – one
f which (ID 1742666474) was e x cluded fr om our analysis due to
alibration issues. 

During each epoch, the bright and compact active galactic 
ucleus (AGN) J0408 −6545/PKS 0408 −65 was used as the pri-
ary (i.e. delay, bandpass, and flux density), secondary (i.e. com- 

le x g ain), and leakage calibrator, while the strongly polarized
GN J0521 + 1638/3C138 was used as the cross-hand phase cal-

brator. Each block consisted of the sequence: (J0408 −6545: 5 
in), (A0538 −66: 15 min), (J0408 −6545: 5 min), (J0521 + 1638:

0 min). 
The data were processed using the semi-aut omat ed routine 

olkat (A. K. Hughes et al. 2025a ). Using this pipeline, the
isibilities were first frequency averaged to 1024 channels. Ini- 
ial flagging and r efer ence calibration wer e then performed with
asa (CASA Team 2022 ) using the calibrator fields. The target
ata were further flagged with tricolour (B. V. Hugo et al.
022 ), and an initial image was produced with wsclean (A.
. Offringa et al. 2014 ). A mask generated with breizorro (A.
 . Ramaila, O . Smirnov & I. Heywood 2023 ) was applied for a
rst mask ed decon volution, and the resulting model was used

or direction-independent self-calibration with quartical (J. 
. K en yon et al. 2025 ). A second mask ed decon volution of the
elf-calibrated visibilities produced 16 channelized images, and 

 high-sensitivity multifrequency synthesis (MFS) image. We 
dopted a Briggs robustness parameter (D. S. Briggs 1995 ) of 0
o optimize sensitivity while mitigating non-Gaussian features in 

he synthesized beam that arise at high Briggs weightings. 

.2.2 Analysis 

he r oot-mean-squar e noise ( ≡σrms ) in each MFS image was
easured in a source-free 4 arcmin 

2 region near the targ et, us -
ng the casa task imstat , yielding typical values of ∼20 μJy 
eam 

−1 . The source was det ect ed (peak flux density > 3 σrms ) in
very epoch and was unresolved. Flux densities were obtained 

ith imfit by fitting an elliptical Gaussian whose shape was 
xed to the synthesized beam (i.e. a point-source model), using 
 small region centred on the source. The results are shown in
ig . 2 (a), with err or bars indicating the 1 σ uncertainties fr om

he fits (an additional ∼5–10 per cent systematic uncertainty is 
 ecommended). In the corr esponding phase-folded plot in Fig .
 (a), the light blue shading shows the average flux densities in
0.8-d bins. 
We computed intraband spectral indices only for epochs with 

eak MFS target flux densities that are � 30 σrms , to avoid bi-
ses introduced when low signal-to-noise ratio data are used (I. 
eywood et al. 2016 ). For each of these epochs, the 16 subband
ux densities ( S ν) were fit as a function of frequency ( ν) using
 power -la w model ( S ν ∝ να , wher e α is the spectral inde x). To
chieve this, the data along each axis were log-transformed, and 

 python implementation of linmix (B. C. Kelly 2007 ) was em-
loyed, which performs Markov chain Monte Carlo simulations 
o fit a linear model, accounting for measurement uncertain- 
ies, upper limits in the dependent variable, and intrinsic scat- 
MNRAS 548, 1–9 (2026) 
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M

Figure 2. (a) 1.28 GHz MeerKAT radio core flux densities and (b) intra- 
band spectral indices. (c) ATLAS filter o (560–820 nm) and c (420–650 
nm) flux densities. (d) Swift /XRT unabsorbed 1–10 keV flux es. Gr ey lines 
indicate optical maxima, and error bars show 1 σ statistical uncertainties. 
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Figure 3. Phase-folded 1.28 GHz MeerKAT (a) flux densities and (b) 
intr aband spectr al indices. (c) ATLAS filter o (560–820 nm) data, over 
the date range MJDs = [60710, 60961] (covering multiple orbital cycles), 
wher e phase zer o is the optical maximum. The light blue shading in panel 
(a) shows average data in ∼0.8-d bins. Phase-folded Swift /XRT data are 
not shown, as they do not appear to be orbitally modulated. 
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 er. Giv en that we report only the brightest epochs (which yield
etections in all subbands), we also used a simple closed-form
 eight ed least-squares fit, obtaining slopes (i.e. estimates of α)

hat are consistent within uncertainties. 
We did not detect any significant polarized emission spatially

oincident with the Stokes I source. Using the brightest epoch
2025 May 4; MJD 60809; I = 8 . 78 ± 0 . 02 mJy), w e extract ed
tokes V and linear polarization flux densities 

(
P = 

√ 

Q 

2 + U 

2 
)

y performing beam-shaped for ced apertur e photometry fixed
t the Stokes I position. From these flux densities, we de-
ived a 3 σ confidence interval on the circular polarization
raction of −0 . 5 per cent < m c ≡V/I < 0 . 4 per cent , and a one-
ided ≈ 3 σ upper limit on the linear polarization fraction of 
 l ≡ P/I < 1 . 1 per cent , following the Ricean statistical approach

f J. E. Vaillancourt ( 2006 ). Since image-plane methods are sus-
eptible to bandwidth depolarization, we reimaged the epoch
ith 1024 frequency channels and applied rotation measure

RM) synthesis using rm-tools (M. A. Brentjens & A. G. de
ruyn 2005 ; C. R. Purcell et al. 2020 ). At this level of chan-
elization, we are unaffected by bandwidth depolarization for
 RM | � 10 4 rad m 

−2 . The resulting Faraday dispersion function
hows a marginal peak at RM ≈ 1600 rad m 

−2 with a Gaussian-
quivalent significance of 2 . 3 σ (C. A. Hales et al. 2012 ), and
ields the same constraint on m l as the image-plane analysis. This
M is appr o ximately an order of magnitude larger than typical
ulsar values in the Magellanic Clouds ( | RM | � 100 rad m 

−2 ; e.g.
NRAS 548, 1–9 (2026) 
. Johnston et al. 2022 ), which supports the interpretation that
he signal is spurious. Consequently, we favour the interpreta-
ion that A0538 −66 is weakly polarized, although whether this
s intrinsic or the result of depolarization by various factors (e.g.
. Pasetto et al. 2018 ; A. P. Marscher & S. G. Jorstad 2021 ; A.
. Hughes et al. 2023 ; M. Cherny akov a et al. 2024 ; M. C. Baglio

t al. 2025 ) remains uncertain and will be inv estigat ed in future
nalyses of the polarization properties across all epochs. 

We also produced an ∼8.5-h deep image of the field of 
0538 −66 ( σrms ∼ 10 μJy beam 

−1 ), but did not detect its natal su-
ernova remnant (SNR). Indeed, the source has been associated
ith the LMC open cluster NGC 2034, implying an age � 10 6 yr

M. Pakull & A. Parmar 1981 ), in which case its natal SNR (which
s expect ed t o fade on � 10 5 -yr time-scales; e.g. D. A. Leahy, F.

errick & M. Filipovi ́c 2022 ) would not be detectable. 

.3 Swift /XRT 

-KAT runs in conjunction with the Swift KAT programme,
hich obtained quasi-simultaneous 0.2–10 keV observations of 
0538 −66 with the Neil Gehrels Swift Observatory /X-ray Tele-

cope ( Swift /XRT; N. Gehrels et al. 2004 ; D. N. Burrows et al.
005 ). The spectra wer e e xtracted using the swifttools product
enerator (P. A. Evans et al. 2007 , 2009 ), which applies the latest
oftware and calibration files. Spectral fitting was performed with
spec (K. A. Arnaud 1996 ) over the range 0.5–10 keV, ignoring
ad channels and using Cash statistics ( cstat ; W. Cash 1979 )
fter data wer e gr ouped to have at least one count per bin. Since
ur aim is t o qualitativ ely tr ack the X-r ay flux evolution during
ur radio campaign, we adopted a simple fitting r outine, r eserv-
ng a more detailed analysis for future work. We extracted unab-
orbed 1–10 keV fluxes following the approach of previous stud-
es (e.g. L. Ducci et al. 2019b ), adopting tbabs ∗(pegpwrlw)
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or low-count spectra ( < 50 counts), and the phenomenologi- 
al model tbabs ∗(pegpwrlw + pegpwrlw) to capture the 
pectral features at both high and low energies in the higher
ount spectra. For tbabs – parametrized by the line- of- sight 
olumn density N H 

– we used Wilm abundances (J. Wilms, A. 
llen & R. McCray 2000 ) and Vern cross-sections (D. A. Verner

t al. 1996 ). Since our spectra are mostly low count (thus N H 

is
oorly constrained), we fixed N H 

= 8 × 10 20 cm 

−2 , but note that
arying its value across the range reported in the literature (e.g. 
. Ducci et al. 2019b ; L. Ducci & S. Mereghetti 2025 ; M. Rigoselli
t al. 2025 ) does not significantly affect our results. Uncertainties
er e e xtracted using the error command at the 1 σ level, and

he results are shown in Fig. 2 (d). 

.4 ATLAS 

he Aster oid Terr estrial-impact Last Alert S ystem (ATLAS; J. L.
onry et al. 2018 ) consists of four telescopes and can survey the
ntire visible sky multiple times a day. Although it was designed 

 o det ect pot entially hazar dous near-Earth objects, its data ar e
 aluable for tr ansient sour ces. We used ATLAS measur ements
f A0538 −66 in the orange (o; 560–820 nm) and cyan (c; 420–
50 nm) bands, generated with target-image photometry via the 
TLAS server (L. Shingles et al. 2021 ). Fig. 2 (c) shows the ATLAS

ight curve during our MeerKAT campaign (MJDs 60710–60961), 
nd Fig. 3 (c) presents the same data folded on the orbital period.

 DISCUSSION  

s seen in Fig. 3 (a), the radio emission of A0538 −66 appears to be
rbitally modulated – with a peak occurring after the optical max- 
mum, near periastron – and is generally higher after the peak 

 0 . 05 < φ ≤ 0 . 5 ) than before ( −0 . 5 < φ ≤ −0 . 05 ). How ev er, the
ehaviour is clearly complex, and the flux density at a particular
oint in time may be the superposition of various factors such as
he orbital (and superorbital) phase and accretion rate. Notably, 
he ∼1 mJy epoch at φ ∼ −0 . 15 occurred on 2025 September 28
MJD 60581), just ∼2 d before the super-Eddington X-ray observa- 
ion reported by L. Ducci et al. ( 2025 ), and appears brighter than
ata points at similar phases. A dditionally, fr om Fig . 3 (b), we see a
light tendency for the radio emission to be more optically thick
 α � −0 . 5 ) near periastron – although more data are needed to
e certain, as we report on very few intraband spectral indices far
r om periastr on because of generally low signal-to-noise ratios at 
hese phases. 

It is worth noting that the TRAPUM (TRAnsients and PUlsars 
ith MeerKAT) Large Survey Project (V. Pr ay ag et al. 2024 ) did
ot detect any pulsed radio emission from A0538 −66 during a 
-h observation on 2024 March 2 (MJD 60371; φ ∼ 0 . 3 ), ∼5 d
fter its optical maximum (V. Pr ay ag et al. 2026 ). Our nearest
SKAP observation, taken ∼6 d later (near apastron) yielded 

 3 σrms upper limit of ∼0.6 mJy. 
Furthermore, the optical flaring seen in Fig. 2 (c) indicates that

he source is in an active phase during our monitoring period. In
articular, Fig. 3 (c) shows that near periastron, an initial strong
ptical peak occurs, followed by additional flaring. This suggests 
fficient accretion near periastron if the emission is indeed dom- 
nated by r epr ocessed X-rays (L. Ducci et al. 2019a ). 

How ev er, Fig. 2 (d) shows no sign of the X-ray flux being or-
itally modulated (in fact, it shows large variability at the same
hase), and that there is no correlation between the radio and X-
ay emission. This may partly be due to our sparse sampling and
ack of X-ray coverage within ∼1 d of periastr on. A dditionally,
he source has previously exhibited X-ray flares far from peri- 
stron passages (see fig. 5 in L. Ducci et al. 2022 ), and bright
-ray outbursts can last several days (unlike the more localized 

ptical peaks). Dense, quasi-simultaneous radio and X-ray mon- 
toring are required to further investigate the complex behaviour 
f A0538 −66. 

.1 Radio emission mechanisms 

n this section, we consider several mechanisms that could pro- 
uce radio emission in Be/XRBs, but note that the discussion is
ot exhaustive. 
Thermal fr ee–fr ee emission from an ionized stellar wind is pos-

ible (N. Panagia & M. Felli 1975 ; A. E. Wright & M. J. Barlow
975 ), although it typically produces positive spectral indices, 
ontrary to most of our observations. Moreover, the emission 

s classically predicted to scale with the wind mass-loss rate as
 ν ∝ 

˙ M 

4 / 3 , so detectable L-band emission at 50 kpc likely r equir es
˙ 
 � 10 −4 M 	 yr −1 , far above the ˙ M � 10 −9 M 	 yr −1 typical of 

lassical Be stars (J. Krti ̌cka 2014 ). 
A more plausible interpretation is synchr otr on emission. Un- 

er the assumption that the peak near periastron is due to syn-
hr otr on self-absorption (SSA; H. der Laan 1966 ), we can obtain
r der-of-magnitude estimat es of the properties of the emitting 
egion, using the equations in R. Fender & J. Bright ( 2019 ) and
owie & Fender (in preparation) (assuming electrons with an 

nergy index p = 2 and Lorentz factors 3–1000). The SSA as-
umption is motivated by the observation of an inv ert ed (i.e. pos-
tive) spectral index, and by similar behaviour observed in other 
aring XRBs (e.g. D. E. Calvelo et al. 2012 ). Using our peak flux
ensity ( ∼9 mJy ), the source distance, and observing frequency, 
 e estimat e a minimum energy of ∼2 × 10 41 erg , an emitting re-

ion size of ∼2 × 10 14 cm , and an equipartition magnetic field of 
0 . 2 G . For comparison, this minimum flare energy is about two

rders of magnitude higher than that of the ∼4 mJy flare from
he NS LMXB XTE J1701 −462 during an outburst that covered
 similar range in X-ray luminosities (K. V. S. Gasealahwe et al.
024 ; D ≈ 8 . 8 kpc). Assuming that A0538 −66 exhibits a radio
are every periastron (supported by our light curve), the lower 

imit for the power r equir ed to pr oduce the radio emission is
10 35 erg s −1 ≈ 10 −3 L Edd . Even if the peak is not due to SSA –

ut is still produced by a power -la w population of synchr otr on-
mitting electrons (what ev er the geometry) – the minimum en- 
rgy and power constraints remain valid, and the emitting region 

ize becomes a lower limit. Bulk relativistic motion of the radio-
mitting region could alter these estimates, but for a large range
f parameter space, the energy remains a lower limit (R. Fender
 J. Bright 2019 ). Additionally, changes in the line of sight or

he velocity of bulk relativistic motion could explain the observed 

catter in the light curve. 
The synchr otr on emission could originate from relativistic 

ets or ejecta , as commonly seen in LMXBs (R. Fender 2006 ).
his mechanism has also been proposed for Be/XRBs – first for 
wift J0243.6 + 6124 (J. den Eijnden et al. 2018 , 2019 ), and more
ecently for 1A 0535 + 262 (J. den Eijnden et al. 2022 ) and LS V
 44 17 (J. den Eijnden et al. 2024 ). The predominantly optically

hin spectral index of A0538 −66 suggests emission from discrete, 
hort-lived ejecta rather than a steady compact jet, and the jet axis
ould be precessing as seen in Circinus X-1 (Cir X-1; F. J. Cowie
t al. 2025 ). 
MNRAS 548, 1–9 (2026) 
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Alt ernativ ely, the synchr otr on emission could originate fr om
hocks between a pulsar wind and the Be companion’s stellar
ind or decretion disc, as inferred in γ -ray binaries (see G. Dubus

013 for a review) such as PSR B1259 −63 (M. Tavani & J. Arons
997 ; S. Johnston et al. 2005 ). Another possibility is that it arises
ue to outflows powered by a magnetospheric propeller mecha-
ism (A. F. Illarionov & R. A. Sunyaev 1975 ; M. M. Romanova
t al. 2005 ). 

The emission mechanism that is operating depends on the
elative positions of three radii: 

(i) light-cylinder radius R lc 
 4 . 8 × 10 9 P s cm = 3 . 3 × 10 8 cm; 
(ii) corotation radius R co 
 1 . 68 × 10 8 M 

1 / 3 
1 . 4 P 2 / 3 s cm = 

 . 8 × 10 7 cm; 
(iii) magnetospheric radius R m 


 2 . 5 × 10 8 kM 

1 / 7 
1 . 4 R 

10 / 7 
6 

 

4 / 7 
12 L 

−2 / 7 
37 cm; 

here P s is the spin period in seconds, and the NS mass, ra-
ius, surface magnetic field, and luminosity are respectively
caled as M = M 1 . 4 1 . 4 M 	, R = R 6 10 6 cm, B = B 12 10 12 G, and L =
 37 10 37 erg s −1 (we use R 6 = 1 , M 1 . 4 = 1 ). Note that the location of 
 m 

is quit e uncertain; w e use S. S. Tsy g ankov et al. ( 2017 ) equa-
ion 2, and assume k = 0 . 5 for disc accretion, although L. Ducci
t al. ( 2019b ) suggested that A0538 −66 may sometimes be in a
egime of spherical accretion. The source is in a direct-accretion
egime when R m 

< R co , a propeller outflow occurs when R lc >

 m 

> R co , and an intrabinary shock can form when R m 

> R lc 
respectively cases A/B, C, and D in the simulations by K. Parfrey
 A. Tchekhovskoy 2017 ). 
L. Ducci & S. Mereghetti ( 2025 ) considered two scenarios to

xplain the presence of X-ray pulsations in A0538 −66 at L X 0 ∼
 × 10 36 erg s −1 . In the first scenario , the NS is dir ectly accr eting at
 X 0 , implying B < 7 × 10 10 G, which would be unusually low for
n NS HMXB (see discussion in L. Ducci & S. Mereghetti 2025 ).
n this case, the source would be in either the propeller or direct-
ccr etion r egimes during all epochs in our campaign, so the radio
mission likely arises from a propeller outflow or jet ejecta. 

In the sec ond sc enario , the NS resides in a propeller phase at L X 0 
so can have a stronger magnetic field of B < 5 × 10 12 G (using
 lc > R m 

) – and pulsations arise when gas int ermitt ently ov er-
omes the magnetospheric barrier and accretes onto the NS poles
in between cases B and C in K. Parfrey & A. Tchekhovskoy 2017 ).
n this case, the source could transition between the propeller
nd pulsar-wind shock regimes at some L X < L X 0 that depends
n the exact magnetic field strength (i.e. a ‘flip-flop’ scenario,
s proposed for the γ -ray binary LS I + 61 ◦303; D. F. Torres et
l. 2012 ). We note that for B < 5 × 10 11 G, this transition would
all below the lowest X-ray flux seen in our Swift /XRT monitor-
ng, which would again suggest that all radio emission originates
n an accretion-flow-dominated state. It is unclear whether two
ifferent radio emission mechanisms alt ernat e in A0538 −66, as
e do not observe a clear dichotomy in the radio properties (e.g.

uminosity and spectral index) above and below a certain L X .
f a subset of the r adio observ ations (those at low L X ) originate
rom a shock between the pulsar wind and the Be-star’s disc, the
eld B < 5 × 10 12 G implies a pulsar spin-down power of ˙ E �
0 37 erg s −1 , which gives a r atio of r adio luminosity to ˙ E that is
omparable to those in two systems with intrabinary shocks and
nown 

˙ E , namely PSR B1259 −63 (S. Johnston et al. 1992 , 1996 ;
. Dubus 2013 ; M. Cherny akov a et al. 2024 ) and PSR J2032 + 4127

F. Camilo et al. 2009 ; A. G. Lyne et al. 2015 ; W. C. G. Ho et al.
017 ; C.-Y. Ng et al. 2019 ). These systems have much wider orbits
han A0538 −66 (respectively P orb ≈ 3 . 4 yr and ≈ 45 −50 yr); thus,
NRAS 548, 1–9 (2026) 
ar from periastron, the companion-wind density at the NS is
ow enough for radio pulsations to be active and detectable – a
ituation not observed to date in A0538 −66. 

.2 Br oader conte xt 

ig. 4 shows a schematic comparison of quasi-simultaneous un-
bsorbed 1–10 keV X-ray luminosities ( L X ) and 1.28 GHz radio
uminosities scaled by frequency ( L R = νL ν) for X-ray and γ -
 ay binaries. The diagr am is deliber ately simplified and – given
ensitivity limits and sparse sampling – may not capture the full
arameter space of each population, but it provides a useful high-

evel comparison of A0538 −66 with other similar systems. The
reen shading indicates the L R –L X parameter space occupied by
0538 −66, though L X may extend down t o ev en low er values in
uiescence (P. Kretschmar et al. 2004 ). Orange and blue show the
 egions corr esponding to the canonical har d/quiescent BH LMXB
rack and to NS LMXB detections, respectively (e.g. E. Gallo , N .
egenaar & J. van den Eijnden 2018 ). In reality, these regions
verlap: many BH LMXBs extend to lower L R (e.g. A. K. Hughes
t al. 2025b ), and NS LMXBs exhibit diverse behaviour (e.g. A. J.
etarenko et al. 2016 ; V. Tudor et al. 2017 ). Additionally, many
S observations are upper limits, so this region likely extends to

v en low er L R than currently det ectable. 
Using observations of 1A 0535 + 262, SAX J2103.5 + 4545, an

utburst of Swift J0243.6 + 6124, and a giant outburst of GRO
1008 −57, J. den Eijnden et al. ( 2022 ) proposed that Galactic
e/XRBs display correlated radio and X-ray emission – consistent
ith radio emission arising from accretion-driven compact jets
contrary to our (sparse) A0538 −66 observations. These authors

urther suggested that this group (shown in purple in Fig. 4 ) has a
ower L R /L X normalization than NS LMXBs. Thus, r eg ar dless of 
hether the radio emission is jet-driven or has another origin (e.g.
. Chatzis, M. Petropoulou & G. Vasilopoulos 2022 ), Be/XRBs

t comparable luminosities would not be detectable at the LMC
istance – highlighting how luminous A0538 −66 is. An investi-
ation into whether this difference may be related to A0538 −66’s
ignificantly shorter spin period compared to other Be/XRBs (see

. Rigoselli et al. 2025 , fig. 7) is worthwhile. 
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As first noted by P. Murdin, G. Branduardi-Raymont & A. N. 
armar ( 1981 ), A0538 −66 resembles the NS LMXB Cir X-1 in
erms of its ∼16.6-d orb ital period (L. J. Kaluzienski et al. 1976 )
nd X-ray light curve, although Cir X-1 is far younger ( < 4600
r; S. Heinz et al. 2013 ). Cir X-1 typically shows radio flux den-
ities of the order ∼10 mJy, which (at D ≈ 9 . 4 kpc; S. Heinz
t al. 2015 ) corresponds to luminosities that are comparable to
0538 −66. How ev er, it occasionally flares to � 1 Jy (R. P. Arm-

trong et al. 2013 ), about an order of magnitude more luminous
han A0538 −66’s peak (observ ed t o dat e). In gr ey in Fig . 4 , we
lot a r epr esentative orbitally averaged range of L X for Cir X-1;
hile it has exhibit ed low er L X dips near periastron, these are

ikely due to absorption rather than a decrease in the accretion 

ate (A. D’Aì et al. 2012 ; N. S. Schulz et al. 2020 ). Cir X-1 has
ong been r eg ar ded as an e xtr eme outlier among NS XRBs, so our
nding that A0538 −66 resides in a similar region of L R –L X space

s particularly intriguing. 
In red in Fig. 4 , we indicate the appr o ximate location of 

ome of the most luminous Galactic γ -ray binaries – 1FGL 

1018.6 −5856 (1FGL J1018; B. Soelen et al. 2022 ; D ≈ 4 . 4 kpc),
S I + 61 ◦303 (P. Esposito et al. 2007 ; M. Massi & M. Kaufman
ernadó 2009 ; L. Zimmermann, L. Fuhrmann & M. Massi 2015 ; 
. Massi & G. Torricelli-Ciamponi 2016 ; M. Massi, S. Migliari &
. Cherny akov a 2017 ; D ≈ 2 . 6 kpc), LS 5039 (V. Bosch-Ramon

t al. 2005 ; B. Marcote et al. 2015 ; I. Volkov et al. 2021 ; D ≈ 2 . 0
pc), PSR B1259 −63 (M. Cherny akov a et al. 2009 ; D ≈ 2 . 4 kpc),
nd 4FGL J1405.1 −6119 (R. H. D. Corbet et al. 2019 ; D ≈ 7 . 7 kpc)
but note that there may be fainter sources within this group (e.g.
SR J2032 + 4127; W. C. G. Ho et al. 2017 ; C.-Y. Ng et al. 2019 ; M.
herny akov a et al. 2020 ; D ≈ 1 . 4 kpc). Interestingly, 1FGL J1018
lso has P orb ≈ 16 . 6 d (B. Soelen et al. 2022 ); how ev er, its most
uminous L-band MeerKAT epoch (t o dat e) is comparable to the
east luminous A0538 −66 epochs (Mathiba et al., in preparation). 
n addition, the yellow region in Fig. 4 shows the appr o ximate
arameter space occupied by the only confirmed extra-Galactic 
-ray binary , LMC P3 (R. H. D. Corbet et al. 2016 ), whose L-
and MeerKAT flux density peaks at slightly lower but compa- 
 able v alues to A0538 −66 (namely � 3 mJy; Mathiba et al., in
reparation). 
Clearly, A0538 −66 straddles the region in L R –L X parameter 

pace between γ -ray binaries and outlier NS LMXB systems like 
ir X-1. 

 CONCLUSIONS  

0538 −66 is a Be/XRB in the LMC that exhibits a range of un-
sual properties. We det ect ed the source at radio wavelengths 

or the first time in 0.89 GHz ASKAP data. We subsequently
onduct ed a w eekly 1.28 GHz MeerKAT monit oring campaign, 
uring which it was consistently detected and reached a peak 

ux density of ∼9 mJy. In addition, we found tentative evidence 
hat the radio emission is orbitally modulated. In upcoming work,
e will present the results from a high-cadence multiwavelength 

ampaign aimed at understanding the origins of emission in this 
eculiar system. 

A  T  A  AVA I L A B I L I T Y  

he code used to generate the plots in this paper is available
t https://github .com/JustineCrook/A0538-66 _ analysis ; an y up- 
at es t o the r adio and X-r ay r esults will be shar ed her e. Data
r om MeerKAT ar e available thr ough the SARAO data ar chive
Pr oposal ID: SCI-20230907-RF-01): https://ar chive.sarao.ac.za/ . 
ata from ATLAS are available at https://fallingstar-data.com/ 

or cedphot/ . Data fr om the Swift /XRT ar e publicly available
hrough the Swift archive: https://www.swift.ac.uk/swift _ portal . 

For the MeerKAT data reduction, we made use of polkat :
t tps://github.com/AKHughes1994/polkat . When fit ting the 
eerKAT intr aband spectr al indices, we used the python 

mplementation of linmix from https://github.com/jmeyers314/ 
inmix. 
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