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A B S T R A C T 

SXP 31.0 is an X-ray source in the Small Magellanic Cloud that was first identified as a Be X-ray Binary (BeXRB) system 

when it went into X-ray outbusrst in 1998. It is now known to consist of an OBe main sequence star and a neutron star with 

a spin period of 31 s. In 2025 a new X-ray outburst phase began with the source exhibiting a luminosities approaching the 
Eddington limit of 10 

38 erg s −1 . Unusually, H α images show it has a surrounding halo whose nature has not been clear. In 

this paper, we report new observations of this halo, including the first multifibre Int egrat ed Flux Unit observations, which 

identify this emission as probably a coincidental H ii region. The X-ray, UV, and optical data cover a period of ∼200 d and 

reveal that the source underwent two bright, back-to-back, Type II outbursts in 2025 – a rare occurrence for any BeXRB 

system. 

K ey words: X-ra ys: binaries. 
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 INTRODUCTION  

e X-ray Binaries (BeXRBs) are a large sub - group of the well-
stablished category of High Mass X-ray Binaries characterized 

y being a binary system consisting of a massive mass donor star,
ormally an OBe type, and an accreting compact object, normally 
 neutr on star. Ther e ar e sev eral syst ems in the Magellanic Clouds
here the compact object is identified as a white dwarf (M. J. Coe

t al. 2020 ; J. A. Kennea et al. 2021 ; T. M. Gaudin et al. 2024a ). In
ddition there is one known galactic system, MWC 656, where the 
ccretor has been proposed to be a black hole, but this remains to
e confirmed (J. Casares et al. 2014 ; S. Janssens et al. 2023 ; S. A.
zib & F. J ar on 2025 ). 
The Small Magellanic Cloud (SMC) has been known for quite 

 while now to contain the largest known collection of BeXRBs
see, for example, M. J. Coe & J. Kirk ( 2015 ) and F. Haberl
 R. Sturm ( 2016 ). As a result of many observational stud-

es the complex interactions between the two stars continue to 
r oduce une xpected surprises. In particular, the unpr edictable 
ehaviour of the mass donor OB-type star is major driver in
he observed characteristics of such systems, and as a direct 
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esult of the rate of mass transfer on to the neutron star sys-
 ems long-t erm spin up or spin down changes are observ ed
H. Klus et al. 2014 ). 

The study of this large population of BeXRBs is the primary
otivation for the Swift SMC Survey (S-CUBED; J. A. Kennea 

t al. 2018 ). S-CUBED is a weekly survey, ongoing since 2016, that
ims to both identify new BeXRBs and track transient outbursts
rom known systems This survey utilizes the X-ray Telescope 
XRT; P. W. A. Roming et al. 2005 ) and UV/Optical Telescope
UVOT; D. N. Burrows et al. 2005 ) of the Swift Observatory. Tiled
bservations of 142 overlapping tiles for 60s each are obtained 

n order to obtain spatially-continuous observations of the entire 
MC. Each tile is observed with XRT in Photon Counting (PC)
ode and UVOT observing the uvw1 -band. S-CUBED data has 

een used to identify several new BeXRBs (I. M. Monageng et al.
019 ; J. A. Kennea et al. 2020 ; T. M. Gaudin et al. 2024b ) and to
bserve notable outbursts from known systems (e.g. SMC X-3, L. 
. Townsend et al. 2017 and SMC X-2, M. J. Coe et al. 2024 ). 

In this paper, we report on the recent near super-Eddington
utbursts of SXP 31.0 (also known as XTE J0111.2 −7317). This
-r ay tr ansient SXP 31.0 w as originally discovered by the Pro-
ortional Counter Array, on the R ossi X-r ay Timing Explorer
RXTE) X-r ay observ at ory, on 1998 Oct ober 29 (D. Chakrabarty et
l. 1998a , b ). The outburst continued until 1999 January and was
et ect ed during its decline at the start of the RXTE monitoring
 This is an Open Access article distributed under the terms of the 
/by/4.0/ ), which permits unrestricted reuse, distribution, and 
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Figure 1. Full OGLE IV and Swift light curves for SXP 31.0 spanning the ∼9 yr duration of the S-CUBED survey. 
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ampaign of the SMC (S. Laycock et al. 2005 ). No further detec-
ions of SXP 31.0 wer e r eported fr om this RXTE/SMC campaign
hich lasted until 2012. A report of QPO behaviour seen in the

025 outburst has been presented by A. Salganik et al. ( 2025a , b ).
hese same authors report on the steady spin up of the pulsar
uring the Type II outburst. 
The optical counterpart was identified by G. L. Israel et al.

 1999 ) and classified by S. Covino et al. ( 2001 ) as B0.5V – B1Ve.
ubsequently, optical and IR measurements by M. J. Coe, N. J.
aigh & P. Reig ( 2000 ) and M. J. Coe et al. ( 2003 ) confirmed the

ptical counterpart to be a B type star with a strong IR excess.
nusually, the H α images of the field reveal an extended region

f emission surrounding the source. M. J. Coe et al. ( 2003 ) spec-
lated as to whether this very unusual feature was a supernova
emnant, a bow shock, or an ionized H ii region. These options
r e r e-visited her e using higher quality data than was previously
vailable. 

The new observations reported here cover the extent of a prob-
ble double Type II outburst – each typically with a duration
omparable to, or greater than the binary period deduced from
ur optical observations. In addition each outburst has a lumi-
osity approaching the Eddington limit of 10 38 erg s −1 . The mul-

iw avelength observ ations of the sour ce pr esented her e wer e ob-
ained by combining Swift XRT and UVOT observations, optical
ata from the Optical Gravitational Lensing Experiment (OGLE),
nd contemporaneous imaging and spectroscopic observations
rom the Southern African Large Telescope (SALT). They reveal
 source that had been quiescent for over 26 yr exhibiting an
 xtr emely bright period of activity. 
NRAS 546, 1–12 (2026) 
 O B S E RVAT I O N S  

.1 Swift observations 

.1.1 XRT observations 

he field containing SXP 31.0 has regularly been monitored by S-
CUBED since the beginning of the survey in 2016, but this source

as not det ect ed in any of the short, 60s XRT e xposur es until the
bservation taken on 2025 April 10. The XRT light curve for the
uration of S-CUBED is shown in Fig. 1 . SXP 31.0 was first de-
 ect ed during this observation at a count rate of 0 . 39 ± 0 . 1 counts
er second. The source declined in count rate during the first
eep target of opportunity (T OO) r equest that was submitted after
et ection. How ev er, a second T OO r equest taken on 2025 April
3 revealed that the source had suddenly increased in brightness
nd was now det ect ed at an XRT count rate of 1 . 06 ± 0 . 04 counts
er second. 
In response to this sudden increase in count rate, Swift be-

an a regular deep TOO monitoring campaign of SXP 31.0 that
asted for over 200 d with e xposur e times ranging from under
 to 5 ks per observation. These observations revealed that the
ource continued to increase in brightness for 38 d after the ini-
ial S-CUBED detection befor e r eaching a peak count rate of 
 . 77 (+0 . 04 , −0 . 05) counts per second. After reaching this peak,
he source continued to steadily decline in brightness for over
00 d. At this point, the source entered a plateau phase where
he count rate remained at ∼0.07 counts per second for over
0 d. Somewhat surprisingly, on 2025 October 17, SXP 31.0 was
bserv ed t o hav e produced a secondary outburst. This secondary
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utburst peaked at 1.15 counts per second on 2025 November 
. After reaching this peak value, the source began to decay in
rightness for a second time. As of the last observation obtained 

y Swift , this trend continues. The Swift /XRT light curve of both
utbursts is shown in the bottom panel of Fig. 1 . 

A 0.3–10 keV spectrum of SXP 31.0 was obtained for each TOO
bservation with a duration greater than 1 ks. These observations 
ere obtained with a differing XRT mode depending on the count

ate of the source in the previous observation. If the source was
et ect ed t o be below a count rat e of ∼1 . 0 counts per second, then
he spectrum was obtained using PC mode. If the source was de-
 ect ed t o be abov e a count rat e of ∼1 . 0 counts per second, then the
pectrum was obtained using window timing mode. All spectra 
er e pr ocessed using the aut omat ed XRT pipeline t ools described
y P. A. Evans et al. ( 2009 ). Each one was re-binned using the
rppha software package so that each bin had a minimum of 
5 counts per bin. How ev er, for deeper observations with large
umber of counts, the number of counts per bin was increased 

o that there w ere betw een 40 and 50 bins in each spectrum. For
he lowest luminosity observations, a minimum of 4 counts per 
in was used. This was the only method that would allow an
stimation of the X-ray luminosity of SXP 31.0 during the periods
hen the source was at its faintest. 
After binning the spectra, the best-fitting spectral parameters 
 ere det ermined for each observation by minimization of the C -

tatistic using the software xspec (K. A. Arnaud 1996 ). C -statistic
inimization is pr eferr ed ov er χ2 minimization due t o its relia-

ility in accurately measuring the parameters of a spectral fit and 

stimating the uncertainties of these parameters (J. S. Kaastra 
017 ). A typical BeXRB spectrum obtained by XRT is hard and
an be fit by an absorbed power law with a photon index of � � 1 .
ow ev er, SXP 31.0 does not have a typical BeXRB XRT spectrum.
ig. 2 shows a typical spectrum obtained during each outburst. 
ach of these spectra indicate the presence of a soft X-ray e x cess
ver the typical absorbed power law. Because of this soft e x cess,
3 of the 49 observations are best fit by a multicomponent ab-
orbed power law plus blackbody model. The 16 spectra that are 
ot best fit by this multicomponent model are best fit by a typical
bsorbed power law model. It is a lack of detected soft ( < 2 keV) X-
ay photons as the source fades in luminosity that prevents Swift 
rom fitting the absorbed blackbody spectral component of the 
ource during these observations. Once the source re-brightened, 
he blackbody component was able to be det ect ed again. The fit is
lso found to be improved when the column density ( N H ) along
he line of sight is fixed at a value of 1 . 8 × 10 21 cm 

−2 , which is the
ver age v alue for the column density derived by J. Yok oga wa et al.
 2000 ) using data taken by the Advanced Sat ellit e for Cosmology
nd Astrophysics during the 1998 outburst of the source. As such,
ll fits were performed with the column density fixed at this value.

In order to find the radius of emission for the blackbody com-
onent in each spectral fit, we followed the method employed 

y J. A. Kennea et al. ( 2021 ) and T. M. Gaudin et al. ( 2024a ).
fter finding the best-fitting values for the photon index ( �) and
lackbody temperature ( kT ), these parameters were then fixed at 
heir best-fitting values, and the column density was again fixed 

t a value of 1 . 8 × 10 21 cm 

−2 . The normalization of the blackbody
nd power law components were allowed to vary using C -statistic
inimization. The normalization of the bbodyrad component 

s defined as n = 

R 2 EM 
D 2 10 

where R EM 

is the radius of emission for the
lackbody component and D 10 is the distance to the source in
nits of 10 kpc. Once a best-fitting normalization is found for the
i  
ource, the radius of emission can be calculated by assuming the
tandard distance to the SMC of 62 kpc (V. Scowcroft et al. 2016 ).
his makes D 10 = 6 . 2 which produces a blackbody radius of 400–
00 km during the first outburst and a mean radius of ∼290 km
uring the second outburst (see Fig. 3 ). 
The a verage best -fitting spectral parameters for our multicom- 

onent model during each outburst of SXP 31.0 ar e r eported in
able 1 . A figure showing the variability of all of the components
f our best-fitting model as a function of time is found in Fig. 3 . As
hown in the figure, the photon index and blackbody temperature 
arameters are not found to vary significantly as the outburst
r ogr esses. Similarly to the 2023 outburst of Swift J0549.7 −6812
M. J. Coe et al. 2023 ), there is a slight hint of a softening of the
hoton index. As these underlying parameters are so steady for 
he duration of both outbursts, we can conclude that the emission

odel driving this even does not vary. The only spectral param-
ter that appears to vary is the radius of emission ( R EM 

) of the
hermal blackbody component, which increases and decreases 
ith the luminosity of the system by ∼300 km during the first
utburst. As expected, during the second and fainter outburst, 
his blackbody component is found to have decreased in average 
adius by ∼150 km. The average radius of the blackbody com-
onent during the second outburst is consistent with the radius 
bserved during the faintest luminosities of the first outburst. 

.1.2 UV O T observations 

XP 31.0 has been det ect ed by UVOT consist ently since the start
f the S-CUBED survey. A uvw1-band light curve with appr o xi-
at ely w eekly cov er age w as gener ated for this source via aperture

hotometry using the FTOOLS (J. K. Blackburn et al. 1999 ) mod-
le uvotsource . In order to properly estimate the magnitude of 

he source in each observation, the circular source aperture radius
hat is used by uvotsource was set to 5 arcsec , and a nearby
 � 30 arcsec ) circular background region was selected to have a
adius of 8 arcsec and to contain no stars. Using this method,
he light curve presented in the middle panel of Fig. 1 is shown
panning the nearly 10 yr of S-CUBED. 

This light curve shows relatively unusual behaviour for a 
eXRB in the SMC. Instead of demonstrating variability that is 
ppr o ximately corr elated with the behaviour that is observed in
he OGLE I band (top panel of Fig . 1 ), ther e is little evidence for
ariability of the source at all. The mean uvw1 -band value of the
re-outburst S-CUBED observations for SXP 31.0 is found to be 
3.6 mag, and all variability is consistent with the measurement 
oise associated with short, 60s S-CUBED e xposur es. 
The lack of observed uvw1 -band variability is a surprising re-

ult that diverges from the typical behaviour observed in other 
ctive SMC BeXRBs. In many cases (J. A. Kennea et al. 2020 ; T. M.
audin et al. 2024b ), S-CUBED has observ ed correlat ed variabil-

ty between the uvw1 -band and the I -band light curves of a system
n super-orbital or multiyear time-scales. In this case, the uvw1 -
and data does get brighter or dimmer as the I -band magnitude
f the system changes with time. Instead it remains constant, 
uggesting that there is no variability in the circumstellar disc 
ontribution to the UV flux of the system. 

During the X-ray outburst, deeper e xposur es r eveal that ther e
s a small amount of variability that can be observed in the uvw1 -
and. SXP 31.0 is found to vary in brightness by up to 0.1 mag dur-

ng the > 200 d span of the outburst. Additionally, this variability
s found to be correlated with the variability of the I -band data and
MNRAS 546, 1–12 (2026) 
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he XRT count rate. This correlation during large outbursts has
een observed before in systems such as SMC X-3 (L. J. Townsend
t al. 2017 ). 

The deeper TOO observations of the source during outburst
ere taken with UVOT in 0x30ed mode, which is a uv-w eight ed
lter that observes the target with each of Swift ’s 6 UV/optical
lters. Individual snapshots for the sky image and e xposur e map
f a given observation and filter were summed together using
he uvotimsum command after removing snapshots for which
mall-scale sensitivity issues were observed. The method de-
cribed above was then used to perform 6-filter aperture photom-
try on the target. Multiwavelength aperture photometry resulted
n the light curve that is shown in Fig. 4 . 

In this multiwavelength light curv e, w e see evidence of co-
erent variability in all bands observed by Swift , but the evi-
ence for an associated optical flare that accompanies the large
-ray outburst is weaker due to the greater uncertainty associ-
ted with these observations. N o UVO T filter sees the magnitude
f the source change in brightness by more than 0.2 mag, and
he change in magnitude appears to decrease as you pr ogr ess
 o short er wav elengths. Ag ain, this is a somewhat surprising r e-
ult. There is a growing body of evidence suggesting that an IR-
V flares should accompany large X-ray outbursts due to the X-

ay heating of the circumstellar disc by the NS companion (J.
lfonso-Garzón et al. 2024 ; G. Vasilopoulos 2025 ). How ev er, NS
eating is challenged by the small variability that is observed

n the ext ensiv e UVOT monit oring that has been performed for
XP 31.0. It is possible that the NS is not at a favourable angle
o produce this disc heating effect or that it never makes a close
nough approach to the disc for the hotter material in the inner-
ost regions of the disc to be strongly effected. More investigation

s needed to better understand this effect and the small magnitude
f the associated flare in this instance. 
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T able 1. T able containing the best-fit ting par amet ers from the absorbed blackbody plus pow er law model used t o describe the spectrum of SXP 31.0. 
Each row describes a free parameter using the model component that it is derived from, its units, and its best-fitting values to the Swift XRT spectra taken 
throughout the 2025 outburst events. The a verage best -fitting value is reported for each of the two back-to-back outbursts. These values are consistent 
with changes to the average flux and the radius of the thermal blackbody emission region during the outburst, but the photon index of the power law and 
the blackbody temperature do not change between outbursts. The default xspec abundances reported in E. Anders & N. Grevesse ( 1989 ) were 
assumed for this fitting . 

xspec model Parameter Average outburst 1 best-fitting value Average outburst 2 best-fitting value Units 

TBabs N H 
a 1 . 8 × 10 21 1 . 8 × 10 21 cm 

−2 

cflux log 10 
(
F tot , 0 . 3 –10 keV 

) −9 . 91 (+0 . 02 , −0 . 02) −10 . 28 (+0 . 08 , −0 . 03) erg cm 

−2 s −1 

powerlaw � 0 . 690 (+0 . 074 , −0 . 077) 0 . 700 (+0 . 208 , −0 . 220) –
bbodyrad kT 0 . 137 (+0 . 018 , −0 . 015) 0 . 135 (+0 . 030 , −0 . 025) keV 

bbodyrad R EM 

451 (+28 , −30) 291 (+39 , −44) km 

C-stat (d.o.f.) 46.5 (41.4) 28.8 (28) –
Null hypothesis probability 0.387 0.436 –

a Column density along the line of sight was fixed at 1.8 × 10 21 cm 

−2 which is the average value found by J. Yok oga wa et al. ( 2000 ) for the 1998 outburst 
of this source. 
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The lack of variability can be further underscored by creating 
 time-averaged spectral energy distribution (SED) for our source 
sing the Swift UVOT data and OGLE I -band data. In addition

o producing magnitudes for each observation and filter, uvot- 
ource also produces simultaneous flux measurements. These 
alues wer e de-r eddened for each filter using the SMC r eddening
aps from D. M. Skowron et al. ( 2021 ) and the methods outlined

n section 3.2 of T. M. Gaudin et al. ( 2025a ). Once reddening
as accounted for, a box -and-whisk er plot was made for the data

rom each filter. All box -and-whisk er plots were plotted at the
espective central wavelengths of the Swift UVOT filters in Fig. 5 .
lotted alongside them is a Phoenix model (T.-O. Husser et al.
013 ) of a B1V star that is scaled to the median value for the flux
f the uvw2 -band filter. This plot suggests that the variability of 
he source appears to decrease at short er wav elengths, suggesting
hat the majority of the changes in the size and structure of the
ircumstellar disc happen at larger radii where the disc is cooler. 

.2 Optical photometry 

.2.1 OGLE 

he OGLE project (A. Udalski, M. K. Szyma ́nski & G. Szyma ́nski
015 ) undertakes to provide long term I -band photometry with an
verage cadence of 1–3 d. The optical counterpart to SXP 31.0 was
bserved continuously for over two decades in the I -band with
nly a gap of ∼2 . 5 yr due to Covid-19 restrictions. After that gap,
he source was observed with a higher cadence for the following
easons. 

The source falls upon two separate chips in the OGLE survey
o it has several identities in the OGLE catalogues – see Table 2 . 

The 24 yr worth of I -band data are shown in their entirety in
ig . 6 . Fr om this figure it is clear that the optical signature of the
MNRAS 546, 1–12 (2026) 
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Table 2. OGLE source identifications. 

Band OGLE III name(s) OGLE IV name(s) 

I smc726.08.69 and smc733.32.102 smc726.08.69 and smc733.32.102 
V smc116.6.v.17 smc726.08.v.31 and smc733.32.v.32 

S-CUBED

Figure 6. 24 yrs of OGLE III and IV observations of the optical coun- 
t erpart t o SXP 31.0. The gap in the OGLE IV coverage for the period JD 

245889–2459800 corresponds to the time of Covid-19 telescope closure. 
The duration of the S-CUBED project is shown. 
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Table 3. A log of all the SALT RSS long slit observations. The H α EW 

measurements of SXP 31.0 are presented in this table. 

Date MJD (orbital phase) EW ( Å) Grating

2025 July 13 60870.149120 (0.037) −32.4 ± 0.7 PG0900 
2025 August 6 60894.096956 (0.302) −27.4 ± 0.6 PG2300 
2025 August 10 60898.117500 (0.346) −28.3 ± 0.4 PG2300 
2025 August 14 60902.120567 (0.390) −28.7 ± 0.9 PG2300 
2025 August 17 60905.076562 (0.423) −29.6 ± 1.4 PG2300 
2025 August 20 60908.023692 (0.456) −27.1 ± 1.4 PG2300 
2025 November 3 60982.82509 (0.282) −30.9 ± 0.2 PG2300 
2025 November 5 60984.81180 (0.304) −28.8 ± 0.2 PG2300 
2025 November 11 60990.90550 (0.371) −32.1 ± 0.7 PG2300 
2025 November 20 60997.85360 (0.371) −31.6 ± 1.5 HRS 
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ystem is e xtr emely v ariable on time-scales of sever al years. This
s classic behaviour for Be stars (e.g. A. F. Rajoelimanana, P. A.
harles & A. Udalski 2011 ) with the variability being indicative of 
hanges in the mass outflow from the star feeding a circumstellar
isc of varying size. 
The date of the first known X-ray outburst 1998 Oct–1999 Feb

alls before the start of the OGLE III coverage which began in
001 July . Subsequently , the bright est observ ed peak in the com-
ined OGLE III & IV data ( I ∼ 15.15) is seen to occur around
D 245600–2012 March. If an X-ray outburst was triggered at this
ime it has not been reported. The second brightest OGLE I -band
eak ( I ∼ 15.20) pr esumably trigger ed the curr ent X-ray outburst
hat is the subject of this paper. 

.2.2 Period analysis 

he detrended OGLE III & IV data were searched for possible pe-
iodicities in the range 2–200 d using a Generalized Lomb - Scargle
echnique (M. Zechmeister & M. Kürster 2009 ). In all segments a
ignificant period was det ect ed with a value of 90.5 ± 0.2 d. A. J.
ird et al. ( 2012 ) found a period of 90.53 ± 0.07 d from analysing

he all OGLE II and OGLE III data sets. So the OGLE data from
efore and after the Covid-19 g ap wer e separately folded at the
eriod of 90.53 d and are shown in Fig. 7 . Though the fundamen-
al period is unchanged the folded light curve sometimes exhibits
 much broader structure than on other occasions. See the dis-
ussion (Section 3 ) for possible interpretation of this change. 

Based upon the OGLE III data the ephemeris for the brightest
oint in the 90.53 d cycle is given by: 

 peak = 2452176 . 4 + N(90 . 53) JD . (1) 
NRAS 546, 1–12 (2026) 
It is probable that this optical peak position is close to the phase
f the periastron passage of the neutron star, and is indicative
f the surface area of the circumstellar disc being marginally
ncreased at this orbital phase. 

.3 SALT spectroscopic observations 

XP 31.0 was observed using the SALT with the Robert Stobie
pectrograph (RSS; E. B. Burgh et al. 2003 ). Two grating set-
ings were employed: PG0900 with a resolution of approximately
 Å (w avelength r ange: 5040–8060 Å) and PG2300 with a reso-
ution of appr o ximat ely 1.7 Å (wav elength range: 6090–6920 Å).
he PG0900 and PG2300 observations were obtained using ex-
osure times of 1200 and 2000 s, respectively. An observation
sing the High Resolution Spectrograph (HRS) was conducted in

ow-resolution mode ( R ∼ 14 000). The observation consisted of 
 single e xposur e lasting 2400 s and covered a w avelength r ange
f appr o ximately 5500–8800 Å, with a resolution of about 0.4 Å.
 summary of the observations is presented in Table 3 and an

xample spectrum is shown in Fig. 8 . 
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Figure 8. The H β (top) and H α (bottom) line profiles for SXP 31.0 from 

the SALT HRS observation of 2025 November 20. 
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2025 November 20 showing the combination of the Gaussian (dashed- 
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Figure 10. H α image from 2025 August 6. The image size shown is 
appr o ximately 70 × 70 arcsec. The position of SXP 31.0 is indicated. 
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The first observation performed with the PG0900 grating re- 
ealed the H α 2025 line in emission, with a measured equiva- 
ent width (EW) of −32.44 ± 0.69 Å and likely originates from a 
ombination of contributions from the Be disc (broad wings) and 

ircumst ellar mat erial (central narrow emission). Previous pub- 
ished values for the EW were −27.0 ± 0.3 Å on 1999 January 9
rom SAA O (M. J . Coe et al. 2003 ) and −21 Å later the same month
rom ESO (S. Covino et al. 2001 ). Those latter authors also report
urther observations on 1999 Sept 15 and a much higher value of 

40 Å. Subsequent SALT spectra were obtained using the higher 
esolution PG2300 grating and one using the HRS. These higher 
esolution observations reveal a multicomponent emission line, 
hich displays a narrow emission component superimposed on 

 broader one. The narrow emission component is likely derived 

rom the extended emission surrounding the target, while the 
roader component likely originates from the Be disc. 

We performed a multiple-peak fit to the higher resolution pro- 
les, employing a Voigt profile for the broad component and a 
aussian fit for the narrow component. This analysis yielded 

Ws of appr o ximately −5 Å for the narr ow component, r esulting
n total EWs slightly less than the measured value of −32.44 

0.69 Å from the first observation taken on 2025 July 13 
MJD60870.149120). 

The H α spectrum obtained with HRS and the two-model fit is
hown in Fig. 9 . The possible difficulties in obtaining an accurate
easurement for the star’s H α EW in the presence of a surround-

ng H α nebulosity is discussed below. 

.4 SALT imaging observations 

t has been reported that there is extended emission clearly visible
n the H α (M. J. Coe et al. 2003 ). So, in order to hopefully better
nderstand the reliability of the H α flux measurements, an H 

image was obtained using SALTICAM. A dither pattern of 12 
 xposur es was used, each of 100s. The resulting image obtained
y combining all 12 e xposur es is shown in Fig. 10 . 

In order to investigate the nature of the halo surrounding 
XP 31.0 observations were carried out on 2025 August 20 using
MI200 – the Slit Mask Integral Flux Unit on SALT (S. Chattopad- 
 ya y & M. A. Bershady 2024 ). This instrument has a total of 327
bres which cover a sky area of 22.5 × 17.6 arcsec. There are 24
ky fibres and the rest are arranged in an extended hexagonal 
att ern. These w ere locat ed on the sky such that individual parts
f the H α emitting region surrounding SXP 31.0 could be spec-
r oscopically investig ated – see Fig. 11 . 

The seeing conditions were ∼1.3 arcsec and fibre cores are 
.88 arcsec in diameter, but the centre-to - centre separation be-
ween fibres is 1.06 arcsec. So a stellar point source will be spread
ver a few fibres. The PG0900 grating was used with a grating
ngle of 15.125 ◦ and the e xposur e time was 2400 s for each of the
wo frames obtained. The resulting spectral coverage was 4200–
200 Å. 

The conclusions from all the imaging observations are pre- 
ented in the discussion (Section 3.6 ). 
MNRAS 546, 1–12 (2026) 
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Figure 11. The layout of the fibres from the SMI200 observation su- 
permposed on the H α image of SXP 31.0 – see Fig. 10 . The fibre array’s 
size is 22.5 × 17.6 arcsec. 

Figure 12. Comparison of the X-ray outburst profiles from the current 
outburst (top panel) and the 1998–9 one (bottom panel). Also shown 
are the I -band measurements from the current outburst (middle panel). 
The vertical lines show the predicted times of OGLE peaks based upon 
equation ( 1 ). 
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 DISCUSSION  

.1 The X-ray outburst trigger 

ig. 12 shows the SXP 31.0 outburst profiles in the X-ray (0.3–
0 keV) and OGLE I -band. The red lines indicate the predicted
 -band peak time based upon fits to all the previous ∼20 yr of 
GLE data – see equation ( 1 ). The 2–10 keV X-ray data from the
revious event (1998–9) come from the archive produced by the
ll Sky Monitor instrument on the Rossi X-ray Timing Explorer

RXTE/ASM) (A. M. Levine et al. 1996 ). 
It is very possible that the I -band peak time corresponds to the

eriastron passage of the NS. This would be consistent with the
NRAS 546, 1–12 (2026) 
ircumstellar disc being maximally disrupted at this time of clos-
st neutron star approach, and thereby temporarily increasing its
urface area. How ev er, the X-rays do not seem t o indicat e any
bvious reaction to such a periastron moment, unless the start of 
he two X-ray outbursts was triggered around that point in time. 

More generally, the overall profiles of the two outbursts are
ery similar. Both last about ∼100 d and appear to peak at
imilar luminosities. The quoted peak X-ray luminosity of 1 ×
0 38 erg s −1 was reported for the 1998 outburst (D. Chakrabarty
t al. 1998b ). See ne xt section for mor e detailed determination of 
he X-ray luminosity in the 2025 outburst. 

.2 The X-ray luminosity evolution of the outburst 

onitoring the X-ray luminosity of SXP 31.0 during this outburst
s a non-trivial e x er cise due to the multicomponent nature of the
pectrum. Typically, the X-ray luminosity of a BeXRB outburst
an be calculated by assuming an absorbed power -la w spectrum
nd deriving a counts-to-flux ratio for the outburst from this
onstant underlying spectrum that can be applied to each ob-
ervation. How ev er, the thermal component discussed in Section
.1.1 complicates this method. A ccor ding to Fig . 3 , the thermal
omponent itself appears to be constant throughout the outburst,
ut this component is faint and can only be det ect ed when there
re a large number of counts available in the soft energy bands
0.3–2.0 keV) of XRT. Ther efor e, the luminosity of the sour ce
annot be calculated by assuming the same model and deriving
 counts-t o-flux ratio. Inst ead, it must be det ermined by fitting
ach individual spectrum to multiple models (thermal + power-
aw and just pow er-law), det ermining both which model fits the
ata best, and arriving at the best-fitting model parameters for
he spectrum. In some cases, either the e xposur e time of the
bservation or the count rate of the source is too low for spectral
tting to be possible. In these cases, no luminosity is reported

or the source. For all other observations, the 0.3–10 keV X-ray
uminosity evolution of the outburst is shown in Fig. 13 . 

A ccor ding to this figure, the luminosity of the source increases
apidly over the first 10 d of the outburst. During these first few
ays, there is almost an order of magnitude increase in luminosity
uring this rapid brightening phase. SXP 31.0 then spends the
ext month slowly increasing in luminosity until it reaches its
eak value of L X = 1 . 13 (± 0 . 04) × 10 38 erg s −1 on 2025 May
3. This peak luminosity corresponds to a near-Eddington lu-
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inosity of L X ∼ 0 . 59 L Edd . After reaching a near-Eddington lu-
inosity, the source decays very slowly, remaining above L X ≈
 × 10 37 erg s −1 for almost three months. It is not until 2025 Aug
3 that the source begins to rapidly decay in luminosity, dropping
n luminosity by over a factor of 10 in under a month. 

This rapid decay would normally indicate the beginning of 
he propeller effect regime where the accretion rate is no longer
igh enough to overcome the rapidly rotating magnetic field sur- 
ounding the NS. How ev er, inst ead of a rapid return to quiescence
hat normally accompanies the onset of the propeller regime, 
he system experienced a plateau phase lasting for longer than a 

onth from mid- A ugust to mid-September of 2025. During this
eriod, the luminosity remains constant at an XRT luminosity of 
 X ≈ 2 × 10 36 erg s −1 . 
After experiencing a month-long plateau phase from August to 

eptember of 2025, it was expected that the source would fade in
-ray luminosity below the detection threshold of Swift . Instead, 
hen the source emerged from a 10-d Swift observational con- 

traint gap, the source had increased again in X-ray luminosity 
y an order of magnitude to L X = 2 . 8 × 10 37 erg s −1 . Swift then
bserved the source to increase rapidly in X-ray luminosity to 
 X ≈ 4 . 5 × 10 37 erg s −1 before beginning to decay with a similar
hallow profile as was observed during the initial outburst. This 
econd outburst is coincident with an optical re-brightening seen 

n the OGLE data consistent with equation ( 1 ) – see Fig. 12 . 

.3 An unusual Type II outburst pair 

s noted in Sections 3.1 and 3.2 , the two X-ray outbursts of this
our ce have r emarkably similar pr ofiles and peak luminosities.

hile it is not known yet exactly how long this second outburst
ill last before it begins to decay, it has already achieved a du-

ation of 45 d which is half of the proposed orbital period of the
yst em. Giv en the commonly-used classification criteria of X-ray 
utbursts in BeXRB systems (e.g. A. T. Okazaki & I. Negueruela 
001 ), the parameters of this second outburst necessitate its clas-
ification as a second Type II outburst. 

Type II outburst ‘pairs’ have been observed before in BeXRB 

yst ems. How ev er, the properties of these paired systems are
uch different than what is observed in SXP 31.0 The most

r ominent e xample of a system that pr oduces pair ed outbursts
s the galactic BeXRB 4U 0115 + 63 (P. Reig & D. Blinov 2018 ),
hich pr oduces fr equent outburst pairs. Another r ecent e xample

rom the SMC is SXP 8.80 (T. M. Gaudin et al. 2025b ) which was
ound by S-CUBED to produce Type II outbursts in 2023 and 

025. A ccor ding to theor etical models of pair ed outburst systems
R. G. Martin & A. F r anchini 2019 ; A. F r anchini & R. G. Martin
021 ), the paired outburst events are expected to be separated by a
ap of ∼1.5–3 yr of quiescence and experience a decrease in max-
mum X-ray luminosity from the first to the second event. This
ype of event is thought to be triggered by the Von Zeipel–Lidov–
ozai mechanism in which interactions between the warped cir- 

umstellar decretion disc of the Be star and the accretion disc
urrounding the NS produce a highly eccentric accretion disc that 
an produce a re-brightening of the system after several binary 
rbits. 

SXP 31.0 does not follow the observational parameters of other 
eXRBs that produce outburst pairs. While we do see a second 

utburst with a lower X-ray luminosity than in the original one, 
he time separation between these outbursts is only 45 d, which 

orr esponds to appr o ximately half of one orbital period. To the
est of our knowledge, this is the shortest time separation ever 
bserv ed betw een Type II outbursts in a BeXRB system, making
he paired outburst an extremely unusual event. 

The duration of 45 d is not a long enough time for binary in-
 eractions t o induce the eccentric accretion disc that would be
 equir ed t o driv e a re-bright ening ev ent. Inst ead, the coincidence
f this re-brightening with a proposed periastron passage of the 
ystem suggests that the material in the circumstellar decretion 

isc is responsible for both events. If the material in this disc was
ot significantly disrupted by the original Type II outburst, then it

s possible that it was still large enough to interact with the NS on
ts next periastron passage. This led to even more material being
tripped from the disc to fuel accretion on to the NS, producing a
econd outburst in quick succession. 

.4 Be circumstellar disc 

t w as demonstr ated in M. J. Coe & J. Kirk ( 2015 ) that a relation-
hip generally exists between the size of the circumstellar disc 
nd that of the neutron star orbit. The latter possibly constraining
he growth size of the disc. 

A direct test of this proposed physical link between the size of 
he neutron star orbit, a , and the size of the circumstellar disc,
 cs , would be to determine both of these parameters for SXP 31.0.
o determine the minimum size of the circumstellar disc the 
mallest H α EW value presented in Table 3 was used ( −27 Å) and
nsert ed int o the r elationship fr om R. W. Hanuschik ( 1989 ): 

og ( 

√ (
R OB 

R cs 

)
= [ −0 . 32 × log (−EW )] − 0 . 2 . (2) 

In this e xpr ession, R OB is the radius of the Be star (a spectral
ype of a B1V is assumed and a value of 5 × 10 9 m), and EW is
he average H α EW values in Å. 

The size of the semimajor axis, a , of the neutron star’s orbit
ay be determined from Kepler’s Third Law: 

 = 

[
P 2 orb G (M ns + M OB ) 

4 π2 

]1 / 3 

, (3) 

where M OB is the mass of the specific Be star, M ns is the mass
f the neutron star (assumed here to be 1 . 4 M �), and P orb is the
rbital period (assumed here to be the value given in equation 1
f 90.53d). 

Using these equations and assuming a circular orbit for 
he neutron star results in R cs = 1 . 51 × 10 11 m and a = 1 . 54 ×
0 11 m. Thus, whilst in outburst, the circumstellar disc does, in-
eed ext end t o reach the orbit size supporting the suggestion that
he neutron star is constraining the disc from any further growth.

This also confirms that there could be direct physical inter- 
ction between the neutron star and the disc during an X-ray
utburst, with the surface area of the disc being temporarily en-
anced. The addition of a modest amount of ellipticity in the orbit
ould further exaggerate this, with the peak interaction occur- 

ing ar ound periastr on. Hence this offers an explanation why the
GLE I -band magnitude is modulated at the orbital period, and

lso that the modulated profile seen at this time (see lowest panel
n Fig. 7 ) t ends t o exhibit a much broader peak than during times
f optical (and X-ray) quiescence (middle panel). 

Assuming all the OGLE I -band changes are a direct indication
f changes in the circumstellar disc, then the profile of the OGLE
ata (see Fig. 6 ) suggests that the disc had been building up over,
t least, the last 2–3 yr. It was ther efor e primed to start feeding
at erial on t o the neutron star at the next opportunity – at peri-
MNRAS 546, 1–12 (2026) 
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Figure 14. Top panel: ∼25 yr worth of OGLE I and V-band data used to 
create a CMD for the behaviour of SXP 31.0. Lower panel: ∼9 yr worth of 
OGLE I band and Swift UVW1 data used to create a similar CMD. 
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Figure 15. The combined average Integrated Flux Unit (IFU) spectra 
from the surrounding region around SXP 31.0 in the south-west (a) and 
north-east (b) of Fig. 11 . Each plot contains an insert that zooms in on the 
wavelength region around H α and the [S ii ] doublet. 
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stron. So it is perhaps not surprising that the two known X-ray
utbursts have both begun around the time of periastron passage.
ot only was the OGLE disc at the maximum than it had been for
uite a few years, but the extra extension of the disc at periastron
uggested by the I -band modulation (Fig. 7 ) would have helped
ridge the gap and support the onset of accretion. 

.5 Colour–magnitude variations 

y combining the OGLE I -band data with OGLE V-band data it
s possible to create a colour–magnitude diagram (CMD) which
eveals how the overall colour of the system changed over time
nd with system brightness. The ∼24 years worth of OGLE data
re used t o creat e a CMD. The data points shown in the upper
anel of Fig. 14 are calculated by using occasions when both I -
and and V-band measur ements wer e taken within 2 d of each
ther. The same approach may be used by combining the UVOT
ata with the I -band results. Though this combination covers a
horter period of time ( ∼9 yr) it gives a wider spectral coverage
nd is shown in the lower panel of Fig. 14 . 

The r esult fr om both these CMDs is similar – they show a
ystem that reddens as it brightens indicating the growth of a cir-
umstellar disc which has a temperature profile generally cooler
han that of the centr al OB star. This r ate of change in colour
ith a change in I -band brightness is appr o ximately twice as large

n the (UVW1-I) plot at ∼1.5 mag/mag, than in the ( V–I ) plot
f ∼0.8 mag/mag . A look at Fig . 5 helps understand why there
s this large difference. It is clear that the UVW1 band sits very
lose to the spectral model profile and hence is a good indicator
f the underlying star without a significant circumstellar disc
ontribution. On the other hand, the V band clearly lies above
he model fit indicating that ∼25 per cent of the emission in that
and is coming from the circumstellar disc. The I band is even
ore so, at about ∼75 per cent. So as the disc grows the difference

etween UVW1 and the I band is always going to be more obvious
han between V and I bands. 
NRAS 546, 1–12 (2026) 
This pattern of behaviour suggests that we are viewing the
ircumstellar disc at a low or intermediate inclination angle be-
ause an edge-on view would probably produce the opposite ef-
ect – fainter when redder. That would happen because a growing
ircumstellar disc in such a configuration would be expected to
ncr easingly obscur e light fr om the central OB star itself. None
he less, the inclination angle does not seem to be large enough
 o promot e a substantial double peaked structur e e xpected in the
 α spectral profiles. 

.6 Imaging of the region surrounding SXP 31.0 

he imaging results from the SALTICAM and the SMI200 mul-
ifibre observations have been presented in Section 2.4 above. It
s immediately clear from the H α image (see Fig. 10 ) that the
xtended halo reported by (M. J. Coe et al. 2003 ) is very prevalent
nd dominates the region to the SW of SXP 31.0. The possible
ature of this region has been discussed in detail by those au-

hors with suggestions being SNR, bowshock, and H ii region. To
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 xplor e these possibilities the SMI200 observations were carried 

ut permitting a deeper look into the detailed spectral features at 
arious positions around SXP 31.0. 

A reliable method for distinguishing SNRs and bow shocks 
r om H ii r egions inv olv es comparing the strengths of the [S ii ]
nd H α emission lines. In SNRs and bow shocks, forbidden lines
ike [S ii ] are enhanced due to shock e x citation, while in H ii
egions, these lines are less pronounced because the nebulae are 
hotoionized. A high ratio of [S ii ]/H α, typically greater than
.4, indicates emission from a SNR or bow shock, whereas values 
elow 0.3 suggest emission from an H ii region (R. A. Fesen, W.
. Blair & R. P. Kirshner 1985 ; W. P. Blair & K. S. Long 2004 ). 

To inv estigat e the natur e of the envir onment surr ounding the
arget star, we combined several spectra from the area. Figs 15 (a)
nd (b) show the resultant spectra from the extended emission in
he south-west and north-east r egions of Fig . 11 , r espectively. In
oth spectra, the [S ii ]/H α ratio falls within the range of 0.2–0.3,
hich strongly indicates that the extended emission around SXP 

1.0 is due to an H ii region rather than a SNR or bow shock. 

 CONCLUSIONS  

n this work, an e x ceptional episode of X-ray and optical activity
y SXP 31.0 has been observed and inv estigat ed. Exceptional not

ust for a source that has been X-ray quiescent for 26 yr, but com-
ared to the general behaviour of the whole cohort of BeXRBs
ystems. For the initial Type II outburst to be immediately fol-
owed by a second similar outburst is very unusual and indicative 
f multiple epochs of material outflow from the mass donor Be
tar. This is supported by the contemporaneous OGLE data which 

how that the source has not been this optically bright for over
16 yr. 
Not only is SXP 31.0 unusual for its current behaviour, but

t is also unique in being surrounded by a prominent H α halo.
n this paper we have presented the first IFU measurements of 
his halo and concluded that this phenomenon appears to be 
ne of nature’s coincidences. Despite the suggested SNR or bow 

hock profile of the emission, the system is, by chance, simply
urrounded by a H ii region. Thus it is thought that this region
lays no part in the otherwise e x ceptional behaviour of SXP 31.0.
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