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Abstract

It has long been known that a large population of Be/X-ray binaries (BeXRBs) exists in the Milky Way’s
neighboring dwarf galaxy, the Small Magellanic Cloud (SMC), due to a recent period of intense star formation.
Since 2016, efforts have been made to monitor this population and identify new BeXRBs through the Swift SMC
Survey (S-CUBED). S-CUBED’s weekly observation cadence has identified many new BeXRBs that exist within
the SMC, but evidence suggests that more systems exist that have thus far escaped detection. A major challenge in
identifying new BeXRBs is their transient nature at high-energy wavelengths, which prevents them from being
detected via their X-ray emission characteristics when not in outburst. In order to identify sources that may have
been missed owing to a long period of quiescence, it becomes necessary to devise methods of detection that rely
on wavelengths at which BeXRBs are more persistent emitters. In this work, we attempt to use archival analysis
of infrared, optical, and ultraviolet observations to identify new candidate BeXRBs that have been overlooked
within the S-CUBED source catalog. Using X-ray/optical selection of source properties, unsupervised clustering,
spectral energy distribution fitting to VizieR archival measurements, and ultraviolet light-curve analysis, we are
able to identify six new candidate BeXRB systems that otherwise would have been missed by automated analysis
pipelines. Using these results, we demonstrate the use of ultraviolet through near-infrared observational data in
identifying candidate BeXRBs when they cannot be identified using their X-ray emission.

Unified Astronomy Thesaurus concepts: High mass x-ray binary stars (733); High energy astrophysics (739);
Ultraviolet photometry (1740); X-ray photometry (1820); X-ray surveys (1824); Small Magellanic Cloud (1468)
Materials only available in the online version of record: data behind figure

1. Introduction

Be/X-ray binaries (BeXRBs) are a common type of high-
mass X-ray binary (HMXB) that are characterized by a main-
sequence OB star being orbited by a compact object (see
P. Reig 2011 for a review). Typically the compact object is a
neutron star (NS), but white dwarfs (M. J. Coe et al. 2020;
J. A. Kennea et al. 2021) have also been observed. The OB star
derives its “Be” designation from the Balmer-series hydrogen
emission lines that are present in its optical spectrum. It is also
observed to have an excess of infrared (IR) radiation compared
to a normal OB star. These two observational properties are
indicators of a geometrically thin, circumstellar “decretion” disk
that surrounds the Be star (J. M. Porter & T. Rivinius 2003).

At high energies, BeXRBs are transient sources of emission.
Interactions between the NS and the Be disk can produce one of
two different types of X-ray outburst (L. Stella et al. 1986), and
it is only during these outbursts that BeXRBs can be reliably
observed. Type I X-ray outbursts typically reach luminosities of
LX ∼ 1036–1037 erg s−1 (A. T. Okazaki & I. Negueruela 2001),
and type II outbursts reach larger (LX ≳ 1037 erg s−1), sometimes
super-Eddington luminosities (L. J. Townsend et al. 2017).
However, the fraction of time spent in a state of outburst is
typically small (J. A. Kennea et al. 2018). These systems spend
long periods of time in a quiescent state in between X-ray

outbursts. While in quiescence, the X-ray luminosity
(LX ∼ 1032–1035 erg s−1) of a BeXRB system is below the
detection threshold of all but the most powerful X-ray telescopes
(see studies by R. E. Rutledge et al. 2007; R. Rothschild et al.
2013; A. Rouco Escorial et al. 2020).
BeXRBs are complex systems that have long been studied, but

many open questions still remain. Open questions include the
effect of the NS on the formation and structure of the Be disk
(T. Rivinius et al. 2013) and the specific mechanisms by which
accretion occurs in a system with a highly magnetized NS
(P. A. Becker & M. T. Wolff 2007). The drive to improve our
understanding of BeXRBs and answer these remaining open
questions has led to an active effort to identify and confirm the
existence of new systems. The Small Magellanic Cloud (SMC), a
dwarf galaxy neighbor of the Milky Way, has long been a target
of searches for new BeXRBs. X-ray surveys of the SMC have
consistently been undertaken by many observatories such as
ASCA (J. Yokogawa et al. 2000), ROSAT (P. Kahabka &
W. Pietsch 1996; F. Haberl et al. 2000), XMM-Newton
(R. Sturm et al. 2013), and Chandra (A. Zezas et al. 2003;
V. Antoniou et al. 2009). Surveys such as these have uncovered
an abnormally large population of HMXBs (M. J. Coe et al.
2015; J. Yang et al. 2017), and almost all of these are BeXRBs.
This large, nearly homogeneous population of BeXRBs is most
recently estimated to contain 111 sources (H. Treiber et al. 2025).
Such a large population is thought to be the result of both a recent
period of increased star formation (J. Harris & D. Zaritsky 2004;
S. Rezaeikh et al. 2014) within the dwarf galaxy and the lower-
metallicity environment contributing to the higher rotational
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velocity of massive stars (C. Martayan et al. 2007). It makes the
SMC the perfect target for continued X-ray surveys that aim to
identify new BeXRB candidates and monitor their evolution
over time.

Since 2016, the largest effort to survey the SMC for new
BeXRBs has been undertaken by the Swift SMC Survey
(S-CUBED; J. A. Kennea et al. 2018). This survey utilizes the
X-ray Telescope (XRT; D. N. Burrows et al. 2005) and UV/
Optical Telescope (UVOT; P. W. A. Roming et al. 2005) on
board the Neil Gehrels Swift Observatory to perform a survey of
the SMC in the ultraviolet (UV) and X-ray regimes. S-CUBED
performs weekly observations of the SMC in an effort to find
new BeXRBs and monitor the X-ray emission of known systems.
The weekly cadence of S-CUBED allows for frequent monitoring
of known transient or persistent SMC high-energy sources to
identify any recent changes to their X-ray luminosity. It also
allows for the detection of new X-ray transients that may have
appeared within the SMC since the last observation. This survey
design is particularly effective for identifying transient BeXRB
outbursts. Within the first year of the survey, S-CUBED had
identified over 30 BeXRBs (J. A. Kennea et al. 2018) in the
SMC, and more confirmed sources have been added in
subsequent years (J. A. Kennea et al. 2020; I. M. Monageng
et al. 2020; M. J. Coe et al. 2021a).

Despite many years of effort to complete the BeXRB census
of the SMC, new sources are still regularly identified (e.g.,
SXP 341.8; C. Maitra et al. 2023). These newly identified
sources provide strong evidence that there is still a hidden
population of BeXRBs that have not yet been identified within
the SMC. The difficulty of detecting these hidden sources is
likely due to their transient nature in the X-ray regime.
BeXRBs are typically identified via their X-ray outbursts, but
this is inefficient owing to the relative infrequency of these
events. In order to properly characterize the BeXRB popula-
tion of any galaxy, it thus becomes necessary to develop
methods of identifying candidate BeXRB systems in the near-
IR (NIR) through UV regimes, where the main-sequence
companion star is expected to be a persistent, bright source.

The typical optical signature used to identify a BeXRB is
the presence of the variable, double-peaked Hα line embedded
in the spectrum of an OB-type main-sequence star
(P. Reig 2011). However, BeXRBs have been known to go
through periods of disk loss (M. J. Coe et al. 2021b) during
which no emission lines are observed. Additionally, spectro-
scopic monitoring is a process that requires many high-
resolution ground-based observations to complete. It would be
far more efficient if photometric data could be used instead so
that large populations can be characterized swiftly and archival
observations of candidates can be utilized effectively. It then
follows that the use of a multiwavelength spectral energy
distribution (SED) and light-curve data could greatly speed up
the identification of BeXRB candidates via their optical
counterparts.

There have been studies that have used broadband
photometry to identify Be stars, but the methods employed
have been far different from those outlined in this work.
Typical methods have involved the use of a combination of
broadband UV/optical and narrowband Hα photometry to
identify color excesses typical of Be stars by way of
differential photometry and color–magnitude diagrams
(A. P. Milone et al. 2018; F. Navarete et al. 2024). To the
best of our knowledge, the combined use of SED fitting and

UV variability represents a novel method for the identification
of BeXRBs in the Magellanic Clouds.
In this work, we report the results of an archival analysis of

S-CUBED data. Our archival analysis identifies six new
candidate BeXRB systems that have not yet been detected in
the SMC via X-ray survey. Using the novel combination of IR
to UV SED fitting of archival photometric data and UVOT
light-curve analysis, we report evidence of optical companions
to six transient sources that were first identified by S-CUBED
but have limited X-ray data available for analysis. The rest of
the paper will be organized as follows: Section 2 describes the
S-CUBED survey in more detail. Section 3 describes the
methods used for this identification and confirmation proce-
dure. Section 4 presents the results of our search efforts and
describes the data available for all candidate sources. Section 5
discusses the reasons by which we can confidently state that
these six candidate systems are indeed BeXRBs and reports on
the detection of a new X-ray outburst from one of our
candidate systems, Swift J010902.6–723710.

2. S-CUBED Observations

The S-CUBED survey has been ongoing since 2016, with
the first-year results being published by J. A. Kennea et al.
(2018). The weekly cadence allows for the emission of known
BeXRBs to be monitored at a frequency that is greater than
their expected orbital period (Porb ∼ 10–100 days). S-CUBED
observes 149 overlapping tiles that are selected to ensure
continuous coverage of the entire dwarf galaxy. The survey’s
142 tiles are designed to account for the pointing uncertainties
inherent to Swift by including a 3′ overlap between tiles that is
well within the circular (radius of 11.8) field of view for XRT
(J. A. Kennea et al. 2018). However, due to the much smaller,
square-shaped field of view of UVOT (17′× 17′;
P. W. A. Roming et al. 2005), there are gaps between UVOT
fields that do not get monitored by S-CUBED. These gaps do
not cover fixed locations on the sky. Instead, they vary owing
to pointing uncertainty and the roll angle that is optimal for the
spacecraft to maintain star-tracker lock and effectively regulate
temperature. A 50–60 s snapshot is obtained for each tile at
both X-ray and UV wavelengths. Each snapshot is taken with
XRT in photon counting (PC) mode and UVOT observing
with its uvw1-band filter, centered at 2600 Å.
All XRT data taken as part of the S-CUBED survey are

automatically processed using an X-ray data analysis pipeline
created by the UK Swift Data Science Center (P. A. Evans
et al. 2009, 2014). The automatic pipeline will flag any
quiescent sources that have recently entered an outburst phase
for further monitoring. It also identifies sources of X-ray
emission that repeatedly appear in the same location and
produces crucial data products for each source. For each
source, an observation-binned 0.3–10 keV band light curve is
produced. If a source is detected during an S-CUBED
observation, then the XRT count rate is reported from which
the flux and luminosity of the source can be derived.
Otherwise, an upper limit for the count rate is reported when
the source is not detected. Additionally, the cumulative
0.3–10 keV band X-ray spectrum is reported for each source.
This spectrum is automatically fit to an absorbed power-law
model using xspec (K. A. Arnaud 1996), and the best-fitting
values for column density along the line of sight (NH) and
photon index (Γ) are reported for any sources that can be fitted.
Some sources have been detected at faint X-ray luminosities or
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in few observations and thus do not have well-defined X-ray
spectra. In these cases, no spectral fit can be obtained, and the
best-fitting spectral parameters of such systems remain an open
question.

Each observation contributes to the cumulative X-ray data
available for analysis of a given system, leading to deeper
observations and improved results as the survey progresses. A
quality flag of “Good,” “Reasonable,” or “Poor” is assigned to
each detected source, which relates to the likelihood that it is a
real astrophysical source. J. A. Kennea et al. (2018) and
P. A. Evans et al. (2020) discuss these quality flags in more
detail and explain the false detection probability that each flag
corresponds to. UVOT data are not automatically analyzed for
each source, so manual data processing is required in order to
retrieve uvw1-band photometric information. More detailed
information about the reduction process is provided in
Section 3.4.

S-CUBED has seen great success in identifying X-ray
sources within the SMC. After the first year of the survey,
J. A. Kennea et al. (2018) published a catalog of over 700
X-ray sources that had been detected as part of the survey.
Seven years later, over 2000 sources have been detected by
S-CUBED, and many of these sources remain unidentified.
There are known BeXRBs and other sources of X-ray emission
such as supernova remnants within the S-CUBED catalog, but
there are also many sources that still cannot be identified. It is
likely that many unidentified sources are background active
galactic nuclei (AGN), which are known to be common around
the SMC (V. D. Ivanov et al. 2024). However, some of the
unidentified sources are likely quiescent BeXRBs that have
spent the duration of the survey in a quiescent state.

Automated analysis of S-CUBED data is performed each
week for individual observations of S-CUBED data; therefore,
the pipeline utilized is optimized for transient detection. Only
sources that have shown evidence of a transient X-ray outburst
in the most recent observation are flagged for follow-up
observations. Due to the long periods of quiescence that can be
experienced by BeXRB systems, it is likely that some systems
have not produced a transient X-ray outburst at a luminosity
that can be reliably detected by S-CUBED. Instead, these
sources would only be detected by Swift when their quiescent
luminosity was high and would be missed by our automated
pipeline. Only through analysis of the cumulative X-ray data
available for each source can a quiescent BeXRB be detected.
The methods outlined in this paper represent the first efforts to
select for these potential hidden candidate BeXRBs using
cumulative S-CUBED data products.

3. Methods

3.1. Archival Data Mining

In order to determine which population of sources may
represent candidate BeXRBs, we first performed an archival
search within the S-CUBED source catalog. In order to be
99.7% confident that any candidate is a real astrophysical
source (P. A. Evans et al. 2020), we only kept sources in our
sample that are flagged as “Good.” The data were also filtered
by the photon index derived from the X-ray spectrum of each
source. BeXRBs are expected to have a hard X-ray spectrum
with a photon index that is approximately 1. In order to
account for standard errors in power-law fits to the X-ray
spectrum, only sources for which the confidence interval of the

photon index intersected with the range of photon indices
between 0.5 and 1.5 were kept. All others were removed.
Many sources, particularly those with only two or three
detections by XRT, have no spectral fits, so any source with no
photon index was included as well.
Once a sample of systems had been generated based on the

above criteria, those corresponding to known sources of X-ray
emission were removed. A query was performed for each
candidate using the SIMBAD (M. Wenger et al. 2000)
database. This SIMBAD search was used to locate known
sources of X-ray emission within a 15″ radius of the center of
the XRT error region. For the purposes of this query, a known
source of radiation could be an AGN, a protostar/young stellar
object, a supernova remnant, or a known/candidate BeXRB. If
any known sources were detected, then it was assumed that the
nearby known object was the source of the XRT detection. All
candidates that could be matched to a known source of X-ray
emission were removed. At the end of SIMBAD filtration, the
only sources left in the sample were unknown sources with a
photon index between 0.5 and 1.5 or no spectral fit.
One last archival search was then carried out to remove any

sources without a candidate Be star in close proximity. For
SMC BeXRBs, all systems are expected to have an optical
companion that is bright in the U and B bands (>16mag in the
B band). The presence of circumstellar disk material in
companion Be stars is additionally expected to produce a
positive I − R magnitude (P. Reig 2011). In order to determine
whether a star matching these criteria could be located nearby, a
query was performed using the VizieR (F. Ochsenbein et al.
2000) database aggregator. Given the small size of a typical
XRT error region (∼5″), the query was limited to stars within
10″ of the XRT source location. There are many catalogs that
give stellar magnitude information, so to narrow down results,
we limit our search to results from the Gaia mission (Gaia
Collaboration et al. 2016), the Optical Gravitational Lensing
Experiment (OGLE; A. Udalski et al. 1997), the Naval
Observatory Merged Astrometric Dataset (NOMAD; N. Zacharias
et al. 2004), the Whole-Sky USNO-B1.0 catalog (D. G. Monet
et al. 2003), and the Guide Star Catalog (GSC; B. M. Lasker et al.
2008). Any candidate with no nearby stars matching our criteria
was removed from the sample.
By using this multistage archival data search, we were able

to identify 20 S-CUBED sources that were likely to be a
hidden quiescent BeXRB. These sources were then analyzed
by the methods described in Sections 3.3 and 3.4 to determine
whether there was any merit to their inclusion on this list of
candidate BeXRBs.

3.2. Extinction Correction

Before performing SED fitting to our modified blackbody
curve, a wavelength-dependent correction must be applied to
account for interstellar extinction. Extinction is caused by dust
that is present along the line of sight toward a source
(J. S. Mathis 1990). Dust along the path can be located both in
the Milky Way and in the SMC, and its composition can vary
depending on the location of a source within the dwarf galaxy
(M. Górski et al. 2020). Accurate extinction correction must
account for the amount of reddening that is present along the
specific line of sight toward each source, because each path
will be slightly different.
In order to perform extinction corrections, the reddening

map of D. M. Skowron et al. (2021) was utilized. This is a
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detailed 3.4-resolution reddening map based on OGLE
observations of red clump stars. The reddening along each
line of sight is reported as a median E(V − I) value that
accounts for the effects of both foreground Milky Way and
internal SMC dust. A conversion factor between E(V − I) and
E(B − V ) is presented in Equation (11) of D. M. Skowron
et al. (2021):

( ) ( ) ( )=E V I E B V1.237 . 1

This equation is originally used to convert between OGLE
E(V − I) values and the reddening map E(B − V ) values
generated by D. J. Schlegel et al. (1998). The conversion factor
of 1.237 is derived using Table 6 of E. F. Schlafly &
D. P. Finkbeiner (2011), which recalibrates the map of Schlegel.

For each source, the E(V − I) value is retrieved by searching
for the closest line-of-sight position. Once this value is
determined, it is then converted to E(B − V ). E. F. Schlafly &
D. P. Finkbeiner (2011) recommend the use of the Fitzpatrick
(E. L. Fitzpatrick 1999) extinction law with RV = 3.1. The
E(B − V ) values determined for each source can be used to
calibrate the Fitzpatrick extinction law and determine the total
extinction, Aλ, that needed to be corrected for each data point
in the SED. Given the total extinction at each wavelength, the
unreddened flux for each photometric measurement is
calculated using the following equation:

( )=f f10 , 2A0.4
unred

where fλ is the initial extincted flux density value of each data
point.

The results of applying extinction correction to all
photometry for a source in the SMC are shown in Figure 1.
In this figure, all photometric measurements made for stars in
the vicinity of Swift J010902.6–723710 have had extinction
corrections applied to them. The importance of applying
extinction correction is apparent, particularly for OB stars.
Optical and near-UV photons are the most affected by dust
grain extinction along the line of sight. As this is the regime
where their stellar blackbody curve peaks, the radius and
temperature of SMC OB stars are likely to be significantly
underestimated without applying these corrections.

3.3. SED Fitting

The magnitudes of nearby stars are not sufficient evidence
to match an optical counterpart to an S-CUBED X-ray source.
It is possible that a foreground star may have a similar
magnitude to an SMC OB main-sequence star, or that there
may be an unrelated bright OB star or giant star near the
position of an S-CUBED source. Additionally, the SMC is
inherently a crowded field, so there may be more than one
bright star nearby to an S-CUBED source, which creates
confusion when trying to identify potential optical counter-
parts. In order to better identify optical counterparts, all
available nearby photometric data must be included in the
analysis. An SED was generated for each source using all
available archival IR–UV data. Fundamental stellar parameters
were then derived for all nearby stars using SED-fitting
techniques. Because the SMC has a well-constrained distance,
a distance-modified blackbody curve can be used to determine
the stellar radius and effective temperature for a star in the
SMC. The modified flux density for an SMC star is given by

( ) ( )=F R T
R

D

h

c e
, ,

2 1

1
, 3

h
kT

2 3

2

where D is the accepted distance to the SMC of 62.44 kpc
(D. Graczyk et al. 2020), R is the stellar radius, and T is the
effective stellar temperature. Radius and temperature are the
free parameters that can be constrained using SED fitting.
Once the stellar radius and effective temperature are known,
enough information is available to determine the stellar
luminosity. The combination of these three parameters is
enough to place constraints on the spectral type and luminosity
class of the star in a manner that is both computationally and
observationally inexpensive. There are other methods that may
be able to improve the uncertainties that are derived for the
fundamental stellar parameters. However, we have chosen a
method that allows us to quickly identify likely candidates
even if it means accepting larger error bars.
The SED data used in SED fitting were extracted using the

VizieR photometry tool (F. Ochsenbein et al. 2000), which
allows for all cataloged flux measurements found within a
given radius of a coordinate position to be extracted for
analysis. For each candidate source, the Gaia Data Release 3
database was queried to determine the positions of all stars
within 8″ of the XRT centroid position. The radius of 8″ was
chosen to ensure that all stars that could feasibly overlap with
the XRT error region for an S-CUBED source (typically ∼5″
in radius) would be included in the analysis. For each star, an
IR–UV SED was generated for all measurements made within
a 1.0 radius of the stellar position given by Gaia. The small 1.0
radius is chosen in order to limit the effect of spurious data
points that have been assigned to the wrong star owing to the
aforementioned crowded field.
In order to prevent duplicate stars from being fit to the above

SED model multiple times, a filter had to be applied to identify
and remove potential duplicate stars. Duplication removal was
accomplished by calculating the separation between the
reported Gaia position of each pair of stars within the field.
If a pair of stars was found to be separated by less than an
arcsecond, the stars were assumed to be duplicates, and one of
the two was removed from the list. Only after all duplicates
were identified and removed could the SED data be
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Figure 1. Example of the results of extinction corrections applied to a source
in the SMC. Red points represent the original data downloaded from the
VizieR photometry database. Blue points represent the flux measurements
after extinction correction has been applied. The flux increases by almost half
an order of magnitude for points in the optical/near-UV wavelength regimes,
implying that the temperature and radius of candidate OB stars would be
underestimated without applying this correction.
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downloaded for each star. For some sources, there were no
duplicates to remove. More commonly, one or two duplicates
were found and removed. No source in the sample had more
than five duplicates that had to be removed before we could
proceed.

Once the data were downloaded, all flux measurements
brighter than 12th magnitude (0.06 Jy) were filtered out, as
they were likely to correspond to foreground stars instead of
SMC stars. This matches observational data for the brightest
optical companions to known S-CUBED sources (M. J. Coe
et al. 2015; J. A. Kennea et al. 2018) that have an upper-limit
magnitude of ∼12. After applying an extinction correction (see
Section 3.2 for more details) to all data, a method of nonlinear
least-squares curve fitting from the Lmfit Python package
(M. Newville et al. 2024) was then applied to each star in order
to determine the values for stellar temperature and radius that
produce the best fit. For approximately half of the measure-
ments included in the VizieR photometry tool, no error is
given for the reported flux measurement. Instead of removing
half of the SED points available for fitting, we elected to
perform curve fitting without the inclusion of flux measure-
ment errors.

An example of the resulting fits from this process can be
seen in Figure 2, where the blackbody fitting process outlined
above has been applied to Swift J010902.6–723710. In this
case, there were three nearby stars identified by Gaia. For all
sources identified by Gaia, the best-fitting parameter values for
stellar radius and effective temperature were determined to be

those that minimized the sum of the squared residuals for each
star. The errors are estimated by taking the square of the
covariance matrix produced by the fitting results. Two of the
three stars fit best to fundamental stellar parameters that are
realistic for hydrogen-burning stars, so the blackbody curve
with the best-fitting stellar parameters is plotted alongside the
stellar SED. The best-fitting stellar parameters derived for the
third source (“Star 2”) are not consistent with those of any
known type of star. Therefore, we can say that it is likely not a
candidate OB star in close proximity to our X-ray source. It is
possible that a faint background AGN with a flat optical SED
is being misidentified by Gaia, but fitting an AGN SED to the
available photometric data is beyond the scope of this paper.

3.4. Light-curve Analysis

One of the most prominent features of a BeXRB system in
both the optical and IR bands is the presence of strong
variability. Multiyear light curves produced by OGLE have
long been used to study these systems, particularly improving
our understanding of the Be star and its surrounding disk
material (M. J. Coe et al. 2015; H. Treiber et al. 2025). OGLE
data have been used to demonstrate variability on both short
timescales that correspond to plausible orbital periods of the
system (∼10–1000 days) and much longer timescales that can
sometimes mimic superorbital periodic behavior.
Somewhat surprisingly, the multiyear uvw1-band light

curves that are generated using weekly S-CUBED observa-
tions have consistently been found to duplicate the variability
results of OGLE. UV variability has been observed in BeXRBs
that contain both NSs (J. A. Kennea et al. 2020; M. J. Coe
et al. 2021b, 2024) and WD compact objects (M. J. Coe et al.
2020; J. A. Kennea et al. 2021; T. M. Gaudin et al. 2024).
Additionally, the UV variability of a BeXRB system is often
found to be correlated with the I-band variability of the system.
The results of S-CUBED suggest that the presence of UV
variability is a fundamental feature of BeXRB systems.
With these results in mind, we attempt to identify any

persistent UV emission in the vicinity of SMC X-ray sources
and search for variability. We expect that the presence of a
massive OB star will manifest itself in UVOT observations as a
persistent source in the uvw1 band. Additionally, we expect the
multiyear uvw1-band light curve to show signs of variability if
the source is a BeXRB. If one of the 20 sources in the sample
shows no evidence of persistent UV emission or the UV
emission does not vary on either a plausible orbital period or
superorbital period timescale, then it is likely that the source is
not a true BeXRB. Thus, all sources that show no signs of UV
variability are excluded from the final candidates list.
S-CUBED UVOT data were extracted for each source using

the Swift Target of Opportunity (TOO) Application Program-
ming Interface (API). Using the API, all UVOT S-CUBED
frames were retrieved within a distance of 17′ to the XRT
position of each source. A light curve was then generated using
the tools provided by the FTOOLS software package
(J. K. Blackburn et al. 1999) that is maintained by NASA’s
High Energy Astrophysics Science Archive Research Center.4

FTOOLS contains Swift-specific functions that are used for the
analysis of UVOT data. Before extracting photometry for each
source, frames from the first year of the survey needed to be
aspect corrected so that all tiles have the correct angular
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Figure 2. Example of best-fitting modified Planck function for each star within
8″ of the S-CUBED target. Data for each star were retrieved from the VizieR
photometry database. Nearby stars were identified using the Gaia database.

4 FTOOLS Webpage: http://heasarc.gsfc.nasa.gov/ftools
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coordinates assigned to each pixel. This is accomplished using
the uvotunicorr method in FTOOLS. Once each frame has
the proper aspect correction, then uvotsource was used to
extract UVOT photometry from each frame for a 5″ radius
around the XRT source position. In order to ensure that the
counts within the source radius are properly calibrated, a
nearby background region containing no stars was created with
an 8″ radius. Figure 3 shows the light curves generated using
this method.

Once a light curve was generated for each source, it was
then analyzed for evidence of persistent, bright UV emission.
We define persistent UV emission to be any source with
average uvw1-band magnitude brighter than 17. If there was
sufficient evidence that a source was persistent in the UV, then

it was checked for variability. Based on results from previous
studies such as J. A. Kennea et al. (2020) and M. J. Coe et al.
(2021a), the UV variability on the timescale of weeks is
expected to be on the order of 0.1 mag. On longer timescales
(∼500–1000 days), the variability can be much greater,
sometimes varying by almost a full magnitude in brightness,
but there are also cases (M. J. Coe et al. 2021a) where no long-
timescale variability is observed. A source must vary over at
least short timescales for it to be considered a candidate
BeXRB.
The Swift UVOT field of view is 17′× 17′, which is smaller

than the XRT field of view (11.8-radius circle). Because of this
size difference in the fields of view, it is possible for a source to
be observable by overlapping XRT tiles, but not by any UVOT

Figure 3. Combined UVOT and XRT light curves for five of the six candidate BeXRBs identified via archival analysis. For all light curves, the uvw1-band
magnitude is plotted above the XRT count rate for the source. Arrows represent upper limits for the XRT flux when the source was not detected. No UVOT light
curve is available for 1SCUBEDX J010203.7–715130, as its position on the sky places it in a gap between UVOT tiles.
(The data used to create this figure are available in the online article.)
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tiles. This is the case for two sources, Swift J010203.7–715130
and Swift J011535.0–731931. Both sources are included in the
final list of candidates, but a UVOT light curve cannot be
generated for Swift J010203.7–715130. It has been omitted
from Figure 3. A light curve has been generated for Swift
J011535.0–731931 and included in Figure 3, but it is relatively
sparse, as the source is not often visible to UVOT.

4. Results

Using the methods outlined in Section 3, the list of 2014
total SMC X-ray sources was filtered down to 20 sources of
interest based on the Archival Data Mining method of
Section 3.1. A further nine sources were removed via the
methods of SED fitting presented in Section 3.3. The light-
curve analysis method presented in Section 3.4 was used to
remove another five sources. At the end of this processes, six
candidate BeXRBs are identified based on their IR, optical,
and UV properties. These candidates and their properties are
listed in Table 1. There were many sources that were
investigated but did not make this final candidates list because
they failed one or more of the checks above. The most
common check that was failed by those that did not make the
list is the SED-fitting check performed using the methods of
Section 3.3. All of these sources are revealed to be in close
proximity to no stars that match the fundamental stellar
parameters expected for an OB star in the SMC. Other sources
were found to not be UV-variable, which limits their
probability to be a BeXRB system based on historical trends
associated with S-CUBED observations.

Based on the derived properties of each source that are
presented in the table, there are reasons to suspect that each of
the six sources that pass all of the checks outlined in Section 3
are indeed BeXRBs. Below, the argument for binarity in each
source is outlined in more detail.

4.1. Swift J010902.6–723710 (SC1772)

The methods outlined above first identified Swift
J010902.6–723710 as a candidate BeXRB in May of 2023,
when work on this project first began. At this point in time, no
transient X-ray outburst had ever been detected for the source,
so it could not be confirmed as a new BeXRB system. Despite
a lack of transient emission, there had been multiple bright
detections of the source that allowed for a detailed X-ray
spectrum to be produced. This is one of only two sources in the

sample that has produced a detection by XRT with enough
significance for the automatic pipeline outlined in Section 2 to
produce a fit to the 0.3–10 keV X-ray spectrum of the object.
An absorbed power-law fit to the XRT spectrum using xspec
indicates that Swift J010902.6–723710 has a hard X-ray
spectrum with a photon index of +0.56 0.16

0.15, which is within the
expected range for a BeXRB system. As seen in Figure 4, there
are three stars nearby to the Swift XRT error region that can be
identified using Gaia. The SED fitting shown in Figure 2
reveals that Star 3 is the best candidate optical counterpart,
producing a likely temperature of 20,900 ± 1700 K and a
stellar radius of 6.7 ± 0.6 R⊙. The Gaia position of this star
indicates that it has a separation of 1.69 to the XRT position of
Swift J010902.6–723710. This position is also coincident with
a known star, OGLE J010902.25–723710.1, which was
flagged as a Be star candidate by R. E. Mennickent et al.
(2002). All of these combined factors make Star 3 a strong
candidate for the optical counterpart of the X-ray source.
Analysis of the UVOT light curve from Figure 3 reveals that

Swift J010902.6–723710 is a persistently bright object in the
uvw1 band. The average magnitude for the duration of
S-CUBED is 14.4, but the UV magnitude is variable on both

Table 1
Table Containing All Derived Parameters That Provide Evidence in Favor of the BeXRB Nature of the Six Candidate Sources Identified via Archival Analysis

SC# 1SCUBEDX α δ Spectral Fit? E(V − I) Sep Topt Ropt

(deg) (deg) (arcsec) (K) (R⊙)

SC72 J005606.0–722749 14.02518 −72.4639 N 0.054 1.81 22600 ± 1400 5.4 ± 0.3
SC131 J010203.7–715130 15.51550 −71.8585 N 0.053 3.65 14300 ± 1400 4.8 ± 0.6
SC151 J011535.0–731931 18.89583 −73.3254 N 0.157 3.89 36900 ± 3200 2.3 ± 0.2
SC251 J003802.8–734458 9.51183 −73.7495 Y 0.041 3.94 10500 ± 200 17.0 ± 0.5
SC430 J005708.8–724202 14.28670 −72.7007 N 0.083 2.42 14800 ± 3300 5.1 ± 1.3
SC1772 ⋯ 17.26102 −72.6197 Y 0.089 1.69 20900 ± 1700 6.7 ± 0.6

Note. The first two columns identify each candidate using the standard nomenclature first adopted by J. A. Kennea et al. (2018) to name sources that are identified by
S-CUBED. The columns headed by α and δ correspond to the decimal degree R.A. and decl. positions of each object on the sky. The next two columns represent
X-ray properties of the sources. The Spectral Fit column identifies whether enough XRT detections have occurred for the 0.3–10 keV spectrum to be fit by an
absorbed power law. The E(V − I) column reports the line-of-sight extinction value that is derived for each source from the extinction map of D. M. Skowron et al.
(2021). Finally, the last three columns report the results of SED fitting for the best optical counterpart candidate. “Sep” refers to the separation in arcseconds between
the Gaia position and the center of the XRT error region. Topt and Ropt are the stellar temperature and radius that achieve the best fit to our modified blackbody model.
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short and long timescales. S-CUBED monitoring began in
April of 2016, when the source brightness was measured to be
14.1 mag. For approximately the next 2000 days, the source
dimmed appreciably, reaching an average of 14.7 mag by 2021
October. At this point, the source began a period of sustained
brightening that lasted until 2023 October, when it reached a
maximum uvw1-band magnitude of 13.73. Similar uvw1-band
brightening behavior has been observed in the lead-up to
outbursts from SMC BeXRBs in the past (J. A. Kennea et al.
2020). On 2023 October 9, an outburst was indeed detected by
Swift, confirming this source as a BeXRB and providing
validation that the methods outlined above can be successful at
detecting overlooked BeXRB systems. A more detailed
analysis of this outburst is the subject of a previously
published manuscript (T. M. Gaudin et al. 2024).

4.2. 1SCUBEDX J005606.0–722749

1SCUBEDX J005606.0–722749 is located on the edge of the
cluster NGC 330, so it resides in a crowded field. The crowded
field makes it difficult to neatly separate the photometry of
individual sources. After removing duplicate sources, Figure 5
shows four Gaia-identified stars that are overlapping with the
XRT error region and located in a crowded field at the edge of
NGC 330. As seen in Figure 6, fits to our modified blackbody
model are obtained for each of the four stars. Based on the
fundamental stellar parameters derived for these stars, Star 1 is
identified as the best candidate of these four stars. It produces a
best-fitting effective temperature of 22,600 ± 1400 K and a
best-fitting stellar radius of 5.4 ± 0.3 R⊙.

Star 1 is close to the XRT position of 1SCUBEDX
J005606.0–722749 at a separation of 1.81. The position of
this star puts it within a separation of 1″ of the position of the
known OGLE source OGLE-SMC-ECL-3357. This source
was first identified as variable by P. C. Schmidtke et al. (2008),
but the best analysis of the optical light curve comes from the
work of A. Bódi & T. Hajdu (2021), who find that the source is
a detached binary with a period of 12.86 days. The source is

also reported (P. C. Schmidtke et al. 2008) to be an eclipsing
binary with one eclipse observed by OGLE in each orbit.
The UVOT and XRT light curves for this source are shown in

Figure 3. The source is found to be a persistent, variable UVOT
source with a mean magnitude of 14.3 since S-CUBED
monitoring began. The weekly cadence of UVOT observations
prevents reproduction of the periodicity derived using OGLE
data, but there is evidence of strong variability on short
timescales in the system, as the uvw1-band magnitude varies
by as much as 0.2 mag from week to week. On longer timescales,
the mean magnitude has a slight periodic variation that is similar
to the variations observed in Swift J010902.6–723710, but the
variation is much less pronounced. There have been three
isolated XRT detections of this source that suggest that a small
amount of quiescent X-ray emission is being produced by the NS
in the candidate binary. However, a series of low-luminosity type
I outbursts cannot be ruled out as the cause of this emission.
A 12.86 day period is in agreement with the accepted values

for a BeXRB. The presence of a narrow eclipse would be a
rare occurrence, but there have been examples found of
eclipsing BeXRBs. Perhaps the best example of such a system
is Swift J010209.6–723710, which was discussed in
Section 4.1 and described in T. M. Gaudin et al. (2024). Swift
J010209.6–723710 shows evidence of a deep eclipse that can
be observed at both optical and UV wavelengths every
60.623 days, which is interpreted to be the signature of a
persistent accretion disk passing in front of the Be star. Other
examples include SXP 5.05 (M. J. Coe et al. 2015), a system in
which X-ray emission from the NS is eclipsed by its
companion, and LXP 168.8 (P. Maggi et al. 2013), which
displays similar behavior to Swift J010209.6–723710.
In the case of Swift J010209.6–723710, the eclipse can be

observed in both the OGLE and UVOT phase-folded light
curves (T. M. Gaudin et al. 2024). It is clear that such an
eclipse can be observed in the phase-folded OGLE-III light
curve of P. C. Schmidtke et al. (2008). A similar phase-folded
light curve can be produced from S-CUBED UVOT data by
using the “rspline” method inherent to the Wōtan (M. Hippke
et al. 2019) package to detrend and flatten the data. The
resulting phase-folded light curve is shown in Figure 7. There
is no evidence of an eclipse that is present within these data,
preventing the source from being compared to similar sources.
It is possible that the accretion disk in this system is much
smaller than in other known eclipsing BeXRB systems,
leading to shallower eclipses that are below the detection
threshold of UVOT. This would be supported by the lack of
X-ray detections over the lifespan of the S-CUBED survey.
However, it is also possible that the lack of a UVOT detection
indicates that this source is indeed not a BeXRB and is in fact
some other type of eclipsing binary system. More observations
are needed in order to better understand this system.

4.3. 1SCUBEDX J010203.7–715130

The position of 1SCUBEDX J010203.7–715130 places it at
the intersection of multiple S-CUBED observation tiles. This
is not a problem for XRT, as the tiles overlap to provide full
coverage, but the source lands outside of UVOT field of view
for both tiles. Therefore, it is not possible to produce a UVOT
light curve for this source. We must rely exclusively on SED
fitting to evaluate the nature of this candidate source.
Three Gaia sources intersect with the XRT error region as

shown by Figure 8. The SED-fitting results for these three stars
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are shown in Figure 9. Only one of these stars, Star 1, has the
derived fundamental stellar parameters expected of an OB star
in the SMC. This star is located 3.65 from the center of the XRT
error region and fits to our modified blackbody curve with an
effective temperature of 14,300 ± 1400 K and a stellar radius
of 4.8 ± 0.6 R⊙, which are within the range that is expected for
a relatively cool B-type star. In addition to having stellar
parameters corresponding to a B star, the SED shows a similar
shape to those found in well-known BeXRB systems (for a
discussion, see Section 5) with a strong IR excess clearly visible
in the SED. If this is indeed a Be star, then it is likely that the IR
excess artificially cools the best fit for the star and shrinks its
radius. Follow-up spectroscopic measurements may be able to
better constrain the parameters of the star.

4.4. 1SCUBEDX J011535.0–731931

1SCUBEDX J011535.0–731931 is again located at the edge
of multiple S-CUBED XRT tiles, so there are very limited
UVOT data available for the source. However, unlike

1SCUBEDX J010203.7–715130, this source is accessible at
certain Swift roll angles, leading to sparse UVOT coverage
and producing the light curve observed in Figure 3.
1SCUBEDX J011535.0–731931 has been detected 24 times
by S-CUBED UVOT observations, which confirms that the
source is a strong, variable UV emitter. However, only three of
these observations have occurred after MJD 59000. Despite
the limited UVOT coverage, this source is a periodic X-ray
emitter with nine evenly spaced XRT detections over the
lifetime of S-CUBED. The most recent detection was a set of
three observations near MJD 60000 where the source reached
its brightest-known X-ray luminosity, but this was still a very
faint luminosity of LX = 7.0 × 1035 erg s−1.
SED fitting for this source is nonconclusive owing to multiple

candidate optical companions in the field. Figure 10 shows the
position of these nearby stars, and Figure 11 shows the results of
SED fitting. From fitting, it is evident that two stars are
identified by Gaia. Star 1 and Star 2 both have an argument to
be the optical companion to the candidate BeXRB. Star 1 is
located 2.66 from the center of the XRT error region. The best-
fitting temperature and radius for this star are 36,900 ± 3200 K
and 2.3 ± 0.2 R⊙, respectively. While the temperature is within
the expected range for Be stars, the small stellar radius would
make this the smallest Be star in the SMC by a significant
margin. There are also hints of an IR excess present in the SED
of this star. Star 2 is located 3.89 from the center of the XRT
error region but shows no indication of an IR excess. The
parameters derived from SED fitting for this star indicate a hot
OB star, but SED fitting is inconclusive for the source. The
derived radius of 4.7 ± 0.3 R⊙ is small for a main-sequence
star given such a high temperature. The derived temperature of
50,000 ± 3400 K suggests that the peak of the blackbody is not
being captured by the fitting code, leading to large uncertainties
in the true stellar temperature. Despite these uncertainties, it is
clear that this star has the temperature of an O-type star, so it is
likely that the SED-fitting process is underestimating the true
stellar radius. Based on the derived stellar parameters and the IR
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excess of both sources, the parameters of either star would be
appropriate for the optical counterpart to a BeXRB. More
observations are needed to conclusively determine which star is
a better match as the true optical counterpart to the X-ray source
and to place better constraints on the stellar parameters.

4.5. 1SCUBEDX J003802.8–734458

1SCUBEDX J003802.8–734458 is the only source besides
Swift J010902.6–723710 with a strong-enough X-ray detec-
tion to produce a 0.3–10 keV spectrum. Automatic XRT
analysis of the S-CUBED spectrum indicates a photon index of

+0.8 0.6
0.9. This fit indicates that the source has a hard X-ray

spectrum as is characteristic of a BeXRB. Figure 12 shows that
only two Gaia sources are found on the periphery of the XRT
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10−29

10−28

10−27

10−26

10−25

lo
g(
F
ν
)

(e
rg

cm
−

2
s−

1
H

z−
1 )

Star 1 VizieR SED

Best fit with R=2.3 ± 0.2 R�, T=36900.0 ± 3200.0 K

104
2000400060008000200004000060000

1014 1015

10−29

10−28

10−27

10−26

10−25

10−24

lo
g(
F
ν
)

(e
rg

cm
−

2
s−

1
H

z−
1 )

Star 2 VizieR SED

Best fit with R=4.7 ± 0.3 R�, T=50000.0 ± 1000.0 K

1014 1015

−5

0

5

R
es

id
u

al
s
×

10
−

27

1014 1015

log(ν) (Hz)

−2.5

0.0

2.5

R
es

id
u

al
s
×

10
−

26

Figure 11. Modified blackbody curve fit for each star near 1SCUBEDX
J011535.0–731931. Either star could be the candidate optical companion to a
BeXRB.

10

The Astrophysical Journal, 988:52 (15pp), 2025 July 20 Gaudin et al.



error region. The fits of both stars to our modified blackbody
model are shown in Figure 13. One of these sources, Star 2,
has stellar parameters that correspond to a candidate Be star.
Star 2 fits to a stellar blackbody with a temperature of
10,500 ± 200 K and a radius of 17.0 ± 0.5. These parameters
indicate that this optical companion would be more evolved
than any other optical companion in this study. However,
placing this on an H-R diagram with known BeXRBs (see
Section 5), we can see that these parameters are consistent with
an optical OB companion. Additionally, the characteristic IR
excess of a Be star appears in the SED for this source.

UVOT observations indicate that there is persistent, strong
UV emission that is present over the entire lifespan of the
S-CUBED survey. The average uvw1-band magnitude over all
observations is 14.2, but this can vary on short timescales by as
much as 0.2 mag. As was the case for 1SCUBEDX
J005606.0–722749, there is some evidence of variation on
the timescale of ∼1.5 yr, but this variation is does not shift the
mean magnitude by a significant amount as it did in Swift
J010902.6–723710, and it does not seem to imply that an
outburst is imminent. Instead, this source seems to be capable
of producing periodic X-ray emission without a major change
in the structure of a potential Be star disk. There are eight XRT
detection events since the start of S-CUBED, but these events
have produced only weak emission (<0.05 counts s–1). None
of these detection events have been associated with a large rise
or drop in UV brightness. Additionally, there have been no
XRT detections since MJD 59569, and there has been no
change in UV brightness since this event.

4.6. 1SCUBEDX J005708.8–724202

The last source, 1SCUBEDX J005708.8–724202, has
perhaps the weakest evidence to be considered a BeXRB.
Six stars are found by Gaia to intersect the XRT error region,
as is seen in Figure 14. When these stars are fit to our modified
blackbody function as shown in Figure 15, the best candidate
Be star of the six is Star 4. The best-fitting temperature for this
star is found to be 14,800 ± 3300 K, and the best-fitting radius
is found to be 5.1 ± 1.3 R⊙. The evidence for NIR excess in

the Star 5 SED is weak, so the disk of the optical companion is
likely to be small if this source is indeed a BeXRB.
Additionally, this is another source where the radius is smaller
than expected. More observations are needed to constrain the
stellar parameters, but the combination of the radius and
temperature does place the star in the right region of the H-R
diagram to be a BeXRB optical companion.
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UVOT and XRT light-curve data for 1SCUBEDX
J005708.8–724202 are presented in Figure 3 and demonstrate
that this source is a persistent UV emitter with a mean
magnitude of 15.7 in the uvw1 band. Unlike the other
candidates with UVOT light curves, this source is remarkably
stable over long timescales. There is very little evidence of
variability on the timescales of 500–1000 days that are
characteristic of other candidates discussed in this paper.
Despite a lack of variability on long timescales, there is
evidence of the same short-timescale variability observed in
other candidates, as the UV magnitude is capable of varying by
as much as 0.2 mag per week. The XRT light curve reveals
that this source has only been detected three times, with two of
those detections occurring in quick succession on 2016
October 26 and 2016 December 29. The peak count rate of
this small X-ray flare reached 0.1 counts s−1, which could
potentially correspond to a series of small, overlooked type I
outbursts. However, this series of X-ray detections was not
accompanied by any growth of the UV magnitude as would be
expected for a BeXRB outburst.

5. Discussion

The methods described in Section 3.3 are shown to be
capable of detecting B-type stars near candidate systems using
SED fitting. In order to further validate these techniques, the
same SED-fitting method can be applied to the population of
known BeXRBs that are listed as sources in the S-CUBED
catalog. SED fitting is useful both for the identification of the

fundamental stellar parameters of the Be companion in known
systems and for the features that consistently define the SED of
a BeXRB.
Figure 16 shows the fits of our modified blackbody model to

several S-CUBED-identified BeXRBs. From these fits, it is
evident that the UV and optical data largely follow a stellar
blackbody curve. It is also evident that in the IR regime the
dominant emission source is reprocessed stellar emission from
the Be disk (P. Reig 2011). The IR SED shows a significant IR
excess over what would be expected from a star with no disk.
Given how strong this feature can be in some cases, visual
evidence of an IR excess present in SED-fitting results is likely
one of the best diagnostic tools available for identifying
candidate BeXRBs.
The identification of fundamental stellar parameters allows

for an estimate of spectral class and type to be made for each
BeXRB optical companion star. When we compare these stars
to the larger population of OB stars in the Milky Way, we get a
sense of the parameters expected in the population. SED fitting
produces the radius and effective temperature of a given star,
which inherently allows for the derivation of the stellar
luminosity. Using the derived luminosities and temperatures
from SED fitting, the candidate sources identified by archival
analysis and the population of known BeXRBs in the
S-CUBED catalog can be placed on an H-R diagram.
Additionally, an H-R diagram of all OB stars in the SMC is
created using spectroscopic data from N. Castro et al. (2018).
The resulting H-R diagram with all three populations is shown
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in Figure 17. Plotted alongside the different populations are
theoretical stellar evolution tracks produced by the MESA
Isochrones & Stellar Tracks (MIST; A. Dotter 2016) project.
These particular tracks are generated for high-mass stars in a
low-metallicity ([Fe/H] = −1.0) environment such as is
expected for OB stars in the SMC.

The fundamental stellar parameters of the optical companion
are not influenced by the presence of a companion. However,
plotting our candidate systems alongside these other two
populations provides an extra check to ensure that the parameters

derived from SED fitting match the parameters expected for
members of known populations. Any candidate with nearby stars
that do not fall in the same locus of the H-R diagram as known
OB and OBe stars is likely not a true BeXRB. All six candidates
fall within the locus of the H-R diagram containing both SMC OB
stars and known BeXRB companions and can be divided into
three different groups. Swift J010902.6–723710 and 1SCUBEDX
J005606.0–722749 have “average” stellar parameters for BeXRB
companions or OB stars. Neither of these sources is unusual in
terms of temperature or radius, and the nearby OB star to

Figure 16. A selected group of SEDs for BeXRBs that have been identified as part of the S-CUBED source catalog. Each source SED has been fit using the methods
described in Section 3.3 in order to get a temperature and radius for the companion star in each system. The best-fitting stellar blackbody curve and error bars have
been plotted for each best-fit line. For all systems with MIR observations available, an emission bump can be observed starting at ∼20 μm.
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1SCUBEDX J003802.8–734458 is the most similar candidate to
the one confirmed BeXRB that has been identified by this study.
Three candidates, 1SCUBEDX J010203.7–715130, 1SCUBEDX
J003802.8–734458, and 1SCUBEDX J005708.8–724202, have
stellar parameters that would indicate a cooler star. The major
difference between these three systems is their luminosities.
1SCUBEDX J003802.8–734458 is more luminous than the other
two systems, indicating that it may be nearby to an evolved OB-
type star. The best-fitting parameters of both stars nearby to
1SCUBEDX J011535.0–731931 represent an outlier on this H-R
diagram. If either nearby star is an OB star, then they are hot,
main-sequence stars. However, the uncertainty in the best-fit
parameters causes them to be shifted to hotter temperatures than
are observed for other systems on this H-R diagram.

N. Castro et al. (2018) note that the Be stars in their sample
appear cooler and more evolved than their spectral type
indicates. This phenomenon is attributed by the authors to the
presence of emission lines instead of absorption lines in the
stellar spectrum of a Be star. This affects the stellar parameters
that can be derived from fitting to these spectral lines. Similarly,
our method of SED fitting appears to produce stellar parameters
that are indicative of cooler, more evolved companions. In our
case, the cause is likely excess IR continuum emission which
changes the shape of the SED for a Be star. Additionally, the IR
portion of the SED is affected by variability that is produced by
the circumstellar disk surrounding the Be star. Both of these
characteristics will affect the accuracy of the fit at redder
wavelengths but will have a minimal impact on the bluer portion
of the SED, where the flux will peak for hot, blue stars. More
research is needed to determine the best method of obtaining
more accurate stellar parameters in systems containing Be stars.

6. Conclusion

In this paper, we present a new method for the identification
of candidate BeXRB systems in the SMC. Candidates are first
identified using their IR through X-ray properties using
searches of archival databases. Once candidates were identi-
fied, the fundamental stellar parameters of potential optical
counterparts to BeXRBs are identified via SED fitting using

the method of least-squares fitting. UV light curves were
generated to confirm that the sources were both UV-bright and
variable on the timescales expected of BeXRBs.
Using this novel detection method, six candidate BeXRB

systems were identified. SED fitting shows that all but one
candidate have fundamental stellar parameters within 3σ of the
mean values derived for known BeXRB optical companions
within the SMC. One of these systems, Swift J010902.6–723710,
was first identified by this study and later confirmed to be a
BeXRB when it went into outburst in 2023 October. Careful
monitoring will be needed going forward to search for signs of
outburst in the rest of the candidates, which would serve as
confirmation of binarity.
The methodology outlined in this paper is used to analyze

only a small subset of the 1900+ identified S-CUBED sources.
Further work may make it possible to characterize even more
unknown sources and make significant progress on BeXRB
identification in the SMC.
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