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ABSTRACT
Optical and X-ray observations are presented here of a newly reported X-ray transient system
in the Small Magellanic Cloud (SMC) – SXP7.92. A detailed analysis of the X-ray data
reveal a coherent period of 7.9 s. A search through earlier X-ray observations of the SMC
reveal a previously unknown earlier detection of this system. Follow-up X-ray observations
identified a new transient source within the error circle of the previous observations. An optical
counterpart, AzV285, is proposed which reveals clear evidence for a 36.8 d binary period.

Key words: stars: neutron – X-rays: binaries.

1 IN T RO D U C T I O N A N D BAC K G RO U N D

The Be/X-ray systems represent the largest subclass of all High
Mass X-ray Binaries (HMXB). A survey of the literature reveals
that of the ∼240 HMXBs known in our Galaxy and the Magel-
lanic Clouds (Liu, van Paradijs & van den Heuvel 2005, 2006),
≥50 per cent fall within this class of binary. The orbit of the Be
star and the compact object, presumably a neutron star, is gener-
ally wide and eccentric. X-ray outbursts are normally associated
with the passage of the neutron star close to the circumstellar disc
(Okazaki & Negueruela 2001). A review of such systems may be
found in Negueruela (1998) and Coe (2000).

The source that is the subject of this paper was first identified by
Corbet et al. (2008) in the Small Magellanic Cloud (SMC) using
the Rossi X-ray Timing Explorer (RXTE). It has a pulse period of
7.92 s, so it is designated here as SXP7.92 following the naming
convention of Coe et al. (2005). Follow-up observations by the
Swift X-ray observatory identified a new X-ray source within the
RXTE field of view, but the weakness of the X-ray signal precluded
searching for the 7.92 s pulsations. In this paper, over 10 yr of
optical photometry data from the Optical Gravitational Lensing
Experiment (OGLE) of the probable optical counterpart at the Swift
source position are presented. On occasion, these optical data reveal
a clear 36.8-d modulation which is interpreted here as the binary
period of the system.

�E-mail: mjcoe@soton.ac.uk

2 X -R AY DATA

2.1 RXTE

The SMC has been the subject of extensive monitoring using RXTE
Proportional Counter Array (PCA) over the last 10 yr (Laycock
et al. 2005; Galache et al. 2008), and SXP7.92 was discovered in
an observation taken in 2008 June 13. This observation was centred
on Right Ascension (RA) 14.3◦ Dec. 72.3◦ with a full width at half-
maximum (FWHM) sensitivity response field of view of 1◦. Based
upon many recent similar detections of known Be/X-ray sources, it
is very probable that the source of the X-ray signal lies within this
FWHM zone, though the larger area with a 2◦ radius down to zero
response cannot be excluded.

Since a data base of ≥10 yr of observations of the SMC exist, it
was therefore possible to use these data to search for evidence of any
other X-ray detections of SXP7.92 during this period (Fig. 1). Be-
cause the PCA is a collimated instrument, interpreting the strength
and significance of the signal depends upon the position of the
source within the field of view. So the target was assumed to be
located at the position of the possible counterpart determined from
the Swift observation (see next section). Apart from the set of recent
detections which led to the identification of this new pulsar, there is
only one previous convincing detection of SXP7.92 on 2004 March
3 (MJD53068).

The search was based around a pulse period of 7.92 s with a ±0.05
s search window. There are two other pulsars within the same RXTE
field of view with similar periods: the proposed Anomalous X-ray
Pulsar (AXP) CXOU J010043.1-721134 (McGarry et al. 2005) and
SMC X-3. For most of the observations reported here SXP7.92 had
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Figure 1. RXTE light curve of SXP7.92. The top panel shows the pulse amplitude; the next panel down the RXTE collimator response to SXP7.92; the
following panel is the detected pulse period; the lowest panel shows the significance of the pulse period detection. The most significant detections are shown
in red. The colour version of this figure is available in the online journal.

a collimator response of 0.55, the AXP source had a collimator
response of 0.70 and SMC X-3 that of 0.55.

McGarry et al. (2005) quote the period of the AXP as 8.020 s
in 2004 January from Chandra observations. Our earliest measure-
ment was taken in 2004 March and is 7.915 s. McGarry et al. also
quote a period change of 1.88.10−11 s s−1 between 2001 and 2004
so there would have been a negligible period change in the AXP in
the 2 months between the Chandra observations and our RXTE ob-
servation. Therefore none of our measurements, particularly that in
2004 March can be of the AXP. For SMC X-3, the well established
period is 7.78 s and this is outside the search range used here. The
search range of ±0.05 s was chosen to avoid picking up either of
these other two objects.

A list of all the possible detections of SXP7.92 are presented in
Table 1. From this table, it is possible to see that there are four
detections at the 99.9 per cent level or higher – the one in 2004
and three recent detections. Therefore, these data were used to

Table 1. RXTE detections of SXP7.92. The last column (collimator
response) represents the fractional sensitivity of RXTE to the pro-
posed counterpart, AzV285; the centre of the RXTE field of view has
response = 1.0.

MJD Amp. Signif. Period Coll.
(cts cpu−1 s−1) per cent s resp.

53068.0352 0.53 ± 0.01 99.9 7.915 ± 0.005 0.33
54617.8438 0.29 ± 0.068 86.4 7.931 ± 0.003 0.54
54630.0000 1.01 ± 0.10 100.0 7.919 ± 0.003 0.54
54637.9062 1.51 ± 0.14 100.0 7.920 ± 0.002 0.54
54645.7656 1.12 ± 0.10 99.9 7.923 ± 0.004 0.54
54653.9492 0.30 ± 0.08 97.1 7.928 ± 0.003 0.54

Figure 2. Folded pulse profile for observation dated MJD53068.035 (2004
March).

produce folded pulse light curves. The folded pulse profile for the
observation dated MJD53068 is shown in Fig. 2.

All three pulse profiles for observations 93037-01-49 to 51 dated
MJD54630-54645 are shown together in Fig. 3 for direct compar-
ison. It must be noted that the pulse phases shown for each of the
profiles is arbitrary since it is not possible to phase-link observa-
tions so separated in time. So the three profiles shown in Fig. 3
have simply been aligned based upon the asymmetric double peak
structure. Other configurations cannot be excluded.

The most notable feature of the pulse profiles is the change
from an essentially single-peaked outburst in 2004 to the double-
peaked structure seen in 2008. This change is probably related to the
X-ray luminosity and hence the accretion modes on to the neutron
star. Fig. 2 shows emission dominated by a thin beam, while Fig. 3
shows emission dominated by fan beams. If fan beams arise from an
accretion mound with a significant height, we would expect them to
appear at higher accretion rates (thus higher Lx). And vice versa, at
low accretion rates (low Lx), the emission region will be a relatively
flat ‘spot’, that would produce a pencil beam. This is in agreement
with the observations presented in this paper if it is assumed that
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SXP7.92 2193

Figure 3. Folded RXTE pulse profile for observations dated MJD 54630,
54637 and 54645, (2008 June) starting with the earliest at the top. The three
profiles have been arbitrarily shifted in phase in this figure (see text for
discussion).

the pulse fraction is approximately constant and the pulsed count
rates in Table 1 are representative of the unpulsed flux.

2.2 Swift

The RXTE PCA instrument has a 2◦ full width zero intensity (FWZI)
field of view and hence is not very effective at localizing the po-
sition of SXP7.92. Consequently, the Swift observatory was used
to attempt to locate the new X-ray pulsar by searching the region
within the RXTE FWHM zone. Though the region outside the RXTE
FWHM zone cannot be excluded, the sensitivity of RXTE is such
that it would have to be an exceptionally bright X-ray source to
have produced the level of signal observed if it fell outside of the
FWHM region. On 2008 July 16, nine observations of approximate
duration 1 ks each, covering the RXTE FWHM zone, were made
with the X-ray Telescope (XRT) on board Swift in Photon Counting
mode.

A single source was discovered at position 01:01:55.3,
−72:32:42.8 (J2000.0) with a ∼4 arcsec (90 per cent) error cir-
cle as determined through ‘XRTcentroid’. During the 1 ks exposure
time, ∼200 source counts were detected.

Data in XRT photon counting mode are binned at a time resolution
of 2.51 s. A Lomb–Scargle (Lomb 1976; Scargle 1982) analysis in
the range of 5–1000 s did not reveal any significant periodicities.
An epoch-folding search (Leahy, Elsner & Weisskopf 1983) around
7.9 s (the period measured from the RXTE data) also did not show
features other than a strong signal at three times the data sampling
frequency.

Using the quantile analysis method of Hong, Schlegel & Grindlay
(2004), we divided the photon distribution of the above source into
quartiles. The energy boundaries of the quartiles, together with
the median energy of the distribution were then used to probe the
X-ray colours of the source. Fig. 4 shows the quantile ‘colours’
with a grid of power-law index and absorption overplotted. From
this diagram, we can interpret the X-ray spectrum of the source to

Figure 4. Quantile-based colour–colour diagram based on the median (m)
and the ratio of the two quartiles showing the grid patterns for a power-law
model in a 0.5–8.0 keV range ideal detector for Chandra. The power-law
grid patterns are for � = 4, 3, 2, 1 and 0 and NH = 1020, 1021, 4 × 1021,
1022, 4 × 1022 and 1023 cm−2. The position of the Swift source on this grid is
indicated by the cross symbol. The colour version of this figure is available
in the online journal.

have a power-law index of � ∼ 0.5 with an absorption of NH ∼ 4 ×
1021 cm−2.

3 O PTI CAL AND I R DATA

At first glance, the Swift source does not seem to be obviously
coincident with any appropriately bright (V ∼ 14–16; see Coe et al.
2005) objects in the SMC, with the nearest candidate counterparts
being V ∼ 17th mag, see Fig. 5. The nearest ‘bright’ source is
the early-type star AzV285 (Azzopardi, Vigneau & Mavquet 1975)
which has B = 13.9 mag, K = 13.6 mag and is 6.6 arcsec away from
the centre of the Swift X-ray position.

Figure 5. OGLE I-band image of the ∼25-arcsec region near the Swift
X-ray source location. The circle indicates the Swift 90 per cent confidence
region.
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Table 2. Optical candidates to the X-ray source SXP7.92. Colours are from
Zaritsky et al. (2002).

Name RA Dec Colour OGLE III
U-B identification

AzV 285 01 01 56.0 −72 32 36.0 −1.21 SMC110.5 6
Object B 01 01 55.8 −72 32 40.2 +0.33 SMC110.5 100
Object C 01 01 54.8 −72 32 41.4 +−1.10 SMC110.5 95

Table 3. IR detections of SXP7.92. Refs are: ZSW = Zickgraf, Stahl & Wolf
(1992); 2MASS = Skrutskie et al. (2006); SIRIUS = Kato et al. (2007).

Date J H K Refs

1989 September 17 13.72 ± 0.12 14.01 ± 0.29 ≥14.0 ZSW
1998 September 8 13.84 ± 0.03 13.81 ± 0.04 13.66 ± 0.04 2MASS
2002 September 16 13.83 ± 0.02 13.80 ± 0.02 13.75 ± 0.02 SIRIUS

In total, three objects were examined as possible counterparts to
the X-ray source. These three objects are shown in Fig. 5 and their
parameters listed in Table 2.

The two object marked B and C in Fig. 5 first need considering
as possible counterparts since they are closer to the centre of the
Swift position. The colours of all three objects are given in Zaritsky
et al. (2002). These are U − B = −1.21 for AzV285, U − B =
+0.33 for object B and U − B = −1.10 for object C. The colours
for object B are very different from that usually observed for the
counterpart to a HMXB in the SMC – typically values of −1.1 to
−1.3 are expected for an early-type B star. So this makes object B
an unlikely candidate. However, the values for AzV285 and object
C are in this range and they are therefore plausible candidates.

It is also noteworthy that there is an IR source at the location of
AzV285 that appears in three different publications, see Table 3. In
the Two Micron All Sky Survey (2MASS) catalogue, it is identified
as 2MASS J01015579-7232363, whereas the Simultaneous three
colour InfraRed Imager for Unbiased Surveys (SIRIUS) catalogue
(Kato et al. 2007) identifies it as 01015579-723264. All three data
sets presented in the table show no evidence for variability, except
perhaps in the K band. So, from the 2MASS and SIRIUS data, the
average IR colour may be determined to be J − K = 0.13 ± 0.05,
which would be one of the lowest values for any of the previously
identified SMC Be/X-ray binaries (Coe et al. 2005).

This region has been monitored by OGLE and more than 10 yr
worth of regular photometric observations exist. Hence, OGLE II &
III data were obtained for all three objects marked in Fig. 5. These
data were then subjected to a Lomb–Scargle search for any possible
periodic modulation that could be indicative of a binary period.

The results from OGLE II and OGLE III of AzV285 are shown
in Fig. 6. It is immediately apparent that the object is extremely
variable in the I band and, at the time of the X-ray outburst of 2008
July, it was at its brightest for the last decade. If this object is indeed
a Be star, then the variability seen in Fig. 6 is attributable to emission
from the circumstellar envelope. Hence, the current bright state is
indicative of the disc being larger than at any time in the last 10 yr.

The extremely rapid variability on occasions, particularly in the
OGLE III data, makes searching for possible binary periods techni-
cally difficult. However, the earlier OGLE II data are more amenable
to such a search. If this section of data is first detrended using a sim-
ple polynomial fit and then subjected to a Lomb–Scargle frequency

Figure 6. I-band photometric data from OGLE II & III of AzV285.

Figure 7. Upper panel: Lomb–Scargle power spectrum of detrended OGLE
II data of AzV285. The highest peak is at a period of 36.79 d. Lower panel:
deviations from the detrended OGLE II data folded at the period of 36.79 d.

search, a strong coherent period is seen at 36.79 d, see Fig. 7. There
is second peak at 40.8 d which represents the beating between the
true period and the annual sampling.

A close look at the first year of OGLE III data also reveals a clear
visible modulation even though the source is brightening very fast,
see the top panel of Fig. 8. Subjecting this year’s worth of data to a
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Figure 8. Top panel: enlargement of the first year of OGLE III data of
AzV285. Lower panel: the Lomb–Scargle power spectrum of this data set.
The peak is at a period of 36.83 d.

Figure 9. Quantile analysis diagram comparing the candidate Swift source
(shown in red) to other objects seen in Chandra observations of the SMC
(from McGowan et al. 2008). The objects identified as stars are marked with
asterisks, AGNs with diamonds and HMXBs with filled triangles. The SMC
Bar pulsars from Edge et al. (2004) are also included on the plots, marked
with squares.

Lomb–Scargle analysis strongly confirms the same period seen in
the OGLE II data, see lower panel of Fig. 8. In addition, the shape
of the modulation is very similar to that seen in the folded OGLE
II data.

It is worth noting, in passing, that there also exist MACHO data
for AzV285 covering the time span JD 2449372 to 2451546. The

massive astrophysical compact halo objects (MACHO) source ID
is 207.16714.4. These data have a poorer signal-to-noise ratio than
the OGLE III data, but none the less reveal a similar long-term
brightness change over several years.

A similar detailed timing analysis of the OGLE III data on object
C revealed a strong sinusoidal modulation at a period of 3.3 d. The
U-B colours of this object make it an unlikely counterpart to the
X-ray source (if it is a HMXB). There are also occasional V-band
data from OGLE III and the mean V-I colour of this object is V −
I ∼ 0.1 mag. At I ∼ 16.65, this means that the object is on the main
sequence of the SMC field stars rather than close to the instability
strip and hence a Cepheid variable is ruled out. It is more likely that
this is a low amplitude pulsating B-type main sequence star.

Finally, a timing analysis of the OGLE III data for object B reveals
no evidence for any periodic modulation or variability. Though its
U − B = −1.10 colours are similar to that of a ∼B0V star, its
brightness at V = 16.7 is two magnitudes fainter than expected. So
it is unlikely to be the counterpart to a Be/X-ray system.

The conclusion, therefore, from the optical data is that AzV285
is a strong contender to be the counterpart to the Swift X-ray source,
and hence a new HMXB system.

4 D ISCUSSION

4.1 Is AzV285 the optical counterpart to SXP7.92?

Though the body of evidence presented here is strongly indicative
that AzV285 is the optical counterpart to SXP7.92, it is important to
point out that the link is not certain. First the pulsar SXP7.92 is only
located for sure within the RXTE PCA field of view. Based upon
the average observed luminosity of Be/X-ray systems in the SMC
whilst undergoing an outburst, it makes it unlikely that the source
could be outside of the FWHM field of view, but not impossible.

The Swift search of the RXTE FWHM field revealed just one
source, and this source is clearly transient in nature since an earlier
XMM observation failed to detect it in 2007 June (JD 2454258).
However, the ∼200 counts accumulated from the Swift observation
were not sufficient to confirm or deny the existence of pulsations
at 7.92 s. It is, though, clear that the Swift source position is almost
certainly compatible with that of the early-type star AzV285. So, at
the least, this Swift object is very likely a new HMXB system in the
SMC – even if it turns out not to be SXP7.92.

4.2 Spectral class

It is possible to investigate the probable spectral class of AzV285.
However, it is always difficult determining the spectral class of
young emission line systems from just photometric magnitudes,
specially because the redder values are likely to be affected by the
circumstellar disc if the object is indeed a Be star. However, if just
the U and B values are used, then comparison with Kurucz stellar
models indicate a spectral class between O9 and B0.

The U-band magnitude of 12.8 is bright compared to a Be star in
the SMC. Assuming a distance modulus to the SMC of 18.9 and a
reddening of E(B − V) = 0.09 (Schwering & Israel 1991), then a
B0V star would have U = 13.8, a whole magnitude fainter than that
reported. The same is true for the observed V magnitude of 13.96
which is a magnitude brighter than that the value of 14.9 expected
for a B0V star. Changing the luminosity class to III would produce
the extra magnitude needed, as would moving to a much earlier
stellar type. But the colours of the earlier type would not match the
observed U-B colour. So the best estimate of spectral type based
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upon the photometry is O9-B0 III. Further refinements will require
high-quality blue spectra.

Such a classification would put this object at the edge of the
spectral distribution of such Be/X-ray binary systems (see McBride
et al. 2008), but not exceptionally so. It would also be, optically, the
brightest Be/X-ray system in the SMC.

4.3 X-ray characteristics

XMM-Newton observed the field of the Swift X-ray source on 2007
June 6 (Haberl, Eger & Pietsch 2008). The 28.9 ks observation
showed a number of active X-ray sources in the field; however, no
activity was present at the position of the recently detected Swift
source. The transient nature exhibited by the source means that we
can immediately dismiss the possibility that it may be a background
galaxy. Together with the fact that the majority of SMC X-ray point
sources are Be/X-ray binaries, this evidence makes it very likely
that the Swift source is a high-mass X-ray binary system containing
a Be counterpart.

Assuming that the Swift source is located in the SMC, the 0.3–
10 keV flux converts into a luminosity of 7.7 × 1036 erg s−1, using a
distance estimate of 60 kpc (Harries et al. 2003). This is within the
range of expected values for a type I outburst of a Be/X-ray binary
(Stella, White & Rosner 1986). The spectral parameters, as derived
from the quantile analysis in Section 2.2, are consistent with those
of other known Be/X-ray binary systems in the SMC (McGowan
et al. 2008; also see Fig. 9).

All known Be/X-ray binary systems harbour neutron star coun-
terparts. Thus, we expect to see X-ray pulsations from this object.
The lack of detected pulsations was explored by performing Monte
Carlo simulations of a light curve with the same time sampling
as that of the XRT data. A sinusoidal signal of period 7.92 s and
varying pulsed fraction was generated using Poisson statistics, in
such a way that means of the simulated light curves were consistent
with the mean of the real data. 1000 simulations were performed
for pulse fractions of 0, 0.1, 0.2 and 0.3, with the 0 pulsed frac-
tion (i.e. Poisson noise only) simulated light curves used to define
the 90 per cent significance for the detection of a periodic signal.
With a pulsed fraction of 0.1, 0.2 and 0.3 only 26, 497 and 952,
respectively, out of 1000 simulated light curves showed a significant
(>90 per cent) period at 7.92 s. These simulations suggest that it
would only be likely to detect a periodicity of 7.92 s in this source
if the pulse fraction were around 0.3. Judging from the PCA pulse
profile (Fig. 3), which covers a similar energy range as that of
the XRT light curve, the pulsed fraction is typically ∼0.2. It may
be, therefore, that the combination of the low pulsed fraction and
the low signal level prevent any pulsations being detected in the
Swift/XRT light curve.

5 C O N C L U S I O N S

If the source discovered by Swift is SXP7.92, and the Swift source
counterpart is indeed AzV285, the orbital and pulse periods place

this source well within the distribution of other Be/X-ray binary
systems (Corbet et al. 1999). Future observations which will provide
both a better X-ray position, as well as confirmation of a 7.92 s
periodicity, are required to make a conclusive classification of this
new X-ray source.
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