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Abstract. We report IR measurements of 30 optical
counterparts to a group of possible and probable High
Mass X-ray Binaries (HMXRBs). In the majority of the
systems these measurements represent the first reported
IR flux values. In common with many other similar sys-
tems, the results show the presence of a strong, frequently
variable IR signal. The implications of some of the results
are discussed.
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1. Introduction

The Be/X-ray and Supergiant binary systems represent
the largest sub-class of massive X-ray binaries. Of the
42 proposed massive X-ray binary pulsar systems, 35 are
identified as such binaries. The orbit of the Be or super-
giant star and the compact object, presumably a neutron
star, is generally wide and eccentric. The optical star ex-
hibits Hα line emission and continuum free-free emission
(revealed as excess flux in the IR) from a circumstellar
gas, most likely in a disk geometry.

Progress towards a better understanding of the physics
of these systems depends on a multi-wavelength pro-
gramme of observations. From observations of the Be star
in the optical and IR, the physical conditions under which
the neutron star is accreting matter can be determined.
In combination with hard X-ray timing and flux observa-
tions, this yields a near complete picture of the accretion
process.

As part of such a campaign, observations have been
carried out of southern hemisphere objects using the
SAAO 1.9 m telescope. The individual sources have been
observed as frequently as possible in order to explore both
their individual IR variability and the link with the X-ray
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flux. Presented in this paper are the first IR observations
of many proposed, and established HMXRB systems to-
gether with observations of a small number of sources with
only one or two previously published values.

2. IR observations

The sources were observed with the MkIII infrared pho-
tometer (Glass 1985) on the SAAO 1.9-m telescope. A
chopping secondary mirror defines two effective apertures:
on-source (star) and off-source (background). Square aper-
tures of 9′′ or 12′′ were used, depending on the seeing.
A single observation module consisted of a 40 s integra-
tion, with the star placed alternately in the two apertures
by nodding the telescope. These individual 40 s observa-
tions were then repeated, typically 2-4 times per filter,
until a sufficient precision (standard error ∼0.01 magni-
tudes) was achieved. The observations were obtained in
the SAAO JHK system (1.25, 1.65 & 2.2 microns; Carter
1990) in photometric conditions, transformations being af-
fected from regular observations of IR standards.

The observations were carried out during the period
December 1993 - November 1995 at approximately quar-
terly intervals. The result from the observation of each
source taken on a good photometric night, and a measure
of its variability are presented in Table 1.

3. Discussion on some individual objects

All the sources were primarily checked against the Catalog
of Infrared Observations (Gezari et al. 1994) for previous
IR published fluxes. Further searches were made in the
SIMBAD data base. Of the 30 sources presented here only
6 have previous reported IR measurements - GRO J1008−
57.1, A1118−615, 1E1145.1−6141, 2S1145−619, 2S1728−
24 and AX1845.0− 0433 (see individual comments below
for references on these objects).
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Table 1. List of sources observed in this programme. N is the number of observations and F is the fluctuation factor (the range
of J magnitudes observed divided by the number of observations)

Source RA (2000) Dec (2000) Obs. date J H K N F

Name hr mn sc ◦′ ′′

RX J0051.8–7231 00 51 53.4 −72 31 56.5 02 Oct. 1996 13.95±0.11 14.06±0.19 14.55±0.42 1 -
1E0050.1-7247

RX J0059.2–7138 00 59 12.7 −71 38 44.8 02 Oct. 1996 13.95±0.09 14.12±0.23 13.74±0.24 1 -

SMC X–3 00 52 07.7 −72 25 43.7 17 Nov. 1995 14.67±0.14 14.78±0.45 14.63±0.46 6 0.17

SMC X–2 00 54 34.7 −73 40 43.2 02 Oct. 1993 14.80±0.10 15.0±0.30 14.5±0.20 3 0.09

RX J005354–7226 00 53 52.8 −72 26 34.4 14 Nov. 1995 13.18±0.05 12.93±0.05 12.84±0.06 2 0.25
1E0052.1–7242

RX J0101.0–7206 01 01 03.2 −72 06 57 02 Oct. 1996 14.69±0.32 14.15±0.43 14.03±0.09 1 -

RX J0103–722 01 03 13.9 −72 09 14.1 30 Jun. 1994 14.85±0.34 1 -

SMC X–1 01 16 41.9 −73 26 12.4 14 Nov. 1995 13.47±0.04 13.55±0.06 13.43±0.15 7 0.030
Sk160

RX J0501.6–7034 05 01 24.5 −70 33 30 02 Oct. 1996 13.74±0.19 12.85±0.03 12.85±0.05 1 -
CAL 9

RX J0502.9–6626 05 02 52.5 −66 26 26 02 Oct. 1996 14.24±0.02 14.65±0.09 14.33±0.11 1 -
CAL E

EXO 0531.1–6609 05 31 12.0 −66 07 08 02 Oct. 1996 13.99±0.06 13.92±0.08 13.57±0.08 1 -

RX J0532.5–6551 05 32 32.6 −65 51 40.8 03 Oct. 1996 13.50±0.06 13.45±0.02 13.60±0.14 1 -
Sk -65 66

LMC X–4 05 32 49.2 −66 22 14.4 5 Mar. 1993 14.58±0.10 14.80±0.20 14.90±0.30 5 0.046

A0538–66 05 35 40.27 −66 51 52.9 14 Nov. 1995 14.99±0.25 15.08±0.36 15.8±1.3 1 -

H0544–665 05 44 15.4 −66 33 50.2 17 Nov. 1995 13.73±0.09 12.72±0.07 12.74±0.08 3 0.11
Source no:22

1H0739–529 07 47 23.5 −53 19 58.3 14 Nov. 1995 7.46±0.01 7.42±0.01 7.41±0.01 6 0.006
HD63666

1H0749–600 07 56 15.8 −61 05 59.4 14 Nov. 1995 6.60±0.01 6.56±0.01 6.55±0.01 6 0.008
HD65663

GRO J1008–57.1 10 09 46.9 −58 17 35.5 14 Nov. 1995 11.57±0.03 10.91±0.01 10.49±0.01 5 0.066

1E1024.0–5732 10 25 56.5 −57 48 41.1 14 Nov. 1995 8.88±0.01 8.23±0.01 7.87±0.01 5 0.018
Wack2134

A1118–615 11 20 52.9 −61 54 52.2 14 Nov. 1995 9.66±0.01 9.09±0.01 8.64±0.01 8 0.009
He3-640/Wray763

2U1119–603 11 21 15.2 −60 37 24.2 14 Nov. 1995 11.33±0.03 10.86±0.01 10.57±0.01 4 0.103
Cen X-3/V779Cen

1E1145.1–6141 11 47 28.5 −61 57 13.5 21 Feb. 1995 9.71±0.01 9.17±0.02 8.90±0.02 7 0.009
V830Cen

2S1145–619 11 48 00.1 −62 12 24.5 21 Feb. 1995 8.66±0.01 8.44±0.02 8.19±0.02 8 0.089
V801Cen/HD102567

3U1223–624 12 26 37.6 −62 46 13.2 23 Feb. 1995 6.83±0.01 6.11±0.01 5.72±0.01 7 0.010
GX301-2/WRA 977

1H1253–761 12 39 14.9 −75 22 11.8 22 Feb. 1995 6.18±0.01 6.15±0.01 6.11±0.01 4 0.050
HD109857

GX304–1 13 01 16.4 −61 36 14.4 23 Feb. 1995 9.86±0.01 9.28±0.01 9.02±0.01 8 0.012
V850Cen

SS 2883 13 02 47.6 −63 51 19.9.2 23 Feb. 1995 8.08±0.01 7.71±0.02 7.27±0.02 7 0.013
PSR 1259–63

4U1538–52 15 42 23.2 −52 23 09.9 22 Feb. 1995 10.56±0.01 10.35±0.01 10.14±0.01 4 0.033
QVNor/Nor X-2

1H1555–552 15 54 21.9 −55 19 43.6 22 Feb. 1995 7.14±0.01 6.84±0.01 6.51±0.01 5 0.018
HD141926

2S1728–247 17 32 01.6 −24 43 50.7 30 Jun. 1993 10.20±0.20 8.72±0.03 8.13±0.02 7 0.029

AX1845.0–0433 18 45 01.5 −04 33 55.0 03 Oct. 1996 10.17±0.02 10.61±0.02 11.55±0.04 8 0.07
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RX J0051.8 − 7231 - this source appears in the
Bruhweiler et al. (1987) paper on new Einstein detections
(identified as Source 3) and also in the ROSAT review
of X-ray binary sources in the Small Magellanic Cloud
(Kahabka & Pietsch 1996). The IR flux and colours pre-
sented here are consistent with it being a Be star in the
SMC.

RX J0059.2 − 7138 - this star was originally pro-
posed as a probable Be counterpart to an X-ray binary by
Hughes (1994) and confirmed by the optical spectroscopy
of Southwell & Charles (1996). These first IR measure-
ments confirm this identification.

RX J0101.0−7206 - reported by Kahabka & Pietsch
(1996) as possible high mass X-ray binary system. The IR
results reported here are just at the limit of the telescope,
but consistent with an SMC Be/X-ray binary system.

SMC X−1, X−2, X−3 - these three sources are all
well-established HMXRBs in the Small Magellanic Cloud.
None of them have previously reported IR measurements
and, as a group, they permit us to establish the IR char-
actersitics of such systems in such a location. This is par-
ticularily important when trying to identify new systems
- see the two RXJ sources discussed below.

RX J005354−7226 - This object was originally pro-
posed by Bruhweiler et al. (1987) from Einstein obser-
vations as an SMC source exhibiting a hard X-ray spec-
trum. Hence it was suggested as a possible Be/X-ray bi-
nary system. Subsequently a serendipitous ROSAT source,
RX J005354−7226, was identified (Angelini, private com-
munication) at a position coincident with the original
Einstein position. Follow up optical and IR observations
were carried out as part of this work and the IR coun-
terpart identified. The J − K colours reported here are
similar to those reported in Table 1 for three other estab-
lished SMC sources (SMC X − 1, SMC X − 2 and SMC
X− 3) and hence support the identification of this object
as being similar to them. Follow up optical spectroscopy
will help identify this object better.

RX J0103− 722 - This is one of two new Be/X-ray
binary systems identified by Hughes & Smith (1994) on
the basis of ROSAT observations and H alpha imaging.
These first IR observations confirm the detection of an IR
flux but can say little more at the moment. The source
at J = 14.9 is at the limit of the telescope. Using the V
band measurement of Hughes & Smith we can determine
V − J ∼ 0, similar to that of SMC X− 1.

RX J0501.6−7034 and RX J0502.9−6626 - these
sources are also known as CAL 9 and CAL E, respectively
(Long et al. 1981). Both re-occured in the ROSAT survey
of the Large Magellanic Cloud carried out by Schmidtke
et al. (1994).

EXO 0531.1 − 6609 - Reported here are the first
IR observations of this proposed Be/X-ray binary system.
Originally reported by Pakull et al. (1985) it was subse-
quently detected by ROSAT (Haberl et al. 1995a) from

which pulsations at 13.7 s were reported (Dennerl et al.
1995).

RX J0532.5 − 6551 - Recently discovered from
ROSAT data (Haberl et al. 1995b), this system could
either be a supergiant or Be star binary. The one set
of IR data presented here give no indication of the de-
gree of variability and hence no clues to help resolve this
ambiguity. A discussion of the properties of this source
based upon optical spectra will be presented elsewhere
(Coe et al. in preparation).

H0544−665 - This X-ray system was originally iden-
tified with another star in the region (Star 1 in the chart
of Johnston et al. 1979) by van der Klis et al. (1983).
The main basis for their identification was the photomet-
ric variability of the candidate. However that star exhibits
no significant IR emission, unlike Star 22 reported here.
Star 1 and Star 22 lie only ∼ 10′′ apart in a crowded re-
gion and it is possible that they both fell within the 9′′

aperture of the photometer used by van der Klis et al.
Again, follow up optical spectroscopy should confirm this
identification.

1H0739 − 529 and 1H0749 − 600 - Both of these
HEAO-1 sources have been linked to a bright Be star in
the X-ray error box (Tuohy 1988). The results presented
here represent the first IR measurements of these two stars
and the strong IR signal confirms their Be nature. Their
association with the X-ray sources remains unconfirmed
until a more accurate X-ray position is obtained, or cor-
related IR and X-ray variability is reported.

GRO J1008 − 57.1 - this object was identified re-
cently by Coe et al. (1994a) as the correct optical counter-
part to a new hard X-ray transient discovered by CGRO
(Stollberg et al. 1993). The new IR measurements reported
here demonstrate a long-term decline in the emission from
the circumstellar disk from a high of K = 9.94 at the time
of the X-ray outburst.

1E 1024.0−5732 - this is the optical counterpart sug-
gested by Caraveo et al. (1989) as the second fastest known
pulsar (61 ms) in an X-ray emitting binary system. Those
authors identified the object as an O5 type star, whereas
Mereghetti et al. (1994) suggest a Wolf-Rayet interpreta-
tion and could find no evidence for the 61ms pulsations.
Certainly these first IR observations show a strong IR ex-
cess (J −K) ∼ 1.0 and (V −K) ∼ 4.8 consistent with the
presence of a significant stellar wind or disk.

A1118 − 615 - this object is the counterpart to the
X-ray transient system discovered in 1975. It has only
shown two major episodes of X-ray activity since its dis-
covery, the second occuring in January 1992 (Coe et al.
1994b) at which time its IR signal was determined to
be J = 9.62 and (J − K) = 1.03. Surprisingly, nearly
4 years later its IR signal remained virtually unchanged
even though the X-ray emission has fallen below any de-
tectable level. No other IR observations exist in the liter-
ature so it is hard to tell what the “quiescent” level is for
this system.
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1E 1145.1−6141 and 2S 1145−619 - these two sys-
tems have very similar neutron star pulse periods (292 s
and 297 s) and are located only 15′ apart. Their IR be-
haviour, however, over the period of our observations is
very different. 1E 1145.1−6141 (a supergiant system first
measured in the IR by Ilovaisky et al. 1982) has shown
no evidence of any variability. Whereas 2S 1145− 619 (a
Be/X-ray binary first detected by Glass 1979) has var-
ied by over 0.5 magnitude in all the IR bands. Its long-
term optical and IR behaviour and their relationship to its
X-ray outbursts will be presented elsewhere (Stevens et al.
1997).

3U1223 − 624 - this system has been proposed as a
hypergiant, rather than a supergiant (Kaper et al. 1995).
The IR data presented here certainly confirm the existence
of strong IR excess and the lack of variability is consistent
with either a hypergiant or supergiant system (as opposed
to a Be star). Further work is needed to resolve the hy-
pergiant proposition.

1H1253 − 761 and 1H1555 − 552 - Both of these
HEAO-1 sources have also been linked to a bright Be star
in the X-ray error box (Tuohy 1988). As in the case of
the previous two sources discussed above (1H0739− 529
and 1H0749−600), our results represent the first IR mea-
surements of these two sources and the strong IR signal
confirms their Be nature.

2S 1728−247 - this is system is unusual in this sample
in that it contains a M6III giant in a sybiotic system. The
first IR measurements of this source were presented by
Glass & Feast (1973). The data presented here indicate
significant, but not very large, variations in the IR flux.

AX1845.0− 0433 - this is the counterpart identified
by Coe et al. (1996) to the ASCA hard X-ray transient
reported by Yamauchi et al. (1995). The IR data reveal
a steady long-term decline from J = 9.64 to J = 10.17
over the period July 1995 to October 1996. This is consis-
tent with the source being the correct identification for an
X-ray object having recently undergone an outburst.

4. Conclusions

The first IR measurements have been presented on 24 pro-
posed or confirmed optical/IR counterparts to X-ray bi-
nary systems. A further 6 sources have new IR measure-
ments. Together they represent the largest coherent group
of southern hemisphere, X-ray binary sources studied and
provide valuable data to help in the understanding of the
behaviour of these transient X-ray binary systems. One
important conclusion is that the Be star systems show
greater variability than the supergiant systems - the Be
systems have an average F value of 0.052, whereas the su-
pergiant average is 0.030. This may well provide a useful
method of discriminating between the two systems.
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