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Abstract

We present the Suzaku observations of two unidentified sources discovered with ROSAT towards the
Galactic bulge. We obtained the wide-band spectra of these sources above 2 keV, for the first time.
The X-ray spectrum of 1RXS J165256.3−264503 showed a Kα emission line from He-like Ne and was
well reproduced by two thin-thermal plasma components with temperatures of 0.7 and 2.4 keV, which is
reminiscent of a spectrum of an active binary. On the other hand, the spectrum of 1RXS J174459.5−172640,
extending up to 20 keV, was well represented with a cut-off powerlaw model with a photon index of 2.2 and
a cut-off energy of 17 keV, or a multi-color disk blackbody (kT ∼ 0.2 keV) plus Comptonized blackbody
model, where the electron temperature is 19 keV. Therefore, we inferred that the former is a RS-CVn type
binary and the latter is a low-mass X-ray binary (LMXB) with a luminosity of ∼ 1035 erg s−1, at which
the X-ray emission mechanism of the LMXB has seldom been studied systematically.
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1. Introduction

A galactic bulge is a gravitationally-relaxed spheroidal
rotator surrounding the galaxy. Since the bulge is pre-
sumed to be an old (∼ 109 yr) galactic component, the
primordial stars in the bulge with a mass over 8M⊙

have already evolved into compact objects such as neu-
tron stars or black holes. These compact objects should
form binary systems together with slowly evolving low-
mass stars and emit X-rays via accretion flow from their
companions. We picked up the X-ray source candidates
located in the Galactic bulge from the ROSAT Bright
Source Catalogue, using the absorption estimated from
the X-ray spectral color for each source. In order to re-
veal the nature of these unidentified bulge sources, we
conducted the observations of 1RXS J165256.3−264503
and 1RXS J174459.5−172640 with Suzaku.

2. Analysis and Results

2.1. 1RXS J165256.3−264503

The XIS image showed that no point-like and/or dif-
fuse sources except for 1RXS J165256.3−264503 within
the XIS field of view. Then, we accumulated the XIS
photons from a 4′.3 circle centered on the RBSC source
position. We chose the background region as an annulus
surrounding the source region. Since no variability was
found in the background-subtracted XIS lightcurve, we
extracted the XIS spectra during the whole time inter-

val. On the other hand, we found no significant signals
from the HXD PIN data.

We show the XIS spectra obtained with FI and BI
CCDs in figure 1 (left). We can see a Kα emission
line at 1 keV from highly-ionized Ne in both spectra.
Thus, we first tried to fit the spectra with a thin ther-
mal plasma model in collisional ionization equilibrium
(CIE) affected by photoelectric absorption. However, the
fit was statistically unacceptable (χ2 = 545/241 d.o.f.).
Since the residual indicated a marginal emission-line fea-
ture and an excess above 3 keV, we fitted the spectra
by two CIE plasma components with the same absorp-
tion column density (NH). We set the elemental abun-
dances to be free parameters but tied them between the
two plasma components. We obtained an acceptable fit
(χ2 = 179/238 d.o.f.). The temperatures of the plasma
were 0.7 and 2.4 keV. The elemental abundances were
∼ 30% relative to the solar values except for Mg and Ne;
Ne was overabundant in these plasma. We superposed
the best-fit model on the data, together with each CIE
plasma component in figure 1 (left).

Since the absorption column density of NH ∼ 1 ×

1021 cm−2 is consistent with the HI column density in the
line sight of the source (Dickey and Lockman 1990), the
source is probably located in our Galaxy. The tempera-
ture combination (0.7 and 2.4 keV) suggests that the ori-
gin of the X-ray emission is a coronal plasma associated
with an active star binary (e.g., Swank et al. 1981). Fur-
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Fig. 1. Spectra of 1RXS J165256.3−264503 (left) and 1RXS J174459.5−172640 (right). The data obtained with FI CCD, BI CCD, and HXD
PIN are indicated with black, red, and green crosses. We superposed the best-fit model on the data, together with each component.

thermore, using the SIMBAD database, we found a RS-
CVn type star, HD 152178 (Fekel et al. 1999), located
∼ 4” away from 1RXS J165256.3−264503. This posi-
tion coincidence also supports our identification. Since
the distance to HD 152178 is estimated to be 472 pc
from its parallax, we can infer the X-ray luminosity of
6.0 × 1031 erg s−1, an order of magnitude brighter than
that of a typical RS CVn star.

2.2. 1RXS J174459.5−172640

We first made the background-subtracted lightcurves in
the XIS and HXD PIN energy bands. For the XIS data,
the source and background extraction regions were cho-
sen to be a 6′.1 circle and its surrounding annulus, respec-
tively. For the HXD-PIN spectra, we estimated the con-
tribution of the Galactic Ridge X-ray Emission (GRXE;
Koyama et al. 1986) within the HXD-PIN field of view
to be 4.9 × 10−13 erg s−1 cm−2, which is lower than the
detection limit at > 3σ confidence. Hence, we only gen-
erated the CXB spectrum followed by Boldt (1987) and
then subtracted it, together with the NXB spectrum,
from a raw HXD spectrum.

We show the X-ray spectra of 1RXS
J174459.5−172640 extending up to ∼ 20 keV in figure 1.
Since the XIS spectra show no line feature, we fitted
the spectra with an absorbed power-law model. This
model well reproduced the overall spectral shape, how-
ever, there was a subtle deviation above 8 keV between
the data and the model. We then included an exponen-
tial cutoff in the power-law model. The fit was signifi-
cantly improved (χ2 = 386/336 d.o.f.). The best-fit pa-
rameters were as follows: NH = (3.51+0.05

−0.03)×1021 cm−2,

Γ = 2.17 ± 0.06, and Ecut = 17+7

−4
keV.

We also tried to fit the spectra with some two-
component models which have a physical or observa-
tional basis. We used a multi-color disk blackbody model
(diskbb in XSPEC; Mitsuda et al. 1984) from an accre-

tion disk to explain the soft X-ray emission. For the
hard X-ray emission, we tried to fit the spectrum with
a blackbody, power-law, or a Comptonized blackbody
model. We tied an absorption column density between
the two components. We obtained an acceptable fit
by the disk blackbody plus the Comptonized blackbody
model (χ2 = 315/330 d.o.f.). The temperature at the
innermost disk radius was kTin = 110+2

−3
eV. The tem-

perature of the Comptonized blackbody component was
kT = 188+10

−3
eV and the electron temperature of the hot

plasma was kTe = 19.7+0.7
−0.4 keV, which is slightly larger

than the cutoff energy described above. In the two com-
ponent model, we obtained the higher absorption column
density of NH = (5.3 ± 0.2) × 1021 cm−2.

The X-ray spectrum dominated by continuum emis-
sion suggests that the source is an X-ray binary in-
cluding a compact object. Furthermore, the XIS and
HXD lightcurves show no pulsation and flux variabil-
ity. Thus, we infer this source to be a low-mass X-
ray binary (LMXB). In the SIMBAD database, 1RXS
J174459.5−172640 is identified with a near-infrared
(NIR) source, 2MASS J17445953−1726397. Using the
Galactic absorption towards the source and its appar-
ent colors, we inferred the color excess of the source
to be (J − H)0 = 0.27 ± 0.03 mag and (H − K)0 =
0.02 ± 0.03 mag, which is consistent with that of an F-
type main sequence star. The result strengthens that the
system would be a LMXB class.
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