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Abstract

We now systematically conduct a spectroscopic identification program for a flux-limited sample of X-ray
sources towards the Galactic bulge extracted from the ROSAT All-Sky Survey Bright Source Catalogue
(RBSC). Our primary goal is to construct the luminosity functions of different populations in the Galactic
bulge to elucidate bulge evolution. However, the nature of about half of these RBSC sources has been
still unclear. So far we observed about 15 unidentified RBSC sources with Suzaku, XMM-Newton, and/or
Chandra in order to obtain the broad-band X-ray spectra and accurate source positions for future optical
follow-up observations. In this paper, we present our recent results from Suzaku observations of five RBSC
sources. We reveal that one of them is probably an low-mass X-ray binary with a very rare, intermediate
luminosity of 2 × 1035 erg s−1 (Mori et al. 2012). Two sources are X-ray emitting active stars such as
RS CVn or Algol-type binaries. The other two are found to be new clusters of galaxies; one of which is
identified with the Suzaku observation for the first time (Suzaku J1759−3450, Mori et al. 2013).
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1. Introduction

A galactic bulge is a spheroidal rotator surrounding the
galactic center. The formation and evolution of galac-
tic bulges is still under debate. A key of the observa-
tional approach to resolve this problem would be X-ray
luminosity functions of bulge populations, which reflect
the activities of high-mass stars and their end products.
Since the Galactic bulge is the nearest bulge, we can
perform detailed observations with a low detection limit
that has never been achieved in the extragalactic survey.
However, the Galactic bulge has a huge angular size of
∼ 10◦, we need to devise an efficient method to pick
up the Galactic bulge X-ray sources. From the ROSAT
All-Sky Survey data, we selected 68 candidates based on
their X-ray colors; 48 objects are classified into unidenti-
fied (unID) X-ray sources. In order to improve the com-
pleteness of the X-ray luminosity function of the Galactic
bulge sources, we have performed an observing campaign
to the unID sources with Chandra, XMM-Newton, and
Suzaku. Here, we show the results of the five Suzaku
observations. The observation log is given in Table 1.

2. Low-Mass X-ray Binary in the intermediate state

Figure 1 shows the X-ray spectrum of 1RXS
J174459.5−172640. The X-ray image and the light curve

of the source is shown in Mori et al. (2012). Thanks
to the XIS and HXD-PIN, we obtained for the first
time the broad-band spectrum up to 40 keV. The X-ray
spectrum was well reproduced with an absorbed cut-off
power-law model with Γ = 2.16 and Ecut = 17 keV.
A more physically-plausible model consisting of a multi-
color disk-blackbody plus a thermal Comptonized com-
ponents also gave an acceptable fit. The best-fit pa-
rameters of the absorption column density, power-law
index, the electron temperature of the Comptonizing
plasma, and the temperature at the innermost disk ra-
dius are NH = 4.3 × 1021 cm−2, Γ = 2.34, kTe = 7 keV
, and kTin = 0.11 keV, respectively. The X-ray lu-
minosity in the 0.5–10 keV band was estimated to be
2 × 1035(D/8.5kpc)2 erg s−1. We concluded that this
source is probably a new LMXB in the intermediate
state (1034 < LX < 1036 erg s−1), located in the Galac-
tic bulge. The innermost disk radius was calculated to
be (170–220) (D/8.5kpc)(cos i)1/2 km, implying that the
accretion disk is truncated. Since the Comptonized com-
ponent was dominant, the optically-thick (τ ∼ 3) corona
may be distributed along the disk. The candidate of its
optical counterpart is 2MASS J17445953－1726397. The
J , H, and K-band colors suggest that this NIR source
is a yellow/white (A or F-type) giant or supergiant.
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Table 1. Observation log of the X-ray sources towards the Galactic bulge

Target ObsID (l, b) Start time (UT) Exposure (ks)
1RXS J165256.3−264503 402004010 (355.◦143, 10.◦814) 2007/08/25 00:03:31 49.6(XIS), 46.7(HXD)
1RXS J174459.5−172640 402003010 (9.◦767, 6.◦087) 2008/03/30 15:07:47 43.6(XIS), 29.6(HXD)
1RXS J175911.0−344921 406019010 (356.◦382,−5.◦466) 2012/03/08 21:54:13 40.2(XIS), 34.7(HXD)
1RXS J173905.2−392615 407029010 (350.◦349,−4.◦373) 2012/09/18 19:46:11 22.1(XIS), 17.1(HXD)
1RXS J170047.8−314442 407027010 (352.◦229, 6.◦384) 2013/02/18 18:00:11 8.9(XIS), 7.6(HXD)
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Fig. 1. X-ray spectra of 1RXS J174459.5−172640. This figure is
adapted from Mori et al. (2012).

3. Cluster of galaxies

Figure 2 shows the X-ray images in the 0.5–10 keV
band of 1RXS J175911.0−344921. We found diffuse
emission, designated as Suzaku J1759−3450, located
∼ 1′ away from the 1RXS J175911.0−344921 position.
The radial profile of the surface brightness of Suzaku
J1759−3450 was explained with a single β-model of
(β, rc) = (0.78, 1.′61). The detailed analysis of the ra-
dial profile is described in Mori et al. (2013). The
X-ray spectrum of 1RXS J175911.0−344921 exhibits a
clear emission line at 6 keV, indicating that the cosmo-
logical redshift is z = 0.132. The X-ray emission was
found to be originated from an optically-thin thermal
plasma with kTe = 5.3 keV. Hence, Suzaku J1759−3450
is an extragalactic object. The total mass within r < 4′

was estimated to be 2.2 × 1014M⊙. The bolometric X-
ray luminosity within r < r500 was calculated to be
4.3 × 1044 erg s−1, fainter than that expected from the
LX–T relation (Ota et al. 2006). This result suggests
that Suzaku J1759−3450 is far from relaxed.
We also found that 1RXS J170047.8−314442 has dif-

fuse X-ray emission. The X-ray spectrum of this source
also shows an emission line at 6 keV. An absorbed thin
thermal plasma model yielded a good fit; the best-fit pa-
rameters were NH = 2.3 × 1021 cm−2, kTe = 6.3 keV,
and z = 0.144. The asymmetric morphology of the ther-
mal plasma indicates that this source is another merging

cluster of galaxies.

Fig. 2. X-ray images of 1RXS J175911.0−344921. This image is
adapted from Mori et al. (2013).

4. X-ray active stars

The X-ray spectrum of 1RXS J165256.3−264503 was
explained with an optically-thin thermal plasma model
with temperatures of 0.78 and 2.4 keV. HD 152178, an
RS CVn star, was found to be positionally coincident
with the source. Since the distance to HD 152178 is
472 pc, the X-ray luminosity in the 0.5–10 keV band was
estimated to be 6× 1031 erg s−1. Hence, in terms of the
X-ray properties, 1RXS J165256.3−264503 is considered
to be an RS CVn binary in the Galactic disk.
Due to the limited photon statistics, the spectral pa-

rameters of 1RXS J173905.2−392615 cannot be con-
strained. However, the X-ray flux in the 0.5–3 keV band
was estimated to be 1.0×10−13 erg s−1 cm−2, an order of
magnitude fainter than that in the ROSAT observation.
If HD 323934, an A-type star located near the source,
is an optical counterpart, this X-ray source may be an
Algol-type star (e.g., Miura et al. 2008).
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