
The Origin of the Galactic Center Diffuse X-ray Emission Investigated by

Near-infrared Observations

Shogo Nishiyama1,2, Kazuki Yasui3, Tetsuya Nagata3, Tatsuhito Yoshikawa3, Hideki Uchiyama4, Motohide Tamura1,5

1 National Astronomical Observatory of Japan, Tokyo 181-8588, Japan
2 Miyagi University of Education, Sendai 980-0845, Japan

3 Kyoto University, Kyoto 606-8502, Japan
4 Shizuoka University, Shizuoka 422-8529, Japan

5 The University of Tokyo, Tokyo 113-0033, Japan
E-mail(SN): shogo.nishiyama@nao.ac.jp

Abstract

Past observations have revealed the existence of diffuse X-ray emission in the central a few hundred
pc region of our Galaxy. Here we compare spatial distributions of the X-ray 6.7 keV line emission, and an
old stellar population which is one of two main candidates for the origin of the line emission. We have
found a clear excess of the line emission over the old stellar population, and our conclusion is that there
is a significant contribution from diffuse, interstellar hot plasma to the X-ray emission. The contribution
from the stellar component is estimated to be from 20 to 50 %. We also show a large-scale, magnetic field
configuration in this region, and propose an idea that the interstellar hot plasma is confined magnetically
in this region.
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1. The Galactic Center Diffuse X-ray Emission

Past X-ray observations have revealed the presence of a
diffuse 6.7 keV line emission from highly ionized, He-like
Fe ions at the direction of the Galactic center (Koyama
et al. 1989). The line emission and associated continuum
component are called the Galactic center diffuse X-ray
emission (GCDX). The GCDX consists of at least three
components: a clumpy, 6.4 keV fluorescence line of neu-
tral or weakly ionized iron; soft emission well described
by a low temperature (∼ 1 keV) plasma; and centrally
peaked 6.7 keV line associated with continuum emission
described by a very hot (kT ∼ 7 keV) plasma model.
The soft component is likely to be explained by the in-
teraction of supernova remnants or stellar winds with the
interstellar matter, and the 6.4 keV line emission is prob-
ably due to illumination of material in molecular clouds
by an external X-ray source. On the other hand, the ori-
gin the very hot component is still puzzling. So far only
10 - 40% of the hot component has been claimed to be
resolved into faint point sources even with the Chandra
satellite (Muno et al. 2004, Revnivtsev et al. 2007).

Two main ideas have been suggested to account for
the remaining 60 − 90 % of the GCDX: a truly diffuse
plasma that bathes the emitting region (e.g., Koyama
et al. 1989); and accumulation of many, unresolved dis-
crete point sources as the Galactic ridge X-ray emission

is (e.g., Wang et al. 2002). In the latter case, candidates
are old stellar binary systems such as cataclysmic vari-
ables (CVs) and coronally active binaries (ABs; Sazonov
et al. 2006). So if the hot component originates in the
discrete sources, its spatial distribution is expected to
be very similar to that of old stars observable in near-
infrared wavelengths. For this purpose, a stellar mass
distribution model constructed from near-infrared sur-
face brightness maps (Launhardt et al. 2002) has been
used (e.g., Muno et al. 2009, Uchiyama et al. 2011,
Heard & Warwick 2013).

In the previous works, however, the spatial resolution
of the near-infrared surface brightness maps was very low
(Launhardt et al. 2002). Such maps could be subject to
the influence of young, bright stars. The spatial resolu-
tion was not so high that the Galactic latitude profiles
could not be determined from stellar light, but from dust
emission and radio emission molecular clouds. In addi-
tion, uncertainties of the mass model seem to be as high
as a factor of two (Launhardt et al. 2002).

We construct a stellar number density map of the
Galactic center region from new near-infrared observa-
tions with much higher spatial resolution (Nishiyama et
al. 2006, Yasui et al. in preparation). Here we summa-
rize the near-infrared imaging observations and results,
and present more convincing arguments on the origin of
the GCDX. We also show results of our recent polari-
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metric observations, and put some additional arguments
on the origin of the GCDX.

2. Observation and Data Analysis

The central region of our Galaxy, | l |< 3.◦0 and | b |< 1.◦0
(corresponding to 840 pc × 280 pc at 8 kpc from the Sun),
was observed from 2002 to 2004 using the near-infrared
camera SIRIUS (Nagashima et al. 1999, Nagayama et
al. 2003) on the 1.4 m telescope IRSF. SIRIUS provides
J (1.25 µm), H (1.63 µm), and KS (2.14 µm) band im-
ages simultaneously with a field of view of 7.′7 × 7.′7 and
a pixel scale of 0.′′45. The averages of the 10σ limiting
magnitudes are H = 16.6 and KS = 15.6. Further de-
tails, including those of the data reduction, photometry,
and calibration are given in Nishiyama et al. (2006).

The stellar number density map is constructed as fol-
lows. At first, the entire observed field is divided into
small sub-fields of 20′ × 20′, and an H and KS color
magnitude diagram (CMD) is constructed for each sub-
field. Foreground sources are easily recognized with their
blue H − KS colors, and they are removed from the fol-
lowing analysis. Considering the limiting magnitudes,
the Galactic model (Wainscoat et al. 1992) tells us that
the mean intrinsic color of the sources detected in our
observations is (H − KS)0 ≈ 0.20. So we carry out an
extinction correction for each star using the observed
H −KS color, the intrinsic color, and an interstellar ex-
tinction law (Nishiyama et al. 2006). Here we obtain an
extinction-corrected KS-band magnitude, KS,0. Then
we construct a stellar number density map using stars
with KS,0 < 10.5. For the central 20′ × 20′ field, source
confusion is so severe that a different magnitude limit of
KS,0 < 8.0 is employed.

From 2006 to 2010, we have also carried out near-
infrared polarimetric observations using the IRSF tele-
scope and the near-infrared polarimetric imager SIRPOL
(Kandori et al. 2006), to determine a large-scale inter-
stellar magnetic field configuration. SIRPOL consists
of a single-beam polarimeter and near-infrared camera
SIRIUS, so it also provides polarimetric images in near-
infrared three bands (J,H, KS) simultaneously. Com-
paring the polarization between stars distributed further
and closer side in the Galactic center, we obtain polariza-
tion originating from magnetically aligned dust grains in
the Galactic center (Nishiyama et al. 2009, 2010), and
determine direction of magnetic fields in the central a
few hundred pc region.

3. Different Spatial Distributions between 6.7 keV Line
Emission and Old Stellar Population

We have found a clear excess of the 6.7 keV line emission
measured by Suzaku (Koyama et al. 2007, Uchiyama et
al. 2011), over the stellar number density in the Galac-
tic center region (Fig. 1, top panels). The longitudi-

nal profiles of the 6.7 keV line emission and the stellar
number density are overplotted and scaled to have the
same values at 1.◦5 <| l∗ |< 2.◦8 (l∗ denotes the angular
distance from Sgr A* along the Galactic longitude). Us-
ing the synthetic CMD computation (Aparicio & Gallart
2004), we have confirmed that about 75 % of the stars
detected in our observations are older than 1 Gyr. The
stellar number density profile thus trace the distribution
of old stars, and its spatial distribution is clearly dif-
ferent from the 6.7 keV emission. The longitudinal pro-
files can be fit with a power-law of ∝ θ−α in the range
from −0.◦7 to −0.◦1, and we have found a difference be-
tween α = 0.30±0.03 for the stellar number density, and
0.44 ± 0.02 for the 6.7 keV line emission.
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Fig. 1. Top: Longitudinal profiles of the stellar number density (red)
and the 6.7 keV emission (blue; Koyama et al. 2007; Uchiyama
et al. 2011). The region in the Galactic bulge, 1.◦5 <| l∗ |< 2.◦8,
is used to scale the the 6.7 keV emission profile to have the same
value as the stellar number density (l∗ denotes the angular dis-
tance from Sgr A* along the Galactic longitude). Bottom: Longi-
tudinal profile of the ratio of the stellar number density to the 6.7
keV emission, scaled to be unity at the position for normalization.
This profile represents a contribution of point sources, traced by
our near-infrared observations, to the GCDX in the assumption
that the contribution of truly diffuse hot plasma is negligible at
the position for normalization (i.e., the Galactic ridge region).
Both panels are from Nishiyama et al. (2014).

A major stellar candidate for the origin of the GCDX
is old binary systems such as CVs. Due to their faint-
ness (L2−10 keV < 1030 erg s−1), it is still difficult to re-
solve them with the current satellites. To investigate the
contribution of such point sources, we construct a longi-
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tudinal profile of the ratio of the stellar number density
to the 6.7 keV emission (Fig. 1, bottom panel). When
the profile is scaled to be unity at 1.◦5 <| l∗ |< 2.◦8, the
ratios are ∼ 0.6−0.7 and ∼ 0.3 in the nuclear stellar disk
(NSD) and the nuclear star cluster (NSC), respectively.
It means that the contributions of the old stellar popu-
lation to the 6.7 keV line emission are ∼ 0.6 and ∼ 0.3
for the NSD and NSC, respectively, in the assumption
that the contribution from point sources in the Galactic
bulge region is 100%. When we consider different star
formation histories in the NSD, NSC, and the Galactic
bulge, the contributions are estimated to be ∼ 0.5 (NSD)
and ∼ 0.2 (NSC).

It is difficult to explain the excess seen in Fig. 1, top
panel, by a variation of an emissivity of point sources
(Nishiyama et al. 2013). Recent studies have added sup-
port to the “universality” of the X-ray luminosity func-
tion over the entire Galaxy (e.g., Sazonov et al. 2006,
Revnivtsev et al. 2007). To change the emissivity, at
least one of (i) initial mass function (IMF), (ii) binary
fraction, (iii) star formation history (SFH), or (iv) Fe
abundance is required to be different in the NSD and
NSC from the Galactic bulge region. Considering an
universal IMF (Bastian et al. 2010) and a possible top-
heavy IMF in the Galactic center (Figer et al. 1999), the
number of old, low-mass stars (i.e., CVs and ABs) per
unit stellar mass never increases, it only decreases. As for
the binarity, observations do not suggest a significantly
different binary formation fraction among the Galactic
field, clusters, and star forming regions. A higher stel-
lar density tends to destroy binaries rather than to form
them via a capture process, which seems to play a small
role in binary formation (Tohline 2002). Also, recent ac-
tive star formation in the NSC and a constant SFH in
the NSD (Figer et al. 2004) indicates a lower fraction
of low-mass stars per unit stellar mass. These imply a
smaller X-ray emissivity per unit stellar mass by CVs
and ABs, rather than a higher emissivity.

The difference in the profiles could be a result of a
higher Fe abundance of stars in the Galactic center.
However, the 6.7 keV emission is ∼ 1.6 times larger than
the stellar number density in the NSD. It means that the
required gradient of the Fe abundance is ∼ 60%/2◦ ∼
20%/100 pc from the Galactic bulge region to the NSD.
An observed gradient of the Fe abundance at the inner
Galaxy is ∼ 0.06 dex/kpc, and this corresponds to only a
few %/100 pc (González-Fernández et al. 2008). This is
much smaller than the required gradient. In addition, re-
cent observations show a nearly solar Fe abundance even
for young stars in this region (e.g., Davies et al. 2009,
Najarro et al. 2009). It means that the Fe abundance
for old stars which could be the origin of the GCDX, is
likely to be lower than the solar abundance.

4. Large-scale Toroidal Magnetic Field may Confine Inter-
stellar Hot Plasma

The most puzzling aspects of the GCDX is its high tem-
perature. The hot plasma of kT ≈ 7 keV is particularly
too hot to be confined by the gravitational potential of
our Galaxy, and the plasma is thus expected to escape
from the Galactic disk with a sound velocity. The escape
time scale is estimated to be an order of 104−105 yr, and
if the plasma is not confined, the plasma loss must be re-
plenished by some very energetic events, or very frequent
super novae of once every ∼ 200 years.

Several mechanisms have been proposed to explain the
origin of the GCDX, and one of them is that the diffuse
hot plasma is confined to the Galactic center region by
a magnetic field (Makishima et al. 1994, Tanuma et al.
1999). Hence we have explored a possibility of magnetic
field confinement of the hot plasma in the Galactic center
region.

In Fig. 2, we present the obtained polarization map
which show the direction of the interstellar magnetic
field, projected onto the plane of the sky, in the cen-
tral a few hundred pc region. As shown in Fig. 2 and
histograms in Nishiyama et al. (2013, Fig. 5), mag-
netic field directions at the region with strong 6.7 keV
line emission are parallel to the Galactic plane in aver-
age. On the other hand, most of the magnetic field di-
rections at high Galactic latitude (|b| > 0.◦4), where the
6.7 keV line emission is weaker, is nearly perpendicular
to the Galactic plane. They suggest that a large-scale
toroidal magnetic field is developed and sustained near
the Galactic plane (in the NSD), whereas a large-scale
field is poloidal far from the plane.

Such a transition of a large-scale magnetic field could
be explained by time evolution of magnetic field: an ini-
tially predominantly poloidal, larger-scale magnetic field
is sheared out in an azimuthal direction by the differ-
ential rotation of an accreting gas disk (Uchida et al.
1985). The transition region, b ∼ 0.◦3 − 0.◦4, is in good
agreement with the scale height of the 6.7 keV emission,
0.◦27 (Uchiyama et al. 2013).

Due to a larger sound speed of the ∼ 7 keV hot plasma
(> 1000 km s−1) than the escape velocity (typically sev-
eral hundred km s−1), the hot plasma would be rushing
out of the Galactic plane vertically without any confine-
ment mechanism. Assuming the gas flowing out from
the X-ray emitting region at the sound speed, the escape
timescale is estimated to be ∼ 4× 104 yr (Belmont et al.
2005). It requires a huge energy input to sustain the
hot plasma. If the plasma is confined magnetically with-
out any cooling mechanism, the hot plasma only cools
by radiation with a timescale of 107 − 108 yr (Muno et
al. 2004), several orders of magnitude longer than the
escape timescale. This would reduce the required energy
input and thus relax the energetic problem.
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Fig. 2. Map of interstellar magnetic field direction for | l |< 1.◦5 and | b |< 1.◦0 superposed on a 6.7 keV line emission (Nobukawa et al.
2012). The x-axis is the Galactic longitude, and the y-axis is the Galactic latitude. The length of the magenta bars is proportional to the
measured degree of polarization in the KS band, and their orientation is drawn parallel to the inferred magnetic field direction.
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