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Abstract. The origin of the Galactic center diﬀuse X-ray emission (GCDX) is still under intense
investigation. We have found a clear excess in a longitudinal GCDX proﬁle over a stellar number density proﬁle in the nuclear bulge region, suggesting a signiﬁcant contribution of diﬀuse,
interstellar hot plasma to the GCDX. We have estimated that contributions of an old stellar
population to the GCDX are ∼ 50 % and ∼ 20 % in the nuclear stellar disk and nuclear star
cluster, respectively. Our near-infrared polarimetric observations show that the GCDX region
is permeated by a large scale, toroidal magnetic ﬁeld. Together with observed magnetic ﬁeld
strengths in nearly energy equipartition, the interstellar hot plasma could be conﬁned by the
toroidal magnetic ﬁeld.
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1. Introduction
Past X-ray observations have revealed the presence of a diﬀuse 6.7 keV emission from
highly ionized, He-like Fe ions toward the Galactic center (e.g., Koyama et al. 1989). The
line emission and an associated continuum component, called the Galactic center diﬀuse
X-ray emission (GCDX), resembles the Galactic ridge diﬀuse X-ray emission (GRXE).
For the GRXE, more than 80 % of the diﬀuse emission has been claimed to be resolved
into point sources (Revnivtsev et al. 2009), suggesting faint X-ray point sources in origin.
However, the origin of the GCDX, in particular its very hot component with a temperature of kT ∼ 7 keV, is more puzzling. Only 10 – 40 % of the GCDX has been claimed
to be resolved into faint point sources so far (e.g., Muno et al. 2004). The plasma temperature of the GCDX is likely to be systematically higher than the GRXE (Yamauchi
et al. 2009). These results indicate a diﬀerent origin of the GCDX from the GRXE.
Another idea for the origin of the GCDX is a diﬀuse, interstellar hot plasma (e.g.,
Koyama et al. 1989). In this case, the spatial distribution of the GCDX is expected
to be diﬀerent from that of stellar populations. Hence we have constructed a stellar
number density map of the Galactic center region from new near-infrared (NIR) imaging
observations. Here we summarize results of the NIR observations, and provide additional
evidence for the hypothesis that the GCDX arises from a truly diﬀuse hot plasma.
We also show results of our NIR polarimetric survey to reveal magnetic ﬁeld conﬁguration in the Galactic center region. The results provide strong evidence for a large-scale
toroidal magnetic ﬁeld conﬁguration in the GCDX region, implying a magnetic ﬁeld
conﬁnement of the interstellar hot plasma.
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2. Stellar number density proﬁle
The central region of our Galaxy, | l | 3.0◦ and | b | 1.0◦ was observed from 2002
to 2004 using the NIR camera SIRIUS on the 1.4 m telescope IRSF. After removing
foreground/background sources, we carry out an extinction correction for detected stars
(Nishiyama et al. 2006), and obtain an extinction-corrected KS -band magnitude, KS,0
for each star. Taking into account completeness limits, we construct a stellar number
density map using stars with KS,0 < 10.5. For more detail, see Nishiyama et al. (2013).
The proﬁle of the 6.7 keV line emission along the Galactic plane measured by Suzaku
(Koyama et al. 2007, Uchiyama et al. 2011) clearly show an excess at the nuclear bulge
(NB) region (| l | 1.◦ 0) over the stellar number density proﬁle (Figure 1, top panel). The
two proﬁles are over-plotted 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).
The majority of faint X-ray (L2−10 keV < 1030 erg s−1 ) sources which have not been
resolved but are expected to contribute to the GCDX are old binary systems such as
cataclysmic variables. To investigate the contribution of the point sources, especially of
the old stellar population detectable in our observations, we construct a longitudinal
proﬁle for the ratio of the stellar number density to the 6.7 keV emission (Figure 1,
bottom panel). When the proﬁle is scaled to be unity at the positions of normalization,
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. Considering diﬀerent star formation
histories in the NSD, NSC, and the Galactic bulge (GB), the contributions of the old
stellar population to the GCDX are estimated to be ∼ 0.5 and ∼ 0.2 for the NSD and
NSC, respectively, in the assumption that the contribution of point sources in the GB is
100 %.
The diﬀerence of the longitudinal proﬁles (Figure 1, top panel) is diﬃcult to be explained by a variation of an emissivity of the point sources. In Nishiyama et al. (2013),
we show that diﬀerent initial mass functions, binary fractions, and star formation histories in the NSD and NSC from the GB cannot explain the diﬀerence in the longitudinal
proﬁles.
Another factor which can change the emissivity is a Fe abundance. A higher Fe abundance of stars in the NB region than the GB leads to a higher X-ray emissivity. However,
the 6.7 kev emission is ∼ 1.6 times larger than the stellar number density in the NSD
when they are shifted to have the same value at | l∗ |∼2◦ . It means that the required gradient of the Fe abundance is ∼ 60%/2 ◦ ∼ 20%/100 pc. This gradient is much larger than
that in the inner Galaxy; an observed gradient of the Fe abundance at the inner Galaxy
is ∼ 0.06 dex/kpc, which corresponds to only a few %/100 pc (González-Fernández et al.
2008). In addition, the stellar Fe abundance in the Galactic center is not so high. Recent
observations show a nearly solar Fe abundance even for young stars (e.g., Davies et al.
2009, Najarro et al. 2009). Thus the abundance for old stars which could be the origin
of the GCDX is expected to be lower than the solar Fe abundance.

3. Magnetic ﬁeld conﬁguration
The most puzzling aspect of the GCDX is its high temperature. Since the kT ≈ 7 keV
plasma is too hot to be gravitationally bound, it requires a huge energy source without
the conﬁnement of the plasma. One idea to address this energetic issue is a conﬁnement
by magnetic ﬁelds (MFs; Makishima 1994). If a large-scale toroidal MF is developed and
sustained, and the MF is strong enough for nearly energy equipartition with the plasma
of kT ∼ 7 keV, the GCDX could be almost conﬁned within the NB.
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Figure 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. Bottom: Longitudinal 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 NIR 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). [A color version is available online.]

To determine the large-scale interstellar MF conﬁguration, we have carried out NIR
polarimetric observations for | l |1.5◦ and | b | 1.0◦ using IRSF and a NIR polarimetric
imager SIRPOL from 2006 to 2010. Comparing the polarization between stars distributed
further and closer side in the Galactic center, we obtain polarization originating from
magnetically aligned dust grains in the Galactic center (for more detail, see Nishiyama
et al. 2009, 2010). The polarized angle traces the MF direction in the Galactic center
projected onto the sky (Figure 2).
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Figure 2. Near-infrared mosaic image of the Galactic center region covering 3.0◦ × 2.0◦ in the
Galactic coordinate, taken with the IRSF telescope and NIR camera SIRIUS. The three NIR
bands are J (blue, 1.25μm), H (green, 1.63 μm), and KS (red, 2.14 μm). Observed polarization
angles for the Galactic center components in the KS band are also plotted with white bars
whose length indicates the degree of polarization. [A color version is available online.]

The obtained polarization map (Figure 2) suggests a large-scale toroidal MF conﬁguration in the NB. The histogram of the MF directions at | b |<0.4◦ has a clear peak at
90◦ (see Figure 5 in Nishiyama et al. 2013) which is the direction parallel to the Galactic
plane. At high Galactic latitude (| b | 0.4◦ ), the ﬁelds are nearly perpendicular to the
plane, i.e., poloidal conﬁguration. This suggests a transition of the large-scale conﬁguration, and such a transition can be naturally explained by the time evolution of MFs.
The transition region, | b |∼0.3◦ to 0.4◦ , is in good agreement with the scale height of
the 6.7 keV emission, 0.27◦ (Uchiyama et al. 2013).
If the plasma were not conﬁned, it would be rushing out of the Galactic plane vertically
as a Galactic wind. The escape velocity, typically several hundred km s−1 , is smaller than
the sound speed of the 7 keV hot plasma of > 1000 km s−1 . Assuming the gas ﬂows out
from the X-ray emitting region at the sound speed, the escape timescale is ∼ 4 × 104 yr
(Belmont et al. 2005), requiring a huge energy input to sustain the hot plasma. If the
plasma is conﬁned magnetically, and there is no other 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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