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銀河中心領域の拡散Ｘ線の概観
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1deg
Observation of the GC region with Suzaku

204pointings, 5.96Msec
SWG, AO, LP, KP x2  (|l|<3.5°, |b|<5°)

36 refereed papers, 
7 Doctor Theses. 

High Spectral Resolution, 
Large Collecting Area, 

Low and Stable Non-X-ray Background

R: 0.5-2.0keV
G: 2.0-5.0keV
B: 5.0-8.0keV

Suzaku is the best observatory to observe 
“diffuse” emission from the Galactic center region. 
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Neutral Fe Kα
(6.4-keV line)

He-like S Kα
(2.45-keV line)

He-like Fe Kα
(6.7-keV line)



6.7keV (Continuum subtracted)

Sgr A*

100ly

6.7-keV Line Image (He-like Fe Kα)
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Fig. 2.17.—: Intensity profiles of the plasma emission lines from the GC by Suzaku (Uchiyama

et al., 2012). (a) Profile for the 6.7 keV line ( FeXXV Kα). (b) Profile for the 2.45 keV line ( SXV

Kα).

2001; Park et al. 2004; Muno et al. 2007). Origins of X-ray and sub-relativistic charged

particles (electron or proton) have been proposed for producing the 6.4 keV emissions.

X-ray Origin

The 6.4 keV line and the related continuum emission are respectively due to fluores-

cence and Thomson scattering taking place inside a MC, as consequences of irradiation by

external X-rays. For the fluorescence line, the injecting photons have to be harder than

E ≥7.1 keV, i.e., iron absorption edge, to generate an electron vacancy in the K-shell. Then

the characteristic X-rays are re-emitted isotropically. Assuming an power-law model with

photon index of Γ= 1.5 for the irradiating X-ray source, the resultant 6.4 keV flux (FX
6.4) can

be approximated to the following form (c.f., Sunyaev & Churazov 1998; Capelli et al. 2012).

FX
6.4 ≈ 1.2× ZFe

Ω

4πR2
GC

τT I8 keV [photon cm−2 s−1] (2.6)

Here Ω is the solid angle of the target cloud (with projected area S) seen from the illuminating

source (at distance D), i.e., Ω ≈ S/D2. The other parameters of RGC, ZFe, τT, and I8 keV

are the distance to the GC, the iron abundance w.r.t solar, optical depth due to Thomson

scattering, and the source flux at 8 keV (in unit of photon s−1keV−1). On the other hand,

the continuum emission depends on the angle of Thomson scattering (θ); its flux at 6.4 keV

(C6.4) is written in the following approximate expression.

- 20 -

GC

GR

6.7-keV

l* (deg, from Sgr A*)

r～500ly

F=10×exp(–l/0.6deg) + exp(–l/50deg) 

Uchiyama+11, +12
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•Thermal Plasmas 
smoothly distribute in 
the GC region.

•The origin is still under 
debate. 

- Truly diffuse plasma 
filling in the GC region.

- Or, collection of faint 
unresolved point 
sources.



6.4-keV Line Image (Neutral Fe Kα)
FeI 6.4 keV Map by Suzaku

Sgr B2

Sgr CSgr A*
0º -0.5º0.5º1.0º -0.9ºl

b
- 0.0º

Sgr B1M0.74–0.09

CS ( J=1–0) Map by Tsuboi+1999

Sgr C
Sgr B

Sgr A*

300 pc of the Central Molecular Zone l

b

• 6.4-keV line generally traces the distribution of the molecular clouds.

• 6.4-keV fluorescence line is emitted from MC.

 What is the ionizing particles ? Electrons or X-rays ?
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2.45keV (Continuum not subtracted)

Sgr A*

100ly

6.7keV (Continuum subtracted)

Sgr A*

100ly

6.4keV (Continuum subtracted)

Sgr A*
100ly
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2.45keV (Continuum not subtracted)

Sgr A*

100ly



S210 M. Sawada et al. [Vol. 61,

Fig. 1. Wide-band (0.7–5.5 keV) smoothed images by the (a) XIS and (b) MOS shown with the logarithmic intensity scale. Overlaid green contours
in (a) are an 18 cm radio continuum map from the Very Large Array (VLA; Mehringer et al. 1998). The point source extraction aperture size and
background accumulation region for PS2 and PS3 are shown in (b). See subsubsection 3.2.1 for details. For the XIS image, we merged events with the
three CCDs, subtracted the non-X-ray background (Tawa et al. 2008), corrected for the vignetting, and mosaicked the two fields with different exposure
times normalized. The fields of view are shown with two solid squares with 180 in length. For the MOS image, we merged two CCDs and mosaicked the
two fields with normalized exposures. The fields are shown with two circles with 300 in diameter.

by external X-ray irradiation (Murakami et al. 2000). H II
regions are also an emerging class of diffuse X-ray sources
with a similar spatial scale. They show a variety of spectral
shapes, including soft thermal (Townsley et al. 2003; Hyodo
et al. 2008), hard thermal (Moffat et al. 2002; Ezoe et al. 2006),
and nonthermal (Wolk et al. 2002; Law & Yusef-Zadeh 2004;
Wang et al. 2006; Tsujimoto et al. 2007; Ezoe et al. 2006) emis-
sion. In addition to the X-ray emission, the measurement of the
X-ray absorption gives a constraint on the distance and hence
the physical scale of extended objects.

Several X-ray observations were reported in the Sgr D
region. In a BeppoSAX study (Sidoli et al. 2001), diffuse X-ray
emission was significantly detected from the Sgr D SNR and
marginally detected from the Sgr D H II complex. In an ASCA
study (Sakano et al. 2002), the image was plagued by stray
lights from a nearby bright source and was unsuitable to search
for diffuse X-ray sources. In an XMM-Newton study (Sidoli
et al. 2006), dozens of point sources were identified, but no
diffuse emission was detected presumably due to high back-
ground. The possible diffuse X-ray detection by BeppoSAX in
the Sgr D H II complex has not been confirmed and no spectral
information exists for this source.

We conducted X-ray observations of the Sgr D H II complex
using the X-ray Imaging Spectrometer (XIS: Koyama et al.
2007a) onboard Suzaku (Mitsuda et al. 2007). The low back-
ground of XIS makes it particularly well-suited for finding
diffuse sources of low surface brightness and yielding their
high signal-to-noise ratio spectra. Indeed, a series of XIS

studies in the GC region identified several new SNRs and
irradiated GMCs (Koyama et al. 2007b; Mori et al. 2008;
Nobukawa et al. 2008) and reported detailed spectroscopy of an
H II region (Tsujimoto et al. 2007). Upon the confirmation of
the previously claimed marginal diffuse detection in the Sgr D
H II complex, we further aim to construct the X-ray spectrum
which gives important insights into the origin of the emission
and the entire complex.

Here, we present a significant detection of diffuse X-ray
emission from the Sgr D H II complex with the Suzaku XIS.
High signal-to-noise ratio spectra were obtained from two
different diffuse sources. We discuss their X-ray characteris-
tics and their association with sources observed in our study
using the 100-m Green Bank Telescope (GBT) and in other
archived multiwavelength data sets. Based on these data, we
propose a new view of the Sgr D H II complex. In this paper,
we supplement the Suzaku data with those taken by XMM-
Newton in order to evaluate the contribution of point sources
to the diffuse emission. Throughout this paper, we use east and
west in the Galactic longitude direction, and north and south in
the Galactic latitude direction for simplicity.

2. Observations

2.1. Suzaku

We used two XIS fields covering the Sgr D H II complex in
the Suzaku GC mapping project (table 1). We hereafter call the
two fields as north and south fields (figure 1a). The north field

1. Discovery of SNR candidates
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Fig. 5. GC mosaic images of He-like sulfur K˛-line (a), and He-like and H-like iron K˛-lines (b). The images were binned by 32 ! 32 pixels and the
continuum fluxes were then subtracted (see text) and the images were smoothed with ! = 10.66. The exposure time and the vignetting effect of the XRTs
were corrected. The XIS field of view is indicated by a red polygon. The GC-ring spectrum was extracted from the elliptical arc-like region encircled
with solid curves. The background region is shown by a dashed polygon excluding the source-extraction region and an ellipse with a red slash.

normalized by the effective area, and were summed together.
Finally, we subtracted the background spectrum from the ring
spectrum, which is shown in figure 6a.

The spectrum clearly shows the Si, S, and Ar emission lines,
in addition to a marginal emission line due to He-like Ca. We
fitted the spectrum by an absorbed CIE plasma model with the
variable abundances of Si, S, and Ar. The best-fit parameters
of the absorption column density and the electron temperature
are NH = 5.5 ! 1022 cm"2 and kTe = 0.91 keV. The elemental
abundances of Si, S, and Ar are solar or subsolar values. The
results are summarized in table 2. We note that all of the best-
fit parameters of the absorption column density, the electron
temperature, and the elemental abundances are intermediate
values between those of G 359.77"0.09 (see subsection 3.1)
and G 359.79"0.26 (see table 3 of Mori et al. 2008).

Furthermore, we made a ring spectrum excluding the
G 359.77"0.09 and G 359.79"0.26 emission to examine
whether the region with the faint K˛-line emission from
He-like sulfur (referred as to faint ring hereafter) is related
to these two bright clumps. The excluded regions for
G 359.77"0.09 and G 359.79"0.26 are the same as that
described in subsection 3.1 (see also the solid ellipse in
figure 1a) and that described in section 3 of Mori et al.
(2008), respectively. As is shown in figure 5b, the periphery
of G 359.77"0.09 shows relatively bright K˛-line emission
from highly ionized iron because of its location. Thus, in
order to extract the corresponding background spectrum, we
removed the area overlapped with the dashed rectangle shown
in figure 1a from the background region. We again subtracted
the background spectrum after applying the vignetting correc-
tion. The X-ray spectrum of the faint ring is shown in figure 6b.

The spectrum shows the K˛ emission lines from He-like Si,
S, and Ar. This feature is similar to that of the ring spectrum

shown in figure 6a, and indicates that the X-ray emission has
a thin thermal plasma origin. We fitted the faint ring spec-
trum with an absorbed CIE plasma model. The elemental abun-
dances of Si, S, and Ar were allowed to vary again. The best-
fit parameters are consistent with those derived from the ring
spectrum including the G 359.77"0.09 and G 359.79"0.26
emission; the X-ray emission from the plasma with the temper-
ature of kTe = 0.96 keV is attenuated with the absorption of
NH = 5.5 ! 1022 cm"2. We summarized the best-fit parameters
in table 2. This result strengthens the physical connection of
the faint ring emission to G 359.77"0.09 and G 359.79"0.26.

4. Discussion

4.1. G 359.77"0.09

The X-ray spectrum of G 359.77"0.09 clearly shows the
presence of a thin thermal plasma (kTe # 0.7 keV). The heavy
absorption of NH = 6.9 ! 1022cm"2 indicates that the plasma is
located in the GC. Using the best-fit plasma parameters derived
from the G 359.77"0.09 spectral analysis, we can estimate
some physical properties. Assuming that the distance to the
plasma is 8.5 kpc, the emission measure is estimated to be 6.9
! 1058 cm"3. If the plasma is an ellipsoid with dimensions
of 40.9 ! 20.4 ! 20.4, corresponding to 12 pc ! 6.0 pc ! 6.0 pc
in the GC, the volume of the X-ray emitting plasma is 3.9
! 1058 cm3. The electron density of the plasma is then derived
to be 1.3f "1=2 cm"3, where f is a filling factor.

The elemental abundances of the plasma are consistent with
the solar values, which implies that the X-ray emitting plasma
has an interstellar medium (ISM) origin. The total mass of the
plasma is M = 1.4nempV = 58f 1=2Mˇ (mp represents the
proton mass), and its thermal energy is estimated to be Eth

= 3
2

MkTe
"mp

= 1.9f 1=2 ! 1050 erg. Here, " represents the mean
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高階電離鉄輝線の起源：100万年？の活動

～点源寄せ集め or 真に拡がる？～

Uchiyama et al.  (2011) PASJ 63, S903
Uchiyama FY2009 Doctor Thesis, Kyoto Univ.
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Image

Divided into small 
areas and made 
spectra, fit  the 
individual spectrum  
with a power-law
 + Gaussians.

Fluxes (F)    
F6.7   : 6.7 keV line
F6.9   : 6.95  keV line

3.  Fe-K Lines (6.7, 6.9 keV) Distributions

Truly Diffuse or
 Point Sources  ?
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• The border between 
GC and GR is located  
at l = 1～2deg.

• The temperature of GC 
would be higher than 
GR.

Nobukawa, Hyodo+,
Yamauchi+09 
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6.7keV Line Profile vs Stellar Mass Distribution

Origin of 6.7keV 
line in GC is 

different from GR

Nuclear 
stellar 
cluster

Nuclear 
stellar 
disk

Galactic 
bulge

Galactic 
disk

Nuclear bulge

A new population of 
point sources with a 
strong 6.7keV line. 

Truly diffuse 
plasma

or
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Fig. 4. (a) The Fe XXV Kα line intensity distribution along the Galactic plane as a function of l∗ (distance from Sgr A∗). For
simplicity, only negative l∗ region is shown, except for those at |l∗| > 8.◦0 because the model in these region (Galactic disk) is
symmetric with respect to the positive and negative l∗. The green, purple, orange and yellow lines are the best-fit SMD model of
the nuclear stellar cluster (NSC), nuclear stellar disk (NSD), Galactic disk (GD) and Galactic bulge (GB), respectively. The black
solid line is the sum of the four components of NSC, NSD, GD and GB. The emissivities of these components are fixed to be the
same. The data of |l∗| > 1.◦5 and |b∗| > 0.◦5 regions are used simultaneously in the fitting.
(b) The same as the left panel (a), but those along the Galactic longitude at l∗ = −0.◦114 as a function of b∗ (distance from the
Galactic plane). The arrow shows the position of b = −1.◦4 which is almost the same region as Revnivtsev et al. (2009). For
simplicity, only negative b∗ region is shown.
(c) The same as the upper panel (a) but with the best-fit model in the whole region (GRXE and GCDX) with free parameters of
the emissivities (or stellar mass densities) of NSC and NSD.
(d) The same as the upper panel (b) but with the best-fit model same as the panel (c).

Table 4. Best-fit result with the stellar mass distribution
model.

Component Mass emissivity of
the Fe XXV Kα line ε ∗

Nuclear stellar cluster 111 ± 37
Nuclear stellar disk 22 ± 2

Galactic disk† 5.85 (fixed)
∗ See equation A7. The units are 1033 photons s−1 M−1

# .
† Mass emissivities of the Galactic bulge and the Galactic
disk are fixed to the best-fit of |l∗| > 1.◦5 and |b∗| > 0.◦5
regions.

5. Summary

1. We have obtained intensity profiles of the Fe I,
Fe XVV, and Fe XXVI Kα lines in the Galactic center

region of −3◦ < l < 2◦ and −2◦ < b < 1◦.
2. The intensity profile of Fe XXV Kα is nicely fitted

with the SMD model in the GRXE region (|l∗|> 1.◦5
or |b∗| > 0.◦6), while that in the GCDX (|l∗| < 1.◦5
and |b∗|<0.◦6) shows 3.8(±0.3)–19(±6) times excess
over the best-fit SMD model to the profile of the
GRXE region.

Appendix. Stellar Mass Distribution Model of
the Milky Way Galaxy

This appendix describes the details of the three-
dimensional stellar mass distribution (SMD) and actual
two-dimensional fitting model (SMD model) in section
4. The SMD model was originally compiled by Muno
et al. (2006) using the results of Launhardt et al. (2002)
and Kent et al. (1991) based on near infrared (NIR) ob-
servations with COBE, IRAS and IRT (Boggess et al.
1992; Clegg 1980; Koch et al. 1982). The major emis-

(at b =0.0)*

Uchiyama+11

6.7keV Lines 
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Fig. 4. (a) The Fe XXV Kα line intensity distribution along the Galactic plane as a function of l∗ (distance from Sgr A∗). For
simplicity, only negative l∗ region is shown, except for those at |l∗| > 8.◦0 because the model in these region (Galactic disk) is
symmetric with respect to the positive and negative l∗. The green, purple, orange and yellow lines are the best-fit SMD model of
the nuclear stellar cluster (NSC), nuclear stellar disk (NSD), Galactic disk (GD) and Galactic bulge (GB), respectively. The black
solid line is the sum of the four components of NSC, NSD, GD and GB. The emissivities of these components are fixed to be the
same. The data of |l∗| > 1.◦5 and |b∗| > 0.◦5 regions are used simultaneously in the fitting.
(b) The same as the left panel (a), but those along the Galactic longitude at l∗ = −0.◦114 as a function of b∗ (distance from the
Galactic plane). The arrow shows the position of b = −1.◦4 which is almost the same region as Revnivtsev et al. (2009). For
simplicity, only negative b∗ region is shown.
(c) The same as the upper panel (a) but with the best-fit model in the whole region (GRXE and GCDX) with free parameters of
the emissivities (or stellar mass densities) of NSC and NSD.
(d) The same as the upper panel (b) but with the best-fit model same as the panel (c).

Table 4. Best-fit result with the stellar mass distribution
model.

Component Mass emissivity of
the Fe XXV Kα line ε ∗

Nuclear stellar cluster 111 ± 37
Nuclear stellar disk 22 ± 2

Galactic disk† 5.85 (fixed)
∗ See equation A7. The units are 1033 photons s−1 M−1

# .
† Mass emissivities of the Galactic bulge and the Galactic
disk are fixed to the best-fit of |l∗| > 1.◦5 and |b∗| > 0.◦5
regions.

5. Summary

1. We have obtained intensity profiles of the Fe I,
Fe XVV, and Fe XXVI Kα lines in the Galactic center

region of −3◦ < l < 2◦ and −2◦ < b < 1◦.
2. The intensity profile of Fe XXV Kα is nicely fitted

with the SMD model in the GRXE region (|l∗|> 1.◦5
or |b∗| > 0.◦6), while that in the GCDX (|l∗| < 1.◦5
and |b∗|<0.◦6) shows 3.8(±0.3)–19(±6) times excess
over the best-fit SMD model to the profile of the
GRXE region.

Appendix. Stellar Mass Distribution Model of
the Milky Way Galaxy

This appendix describes the details of the three-
dimensional stellar mass distribution (SMD) and actual
two-dimensional fitting model (SMD model) in section
4. The SMD model was originally compiled by Muno
et al. (2006) using the results of Launhardt et al. (2002)
and Kent et al. (1991) based on near infrared (NIR) ob-
servations with COBE, IRAS and IRT (Boggess et al.
1992; Clegg 1980; Koch et al. 1982). The major emis-

(at l =-0.114)*
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( ｂ)

The 6.7 keV line flux vs
Integrated point source flux
(Chandra deep exposure) 
                  Near　GC ( < 0.3 deg)

l-distribution                            b-distribution

10 x 6.7 keV line (EW=0.5 keV)

Sgr A* Sgr A*

Nobukawa, Hyodo+ 

The 6.7keV has more extended 
distribution than point sources. 

Distribution of Point source flux (4.8-8 keV)
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• Size ~ 50pc x 30pc

• L2-10 ~ 2×1036ergs/s

• nave ~ 0.1cm-3

• npeak ~ 0.4cm-3

• Egas ~ 3×1052ergs

Plasma Parameters in the Sgr A (assuming ZFe=1.2)

~0.36°

~0.70°

R: 6.7keV, G:2.45keV, B: 6.4keV

• Escape Time scale (latutude) τesc = Size/Cs = 2×104yr

• Heating Rate = Egas/τesc ~ 5×1040ergs/s ~ 10-3 SN yr -1 

• Much higher than the current activity of Sgr A* and 
~10-5 SN yr-1 expected from the stellar mass in this 
region.

• Plasma is in the ionization equilibrium or not ?

Tsuru+ (Suzaku2007)
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EI or NEI

• Suzaku spectrum
 nτion > 2×1012 sec cm-3

• >> nτesc ~ 1×1011 sec cm-3

• small escape (age > 6e+5yr)

Koyama, Hyodo 
et al. (2007)
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Confinement by Magnetic Field ?

• Pressure

• B = 0.1mG~1mG

• PB/k =106-108 K/cm3 ~ Pgas/k =2×107 K/cm3

• The strength of the magnetic field can confine 6.7keV plasma. 

• Slow diffusion → Makes the required heating rate lower. 

• But, the orientation of the mag. is vertical against the disk. 
→ Easy to escape.

(eg. Yamauchi+90, Koyama+96, Muno+04)

2007.12頃こんなことを考えていた...

→西山さん，長田さんに相談

Tsuru+ (Suzaku2007)
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Nishiyama+13, ApJL, 769, 28

MF is developed and sustained, and the MF is
strong enough for nearly energy equipartition
with the plasma, the GCDX could be almost con-
fined within the NB. However, the large scale MF
configuration was thought to be predominantly
vertical, suggesting that the magnetic confine-
ment does not work well, although observations
of the MF in the NB have been limited to the
region in dense molecular clouds (Novak et al.
2000, 2003; Chuss et al. 2003) and very thin,
non-thermal radio filaments (Tsuboi et al. 1986;
Yusef-Zadeh et al. 1997; Lang et al. 1999). Recent
observations have revealed that NIR and wide-
field polarimetry offers a promising tool to trace
a large-scale MF, and a troidal configuration near
the Galactic plane has been claimed in the GC
(Nishiyama et al. 2010).

Fig. 5.— Polarimetry results covering 3.◦0 × 2.◦0
in the Galactic coordinate, together with an inten-
sity map of 6.7 keV line emission (Nobukawa et al.
2012). The cyan vectors show the inferred mag-
netic field direction, and the lengths are propor-
tional to polarization percentage. The vectors are
averaged in a circle of 2.′4 radius with a 3.′0 grid,
and plotted with thick bars (detected with more
than 3σ) and thin bars (detected with 2− 3σ).

The obtained polarization map (Fig. 5) sug-
gests a large-scale toroidal MF configuration in the
NB. The histogram (Fig. 6) of the MF directions
at | b |< 0.◦4 has a clear peak at 90◦ which is the
direction parallel to the Galactic plane. On the
other hand, at high Galactic latitude (|b| ! 0.◦4),
the fields are nearly perpendicular to the plane,
i.e., poloidal configuration. This suggests a tran-
sition of the large-scale configuration, and such

a transition can be naturally explained by the
time evolution of MFs. An initially predominantly
poloidal, larger-scale MF is sheared out in the az-
imuthal direction by the differential rotation of an
accreting gas disk (Uchida et al. 1985). The tran-
sition 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).
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Fig. 6.— Histograms of the magnetic field direc-
tion at | b |≤ 0.◦4 (red), | b |> 0.◦4 (blue), and both
(black). The red histogram has a clear peak at
the direction almost parallel to the Galactic plane
(90◦), while the blue one has a peak at ∼ 150◦,
almost perpendicular to the plane.

The determination of the MF strength is still
quite difficult in this region, but it seems to
converge to the value of 50 " B [µG] " 200
(e.g., Ferrière 2011; Crocker et al. 2011). At
this field strength, the magnetic energy density
(∼ 0.1− 1 keV cm−3) reaches nearly equipartition
with those of diffuse hot plasma (∼ 0.5 keVcm−3)
and gas turbulence (see Fig. 4 in Crocker et al.
2010). This suggests that MFs provide significant
pressure support against the diffusion of the hot
plasma.

If the plasma were not supported, it would
be rushing out of the Galactic plane vertically
as a galactic wind. The escape velocity, typ-
ically several hundred km s−1, is smaller than
the sound speed of the 7 keV hot plasma of ∼
1, 400km s−1. Assuming the gas flows out from
the X-ray emitting region at the sound speed, the
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磁場は銀河面に平行→閉じ込められる可能性あり
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GC South Plasma : 10万年前の活動
～再結合プラズマの発見～
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Nakashima et al. 2013, ApJ, 773, 20

To be a part of Nakashima FY2013 Doctor Thesis, Kyoto Univ.
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Ｘ線吸収=銀河中心までのKsバンドの吸収⇒GCのプラズマ
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• M = 710M@,  E = 1.6x1051ergs,   n=0.16cm-3

•エネルギーは10~100個のSNR．星団は無い．
⇒ 単一のSNR，Super Bubbleではない．



Recombining Plasma

• 1成分イオン化平衡(1CIE)

ではフィットできず．

• H-Si-Kαが強いだけ
⇒ 多温度CIEの可能性あり

• 再結合連続線 RRCは，CIE

では極めて弱い．

• イオン化非平衡
kTZ > kTe

で再現成功
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transients model, and (d) the RP and additional Fe-L shell transients model (best-fit).

– 15 –

011 2 5

χ

Energy (keV)

C
o
u
n
ts

 s
−

1
 k

eV
−

1

0

−5

5

χ
χ

0

−5

5

0

−5

5

10−1

Recombining plasma model
Missing Fe L-shell complex
Background

(a)

(b)

(c)

(d)

10−2

100

Fe-LFe-L

Si XIV Si-RRC S-RRC

χ2/d.o.f = 2617/352

χ2/d.o.f = 1378/350

χ2/d.o.f = 599/348

Fig. 4.— (a) Spectrum extracted from the entire source region. Only the co-added FI spectra

and models are displayed for visibility, though the FI and BI spectra were simultaneously

fitted. The red, purple, and gray solid lines indicate the best-fit RP model, missing Fe L-

shell lines, and background model, respectively. The χ2 values fitted with each of the model

are also shown: (b) the CIE plasma model, (c) the CIE plasma and additional Fe-L shell

transients model, and (d) the RP and additional Fe-L shell transients model (best-fit).

イオン化非平衡モデル

イオン化平衡モデル

BGDGC south
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Recombining Plasma

kT

Time Scale (nt)

Ionizing plasma v.s. Recombining plasma

~1013 s cm-3

kTinit

CIE  

kTe

　Recombining　
過電離

　Ionizing　
未電離 = 衝突電離中

SNRの「標準」プラズマ
kTinit = 0

NEI
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Recombining Plasma

kT

Time Scale (nt)

Ionizing plasma v.s. Recombining plasma

~1013 s cm-3

kTinit

CIE  

kTe

NEI1.63 keV

0.46 keV

5.3 x 1011 s cm-3

kTz
GC South
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τRP = 1.1x105yr  <<  τcool ~ 1-2x109yr



How to make Recombining Plasma
24
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How to make Recombining Plasma
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How to make Recombining Plasma

•電子温度を下げる．
•断熱膨張により急激にkTeが下がった．その後ゆっくり再結合

•初期状態 kTinit = kTz = kTe = 1.63keV

• T∝V(1-γ), kTe=1.63→0.46keV

⇒ 体積が6倍に膨張（サイズ1.8倍）密度は 1cm-3 → 0.16cm-3．

• (97 /1.8)kpc → 97kpc へ音速で膨張に必要な時間 ~ 8x104yr

•イオン化温度を上げる．
• σ(光電効果) ∝ z^5 ⇒ Ｘ線照射で重元素を選択的に電離

•初期状態 kTinit = kTz = kTe = 0.46keV

• Sgr A*からのＸ線．LX ~ 7.6x1043ergs/s

• GC Plasma には，光電離 (RP)の痕跡がない．⇒ ビーミング
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Plasma Origin

•種プラズマの作り方
• Starburst Activityに伴う銀河風

• v=510km/s (Cs @ kTe=1.6keV) ⇒ GCから4x105yr

• 105-107yr前にStarburst Activity (Matsunaga+11, Yusef-Zadeh+09)

• Sgr A*からの(何らかの)エネルギー注入で冷たいガスが電離

• 600~50yr前の活動 ⇒ LX~1x1039ergs/s

• If これが ~105yr続いたと仮定 ⇒ LX~1051ergs ~ E(GC south)

27



GC South North
～南があるなら北にも？～

28

Proposing as a key-project of Suzaku AO9

To be a part of Nakashima FY2013 Doctor Thesis, Kyoto Univ.



How about GC North ?
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Tip of DHN

DHN

Hard 
X-ray

Interaction?

Color = Spitzer 22 µm, Contour = ASCA 3-6 keV
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• Sgr A*の活動?

•ジェット or アウトフロー?

• NSCからの磁気タワー?

•銀河面の高温プラズマの巻き上げ?
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Fe-K line (6.4keV ?) from MC interacting Radio Lobe
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線をもち、かつ自己吸収が強い天体、す
なわち「分子雲からの X 線放射」である
ことを示唆する。事実、分子輝線観測か

ら、この領域には銀河面上から銀緯 b～1

度まで立ちのぼる大きな分子雲が存在す
ることがわかっている (図1下の灰色の線) 

[3]。
　 さらに、その東側には北へ伸びる巨大

非熱的電波フィラメント「電波ローブ」
が存在している（図1下の青線）[4, 5]。
この領域では高エネルギー電子が高密度

磁場に束縛されて密集し、その結果とし
てシンクロトロン電波が強く放射されて

いる。分子雲、電波フィラメント、そし
てX線放射の一致から、宇宙線粒子によ
る衝突電離である可能性が挙げられるだ

ろう。しかし、現状の「あすか」データ
では統計不足によりスペクトルの詳細は

得られず、起源を決定することはできな
かった。
　非熱的電波放射は GeV-TeV の高エネ

ルギー宇宙線からのシンクロトロン放射
である。またGCでは高エネルギーガンマ

線拡散放射が報告されているが、これも
高エネルギー宇宙線が起源である[6, 7]。
一方、6.4 keV 輝線はkeV-MeVの低エネ

ルギー宇宙線が起源である。宇宙線はベキ
が 2-3 の非熱的エネルギー分布であるた

め、総エネルギーはkeV-MeV帯域が支配
する。さらに加速の種粒子となる超熱的成
分を調べる上でも重要な帯域である。した

がって、「あすか」で見られた3天体が宇
宙線起源であれば、GC宇宙線の非常に重

要な情報が得られることになる。　

図1 (上)「あすか」による6‒7 keVのバンドマップ。
破線の四角は提案する観測視野。(中)「あすか」による
3‒10 keVのバンドマップ。(下)「あすか」による
0.7‒3 keVのバンドマップと「なんてん」による12CO 
( J = 1‒0 )のマップ (35‒85 km/s) [3]。青色の曲線
は「電波ローブ」の位置 [4, 5]。

• New XRN ?

•従来 |b|<0.1度(15pc) 

•初めての高銀緯(b=0.1-0.5°)

• Cosmic Rays (Electron or 
Proton) from Radio Lobe ?
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Summary

•高階電離鉄輝線の起源は，暗く鉄輝線の強い未知のX線天体種族．本

質的に拡がったプラズマ．

•本質的に拡がったプラズマの場合，磁場閉じ込め可能性あり．

• GCの南200pc (GC South)および北 (GC North)の領域に SNRの10~100

個分のエネルギーを持つプラズマを発見した．

• GC Southは~105yr前に過電離状態になった再結合プラズマ．

• GC Northは様々な構造を持つ．
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Thank you.
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