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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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Suzaku Spectrum of the GC region

⇒ Narrow Line 

Mapping
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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.
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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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X-ray Reflection Nebula

⇒ Ionizing particle is X-ray
“X-ray Reflection Nebula (XRN)”

•Equivalent Width : 1–2keV

•K-edge : NH = 2–10 x 1023 cm-2

•Time Variable : 
        Size ~10 lys,  τ ~ 10 yrs

•Need a source 
       with LX ~ 1039ergs/s

•No such bright source.

• Sgr A* is only one possible source.
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Fig. 5. －0.07 (a) and M359.47－0.15 (b).

(a) Sgr B2 

Fig. 2.20.—: X-ray spectra of giant MCs in the GC region after subtraction of the GCPE. (a)

spectrum of Sgr B2 (Koyama et al., 2007b). (b) spectrum of M 359.43−0.07 in Sgr C (Nakajima

et al., 2009). The spectral features suggest the X-ray origin (see text).
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(a) Sgr B2                                          (b) Sgr A, G 0.1–0.1                    (c) Sgr A, Bridge

Fig. 2.21.—: Time variabilities of the 6.4 keV fluxes from giant MCs in a few years. (a) Sgr B2

(Inui et al., 2009). (b) G0.11−0.11, (c) Bridge (Sgr A; Ponti et al. 2010).

2.4.3 X-ray Reflection Nebula and Past Activities of Sgr A*

XRN Model

In the context of the X-ray origin (see figure 2.22), a luminous external source emitting

hard X-rays is required to irradiate the MCs to produce the fluorescent 6.4 keV emission,

i.e., the X-ray reflection Nebulae (XRNe; Koyama et al. 1996; Sunyaev et al. 1993). The

estimation of X-ray (2–10 keV) luminosity of the irradiating source (LX) depends mainly

on the 6.4 keV flux by reflection (F6.4), the iron column density of the entire MC (NFe =

3.3×10−5ZFeNH), and the distance (D) between the MC/XRN and the source (c.f., Sunyaev

& Churazov 1998; Murakami et al. 2000; Muno et al. 2007; Nobukawa et al. 2008; Capelli
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Inui+09, Nobukawa+11
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2.4.3 X-ray Reflection Nebula and Past Activities of Sgr A*

XRN Model

In the context of the X-ray origin (see figure 2.22), a luminous external source emitting

hard X-rays is required to irradiate the MCs to produce the fluorescent 6.4 keV emission,

i.e., the X-ray reflection Nebulae (XRNe; Koyama et al. 1996; Sunyaev et al. 1993). The

estimation of X-ray (2–10 keV) luminosity of the irradiating source (LX) depends mainly

on the 6.4 keV flux by reflection (F6.4), the iron column density of the entire MC (NFe =

3.3×10−5ZFeNH), and the distance (D) between the MC/XRN and the source (c.f., Sunyaev

& Churazov 1998; Murakami et al. 2000; Muno et al. 2007; Nobukawa et al. 2008; Capelli
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4                          6           (keV)

6.4-keV line

Sgr B2
Koyama+07

Deep absorption edge

Echo of the past activity of Sgr A*
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Long Term Light Curve of Sgr A*

d

•LX(Sgr A*) ∝ LX(XRN) x Mass(XRN) x d^2

•Distance “d” between XRN and Sgr A*  
                          → Look back time.

Collecting the data of XRNe 
allows us to obtain past activity 
of Sgr A*  reaching ~1000yr.

Very Unique Study

Only Sgr A* allows us to access such 
a long-term activity of a SMBH.

Face on
(Top View)

Sgr A*

The line of sight 
position of XRN is 

necessary.

XRN 
is 

echo.
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“X-ray Tomography”
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•The GC thermal plasma 

distributes smoothly. 

•An XRN (e.g. Molecular Cloud: 
MC) is located in the GC thermal  
plasma. 

• If an XRN (MC) is located in the 
near side of the thermal plasma, 
then soft X-rays from the plasma 
is absorbed by the XRN due to 
photo-absorption. 

• In the case that the XRN (MC) is 
located in the far side of the 
thermal plasma, soft X-rays from 
the plasma is un-absorbed. 
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Cosmic X-ray Tomography

Quantitative studies allow us to obtain
 the line of sight postions of the XRNe. 

6.4-keV
(XRN)

6.7-keV
(Plasma)

Strongly
Absorbed

Less 
Absorbed
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X-ray spectrum as a function of the 
line of sight position of XRN.
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Flux (E) = Abs1 × (GC-Plasma-E × R) 
        + Abs1× Abs2 × (GC-Plasma-E × (1–R)+ XRNE )           
        + Foreground-E + CXB 

XRN

Foreground-E
V Observer•

G
C

 P
la

sm
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ISM

1-R

R

Abs2

Abs1

Spectral Fitting 11



far

near

Edge-­‐on	
  view

Face-­‐on	
  view

3-D distribution of XRNe

Ryu+0.9, +13
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Radio 
•Central Molecular Zone
(Binney+91, Sofue+95)

•Assuming the kinematics 
model, with the observed 
line of sight of speed of 
MCs, the structures of 

- X1 elliptical orbit 
- Arm I & II

are obtained. 

The X-ray and radio result are consistent with the each other. 

7.2. FACE-ON DISTRIBUTION OF XRNE IN THE GC REGION

 1000 500 0 -500 -1000

Y
 (

ly
)

1000

-500

0

500

1000

5

Sgr A*
★

B1B2

M
0.74

D

C2

C1
C3

E

To 
Sun

Y
 (

ly
)

X (ly)

N
H  (1

0
2
2 cm

–
2)

2
cm

2)
N

(1
0

2
2

N
222

NNNN

30

25

20

15

~15º

10

X1 major 
axis

X2 Orb.

X1 Orb.

(a) (b)

Arm II

Arm I

Fig. 7.5.—: (a) Face-on distribution of the XRNe around Sgr A* superposed with Arm I/II

(dashed lines) and possible orbits of X1 and X2 (grey lines). The orbit parameters (major-axis

length, eccentricity, inclination angle) used for inner X2, outer X2, and X1 are (310 ly, 0.2, 105◦),

(620 ly, 0.5, 105◦), and (2400 ly, 0.9, 15◦), respectively. (b) Schematic view of X1/2 orbits and

Arm I/II structures (Morris & Serabyn 1996; Binney et al. 1991; Sofue 1995).

according to Morris & Serabyn (1996) (see figure 7.5b).

The face-on XRN alignments of M0.74, Sgr B1-2, Sgr C1, and Clump E (figure 7.4)

also agree with the GCB (figure 2.7c). The GCB is found from the l-b-V observation of

the CS line by Tsuboi et al. (1999), which shows continuous stream-like appearances start

from (−0.◦80, −0.◦08, −150 km s−1), bends at (−0.◦7, −0.◦08, +50 km s−1), and end at

(1.◦50, −0.◦15, +50–100 km s−1). The GCB corresponds to a more general picture of Arm I.

The absorption features (shadows at l < 0) are observed in the near-IR and H I maps, which

indicates that the eastern part of the GCB is closer to Sgr A* than the western part (Tsuboi

et al. 1999 and references therein; see figure 2.7c).

In figure 7.6, we show the l-V distributions of Arm I, Arm II, GCB, and the correspond-

ing XRNe. The line-of-sight velocity for each XRN (c.f., table 7.2) had been estimated by

comparing their positions and morphologies on the l-b plane between X-ray and Radio data

(c.f., chapter 4–6).

- 91 -

Face-on View

far

near 

Galactic longitude X (ly)

Li
ne

 o
f S

ig
ht

 P
os

iti
on

 Y
 (

ly
)

XRN with Tomography v.s. MC with Radio Kinematics

Note that X-ray result is obtained without radio information.  
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Light curve of Sgr A* in the past

With 90% errors

LX

CurrentTime (year) ← Past

• Sgr A* had been in active phase from 50 to 600 years ago with ~10^39ergs/s.
• Sgr A* made nearly one order of magnitude variation in a short time (<10 

years) at a couple of times.

Sgr A* is very quiet at present. 

How about before 600 yrs ago ?

Ryu+0.9, +13

time variability
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Access the activity of 1500 yrs agoNo. 2, 1998 GALACTIC CENTER CO SURVEY 457

FIG. 2.ÈMaps of the 12CO J \ 1È0 and 13CO J \ 1È0 line emission integrated over the velocity range to ]220 km s~1. Contours areV
LSR

\[220
drawn at every 200 K km s~1 for 12CO and at every 100 K km s~1 for 13CO. Mapping areas are indicated by solid lines (four beams) and dashed lines (three
beams).

(four-beam: solid line ; three-beam: dashed line). We have
smoothed the data using a Gaussian weighting function
with 60A full width at half-maximum. The distributions of
the two emission lines are basically similar, while 12CO
emission is typically 5 times stronger than 13CO emission.
The mean 12CO/13CO luminosity ratio over the 13CO
mapping area is 5.19.

3.2. Intensity Scale
We present all the data in units of antenna temperature

corrected for atmospheric attenuation, and rearward(T
A
*)

spillover and scattering. is related to the intrinsic sourceT
A
*

brightness temperature averaged over telescope beam,
by where is source-coupling effi-ST

B
T, T

A
* \ g

c
ST

B
T, g

cciency. The source-coupling efficiency for compact source
can be substituted by main-beam efficiency which is(g

MB
),

measured by observing point sources, the brightness of
which are known. For extended sources, such as molecular
clouds, the source-coupling efficiency can be substituted(g

c
)

by the forward spillover and scattering efficiency (g
fss

).
shows the intensity correlation plot between theFigure 3

main-beam temperatures by the 1.2 m Southern(T
MB

)
Millimeter-Wave Telescope at Cerro Tololo Inter-
American Observatory et al. and the antenna(Bitran 1997),
temperatures of the present work smoothed to the 9@(T

A
*)

beam of the 1.2 m telescope. The straight solid line is a
least-squares regression to the plot. The slope of the regres-
sion line gives an estimate of the forward spillover and scat-
tering efficiency of the NRO 45 m telescope, g

fss
^ 0.58,

which is close to the main-beam efficiency. The accuracy of
this estimation is mainly determined by the absolute accu-
racy of the scale of the 1.2 m telescope. The scatter ofT

MBthe data points about the line gives us an estimate of the

FIG. 3.ÈIntensity correlation plot between the main beam tem-
peratures by the 1.2 m Southern Millimeter-Wave Telescope at CTIO(T

MB
)

(Bitran et al. 1997) and the antenna temperatures of the present work(T
A
*)

smoothed to the 9@ beam of the 1.2 m telescope. Straight solid line is a
least-squares regression to the plot, m).T

A
*(45 m)\ (0.577 ^ 0.001)T

MB
(1.2

12CO (Oka+98)

Sgr B
Sgr C

Maeda89

ASCA GIS : Center of Fe 
line complex (6.4-6.9keV)

    

?

l = 3.5° exhibits 
especially strong 
6.4 keV line

•MC called “Clump 2” is located at the 
Galactic longitude of 3.2 deg. 

•The ASCA data suggest strong 6.4keV 
line, which would be due to Clump 2. 

•We would be able to access the 
activity of 1500 yrs ago (if it would be 
an XRN). 

l = 3.2° “Clump 2”

⇒ making Suzaku observation now. 
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Figure 1 | Infalling dust/gas cloud in the Galactic Centre. a, b, NACO9

adaptive optics VLT images showing that the cloud (dashed circle) is detected
in the L9-band (3.76mm, deconvolved and smoothed with a 2-pixel Gaussian
kernel) but not in the Ks-band (2.16mm, undeconvolved), indicating that it is
not a star but a dusty cloud with a temperature of around 550 K (Supplementary
Fig. 2). The cloud is also detected in the M-band (4.7mm) but not seen in the
H-band (1.65mm). North is up, East is left. The white cross marks the position
of Sgr A*. c, The proper motion derived from the L-band data is about
42 mas yr21, or 1,670 km s21 (in 2011), from the southeast towards the position
of Sgr A* (red for epoch 2004.5, green for 2008.3 and blue for 2011.3, overlaid

on a 2011 Ks-band image). The cloud is also detected in deep spectroscopy with
the adaptive-optics-assisted integral field unit SINFONI10,11 in the H I n 5 7–4
Brc recombination line at 2.1661mm and in He I at 2.058mm, with a radial
velocity of 1,250 km s21 (in 2008) and 1,650 km s21 (in 2011). d, e, The
combination of the astrometric data in L9 and Brc and the radial velocity (VLSR)
data in Brc tightly constrains the orbit of the cloud (error bars are 1s
measurement errors). The cloud is on a highly eccentric, bound orbit (e 5 0.94),
with a pericentre radius and epoch of 36 light hours (3,100RS) and 2013.5
(Table 1). The blue ellipse shows the orbit of the star S2 for comparison1–3. For
further details see the Supplementary Information.

Figure 2 | The velocity shear in the gas cloud. The left column shows data
from 2008.3, the right from 2011.3. Panels a and b show integrated Brcmaps of
the cloud, in comparison to the point spread function from stellar images
shown above. The inferred intrinsic East–West half-width at half-maximum
source radii are Rc 5 21 6 5 mas in 2008 and 19 6 8 mas in 2011
(approximately along the direction of orbital motion), after removal of the
instrumental broadening estimated from the stellar images above. A similar
spatial extent is found from the spatial separation between the red- and blue-
shifted emission of the cloud (Rc 5 23 6 5 mas). The minor-axis radius of the
cloud is only marginally resolved or unresolved (radius less than 12 mas). We
adopt Rc 5 15 mas as the ‘effective’ circular radius, by combining the results in
the two directions. Panels c and d are position-velocity maps, obtained with
SINFONI on the VLT, of the cloud’s Brc emission. The slit is oriented
approximately along the long axis of the cloud and the projected orbital
direction and has a width of 62 mas for the bright ‘head’ of the emission. For the
lower-surface-brightness ‘tail’ of emission (in the enclosed white dotted
regions) we smoothed the data with 50 mas and 138 km s21 and used a slit
width of 0.1199. The gas in the tail is spread over around 200 mas downstream of
the cloud. The trailing emission appears to be connected by a smooth velocity
gradient (of about 2 km s21 mas21), and the velocity field in the tail
approximately follows the best-fit orbit of the head (cyan curves; see also
Table 1). An increasing velocity gradient has formed in the head between 2008
(2.1 km s21 mas21) and 2011 (4.6 km s21 mas21). As a result of this velocity
gradient, the intrinsic integrated full-width at half-maximum (FWHM)
velocity width of the cloud increased from 89 (630) km s21 in 2003 and
117 (625) km s21 in 2004, to 210 (624) km s21 in 2008, and 350 (640) km s21

in 2011.

RESEARCH LETTER

5 2 | N A T U R E | V O L 4 8 1 | 5 J A N U A R Y 2 0 1 2

Macmillan Publishers Limited. All rights reserved©2012

A cloud is passing at ~3100 times the event horizon of Sgr A*. 
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Summary

•Developed “X-ray Tomography”. 

•Obtained 3-D position of each XRN with it. 

•Obtained the X-ray light curve of Sgr A* in the past 600 yrs 

for the first time. 

• Sgr A*has made a number of flares (LX ~1039ergs/s) 

continuously in the past 600 yrs.

• Sgr A* became quiet (LX ~1033 ergs/s) in the last 100 yrs. 
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Thank you.


