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The ASCA satellite discovered 6.4-keV line emission from the Galactic center region.
The distribution is coincident with giant molecular clouds, and the spectrum exhibits a large
equivalent width and a large column density. These features suggest that the giant molecular
clouds are irradiated by an external X-ray source and emit fluorescent X-rays. The most
plausible hypothesis is that the Galactic nucleus Sgr A∗ was very luminous in the past.
We may observe the past activity of the nearest AGN. XIS, X-ray CCD camera onboard
Suzaku, discovered diffuse structures of 6.4-keV line from the Galactic center region with a
superb energy resolution and a large effective area. We investigate the correlation between
the intensity of 6.4-keV line emission and the mass distribution of the molecular clouds to
verify the past AGN hypothesis. We also discuss the past time variability of the irradiating
source.

§1. Introduction

Center of our Galaxy, the Galactic center (GC) region, is the most exciting region
with many objects of supernova remnants, X-ray binaries, filamentary structures,
giant molecular clouds, and so on. ASCA discovered 6.4-keV line emissions from the
GC region. The emission line is mainly originated as fluorescent line from neutral
iron, and the distribution of the line is coincident with the molecular clouds. These
features indicate that the molecular clouds are irradiated by strong X-rays, and emit
fluorescent and scattered X-rays (X-ray reflection nebula; XRN).

Ref. 1) and Ref. 2)–4) proposed that the Galactic nucleus Sgr A∗ should be the
irradiating source, and it was very luminous in the past with the X-ray luminosity
of about 1039 erg s−1. Sgr A∗ might have been a low luminosity AGN.

Suzaku observed the GC region many times. With the large effective area of
four CCD cameras (X-ray Imaging Spectrometer, XIS 5)), we discovered new diffuse
structures. In this paper, we study about 6.4-keV emissions from the GC region,
and verify the hypothesis about the past activities of Sgr A∗.

§2. Observations and results

We observed the GC region with XIS onboard Suzaku. The exposure time is
about 100 ksec for each pointings. Fig. 1 shows the 6.4-keV line image. Many diffuse
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emissions are found (solid rectangles). These emissions are roughly coincident with
radio structures: M0.07−0.08, M0.11−0.08, Sgr B1, Sgr B2, M0.74−0.09, and Sgr C.

The detailed properties of X-ray emissions are already published or to be pub-
lished in the other papers 6). We concentrate the relations between X-ray emissions
and molecular clouds in this paper.

Fig. 1. 6.4-keV band image observed with Suzaku. White rectangles show X-ray emitting region,

and source region of each spectrum.

§3. Verification of X-ray reflection nebula

3.1. Position correlation

Suzaku discovered new 6.4-keV clumps from the GC region. To verify the XRN
hypothesis, we examined position correlation between 6.4-keV emissons and molec-
ular clouds.

We refer radio intensity map of CS J = 1 – 0 line 7) for the density distribution of
the cloud. Due to a higher critical density of CS emission (n(H2) ' 104 cm−3), dense
clouds can be resolved. We extract the brightest velocity range from CS data for each
region (solid rectangles in Fig. 1) as shown in Table I. The width of the integrated
velocity is fixed to be 30 km s−1. Fig. 2 shows the correlations between molecular
cloud and 6.4-keV line emission. There are some molecular clouds within or near the
X-ray emitting region except for Sgr B1. Sgr B1 is reported to be surrounded by a
molecular loop 8). Large and rather sparse cloud covers whole region of Sgr B1.

3.2. Line intensity

We extract the X-ray spectrum from the rectangle region in Fig. 1, and fit the
spectrum with a empirical model of XRN 4): absorbed power-law with two Gaussian
lines (Kα and Kβ lines from neutral iron). X-ray spectra can be reproduced with
this simple model. Figure 3 shows an example of fittings in the case of M0.11−0.08.
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Fig. 2. Correlations between 6.4-keV and CS line distribution. Contour shows the density distri-

bution of the cloud, and color scale corresponds to 6.4-keV band flux. (a) M0.07−0.08 and CS

line intensity integrated in 40 – 70 km s−1 (b) M0.11−0.08, 10 – 40 km s−1 (c) Sgr B1, 20

– 50 km s−1 (d) Sgr B2, 50 – 80 km s−1 (e) M0.74−0.09, 40 – 70 km s−1 (f) Sgr C, −70 –

−40 km s−1.

6.4-keV line flux is summarized in Table I. The radio intensity is simply derived by
integrating the line intensity in the same region within the velocity range of Table I.

The line intensity varies with each cloud. In XRN model, 6.4-keV line flux is
roughly proportional to the mass of the cloud and the intensity of the irradiating
X-rays (inversely proportional to the square of the distance from the source, if the ir-
radiating source is identical). We then calculate L = F6.4/ICS×d2, where F6.4, ICS, d
are 6.4-keV line flux, radio intensity, distance from the irradiating source to the cloud,
respectively. We assume the irradiating source to be the Galactic nucleus Sgr A∗.
In this estimation, L indicates the luminosity of the irradiating source.

The results are summarized in Table II. There seems to be a tendency that L
becomes larger as the cloud becomes farther from Sgr A∗. This result might imply the
past time variability of the irradiating source. Sgr A∗ was 106 times brighter ∼300
years ago 1), 2), 4) (light travel time for 100 pc), and the luminosity have decreased

Table I. X-ray flux and Radio intensities

Area 6.4-keV line Flux Radio Intensity Integrated Velocity

(arcmin2) (×10−5 ph cm−2 s−1) (K km s−1) (km s−1)

M0.07−0.08 7.2 1.7 4154 40 – 70

M0.11−0.08 21.0 7.0 4799 10 – 40

Sgr B1 8.9 1.5 1266 20 – 50

Sgr B2 18.2 5.3 >6102 50 – 80

M0.74−0.09 9.4 3.8 3213 40 – 70

Sgr C 23.8 3.2 1406 −70 – −40
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Fig. 3. X-ray spectrum and the best-fit model (red solid line) for M0.11−0.08.

gradually to the present value.

Table II. Indicator of irradiating luminosity

distance L

(pc)

M0.07−0.08 22.1 0.2

M0.11−0.08 27.2 1.1

Sgr B1 87.8 9.1

Sgr B2 108.7 10.3

M0.74−0.09 118.8 16.7

Sgr C 77.5 13.7

§4. Summary

We discovered new 6.4-keV clumps with Suzaku XIS. Most of emissions are
correlated with dense molecular clouds. The intensity of 6.4-keV line from each
cloud can be explained by the XRN model. The Galactic nucleus Sgr A∗ might be
brighter in the past, and becomes dim gradually.
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