
Suzaku Observation of the 6.4 keV emission in the Galactic center 
Yojiro Takikawa, Katsuji Koyama, Takeshi Go Tsuru, Hironori Matsumoto, Hiroshi Nakajima, Tatsuya Inui, Yoshiaki 

Hyodo, Masayoshi Nobukawa1, Hiroshi Murakami2 and GC Suzaku team. 

 

1. Department of Physics, Graduate School of Science, Kyoto University, Sakyo-ku, Kyoto 606-8502 

E-mail:takikawa@cr.scphys.kyoto-u.ac.jp 

2. Institute of Space and Astronautical Science, JAXA, 3-1-1 Yoshinodai, Sagamihara, Kanagawa 229-8510 

 

Abstract: The Galactic diffuse X-ray emission from the Galactic center (GC) region was observed with the 

X-ray Imaging Spectrometers (XIS) on board Suzaku. We investigated the spatial distributions of 6.4 keV line, 

plasma and power-law components. Good correlations among their fluxes in the southwest of Sgr A* (field 2) are 

found, while the correlation between the 6.4 keV line and the power-law in the northeast of Sgr A* (field 1) is 

different from that in the southwest. The spectra of the 6.4-keV clumps show a large equivalent width of the 6.4 

keV line and a deep Fe edge at 7.1 keV. These are the 

characteristic features of the X-ray reflection nebulae 

(XRNe). 

 

1. Introduction 

 The GC is an extremely complex region containing a 

variety of astrophysical activities, in which neutral and 

highly ionized Fe emissions, non-thermal filaments, HII 

regions, and supernova remnants have been observed. 

The Galactic plane survey with Ginga has discovered the 

highly ionized Fe emission line at E ~ 6.7 keV (Koyama 

et al. 1989; Yamauchi et al. 1990). ASCA resolved the 

line into 6.4, 6.7 and 6.9 keV lines (Koyama et al. 1996). 

Recently, Suzaku shows that the ratio between the fluxes 

of the 6.7 and 6.9 keV line are consistent with a thin hot 

plasma (kT～6.5 keV) emission in ionization equilibrium 

(Koyama et al. 2007, Fig. 1, 2). 

The 6.4 keV line from the giant molecular cloud Sgr B2 

has been successfully described in terms of an XRN 

model (Murakami et al. 2000). To explain the strong 6.4 

keV line from Sgr B2, the past activity of the Sgr A* was 

proposed as the external illuminating source. Other 

similar molecular clouds, south of the Radio Arc region 

Fig. 1. The narrow band images at the 6.4 keV (top) 

and 6.7 keV (bottom) in the GC. The white 1, 2 and 

3 polygons show the source region (see section 3). 

The white rectangles show the field 1 and field 2. 
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and Sgr C, are detected in the GC region (Koyama et al. 1996, 

Murakami et al. 2001). Alternatively, such neutral Fe line may 

also be explained by the bombardment of accelerated electrons 

(Yusef-Zadeh et al.2002; Predehl et al. 2003). The origin of the 

6.4 keV line emission is unrevealed. 

Two pointing observations (field 1 and field 2) towards the GC 

were performed with the XIS on board Suzaku (total exposure 

~180 ksec). In order to study the origin, we analyzed the 

spectrum of the 6.4-keV clump in the northeast of Sgr A*.   

 

2. The correlations of 6.4 keV line, plasma and hard tail 

There are hot plasmas, many point sources and non-thermal 

filaments in the GC region. Fig. 2 shows significant 

contributions of the hot plasma and power-law hard tail. The strong 6.4 keV line in Fig. 2 is not only concentrated 

on the giant molecular clouds such as M0.11-0.11, but also extending more broadly over the GC region (Fig. 1 

top). The spectra of the 6.4-keV clumps are contaminated by these extended emissions. Firstly, we estimate the 

background contamination. 

 To investigate the spatial distribution of the fluxes of the 6.4 keV line, hot plasma and hard tail, we divided the 

XIS FOVs into 16 (4×4) areas with the designation shown in the left panel of Fig. 3. Two bright X-ray sources of 

Sgr A East and the Arches cluster are excluded and the data at corner areas (calibration source regions) are not 

Fig. 3. Left panel shows the 6.4 keV line map of the field 1. The data within circles are excluded. Middle panel 

shows the correlation between the fluxes of the emission of the 6.4 keV line and power-law and right panel 

shows the correlation between the flux of the 6.4keV line and plasma. Red and blue data show the field 1 and 

field 2 data, respectively. The numbers on the red crosses correspond to ones on left panel. The solid line 

indicates the correlation among blue data. The broken line indicates the correlation among the data of 12, 22, 23, 

32 and 33. 

Field 1 

Fig. 2. The combined spectrum of field 1 and 

field 2. The fitting model is a plasma plus a 

power-law with 3 Gaussian lines and an iron 

absorption edge (Koyama et al. 2007). 



used. To subtract the non-X-ray background (NXBG) precisely, we collected the night Earth data sorting with the 

geomagnetic cut-off rigidity (COR). The data were taken so that the COR distribution is the same as the source 

observations. Then the NXBG is made from the same detector coordinate as the source region. We fitted the 

background (NXBG)-subtracted spectrum with a model consisting of an absorbed plasma, power-law and 

Gaussian components. The plasma temperature, power-law photon index, abundances of Fe and Ni are fixed to be 

6.5 keV, 1.35, 1.2 and 2.1, respectively, following Koyama et al. (2007). Only the normalizations of the plasma 

and power-law components are free for simplicity.  

Fig. 3 middle shows the correlation between the fluxes 

of the 6.4 keV line and power-law components. We 

found a good correlation in the field 2. The coefficient is 

26.54± 2.93. The data in the field 1 is scattered 

compared with the data in the field 2. The data with the 

strong 6.4 keV emission enhancement in the field 1 are 

associated with the molecular cloud.  

In the wider area, hence, the data in the field 1 may be 

mixture of these two different origins. The correlation 

coefficient among the data of the regions 12, 22, 23, 32 

and 33, where the strong emission of the 6.4 keV line 

was observed, is 15.31 ± 1.20. This coefficient is 

significantly different from that of the other regions. 

A good correlation is found between the fluxes of the 

6.4 keV line and the plasma components in the field 2 

(Fig. 3 right). Accordingly, in the field 2, the fluxes of 

the 6.4 keV line, plasma and power-law components are 

correlated well with each other. The averaged flux ratios 

are 1: 266.0: 26.54.  

From these results, we conclude that the data in the 

field 2 are taken as a uniform shape with largely 

extended background for the spectrum of the 6.4-keV 

clump. 

 

3.  The spectra of 6.4-keV clumps 

The 6.4-keV clump is elongated from Sgr A East to the 

northeastern. We divided the clump into three regions 

and designated as 1, 2 and 3 (see Fig. 1 top). We then 

examined the characteristic features of these spectra.  

Fig. 4. The spectra of the three regions of the 6.4 keV 

clump. The top, middle and bottom panels show 

region 1, 2 and 3 in Fig. 1. Green, red blue indicate 

the Gaussian lines, power-law background models, 

respectively..  



We used the data of the three FI CCDs spanning the 5.0-11.0 keV band and the NXBG subtraction is made in the 

same method as described before. The plasma and hard tail backgrounds are also treated as the same manner as 

section 2. The normalizations of these components are estimated using the correlation of the above derived results. 

We fitted the spectra with a model of absorbed power-law plus three Gaussians near at 6.4, 7.06 and 7.48 keV, 

which are for the Kα and Kβ lines of Fe I and Kα line of Ni I. The best-fit parameters of the 1, 2 and 3 regions 

shown in Table 1 are very similar with each other: strong 6.4 keV lines with equivalent widths of ～1.1 keV, deep 

Fe edge at 7.1 keV and the 7.06 keV line flux of about 10% of the 6.4 keV line. These are the characteristic 

features of the XRN model.  

 

 

 

Parameter Unit 1 2 3 

Absorption Fe solar 3.3 (2.6-4.0) 4.9 (3.7-6.3) 3.0 (2.5-3.8) 

Equivalent Width keV 1.22 (0.95-3.05) 1.15 (0.73-1.30) 1.06 (0.91-1.30) 

Photon Index  2.02 (1.96-2.08) 1.91 (1.82-2.02) 2.20 (2.16-2.24) 

Intensity at 6.4 keV ×10-5 ph/cm2/s 10.3 (9.8-10.9) 5.66 (5.14-6.21) 14.6 (13.9-15.2) 

Intensity at 7.06 keV ×10-5 ph/cm2/s 1.15 (0.93-1.78) 0.624 (0.427-1.23) 2.13 (1.47-2.37) 

 

 

 

 

Table 1. Best fit parameter  

We assumed a typical hydrogen column density (NH) toward the GC of 6×1022 cm-2 (Sakano et al. 2002)  
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