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Abstract: 
  We have made deep observations of the Galactic center region with the XIS onboard Suzaku (total 

exposure ~800 ksec). From the observation of Sgr B1 region with an exposure of ~100 ksec, X-ray 

emission lines at 2.45, 6.4, 6.7 and 6.9 keV were detected. We discovered two clumps strongly 

emitting 2.45 keV and 6.4 keV lines, respectively. The former is possibly a new SNR (G0.4+0.1) 

with the plasma temperature of kT~0.8 keV. The latter is a new X-ray reflection nebula candidate 

(Sgr B1). 

 

1. Introduction 
 
  Various X-ray observations of the Galactic center (GC) 

region have been made. One of the remarkable discoveries 

is the hot plasma extending over ~100 pc. The Ginga 

satellite discovered an iron line from the GC region, and 

the ASCA satellite resolved the line into 3 lines of FeI, 

FeXXV and FeXXVI ([2], [3], [10]). The Suzaku satellite 

discovered that the highly ionized iron emission lines are 

originated from the collisional ionization plasma. A spatial 

distribution of the 6.7 keV line intensity is different from 

that of point sources detected with Chandra ([6], [7]). It 

suggests that the plasma is truly diffuse ([9]). However, 

since the GC hot plasma dissipates 10~100 thousand years, 

what injects the huge thermal energy (~1054 ergs) of the 

plasma has been a large mystery. Though only a few SNRs 

are discovered in the GC region, if new SNRs are 

discovered with deep observations, multiple supernovae 

can be explained as the injection. 
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Fig. 1. Narrow band maps of the Suzaku 
observations of the GC region (top; 6.4 
keV, center; 6.7 keV, bottom; 2.45 keV).  
The Sgr B1 region is shown with the solid 
square region. 
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Another remarkable discovery is diffuse emission lines of the neutral iron at 6.4 keV, which is one 

of the iron lines resolved by ASCA. In particular, some bright spots are located on giant molecular 

clouds of Sgr B2, Sgr C and the Radio Arc ([3], [8]). The X-rays from those molecular clouds are the 

reflected and fluorescent X-rays from Sgr A* in an active phase of some hundreds years ago (X-ray 

reflection nebulae; XRNe). Since there are a lot of other dense molecular clumps, some of them 

would be expected new XRNe. 

In order to study the GC plasma and the past activity of Sgr A*, we observed the Sgr B1 region, 

which is the square region shown in Fig.1. It is between the GC and the Sgr B2 region, and has not 

been studied well. The region is very important for a study of the distribution of the plasma and that 

of 6.4 keV emissions as a tracer of the past activity of Sgr A*. 

 

2. Observation of the Sgr B1 region 
 
  A 100-ksec observation of the Sgr B1 region 

was made in March, 2005. Figure 2 shows the 

observed spectrum of the sum of XIS0, 2 and 3, 

which have front illuminated (FI) CCDs, but 

subtracted non-X-ray background (NXBG). We 

can surely see several emission lines of Si, S, Ar, 

Ca and Fe and a deep iron K-shell edge at 7.1 keV. 

In particular, the 3 lines of neutral or low-ionized 

and high-ionized iron are clearly resolved. We will 

examine the Fe lines and SXV line. 

 

3. Spatial distribution of the GC plasma 
 
 In this region, the 6.7 (FeXXV) and 6.9 (FeXXVI) keV 

lines are clearly detected. They are thought to be emitted 

from the hot plasma, which expands over the GC region. 

We divided this region into 4 x 4 as shown in Fig.3 and 

examined the line intensity ratios of 6.9 keV line / 6.7 

keV line in each region. They are almost the same 

(0.3~0.4). It suggests that the temperature of the hot 

plasma is spatially uniform, and only its intensity changes. 

The average temperature is kT~6.7 keV (6.7 keV / 6.9 

keV = 0.37). 
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Fig.3. The 6.7 (6.57-6.77) keV map of the 
Sgr B1 region. It is subtracted NXBG and 
performed the vignetting-correction. The 
numbers mean the ratio of 6.9keV / 6.7keV. 

Fig.2. The total spectrum of the Sgr B1 region (the sum 
of XIS0, 2 and 3), except the calibration sources and 
subtracted non-X-ray background (NXBG).  
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4. Discovery of New SNR and XRN 
 

4.1. G0.4+0.0 
In the 2.45 keV map shown in Fig.4, there is an excess (G0.4+0.0) near the northern corner of the 

FOV. We extracted the source and background spectra from the solid line and the dashed line region, 

respectively. The background-subtracted spectrum is well fitted with an absorbed thin thermal 

plasma (kT~0.8 keV) model (VAPEC in XSPEC). Since the absorption column of NH ~7 x 1022 cm-2 

is a typical value to the GC of ~6 x 1022 cm-2, the source is likely in the GC region. Assuming the 

distance of 8.5 kpc, the size, thermal energy, total mass and dynamical timescale are ~10 pc, ~1050 

ergs, ~10 Msun and ~8000 years, respectively. Those values are consistent with those of a typical 

SNR. Therefore, we concluded that G0.4+0.0 is a new thermal SNR candidate. 

 

4.2. Sgr B1 
Fig.5 shows a narrow band image in the 6.30 to 6.50 keV bands. There is an excess (Sgr B1) at the 

solid line region. We extracted the source and background spectra from the solid line and dashed line 

regions, respectively (Fig.5). We fitted the background-subtracted spectrum with a simple model of 

an absorbed power-law plus two gaussian lines of FeI K (6.4 keV) and K (7.0 keV). It shows a 

large absorption column of NH~1.5 x 1023 cm-2 and a large equivalent width of 1.4 keV for FeI K .  

We consider 2 scenarios for the 6.4 keV X-rays. One is a photo-ionization scenario and the other 

is a collisional excitation scenario. In the latter case, whose origin is a low energy (10-100 keV) 

electron, typical values of the absorption column and equivalent width are ~1021 cm-2 and ~300 eV 

[9]. On the other hand, in the former case, whose origin is a hard X-ray above 7.1 keV, the observed 

values can be explained. Therefore, the result favors the photo-ionization scenario than collisional 

exciting scenario. Sgr B1 is possibly a new XRN. 

Fig.4. (left): The 2.45 (2.35-2.55) keV map except the calibration sources at corners of the FOV. 
It is subtracted NXBG and performed the vignetting-correction.  (right): The background-subtracted 
spectrum of G0.4+0.0 (FI: XIS0+2+3). 
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In the XRN model, the 6.4 keV line intensity I6.4keV is proportional to the absorption column NH 

and the flux of the irradiating source. In order to examine the irradiating source of Sgr B1, we 

compared NH and I6.4keV with those of the Sgr B2 XRN. The ratios of I6.4keV (10-5 photons/s/cm2) / 

NH (1023 cm-2) are 2.7/1.5=1.8 (Sgr B1) and 16.5/9.6=1.7 (Sgr B2; [4]), respectively. These are 

consistent with each other, which suggest that the irradiating source is also the same, Sgr A*. Sgr A* 

was 106 times brighter than now. 

 

4. Summery 
 

We have made 8 pointing observations for the GC region with Suzaku. From the Sgr B1 region, 

several neutral metal lines of Si, S, Ar, Ca, Fe and a deep edge of iron K-shell were detected. New 

diffuse sources were also discovered. 

• The large absorption column of NH~7 x 1022 cm-2 toward G0.4+0.0 suggests that the source 

is located in the Galactic region. The spectrum was well fitted with a thin thermal plasma 

model. G0.4+0.0 is a new SNR. 

• We fitted the Sgr B1 spectrum with an absorbed power-law and 2 gaussian lines. The result 

favors the photo-ionization scenario. The best-fit parameters are consistent with those of Sgr 

B2. It suggests that the irradiating source of Sgr B1 is also Sgr A*. 
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Fig.5. (left): The 6.4 (6.30-6.50) keV map except the calibration sources at corners of the FOV. It is 
subtracted NXBG and performed the vignetting-correction. (right): The background-subtracted spectrum of 
Sgr B1 (FI: XIS0+2+3). 
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