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Abstract 

We observed whole region of SN1006 with the Suzaku satellite in the PV-phase. In this proceeding, 

we present the results of spectral analysis of the Southeast region of the remnant, where the thermal 

plasma emission is dominant. With great performance of X-ray Imaging Spectrometers (XISs) on board 

Suzaku, we successfully detected the K-shell emission lines from heavy elements (Ar, Ca, and Fe) of the 

ejecta for the first time. The broad band spectrum is well fitted with the models of two components of 

ejecta, ISM, and power-law. The two ejecta have different ionization parameter of net ~ 1.3×10
10 
cm

-3 
s 

and net ~ 7.4×10
8 
cm

-3 
s. A large amount of Fe are included in the latter although it is little included in 

the former. This result suggests Fe have been heated by reverse shock later than the other elements. They 

may distribute inner layer of the remnant as distinct from the others. ISM has the electron temperature of 

~ 0.54 keV and the ionization timescale of net ~ 4.8×10
9 
cm

-3 
s, which suggests the proton temperature 

is ~ 20 times higher than the electron temperature. This extreme non-equilibrium state is considered to 

be due to the low density of the ambient medium. 

 

1. Introduction 

SN 1006 is believed to be one of the Galactic type Ia supernova remnants (SNRs) similar to Kepler and 

Tycho's SNR. Nomoto et al. (1984) and Iwamoto et al. (1999) calculated that the relative abundance of Fe for 

type Ia supernovae is quite large compared to the solar value. Hence the estimating Fe abundance is essential 

information in order to distinguish type Ia SNR from core-collapsed SNR. The emission lines from ionized Fe 

were detected from the X-ray spectra of Kepler (Kinugasa et al. 1999) and Tycho's SNR (Hwang et al. 1998). 

In the case of SN 1006, UV observation suggested the existence of cold Fe by the detection of the Fe II 

absorption lines from the spectra of background star (Wu et al. 1993, Winkler et al. 2005). However, the direct 

information has never been obtained. 

  X-ray Imaging Spectrometers (XISs; Koyama et al. 2007) on board Suzaku (Mitsuda et al. 2007) have 

advantages of high detection efficiency and low background level especially in the energy band above ~ 5 keV. 

Therefore, the detection of the K-shell emission lines from Fe is easier than the other mission, Chandra and 

XMM-Newton. Then, we observed the whole region of SN 1006 during the PV-phase. In this proceeding, we 

concentrate on analyzing the data of the Southeast (SE) and Northwest (NW) quadrants, where the thermal 

emission is dominant. 

 

2. Spectrum of the Whole SE Region and Narrow Band Image 

First of all, we extracted spectra from the whole SE region. For the background, we used the North Ecliptic 

Pole (NEP) data. The background-subtracted spectra are shown in figure 1. 



We successfully detected K-shell emission lines of Ar, 

Ca, and Fe, for the first time. The centroid energy of 

Fe-K is ~ 6.43 keV, which suggests that the ionization 

state of Fe is extremely low (~ Ne-like). Then, we show 

narrow band image in the energy band of 6.33-6.53~keV 

in the left panel of figure 2. For comparison, we also 

show the 0.5-2.0 keV image in the right panel of the 

figure 2. We can notice that the Fe-K emission is strong 

especially in the southern part of the remnant, indicated 

with a polygonal region. We will perform a detailed 

analysis of the spectrum extracted from this region. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Spectral Fitting 

  We detected the significant broadening (1σ> 39 eV) 

of Si-Kα and S-Kα emission lines. Assuming the 

broadening is due to thermal Doppler effect, the ion 

temperature is required to be > 13 MeV. This temperature 

corresponds to a shock velocity of ~ 1.5×104 km/s, 

which is much higher than ~ 2900 km/s suggested by  

Hα measurements (Ghavamian et al. 2002). Then, we 

considered that the spectra consist of several components 

of plasma. As shown in figure 3, the 1.2-2.8 keV spectra 

were well fitted with two VNEI models with single kTe 

and different net. The best-fit parameters were kTe = 1.2 

(1.0-1.4) keV, net1 = 1.3 (0.97-1.7)×10
10
 cm

-3 
s, and net2  

 
Fig. 1. The background-subtracted spectra extracted 

from the whole SE quadrant. The black and red 

represent the FI and BI, respectively. 

 

Fig. 2. The exposure corrected XIS images in the 6.33-6.53 keV band (left) and 0.5-2.0 keV band (right). The two 

black squares indicate the FOV of the XIS. The red polygon in the left panel show the region where we extracted 

the spectra analyzed in section 3. 

 
Fig. 3. The XIS spectra in the 1.2-2.8 keV band 

fitted with the two-component VNEI model. 



= 7.4 (6.4-8.6)×108 cm-3 s. The interstellar absorption column density was fixed to be 6.8×1020 cm-2 following 

Dubner et al. (2002) 

  Then, we tried to fit the whole band spectra with a shocked ISM component with solar metal abundance and 

two components of ejecta which have the different ionization timescales. As the ejecta components, we applied 

two VNEI assuming net1 = 1.3×10
10
 cm

-3 
s (hereafter Ejecta 1) and net2 = 7.4×10

8
 cm

-3 
s (hereafter Ejecta 2), but 

the electron temperatures are allowed to be different values. In order to the contribution of hydrogen ignorable, we 

fixed the O abundances of the both ejecta components to 1×104 solar. With these models, the best-fit result was 

obtained with χ2
/d.o.f. = 1201/821. However, we found a systematic data excess in the energies of > 4 keV. We 

considered it is due to non-thermal emission from shock accelerated electrons (Koyama et al. 1995). Therefore, 

we added a power-law model for the hard X-rays. Then, the fit was improved withχ2
/d.o.f. = 1031/819. The 

best-fit parameters and fitted spectra are shown in table 1 and figure 4, respectively. The obtained relative 

abundances of the Ejecta 1 and Ejecta 2 are represented in figure 5. 

 

Table 1. The best-fit parameters of the broad band spectral fitting. 

Component kTe (keV) / Γ net (cm
-3 
s) nHneV

*
(cm

-3
) / Norm† 

Ejecta 1 (VNEI) 1.17 (1.11-1.27) 1.3×1010 (fixed) 3.3×1051 

Ejecta 2 (VNEI) 1.52 (1.49-1.59) 7.4×108 (fixed) 1.2×1052 

ISM (NEI) 0.54 (0.52-0.58) 4.8 (4.5-6.1)×108 1.1×1056 

Power-law 2.94 (2.81-3.04) --- 4.9×10-4 
*The distance to SN 1006 is assumed to be 6.8×1021 cm, following Winkler et al. (2003). 
†The unit of photon cm-2 s-1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. The XIS spectra in the 0.33-10 keV band. The black and red data points represent the FI and BI, 

respectively. The solid lines of various colors show the components of the best-fit models for the BI spectrum. 

Since the VNEI code lacks Kδ,ε,ζof OVII, Ar-K, and low ionized Ca-K, we added the Gaussians at 0.714, 

0.723, 0.730, 3.02, 3.69 keV (represented by magenta solid lines). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Discussion 

While Ejecta 1 has the higher ionization age and the relatively low electron temperature, the Ejecta 2 shows the 

opposite character. We interpreted the former as the ejecta heated by reverse shock in the early stage of the 

remnant evolution, and the latter as the recently heated ejecta. In the figure 5, we compared the relative 

abundances with a theoretical prediction of W7 model (Nomoto et al. 1984). In the case of Ejecta 1, although the 

abundances of C, Ne, Mg, Si, and S relative to O are almost consistent with the W7 model, those of Ca and Fe are 

much lower than the predicted values. On the other hand, large amount of Ca and Fe are included in the Ejecta 2. 

These results suggest the most parts of Ca and Fe are in a low ionized state. It can be interpreted the heavier 

elements distribute inner layer of the remnant than the other elements, and thus are slowly influenced by the 

reverse shock.  

The low ionization age of ISM component suggests thermal equilibrium between the ion and electron has not 

been achieved yet. According to the equation (3) of Laming (2001), the proton temperature is estimated to be kTH 

~ 10 keV, which is consistent with the suggestion by Hαobservation of Te/TH < 0.07 (Ghavamian et al. 2002).  
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Fig. 5. Metal abundances as a function of the atomic number derived from spectral fitting. The data points 

of (a) and (b) represent those of Ejecta 1 and 2, respectively. The solid lines show the relative abundance to 

oxygen calculated for the W7 model for a type Ia supernova by Nomoto et al. (1984). 


