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Abstract

This paper presents the X-ray spectrum of Sgr A East, a young supernova remnaunt (SNR) located in the
Galactic center (GC) region, with the XIS on board Suzaku. Since the GC region is occupied by diffuse X-ray
emission (GCDX) with a strong 6.7 keV line, an estimation of the GCDX is crucial to study the X-ray spectrum
of Sgr A East. The flux and spectrum of the GCDX are found to be smoothly distributed around and across Sgr
A East, and hence a reliable GCDX subtraction can be made. In addition to the previously reported Kα lines
from SXV, ArXVII, CaXIX and FeXXV (all He-like atoms), we found Kα lines from SXVI, ArXVIII, FeXXVI (all
hydrogenic atoms) and NiXXVII (He-like), and Kβ lines from SXV, ArXVII and FeXXV, and a Kγ line from FeXXV.
The plasma diagnostics using these lines revealed the presence of at least two-temperature plasma. The overall
spectrum can be fitted with a two-temperature (∼1.2 keV and ∼6 keV ) plasma in ionization equilibrium plus a
power-law component.

1. Introduction

Sgr A East was discoveried as a strong radio source located
in the Galactic center. The non-thermal radio spectrum sug-
gests that it is an SNR (Jones 1974; Ekers et al. 1975) although
other origins has been disputed (Merger et al. 1989, Khokholv
& Melia 1996, and Kundt 1990).

In X-rays, Chandra (Maeda et al. 2002) found a center
filled morphology, and the spectrum consisted of strong Kα
lines from highly ionized S, Ar, Ca, and Fe. The spectrum
was fitted with a simple isothermal plasma model of temper-
ature ∼2 keV, an absorption column of ∼1023 H cm−2 and a
luminosity of ∼8×1034 ergs s−1 in the 2–10 keV band. XMM
(Sakano et al. 2004) found a two-temperature structure of
∼1 keV and ∼4 keV, which were also confirmed with follow-up
deep observations with Chandra (Park et al. 2005).From the
radio and X-ray morphologies, Sgr A East is classified to be a
“mixed morphology” (MM) SNR.

The small spatial size and the metal-rich X-ray spectrum
indicate that Sgr A East is a young ejecta-dominated SNR. Sgr
A East is located in the close vicinity of the Galactic center,
where extreme physical conditions are manifested. These are
a high stellar density, dense stellar gas, a strong magnetic field
and the presence of a massive black hole. Therefore Sgr A
East is a unique SNR affected by such an extreme environment.
Chandra found many clumpy and filamentary structures in Sgr
A East; some of them must be non-thermal X-ray filaments,
which would be related to the extreme conditions. However our
knowledge of the X-ray spectrum is still limited. We therefore
made deep X-ray observations with the new X-ray satellite
Suzaku.

2. Observation and Background Subtraction

Systematic observations near the Galactic center (GC) were
made with the X-ray Imaging Spectrometer (XIS) placed on
the focal plane of the X-ray Telescope (XRT) on board Suzaku.

Sgr A East was in the XIS field of view in four point-
ing observations on 2005 September 23–24 and 29–30 at the
aim-points of (α, δ)2000 = (17h46m03s, −28◦ 55′ 32′′) and
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Fig. 1. The XIS image near the Sgr A East region in the 2–8
keV band. The white circle of 1.6′ radius is the source region.
The cross inside is the position of Sgr A∗ (the Galactic center).
The rectangles are the unit area extracting the fluxes of the
GCDX and of point sources. The dotted squares indicate the
GCDX background regions used for Sgr A East

(17h45m13s,−29◦ 10′ 16′′). The effective exposure time after
removing the epoch of a low Earth elevation angle (ELV< 5◦),
South Atlantic Anomaly (SAA) was about 90–95 ksec. A com-
posite image that adds all of the XIS data is shown in figure
1. The bright spot near the corner of the XIS field of view is
Sgr A East. We extracted data from a circle of 1.6′ radius,
added all of the data from 3 front-illuminated (FI) CCDs and
made a composite X-ray spectrum. The spectrum of the back-
illuminated (BI) CCD was separately made.

The non-X-ray background (NXBG) is made from the night
Earth data in the same detector area with the same data-
selection criteria as those of Sgr A East.

The largest background of Sgr A East is the Galactic cen-
ter diffuse X-rays (GCDX), which emit strong Kα lines from
Fe I (neutral or low ionization iron), FeXXV (He-like iron) and
FeXXVI (hydrogenic iron). Koyama et al. (2006a) reported
that the flux ratio of the latter two lines along the Galactic
plane (the constant b = −0.◦05 line) across Sgr A East is al-
most constant in the l = 0.◦1 to l = − 0.◦4 area. This means
that the spectral shape of the GCDX is essentially the same
near Sgr A East. The 2–8 keV fluxes of the GCDX (small
triangles in figure 2) are smooth near Sgr A East. We made
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Fig. 2. Surface brightness distributions of point sources in
the 2–8 keV band (circles). The surface brightness in the 2–8
keV band of the GCDX along the galactic plane (b = −0.◦05)
are given by small triangles, while that in the Sgr A East
region (1.6′ radius) is shown with the large triangle. The solid
and dotted arrows show the positions of Sgr A East and Sgr
A∗ (the Galactic center), respectively. The solid bars indicate
the regions of the GCDX backgrounds for Sgr A East

the GCDX background taken from the regions shown by the
dotted squares in figure 1, or by the solid bars in figure 2.
This GCDX background was subtracted from the Sgr A East
spectrum (in the 1.6 ′ radius region), where the vignetting was
corrected.

The second-largest background is an ensemble of point
sources. We convolved the Chandra point sources cataloge
(Muno et al. 2003) with the response of the XRT+XIS, and
extracted the integrated point-source fluxes (2–8 keV) from
the 13 rectangles of figure 1. The results are plotted along the
Galactic plane (the constant b = −0.◦05 line) in figure 2. The
mean flux of the integrated point sources in this background
regions (the regions shown by the solid bars in figure 2) ex-
ceedes that in the source (Sgr A East) region (the 1.6′ radius
region in figure 1) by 2.5×10−5 photons cm−2 arcmin−2 s−1

(2–8 keV). Therefore, we further subtracted the excess flux
from the source spectrum. In this subtraction, we assumed
that the integrated point source spectrum is that obtained by
Muno et al. (2004).

3. Analysis

3.1. Emission Lines

The background (GCDX and point sources) subtracted spec-
tra are shown in figures 3, 4. We can see many emission lines.
To study these lines, we fit the spectra with a phenomenologi-
cal model: a thermal bremsstrahlung plus Gaussian lines with
absorption edges of the main atoms. The best-fit models and
the ID of the emission lines are also given in figures 3 and 4.
We clearly found Kα emission lines of SXV, ArXVII, CaXIX,
FeXXV (He-like atoms), and SXVI, ArXVIII, FeXXVI (hydro-
genic atoms), which have been previously reported or sug-
gested (Maeda et al. 2002, Sakano et al. 2004). Furthermore,
we newly detected a Kα line from NiXXVII (He-like nickel), as
well as Kβ lines from SXV, ArXVII and FeXXV, and a Kγ line
from FeXXV.

3.2. The Sulfur Line Diagnostics

The Kα flux ratio of SXVI/SXV is 0.20+0.03
−0.06 (in this paper,

all errors are 90% confidence intervals for one interesting pa-
rameter, unless otherwise described). This ratio indicates that
the ionization temperature is 1.1 +0.1

−0.1 keV. The flux ratio of

Kβ/Kα from SXV is 0.08 +0.02
−0.03, which constrains the electron

temperature to be 1.4+0.7
−0.8 keV. Since the center energy of the

Kα line from SXV decreases as decreasing plasma tempera-
ture by increasing contribution of the satellite lines, we can
check the plasma temperature using it. The plasma tempera-
ture determined from the line centroid, 2446 (2240–2449) eV,
is in the range of 0.2–0.6 keV. It seems a little lower than the
temperature determined from the line ratio. However if we
take into account the systematic error of the XIS gain (∼ ±5
eV, Koyama et al. 2006a), the allowable range becomes 0.2–
2.0 keV , which is consistent with that determined from the
line ratio. Therefore, from the emission line alone, we deduce
that Sgr A East has at least a ∼1-keV plasma in collisional
ionization equilibrium (CIE).

3.3. The Iron and Nickel Line Diagnostics

The Kα flux ratio of FeXXVI/FeXXV is 0.05+0.01
−0.02. This indi-

cates that the ionization temperature is 3.1+0.3
−0.4 keV. The ratio

Kβ / Kα of FeXXV can not be determined accurately, because
the Kβ line of FeXXV is contaminated by the nearby NiXXVII

Kα line. We therefore examined the flux ratio of FeXXV Kα
vs NiXXVII Kα plus FeXXV Kβ. The observed ratio is 0.10
+0.02
−0.03. If the abundance ratios of Fe and Ni are solar, we can

then constrain the electron temperature to be 2.5 +1.0
−0.8 keV.

The center energy of FeXXV Kα is 6650 (6648–6653) eV,
which is significantly lower than that from an ∼3 keV temper-
ature plasma (e.g. MEKAL and APEC models give 6673eV
and 6681 eV, respectively). In fact this line-center energy gives
a plasma temperature of 1.4+0.1

−0.1 keV, consistent with those de-
termined from the line flux ratio of sulfur. Furthermore, the
line width of 44 eV is significantly larger than that observed
from the GCDX (Koyama et al. 2006b). These facts indicate
that the FeXXV Kα may include lines from lower ionization
iron associated with a lower temperature plasma.

3.4. Thin Thermal Plasmas and Power-Law Component

From the emission line information (sections 3.2 and 3.3),
Sgr A East requires at least a 2-temperature plasma. The
lower temperature plasma is CIE, while no constraint on the
high temperature plasma is obtained from the line informa-
tion. We therefore fit the full energy range of the spectrum
with a model of a ∼1-keV CIE plasma plus a higher tem-
perature plasma. The reduced χ2 has 2 local minima: ∼43–
58 keV with nt >1013 s cm−3 (CIE plasma) , and ∼37–54
keV with nt=1011 s cm−3 (non-ionization equilibrium: NEI
plasma), where nt is the ionization parameter. Because these
temperatures are outside the XIS band-pass, the parameter
ranges for the fit are unreliable. The reduced χ2 values are 1.1
with 460–470 degree of freedoms (d.o.f.) at both the local min-
ima. The 2-CIE model can not reproduce the FeXXV Kβ line
flux at ∼7.88 keV, while the CIE+NEI model fails to fit the
NiXXVII Kα line flux at ∼7.78 keV. In both cases, significant
residuals are found above the FeXXV Kα energy (7–9 keV).
For the CIE case, absorption edge of Fe is 0.5 solar, while for
the NEI case, it is as large as 3.4 of solar. These unrealistic
parameters and/or significant residuals above the FeXXV Kα
energy surely come from the artificial plasma fitting for the
hard X-ray band. We therefore added a power-law component
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Fig. 3. X-ray spectrum of the sum of 3 FI CCDs with the
best-fit phenomenological model in the 2.0–5.0 keV band. We
ommit to show BI spectrum due to space limitation.
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Fig. 4. Same as figure 3, but in the 5–9 keV band.

to a 2-CIE model in order to naturally explain the high energy
band. Although no essential change is found below 7 keV, a
significant improvement is noted in the 7–9 keV band, with
the reduced χ2 of 1.0 (for 453 d.o.f.). The best fit results are
given in figure 5 and table 1.

4. Discussion

4.1. Thin Thermal Plasma

The X-ray luminosity of the thermal plasma is 4.2×1035 erg
s−1 at a distance of 8 kpc (Reid et al. 1993). Assuming a uni-
form density plasma in a sphere of radius (1.6 ′), we estimate
the plasma density to be 4.7 H cm−3 for the 1-keV component
and 0.6 H cm−3 for the 6-keV component. The dynamical age
estimated from the SNR size divided by the sound velocity
in the high energy plasma is about 4000 years. These argu-
ments are consistent with the previous studies by Maeda et al.
(2002), Sakano et al. (2004), and Park et al. (2005).

4.2. Hard Tail

The Sgr A East spectrum requires a hard tail component
with a power-law index of 0.87 (0.84–0.91), although Park et
al. (2005) and Sakano et al. (2003) detected no power-law
component in the Chandra or XMM spectra. Since the non-
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Fig. 5. The X-ray spectrum of the sum of 3 FI CCDs with
the best-fit 2-temperature plasma plus power-law model.

X-ray background of XIS is far lower than those of Chandra
and XMM, particularly, in the high energy band (∼≥ 6 keV,
see Koyama et al. 2006a), where the hard tail is manifested,
we believe that our result is more reliable.

Since the response function of the XIS at a high energy of
around 10 keV is not well established yet, the absolute value of
the photon index may have a larger error than the statistical
one. Nevertheless the presence of a hard tail is not in doubt.
The hard tail flux in the 7–9 keV band is 1.2 times that of
the thin thermal components. Thus, an important question is
the origin of the large hard tail. One possibility of the hard
tail origin is integrated emission of point sources fainter than
the limiting flux (3×10−15 erg cm−2 s−1) of the Chandra deep
exposure (Muno et al. 2003). The fact that the power-law
index of the hard tail spectrum of Γ ∼0.8–0.9 is similar to
that from the point sources of Γ ∼0.8–0.9 (Muno et al. 2004)
may favor this possibility. The integrated flux of point sources
above the limiting luminosity in the Sgr A East region (a 1.6′

radius) is 2.2×10−12 erg cm−2 s−1. The flux of the hard tail
is calculated to be 2.1×10−12 erg cm−2 s−1 (2–8keV), nearly
the same as that of the integrated point sources. Muno et
al. (2003) reported that power-index of the logN -logS slope
below the flux (S) of 8×10−7photons cm−2 s−1 (6.4×10−15

erg cm−2 s−1) is 1.7 for point sources near the GC. If this
luminosity distribution is the same for point sources in the Sgr
A East region, and extends by a factor of 5 lower flux than
the current Chandra detection limit, then point sources would
account for most of the hard tail flux.

The other possibility is clumps and filaments found by
Chandra in Sgr A East, because significant fractions of these
filaments have non-thermal X-ray spectra (e.g. Koyama et al.
2003, Morris et al. 2003). In this case, the hard tail must be
closely related to a high energy cosmic ray origin. Sgr A East
locates very near the GC, which would be a cite of extreme
physical conditions. In fact, the extremely high energy emis-
sion at the TeV band was detected from the error circle of Sgr
A East (Aharonian et al. 2004). Therefore, more extensive
study of the hard X-ray tail using HXD (Takahashi et al. 2006
) on board Suzaku, for example, is highly required.

4.3. Chemical compositions

The chemical compositions averaged over the SNR are
nearly solar for S, Ar and Ca, while Fe is overabundant, which
is consistent with the Chandra and XMM results (Maeda et
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Table 1. Best fit parameters of the 2-temperature plasma plus power-law model in the 2.0–9.0 keV band

Power-law Photon index Norm. a

0.87 (0.84–0.91) 3.5 (3.3–3.7)×10−4

Thin thermal plasma b APEC[1] APEC[2]
Temperature (keV) 1.21 (1.18–1.30) 6.0 (5.5–6.4)
Norm. c 0.165 (0.161–0.169) 2.7 (2.5–2.9)×10−3

ZS
d 1.17 (1.07–1.24) ZAr

d 1.20 (1.07–1.33)
ZCa

d 1.18 (1.03–1.33) ZFe,Ni
d,e 2.63 (2.54–2.70)

Absorption NH (× 1022 cm−2) ZSi
d ZS

d ZFe
d

9.66 (9.58–9.74) 3.2 (3.1–3.3) 2.9 (2.7–3.0) 1.33 (1.26–1.40)
χ2/d.o.f 483/453 = 1.0

The errors in the parentheses are at 90% confidence level. a The unit is photons keV−1 cm−2 s−1 at 1 keV. b Random motion of 1400

km s−1 velocity is added to the APEC models to compensate the systematic line broadening obtained with the calibration line (Mn I

Kα). c The units of 10−14/(4πD2)
∫

nenIdV , where D, ne and nH are distance to the source (cm), the electron density (cm−3), and the

hydrogen density (cm−3), respectively. d Abundances relative to solar. The abundance ratois of APEC[1] and APEC[2] are same. e The

abundance of Ni is fixed to that of Fe.

al. 2002; Sakano et al. 2004: Park et al. 2005). The abun-
dance of Fe averaged over the whole SNR is 2–3 of solar.We
estimated the total mass of iron and hot gas to be 0.15f0.5M¯
and 27f0.5M¯, where f is filling factor. This is consistent with
the result of Park et al. (2005), who found that the mass of Fe
was <0.27M¯ within 1′ radius.

As for the interstellar absorption, on the other hand, the
Si and S abundances in the ISM are 3 of solar, while iron is
moderately overabundant. Similar over abundance are found
from other X-ray objects near the GC (Koyama et al. 2006b;
Tsujimoto et al. 2006), and hence would be common phenom-
ena.

5. Summary

1. The Kα flux ratios of FeXXVI/FeXXV and SXVI/SXV

indicate that Sgr A East has, at least a two-temperatures
plasma.

2. The flux ratio of Kβ/Kα and the center energy of Kα
from S XV indicate the presence of ∼1-keV ionization
equilibrium plasma.

3. The overall spectrum of Sgr A East is fitted with a model
consisting of two CIEs and a power-law component.

4. The origin of the power-law component would be either
an ensemble of point sources fainter than the current
detection limit of Chandra or non-thermal X-rays asso-
ciated with the filament structure.

5. The chemical compositions of S, Ar and Ca are solar in
average of the whole SNR, but that of Fe is overabun-
dant. The chemical compositions of heavy elements in
the interstellar gas toward the GC are generally over-
abundant by factor 1–3 of solar.
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