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Abstract

We analyzed Suzaku archival data of the nearby face-on spiral galaxy M101. XIS spectra, extracted
from a central region of a 5 arcmin radius, exhibit an emission line feature at 6.7 keV, which is identified
with a Fe-K emission line. This suggests the existence of a several keV temperature component, similar to
the Galactic Ridge X-ray Emission (GRXE) in our Galaxy. The equivalent width of the line is 920±510
eV. The iron line luminosity is estimated to be (7±4)×1037 erg s−1, larger than that of the GRXE.

Key words: galaxies: individual (M101) — galaxies: ISM — X-rays: galaxies — X-rays: ISM

1. Introduction

Unresolved X-ray emission has been found along the
Galactic plane in our Galaxy (e.g., Koyama et al. 1986;
Yamauchi & Koyama 1993; Kaneda et al. 1997). This
is called Galactic Ridge X-ray Emission (GRXE). The
GRXE is characterized by strong emission lines from He-
like and H-like irons (e.g., Koyama et al. 1986; Ebisawa
et al. 2008; Yamauchi et al. 2009), indicating thin ther-
mal origin. The GRXE is considered to be composition
of numerous unknown faint X-ray sources with a strong
Fe emission line and diffuse hot plasma, but the origin is
debatable.

Here, some questions arise. Do normal galaxies have
the same component? If so, how different are they?
Research for the spiral galaxies (without starburst and
AGN activities) is also valuable for understanding the
GRXE.

M101 (NGC 5457) is a nearby SAB(rs)cd face-on
galaxy (NASA/IPAC Extragalactic Database: NED) lo-
cated at the distance of 6.8 Mpc (Saha et al. 2006). Since
M101 lies at the high Galactic latitude, (l, b)=(102◦.0,
+59◦.8), the Galactic absorption is low (NH=1.16×1020

cm−2, Dickey & Lockman 1990), and hence it is a suit-
able target for the study of the hot interstellar medium.
Soft diffuse emissions with kT<1 keV associated with
the Galactic structure have been discovered (Warwick et
al. 2007; Kuntz & Snowden 2010). However, a hotter
component with kT>1 keV has not been found.

The Suzaku XIS is an instrument with the best sen-
sitivity in the iron line band among the operating satel-
lites. Therefore, we analyzed Suzaku archival data of
M101 and searched for the iron emission line indicating
an existence of the hot plasma with a temperature of
several keV. Throughout this paper, the quoted errors
are at the 90% confidence level.

2. Results

Figure 1 shows an XIS image of M101 in the 0.7–8 keV
energy band. Many X-ray sources were found. In addi-
tion to the point sources, an weak extended emission is
seen.

X-ray spectra were extracted from the central region
with a radius of 5′ (9.9 kpc at the 6.8 Mpc distance). The
contribution of the bright X-ray source at the north edge
of the FOV was excluded, but those of the other sources
were included (see figure 1). For increasing the photon
statistics, the XIS 0 and XIS 3 spectra were merged, but
treated the XIS 1 spectrum separately.

Figure 2 shows the spectra after subtraction of the
non-X-ray background. The XIS 0+3 and XIS 1 spec-
tra were simultaneously fitted with a model of ther-
mal bremsstrahlung + power-law function, modified by
low energy absorption. The power-law and the thermal
bremsstrahlung models represent the cosmic X-ray back-
ground (CXB) and the emission from M101, respectively.
The parameters of the CXB were fixed to the values in
Kushino et al. (2002), while the NH value was fixed to
1.16×1020 cm−2 (Dickey & Lockman 1990). The cross
sections of the photoelectric absorption were taken from
Morrison and McCammon (1984). This model fit showed
positive residuals at 6–7 keV in both the XIS 0+3 and
the XIS 1. The fit improved by adding an emission line
model at 6.7 keV (fixed) with a line width of null: the
∆χ2 value was 8.8, which indicates that the additional
emission line model is statistically significant with a con-
fidence level of more than 99 %. The best-fit model is
plotted in figure 2. The equivalent width was estimated
to be 920±510 eV, while the surface brightness of the
iron line was 1.5+0.8

−0.9×10−8 photons s−1 cm−2 arcmin−2,
which corresponds to the total iron line luminosity within
9.9 kpc from the nucleus of LFe=(7±4)×1037 erg s−1.
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Fig. 1. XIS image in the 0.5–8 keV energy band smoothed with a
Gaussian distribution of σ=24′′. The coordinates are J2000.0.
The data of XIS 0, 1, and 3 were merged. Neither background
subtraction nor vignetting correction is performed. The inten-
sity levels are logarithmically spaced. X-ray sources discovered
with XMM-Newton are displayed with white circles (Jenkins et al.
2004, 2005; Warwick et al. 2007). The green solid line shows a
source region used for a spectral analysis.

3. Discussion

The 6.7 keV line indicates the existence of a thin ther-
mal plasma with a temperature of several keV. The to-
tal iron line luminosity is larger than that of the GRXE
(LFe∼1037 erg s−1, e.g., Yamauchi & Koyama 1993). We
briefly discuss the origin of the iron line emission.

The brightest point source in the source region is not
a contributor because its spectrum has no iron line emis-
sion. Since cataclysmic variables (CVs) and active bina-
ries (ABs) have iron emission lines in their spectra (e.g.,
Ezuka & Ishida 1999; Güdel et al. 1999), they are possi-
ble candidates. Using the mean luminosities of CVs and
ABs of L2−10keV ∼1032 erg s−1 and L2−10keV ∼1030 erg
s−1, respectively, and LFe ∼0.01–0.02 L2−10keV, the to-
tal numbers are estimated to be (1.5–11)×107 and (1.5–
11)×109, respectively. Assuming a disk structure with a
radius of 9.9 kpc and a thickness of 200 pc, the volume
is estimated to be 6×1010 pc3. Thus, the space densities
of CVs and ABs are calculated to be nCV ∼(2–18)×10−4

pc−3 and nAB ∼(2–18)×10−2 pc−3, respectively. These
values are much larger than those estimated in the solar
neighbourhood (nCV ∼10−5 pc−3 and nAB ∼4.5×10−4

pc−3, e.g., Rogal et al. 2008; Favata et al. 1995). Fur-
thermore, we have never seen a stellar population with
such a strong iron line [EW ∼900 (>400) eV)]. Thus,
in the case of the stellar source origin, unknown pop-
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Fig. 2. NXB-subtracted XIS spectra and residuals from the best-fit
model (black:XIS 0+3 and red: XIS 1). The histogram shows the
best-fit model (see text).

ulation with a stronger iron emission line and a higher
space density than those of CVs and ABs in the Milky
Way are required.

The strong 6.7 keV iron line is also found in young and
middle-aged SNRs. Assuming a plasma with a temper-
ature of 2 keV and the solar abundance and the mean
luminosity of L2−10keV ∼1035−36 erg s−1, the total SNR
number is estimated to be 400–15000. If the SNR is a
major contributor, M101 should contain many young and
middle-aged SNRs, which may require a high supernova
rate.

The origin of the strong iron line is inconclusive. Fur-
ther studies are required.

The authors are grateful to all members of the Suzaku
team.
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Güdel et al. 1999, ApJ, 511, 405
Jenkins, L. P., et al. 2004, MNRAS, 349, 404
Jenkins, L. P., et al. 2005, MNRAS, 357, 401
Kaneda, H., et al. 1997, ApJ, 491, 638
Koyama, K., et al. 1986, PASJ, 38, 121
Kuntz, K. D., & Snowden, S. L. 2010, ApJS, 188, 46
Kushino, A., et al. 2002, PASJ, 54, 327
Morrison, R., & McCammon, D. 1983, ApJ, 270, 119
Rogel, A. B., et al. 2008, ApJ, 675, 373
Saha, A., et al. 2006, ApJS, 165, 108
Warwick, R. S., et al. 2007, MNRAS, 376, 1611
Yamauchi, S., & Koyama, K. 1993, ApJ, 404, 620
Yamauchi, S., et al. 2009, PASJ, 61, S225

- 421 -




