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Abstract

We systematically analyzed the soft X-ray diffuse background (SXDB) in 145 Suzaku/XIS observations
from 2005 to 2012. In this process, we revealed significant increasing tendency of the OI fluorescent line,
especially after 2011. Since the OI line emission originates from solar X-rays, this increase suggests that
the flux of incident solar X-rays at the OI fluorescence energy tend to be larger than that in the early
phase of Suzaku observations (2005 – 2010). By spectral analysis of the SXDB, we also found hot plasma
components of temperature kT = 0.6 – 1.1 keV in 18 fields out of 145, in addition to 0.2 – 0.3 keV component
observed in all fields. Their origin and physical parameters, such as size are open questions. Assuming
that they associate with our Galaxy, they possibly play a role in matter and energy transportation between
our Galaxy and intergalactic space.
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1. Introduction

The soft X-ray diffuse background (SXDB) can be found
over the whole sky. It is considered to originate from the
solar wind charge exchange (SWCX) in the interplane-
tary space, hot plasma in the local hot bubble (LHB),
hot plasma in the Galactic halo and unresolved extra-
galactic point sources (cosmic X-ray background: CXB).
McCammon et al. (2002) showed that the OVII Kα line
emission (∼ 0.57 keV, triplet) dominates the SXDB be-
low 1 keV. Yoshino et al. (2009) analyzed 14 blank fields
with the Suzaku/XIS and suggested that this line arises
from the heliospheric SWCX+LHB and the Galactic halo
of kT ∼ 0.2 keV.
In order to make a closer investigation of the SXDB,

we analyzed 145 observations with the Suzaku/XIS from
2005 to 2012. In this paper, we report on an increasing
tendency of the OI fluorescent line intensity with time,
especially after 2011 (Sekiya et al. 2014) and hot plasma
components of kT = 0.6 – 1.1 keV in 18 fields out of 145,
found during the analysis.

2. Observations

For the study of the SXDB, the Suzaku/XIS is best
suited because of their low and stable non X-ray back-
ground and better energy response than those of CCDs
onboard XMM-Newton or Chandra. We used cleaned
event files of the back-illuminated XIS (XIS1) which has
larger effective area than the sum of the front-illuminated
XIS below 1 keV. We selected observations which are
apart from the Galactic disk, local structures such as su-

pernova remnants and other X-ray diffuse sources (e.g.
Loop I, Cygnus loop). In total, 145 observations were
selected (Fig. 1). For all the data sets, X-ray point
sources and extragalactic X-ray sources (flux in 0.5 –
2.0 keV band > 10−14 erg cm−2 s−1) were excluded. In
order to reduce high energy particles background, the re-
flection of the Earth albedo and effects of the geocoronal
SWCX, we conducted careful data reduction (see details
in Sekiya et al. 2014).
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Fig. 1. The 145 Suzaku observation fields (blue circles & red stars)
plotted on the all sky map centered at anti-galactic center. 18
red stars indicate fields where the hot plasma components of kT
= 0.6 – 1.1 keV are found.

3. Analysis and Results

We performed spectral analysis for all the Suzaku/XIS
observations, according to the method shown in Sekiya
et al. (2014) in detail. Most SXDB spectra were well
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represented by a model of “SWCX + LHB + Galac-
tic absorption × (Galactic halo + CXB)”. In some spec-
tra, however, excess emissions whose origins could be
the OI fluorescent line or the hot plasma components
appeared below ∼ 1 keV.

3.1. OI fluorescent line after 2011

Fig. 2. XIS1 spectra of “LOCK 365”. The OI fluorescent line can
be seen although DYE ELV > 20◦.

In some spectral fit results, especially after 2011, resid-
uals remained on the low energy side of the OVII line.
As an example, spectrum of “LOCK 365” (Obs. ID:
806077010; Obs. date: 2011 Dec. 2 – 5; Sekiya et al.
2014) is presented in Fig. 2 (left). As shown in Fig. 2
(right), when we added a Gaussian line at the OI Kα line
energy (0.525 keV), the spectrum was better represented
by the model and the goodness of the fit improved. The
OI line is created by fluorescence of solar X-rays with
neutral oxygen in the Earth’s atmosphere. It was pre-
scriptively thought to be removable by discarding time
periods when the telescope is looking at the bright Earth
or its atmosphere (e.g. the elevation angle from bright
Earth limb: DYE ELV > 20◦). However, it became de-
tectable in the Suzaku/XIS observations of the SXDB
after 2011 although DYE ELV > 20◦.

3.2. Hot plasma components of kT = 0.6 – 1.1 keV

In the SXDB spectra in 18 fields out of 145, we found
strong emission of Fe L complex and Ne K lines. The
spectral fits required hot plasma components of kT =
0.6 – 1.1 keV. As an example, spectrum of “FJ2” (Obs.
ID: 806004010, Obs. date: 2011 May 18 – 20; Mitsuishi
et al. 2014) is shown in Fig. 3. The general information
of hot plasma components are described as follows.

• Blob-like distribution over the whole sky.

• Apparent size > 0.3◦ (XIS FOV), < 10◦ (Fig. 1).

Fig. 3. XIS1 spectrum of “FJ2”. A hot plasma component of kT ∼ 1
keV can be seen, in addition to a kT ∼ 0.2 keV component.

• Actual size (or distance from us) are unknown.

• Emission measure ∼ 1014 cm−5 sr−1 (with an as-
sumption of the metal abundance = 1 Solar).

4. Discussion

The OI fluorescent line increased as significantly as de-
tectable in Suzaku/XIS observations of the SXDB after
2011. This increase suggests that the flux of incident so-
lar X-rays at the OI fluorescence energy tend to be larger
than that in the early phase of Suzaku observations.
The hot plasma components of kT = 0.6 – 1.1 keV

were found in 18 fields out of 145 over the whole sky,
in addition to kT ∼ 0.2 keV components observed in
all fields. Their origin and physical parameters (such as
size) are open questions. As their luminosity < 1038 erg
s−1, however, their actual size are restricted to < 10 kpc.
Assuming that they associate with our Galaxy, possible
origins of them are supernovae or intergalactic medium
infall. In either origin, they possibly play a role in matter
and energy transportation between our Galaxy and the
intergalactic space.
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