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Abstract

Solar Wind Charge eXchange (SWCX) occurs in the Earth’s magneotosphere when an ion in solar wind
interacts with a neutral atom in the exosphere. The SWCX is an immediate background for astronomical
observations but can be used for solar terrestrial and upperatmospheric physics. From this view point,
Suzaku data taken from 2005 August to 2011 September were systematically searched for time variable
SWCX events. Among 2031 data sets, 38 data were found to clearly show SWCX signatures. We describe
analysis results and future mission using the SWCX as a new probe to image the Earth’s magnetosphere.
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1. Introduction

In the vicinity of the Earth’s magnetosphere, Solar Wind
Change eXchange (SWCX) occurs between solar ions
and exospheric neutrals (Snowden et al. 1994), as illus-
trated in figure 1. Since the X-ray astronomy satellites
orbit around the Earth, this emission is an immediate
background. It has been expected to be non uniform
and to be high at cusps and magnetosheath (Robertson
et al. 2006). In these regions, both solar wind density
and exospheric density are expected to be high, resulting
in potentially large SWCX flux.

Fig. 1. Schematic of the SWCX emission in the vicinity of the
Earth’s magnetosphere modeled after an illustration taken from
http://chandra.harvard.edu/photo/2003/moon.

2. Suzaku Observations

With low instrumental background among CCDs cur-
rently in orbit, the X-ray Imaging Spectrometer (XIS)
onboard Suzaku has one of the highest sensitivities for
the SWCX emission. In Low Earth Orbit, a line of sight
direction of the XIS can intersect near Earth regions in-
cluding cusps and magnetosheath. Motivated by XIS
detections of SWCX events (Fujimoto et al. 2007, Ezoe
et al. 2010, 2011, Ishikawa et al. 2013), all the archival
data taken from 2005 August to 2011 September were
searched for SWCX events by Ishikawa (2013). In total,
2031 data sets were analyzed.

For each data, we firstly extracted X-ray images in
0.5–0.7 keV and excluded astronomical object(s) in the
field of view. This energy band contains strong oxygen
emission lines (OVII and OVIII) produced by the SWCX
process. We only used back-illuminated chip data be-
cause this chip has higher efficiency than front illumi-
nated chips below 1 keV.

We checked an X-ray light curve taken from regions
outside the astronomical objects. We evaluated its time
variability using χ2 statistics, where the probability of
the constant count rate less than 10% was used as a cri-
terion. We then compared the X-ray light curve with
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Fig. 2. NH map of the SWCX events plotted in solar magnetic coor-
dinate (Ishikawa 2013). An average line of sight direction during
each observation is used.

solar wind proton flux measured by the WIND satellite
and visually inspected time correlation. In the same way
as Ezoe et al. (2011), we defined stable and storm pe-
riods from the light curve and analyzed the differential
spectrum. After these analysis procedures, 38 out of all
the 2031 Suzaku observations were found to show clear
SWCX features. The detection fraction correlated with
the sun spot number, similar to Carter et al. (2011)
who conducted systematic search of the SWCX events
in XMM-Newton archival data.
For the SWCX events, we calculated the SWCX emis-

sivity from the equation (e.g., Ezoe et al. 2011) as below

PSWCX =
1

4π
αPSWNH [ph cm−2 s−1 str−1] (1)

where PSWCX is the observed X-ray OVII flux, α is CX
cross section times line emission probability employed
from Bodewits et al. (2007), PSW is incident solar wind
flux which can be estimated from ACE O7+ data, and NH

is column density of hydrogen atoms in the exosphere.
Figure 2 shows the sky distribution of NH in solar

magnetic coordinate system in which the z axis coin-
cides with the northern geomagnetic dipole axis, the xz
plane contains the Earth-Sun direction, and the y axis
supplements the right hand rule toward to the dusk. No
systematic dependence on the line of sight direction is
seen, which contradicts with a simulation by Robertson
et al. (2006), indicating that the intensity is enhanced in
the Sun side directions such as cusps and magnetosheath.
To study control parameters of the SWCX emissivity,

we classified data based on solar X-ray flux taken with
the GOES satellite. As shown in figure 3, NH tends to
be higher at larger solar flare classes, which may be due
to heating of the Earth’s exosphere leading to a higher
exospheric density, and/or compression of the magne-
tosphere resulting in a shorter distance to the SWCX
source region in the line of sight direction.

Fig. 3. Average N of the SWCX events as a function of solar flare
class (Ishikawa 2013).

Another possible parameter is the spacecraft’s orbital
motion around the Earth. Fujimoto et al. (2007) sug-
gested that the X-ray counting rate may be affected by
the distance to the SWCX source region which can vary
according to the spacecraft’s orbital motion.
In conclusion, we derived the sky distribution of the

SWCX emissivity for the first time with the Low Earth
Orbit X-ray astronomy satellite. Its interpretation, how-
ever, needs careful consideration of the effects of solar
X-ray flux and spacecraft’s motion.

3. Beyond Suzaku

In order to more clearly visualize the SWCX emission in
the Earth’s magnetosphere, we are planning to propose a
new satellite named GEO-X (GEOspace X-ray imager).
The spacecraft will be ∼330 kg including ∼40 kg payload
and will be launched outside the magnetospehre (e.g.,
Earth Moon L1). The payload will be composed of four
wide field of view soft X-ray imager, each of which covers
∼ 4◦× 4◦ in 0.3–2 keV. Initial studies of the spacecraft’s
bus system and the payload are undergoing. We hope to
launch this satellite around the next solar maximum.
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