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Abstract

We review observational studies of solar wind charge
exchange emission occurring in the Earth’s
magnetosphere with the Japanese X-ray astronomy
satellite Suzaku. We also show how future Japanese
missions offer the capability of characterizing the
solar wind interaction with the magnetosphere using
this soft X-ray emission.

1. Introduction

Soft X-ray studies of the solar system have revealed
that the Solar Wind Charge eXchange (SWCX)
process occurs in planetary atmospheres, comets, and
interplanetary space [1]. The SWCX emission
associated with the Earth’s magnetosphere was
discovered unexpectedly as strong and variable soft
X-ray background. The solar wind ions interact with
neutrals in the Earth’s magnetosphere. The ion strips
an electron(s) from the atom and releases X-ray or
UV photon(s) as the electrons relax into the ground
state. Since the motion of the solar wind ions is
influenced by the Earth’s magnetic field, this soft X-
ray emission will offer a new tool for characterizing
dynamic plasma structures in the Earth’s
magnetosphere (e.g., [2]).

To date, the X-ray studies of the SWCX emission
associated with the Earth’s magnetosphere have been
conducted with Earth-orbiting X-ray astronomy
satellites (ROSAT, Chandra, XMM-Newton, and
Suzaku) (e.g., [3-4]). In this paper, we review X-ray
observations of this emission with Suzaku.

2. Suzaku Observations

Suzaku is the 5™ Japanese X-ray astronomy satellite
launched in 2005 [5]. The instrumental background
of X-ray CCDs onboard Suzaku is lowest among all
CCDs in currently available X-ray observatories. The

Furthermore, near Earth region can be observed with
Suzaku in Low Earth orbit, while constraints on
Earth limb avoidance angle of other X-ray astronomy
satellites in elliptical orbit limits the observable
region. Suzaku is thus ideal for observing the diffuse
SWCX X-ray emission in the Earth’s magnetosphere.

Soon after the launch in 2005, X-ray enhancements
due to the SWCX emission in the Earth’s
magnetosphere have been detected when Suzaku
pointed in the direction of the north ecliptic pole [6]
and also toward the sub-solar side of the
magnetosheath [7]. Figure 1 shows an example of the
X-ray light curve in comparison with the solar wind.
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Figure 1. Suzaku light curve in the OVII line band
(0.5-0.65 keV) compared to WIND solar wind proton
flux, ACE OVIII flux and interplanetary magnetic
field Bz component (from top to bottom) [7].

The line of sight direction of the north ecliptic pole
observation goes through the north magnetic pole
region where the distance to the point where the
magnetic field is open to space can be down to 2-8
Earth radii. On the other hand, the line of sight
direction in the Ilatter case, i.e., toward the
magnetosheath direction, the distance is almost
constant and large ~12 Earth radii. These detections



many places in the Earth’s magnetosphere, although
the observed intensity sometimes exceeds the
empirical model prediction by a factor of ~10.

Motivated by these detections, Ezoe et al. (2011)
established a method to extract the SWCX emission
from the Suzaku data, using the temporal variation of
the X-ray light curve and solar wind obtained at the
L1 point [8]. Applying this method to Suzaku’s 6 yrs
archival data, Ishikawa (2013) has conducted the first
systematic search of the Suzaku data for the SWCX
emission in the Earth’s magnetosphere [9]. Line of
sight directions cover most of the accessible sky,
apart from constraint of the Suzaku’s Sun angle.
From ~2000 data sets, ~40 data show correlations
between the X-ray light curve and solar wind flux.

3. Future Japanese Missions

The X-ray studies of the SWCX emission associated
with the Earth’s magnetosphere are now giving us
deeper insights in the dynamic plasma structures and
neutrals in the Earth’s magnetosphere. However,
short of X-ray observatories with high energy
resolution nor global imaging capability prevent us
from fully utilizing this phenomenon for astrophysics
and also geophysics.

The 6™ Japanese X-ray observatory ASTRO-H [10]
will advance our understanding on the SWCX
emission. It will be launched around 2014 and carries
an X-ray microcalorimeter, which has more than 10
times better energy resolution than X-ray CCDs and
is especially effective for the diffuse objects
including the SWCX emission. This will enable us to
directly study dynamics of solar wind ions and
chemical composition of neutrals.

The advent of a wide field of view X-ray imager will
offer another capability, i.e., global imaging of the
Earth’s magnetosphere. We are proposing such an
instrument, which is originally designed for in-situ
observation of Jupiter [11], for small technology
satellites SDS4 and DESTINY.

Acknowledgements

We gratefully acknowledge the Suzaku team for their
calibration and satellite operation. We also thank the
ISSI team organized for study of the SWCX soft X-
ray imaging in the solar system for useful discussions.

References

[1] Dennerl, K.: Charge Transfer Reactions, Space Sci.
Rev., Vol. 157, pp. 57-91, 2010.

[2] Robertson I.P., et al.: X-ray emission from the
terrestrial magnetosheath including the cusps, J. Geophys.
Res., Vol. 111, A12105, 2006.

[3] Snowden S.L., Collier M.R., Kuntz K.D.: XMM-
Newton Observation of Solar Wind Charge Exchange
Emission, Astrophys. J., Vol. 610, pp. 1182-1190, 2004.

[4] Carter J.A., Sembay S., Read A.M.: Identifying XMM-
Newton observations affected by solar wind charge
exchange - Part II, A&A, Vol. 527, A115, 2011.

[5] Mitsuda K., et al.: The X-ray Observatory Suzaku, Publ.
Astron. Soc. Japan, Vol. 59, pp. 1-7,2007.

[6] Fujimoto R., et al.: Evidence for Solar-Wind Charge-
Exchange X-Ray Emission from the Earth’s
Magnetosheath, Publ. Astron. Soc. Japan, Vol. 59, pp. 133-
140, 2007.

[71 Ezoe Y., et al.: Time Variability of the Geocoronal
Solar-Wind Charge Exchange in the Direction of the
Celestial Equator, Publ. Astron. Soc. Japan, Vol. 62, pp.
981-986, 2010.

[8] Ezoe Y., et al.: Enhancement of Terrestrial Diffuse X-
Ray Emission Associated with Coronal Mass Ejection and
Geomagnetic Storm, Publ. Astron. Soc. Japan, Vol. 63, pp.
691-704, 2011.

[9] Ishikawa K.: Suzaku Study of Solar Wind Charge
Exchange X-Ray Emission from the Earth’s Exosphere, Ph.
D. thesis, Tokyo Metropolitan University, 2013.

[10] Takayashi, T., et al.. The ASTRO-H X-ray
Observatory, Proc. SPIE, Vol. 8443, 84431Z, 2012.

[11] Ezoe Y., et al.: JUXTA: A new probe of X-ray
emission from the Jupiter system, Adv. Space Res., Vol. 51,
pp- 1605-1621, 2013.



