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Various appearances of whistler-mode waves observed near the Moon in the solar wind
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Narrowband whistler-mode waves whose frequencies close to 1 Hz have been observed near the Moon [Farrell et al., 1996;
Nakagawa et al., 2003; Halekas et al., 2006; Tsugawa et al., 2011]. Broadband whistler-mode waves in the frequencies up to
about 10 Hz with no preferred polarity have also been observed near the Moon [Halekas et al., 2008; Nakagawa et al., 2011,
Tsugawa et al., 2012]. In addition, the lunar magnetometer (LMAG) aboard Kaguya detected right-hand polarized broadband
waves, which is relatively weak and appears in the frequency range of several Hz. Since the angle between the wave vector and
the sunward direction is large, the waves are not significantly Doppler shifted, indicating that they are whistler-mode waves. We
also reveal the existence of harmonic waves whose fundamental waves appear in the frequencies near 1-2 Hz. The fundamental
waves resemble the narrowband whistler-mode waves.

We construct criteria to select these waves and perform statistical analyses. Based on the statistical properties, we suggest
possible scenarios of the generation and propagation of the four types of waves around the Moon. Whistler-mode waves in the
frequency near the lower hybrid frequency generated through the reflection of ions by the Moon would be observed as (1) the
narrowband waves in the spacecraft frame when the group velocity vector points to the sunward and is cancelled by the solar
wind velocity, as (2) the broadband waves in the interaction region with various wave components, as (3) the right-hand polarized
broadband waves when the wave vector points perpendicular to the sunward, and as (4) the harmonic waves in the same condition
with NR with a large compressional component enough to be steepened.
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