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Electrostatic Cyclotron Harmonic (ECH) waves are a type of plasma wave, which is characterized by a harmonic structure
with a spectral peak between integer multiples of the electron cyclotron frequency. It has been confirmed that ECH waves
are excited under the electromagnetic environment around the Moon formed by the interaction between the Moon and space
plasma, which has no large-scale intrinsic magnetic field and no atmosphere.

In previous studies, ECH waves have been analyzed using data observed by the lunar orbiter KAGUYA, which orbits at an
altitude of about 100 km from the Moon, but research on ECH at even higher altitudes has not progressed.

The purpose of this study is to elucidate the relationship between ECH wave excitation and the plasma environment around
the Moon using data from the ARTEMIS satellite, which orbits the Moon in an elliptical orbit and observes a wider altitude
range than KAGUYA.

First, the region where ECH waves are observed was investigated based on plasma and wave data acquired by the ARTEMIS
satellite during the year 2021. We found that ECH waves are observed at the altitude of the ARTEMIS satellite only when
the moon is located within the magnetosphere.

The observed ECH waves can be classified into three types: those with a spectral peak near the UHR frequency (Type 1),
those with multiple spectral peaks between integer multiples of the cyclotron frequency (Type 2), and those with characteris-
tics of both Type 1 and Type 2 (Type 3).

The regions where the classified ECH waves appeared were examined by focusing on the satellite location relative to the
moon. The type 3 event is most frequently observed on the night side, although it was also observed on the dayside. The type
1 and 2 events are observed on both the lunar dayside and night side, but are less frequently observed compared to the type 3
event.

We also investigated the magnetic connectivity between ARTEMIS and the lunar surface during the onset of ECH waves,
by straight-line extrapolation of the measured magnetic field by ARTEMIS. We confirmed that ARTEMIS is magnetically
connected to the lunar surface in most cases of the ECH wave event. This strongly suggests that the observed ECH waves are
excited through moon-electron interactions.

Since the analysis of ECH waves with the KAGUYA datasets has revealed that the presence or absence of a magnetic
anomaly at the location of the connection of the external magnetic field with the Moon is important for the generation of ECH
waves, we plan to discuss the relationship between ECH excitation and the magnetic anomaly on the Moon in this study as
well.
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