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Electromagnetic ion cyclotron (EMIC) waves are low-frequency, circularly polarized electromagnetic waves excited by
anisotropic ion distributions. These waves exhibit frequency characteristics based on each ion’s cyclotron frequency, while
their frequencies and polarizations depend on the density of each ion species. Thus, if the wave is sufficiently strong and
the signal-to-noise (S/N) ratio is high, it is potentially possible to estimate the ion composition of the surrounding plasma.
A key phenomenon for this plasma diagnostic is mode conversion, where the wave polarization switches between R-mode
(right-hand polarized) and L-mode (left-hand polarized). The boundary frequency of this conversion, known as the crossover
frequency, contains crucial information on the ambient ion composition. Particle instruments onboard satellites often struggle
to detect low-energy ions below 10-20 eV. Therefore, investigating EMIC waves enables the inference of ion species and their
compositions, providing insights into magnetospheric dynamics.

Previous observations by the Akebono satellite and Radiation Belt Storm Probes (RBSP) have identified EMIC waves asso-
ciated with various ion species, as well as mode conversion events that are useful for estimating ion composition [Matsuda et
al., 2015; Miyoshi et al. 2019]. However, only one mode conversion event has been reported by the Arase satellite [Miyoshi
etal., 2019, Fig.2], and ion compositions have not been extensively discussed. The inference of ion compositions from EMIC
wave observations in planetary magnetospheres can also be applied to BepiColombo (arriving at Mercury in November 2026),
Juno (having conducted close flybys at the Galilean satellites) [Satoh et al., in preparation], and JUICE (orbiting Jupiter from
2031), and the application to these missions has to be prepared.

This study aims to investigate EMIC waves more comprehensively using magnetic field data from the Arase satellite and
determine the distribution and dynamics of cold ion compositions from the topside ionosphere to the plasmasphere. We focus
particularly on low altitudes, where He™ and O™ are expected to be more abundant. We primarily use 1,024 Hz waveform
data from Wave Form Capture (WFC) [Matsuda et al., 2018] (EMIC-Burst data: obtained intermittently from 2017 to October
2018, during periods when the triaxial magnetic field waveform data from the search coil were available) on PWE, and also
the ambient magnetic field data from Magnetic Field Experiment (MGF) [Matsuoka et al., 2018] onboard the Arase satellite,
which can observe EMIC waves at frequencies above several tens of Hz with high frequency resolution in regions including
the topside ionosphere.

We first searched for “EMIC waves with sufficient S/N and broad frequency coverage over HT, He™, O™ cyclotron fre-
quencies” in WFC EMIC-burst data. We then selected events near perigee (R<2.5Re) that exhibited sufficient intensity and
mode conversion, allowing for the derivation of ion composition. For these events, we applied analysis methods previously
used for Akebono and RBSP to estimate ion composition. Specifically, we performed polarization analysis with the singular
value decomposition (SVD) method [Santolik et al., 2003] and identified the EMIC waves based on their polarization prop-
erties: polarization ellipticity, wave normal angle (WNA), which indicates the propagation direction, and planarity. Finally,
we derived ion compositions by identifying cutoff and crossover frequencies, which provide information on the ambient ion
population.

From March 2017 to October 2018, we identified approximately 100 EMIC mode conversion events, predominantly con-
centrated on the dayside (08-14 MLT). The derived ion composition ratios from these events confirm that the relative abun-
dance of HT decreases, while that of He™ increases, with decreasing altitude. This result is consistent with the International
Reference Ionosphere (IRI) model and previous studies [Miyoshi et al. 2019], thereby indicating that ion compositions can
be reliably inferred from Arase EMIC wave observations. As of August 2025, we are actively refining our analysis methods
to obtain more precise ion composition ratios. Furthermore, we are attempting to extend our analysis period to after Novem-
ber 2018. We have already confirmed that, even with the constraint of a missing triaxial magnetic field component in the
EMIC-burst data from this period, cutoff and crossover frequencies can still be identified from wave intensity and polariza-
tion information. We also plan to consider the use of data from the Hisaki space telescope to cross-validate our results, as it
can be used to estimate exospheric neutral H, He, and O populations during the same period.
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