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Auroral Kilometric Radiation (AKR) is the most intense radio emission from the Earth. It is generated by precipitating
energetic electrons along auroral field lines by electron cyclotron resonance. Its intensity correlates with the field-aligned cur-
rent density, while its frequency is related to the source altitude through the local electron cyclotron frequency. Consequently,
AKR provides a valuable diagnostic of both the auroral electron precipitations and their acceleration altitude. The objective
of this study is to investigate these statistical characteristics, including their dependence on solar activity.

We performed a long-term statistical analysis of AKR, covering nearly three decades (September 1992 — June 2022) using
the Plasma Wave Instrument (PWI) onboard the Geotail satellite. This dataset enables us to investigate AKR occurrence and
characteristics over 3 solar cycles.

Since Solar type-III bursts also overlap the AKR frequency range (from several 10s kHz up to 500 - 600 kHz), their auto-
matic removal is essential for robust statistics. In previous studies by the Wind spacecraft, a method using 3-second standard
deviations of the spin-axis antenna (Waters et al., 2021) and its extension with the criteria combining frequency and temporal
continuity (Fogg et al., 2022).

We modified those methods and applied the long-term dataset of high-quality measurements from the Geotail Plasma Wave
Instrument (PWI) Sweep Frequency Analyzer (SFA), covering nearly 30 years from September 1992 to June 2022. Compared
with Wind, Geotail needs two major challenges. (1) It lacks a spin-axis antenna, so the angle between the antenna and the
radio wave direction varies with the spin (period: ~3 second), producing artificial spin modulations which Wind spin-antenna
data does not have. (2) The SFA Band-5 (100 — 800 kHz), the most suitable for AKR, requires 8 seconds for one frequency
sweep, so it limits the ability to get short-term fluctuations used in Wind. In order to overcome these issues, we identified
AKR with following three criteria: (A) Larger time variability: To mitigate spin-induced fluctuations, we deleted the spin
modulation by averaging a longer averaging window (168 s: three 8-s cycles and 8 spin periods), and picked up AKR with a
threshold based on the standard deviation of time variations (e.g., 4.65 X 10~3 W/m?/Hz). (B) Larger frequency variability:
Since AKR shows stronger frequency fluctuations than solar type-III bursts, we set an additional threshold on the standard
deviation across frequency (e.g., 2.65 X 1073 W/m?/Hz, 32 channels, 175 kHz). © Larger temporal continuity: To exclude
short-lived type-III bursts, we require events to satisfy a wide frequency wave (e.g., 30 channels, 160 kHz) with the continuity
of 528 seconds (allowing short gaps of up to 168 seconds). By combining these criteria, contamination from solar type-III
bursts was substantially reduced.

Next, we applied a distance correction (normalized to 30 Re, assuming an r* decay) and start the investigation how the
factors controlling AKR appearance and strength are affected with solar activity. The analysis covers the full 30-year Geotail
mission period (1992 — 2022). We started the solar maximum (2000 and 2014) and the solar minimum (1996 and 2009),
to examine correlations with the solar cycle. Our preliminary analysis yields the following results. (1) AKR occurrence
frequency (time fraction of AKRs above a threshold intensity) tends to increase during periods of low solar activity. (2) AKR
intensity (frequency-integrated power) does not show a simple or strong correlation with solar activity.

Solar activity can affect AKR through ionospheric conductivity and magnetospheric activity. For examples, it is known
that the appearance, strength, and frequency range of AKR show diurnal and seasonal variations associated with the angle of
the magnetic axis relative to the Sun (Morioka et al., 2013). These variations are thought to arise from changes in ionospheric
conductivity and the configuration of the magnetosphere, and clarifying their relationship with solar activity may provide
further insights into these processes. Moreover, frequency variations in AKR could shed light on the dependence of auroral
electron acceleration altitudes—linked to magnetosphere — ionosphere coupling— on.

Our analysis will address the dependence of AKR intensity and occurrence frequency in (i) the entire frequency range
(78.125 — 625 kHz), (ii) the high-altitude region (low-frequency range, < 200 kHz), and (iii) the low-altitude region (high-
frequency band around 500 kHz), with the following three factors: (A) Geomagnetic indices: AKR intensity and occurrence
can correlate with AE, Kp, and Dst, and their respective influences will be examined separately. (B) Local time dependence:
Since AKR is more observed on the nightside, so the local time effect will be distinguished. © Magnetic latitude dependence:
AKR is emitted above both polar region and is more readily observed at high latitudes (MLAT| = 20° ). Near the magnetic
equator, propagation shadow can also occur near the Earth.



In this presentation, we will report on these initial results.
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