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A Case Study of EMIC Waves Observed During an Injection Event in Jupiter’s
Magnetosphere Based on Juno’s Observation
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Unlike Earth’s magnetosphere, the dynamics of Jupiter’s giant magnetosphere are dominated by the planet’s rapid rotation
and its interaction with heavy ions supplied by moon Io. Plasma waves in this environment are a crucial subject of study
for understanding energy transport and particle acceleration. This research focuses on a case in which Electromagnetic Ion
Cyclotron (EMIC) waves were observed during an injection event in Jupiter’s magnetosphere, where electrons and ions with
a broad energy range from several keV to hundreds of keV are rapidly injected radially inward. The study is based on an
analysis of data from the Juno spacecraft.

One excitation process for plasma waves like EMIC waves is temperature anisotropy in high-energy particles, where their
temperature is predominantly perpendicular to the magnetic field lines. In Jupiter’s magnetosphere, injection events are con-
sidered a primary mechanism for generating this anisotropy. It is thought that injections in the Jovian magnetosphere occur
when high-energy particles are injected into the inner magnetosphere due to phenomena such as interchange instability (Mauk
et al., 1999). Adiabatic heating associated with the inward radial transport during these injection events is expected to create
strong temperature anisotropy in the velocity distribution of the high-energy particles. While recent studies have observed
whistler-mode chorus waves caused by high-energy electrons with injection-induced temperature anisotropy in Jupiter’s mag-
netosphere (Ma et al., 2024), there have been no reports of observational cases showing a clear association between particle
injections and EMIC waves. Investigating whether injection-associated EMIC waves, which are frequently observed in
Earth’s magnetosphere, also occur at Jupiter is important for clarifying the details of particle acceleration processes in the
Jovian magnetosphere and for exploring universal physical laws through comparison with Earth’s magnetosphere.

This study aims to elucidate the details of Jupiter’s magnetospheric dynamics and wave generation, as well as to confirm
the contribution of wave-particle interactions and to make comparisons with Earth. For this purpose, we identified and inves-
tigated a case of the simultaneous occurrence of an injection event and EMIC waves using observational data from the Juno
spacecraft. From observations by the Jovian Auroral Distributions Experiment (JADE) (McComas et al., 2017) around 05:00
UT on May 22, 2022, in the equatorial region at a distance of 15 - 20 Jovian radii (R ;) from the center of Jupiter, signs of
an injection event were confirmed by a sharp increase in the energy flux of electrons and ions in the 0.1 — several tens of keV
range. Meanwhile, concurrent magnetic field observations by the Magnetometer (MAG) (Connerney et al., 2017) revealed
significant magnetic field fluctuations.

A detailed analysis of these magnetic field fluctuations was conducted using Wavelet analysis and polarization analysis
based on the Singular Value Decomposition (SVD) method (Santolik et al., 2003). The results confirmed a wave phenomenon
with an intensity exceeding 102 nT?/Hz lasting for about 5 minutes. This wave exhibited left-hand polarization, quasi-parallel
propagation, and a frequency below the local oxygen ion cyclotron frequency. Based on these wave characteristics, it is con-
sidered that the identified event captured EMIC waves generated in association with an injection event.

While there have been reports of EMIC waves in Jupiter’s magnetosphere, such as those originating from pickup ions from
the moon Io (Cao et al., 2025) and in the outer magnetosphere (90 R ;) (Yuan et al., 2024), the present study is the first report
of EMIC waves associated with an injection event in the inner magnetosphere.
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