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Development of a CubeSat Electron Measurement Technology for Observing
Ducted Wave-Particle Interactions in Low Earth Orbit
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Plasma waves in the Earth’s magnetosphere play a significant role in space environment dynamics by accelerating and
scattering charged particles. For example, whistler-mode chorus waves are generated near the magnetic equator and are
known to cause pitch-angle scattering of energetic electrons. As these waves propagate to higher latitudes, their resonance
energy with electrons increases, leading to the precipitation of quasi-relativistic and relativistic electrons into the atmosphere.
It has been suggested that such waves can be guided by field-aligned density enhancements, or “ducts,” enabling efficient
propagation to higher latitudes without significant scattering. However, direct observational evidence of this process
remains scarce. To test the hypothesis of high-energy electron precipitation driven by ducted waves, we are developing the
Low-Earth Orbit Electron Sensor (LEON) for the IMPACT project. LEON is a compact detector capable of covering a wide
energy range of 10 — 1000 keV with a single instrument, enabling observations from seed electrons before interaction to
quasi-relativistic/relativistic electrons afterward. In-situ measurements of precipitating electrons from low-Earth orbit (500
— 600 km) will provide decisive evidence of wave — particle interactions occurring within ducts. Few detectors can achieve
such wide energy coverage within the 1U CubeSat form factor. LEON employs a hybrid configuration, using an Avalanche
Photodiode (APD) for low energies and a Solid-State Detector (SSD) for high energies. In this presentation, we report on
the performance evaluation of a 1.5-mm thick SSD and noise-mitigation simulations. Laboratory tests with 57Co and 207Bi
sources confirmed that the SSD provides sufficient energy resolution (eg. FWHM = 7.8 keV at 122 keV). Monte Carlo
simulations were also conducted to design aluminum shielding against background from sunlight and protons. The results
demonstrate that, with optimized shielding, LEON can effectively measure electrons from 25 to 1600 keV, covering the
target science range while suppressing proton contamination.
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