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Results from a 2024-2025 Observation campaign of Jupiter's radiation
belts using radio telescopes and in-situ data
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Since its discovery in the late 1950s, Jupiter's radiation belt (JRB) has continuously presented surprising
features and dynamical behaviors, yet to be understood from observational and theoretical studies. The
objective of the present paper is to discuss our efforts regarding our understanding of JRB from improved
empirical and physical models. The radiation-belt electrons are controlled by various physical processes,
and these processes are energy-dependent. To constrain the energy spectrum and transport process of
the relativistic electrons in the Jovian radiation belt, ground-based observations of Jovian Synchrotron
Radiation (JSR) were carried out during close approaches of Jupiter by the Juno spacecraft (NASA).

On one hand, Jupiter's synchrotron radiation is emitted by relativistic electrons trapped in the radiation
belt. The characteristic frequencies of JSR range from tens of megahertz to several gigahertz. This range
corresponds to relativistic electrons with energies ranging from a few megaelectron volts to several tens of
megaelectron volts. Consequently, multi-frequency observations of JSR are essential to constrain the
energy spectrum of the radiation belt electrons. Previous spectral observations suggested that the
spectrum hardening could be due to Coulomb scattering and/or energy loss by dust, although other
mechanisms have been argued since. JSR observations are regarded as the most effective method to
study remotely Jupiter's radiation belt.

On the other hand, Juno has been collecting in-situ and remote-sensing observations of the inner Jovian
radiation belt for nearly 10 years. Juno is a NASA polar orbiter around Jupiter since Aug. 2016. During
close approaches (or PeriJoves (PJ)), Juno passes through the inner belt region, thereby providing unique
opportunities to carry out complementary Juno's in-situ measurements for several hours. Results from the
first science orbit in 2016 showed that the electron fluxes derived from penetrating radiation are an order
of magnitude lower than those derived from empirical and physics-based models. Given the above
situation, we have performed a multi-frequency observation of JSR during certain Juno's PJs in 2024 and
2025. An analysis of the similarities and differences between in-situ measurement, remote sensing, and
computational models is essential for understanding the physical processes occurring within Jupiter's
inner electron belt.

The coordinated ground-based observations were made during PJ 65 (2024/9/20), 66 (2024/10/22),
and 69 (2025/1/28). We observed Jupiter with the GMRT at 1000-1400 MHz (band-5) during PJ 65, at
125-250 MHz (band-2) and 550-900 MHz (band-4) during PJ 66. The additional observation with GMRT
band-4 was made for PJ 69. We also observed Jupiter with Usuda 64m telescope at 3GHz during PJ 66.
The litate Planetary Radio Telescope conducted observations at 325 MHz for PJ 66 and 69. Yamaguchi 32
m telescope completed our observations at 6.86 GHz and 8.45 GHz during PJ 69. Additional
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ground-based observations were carried out with NenuFAR (10-85 MHz), MeerKAT (1750-3500 MHz),
and the VLA (200-500 MHz and 1-2 GHz) as part of an international multi-frequency multi-interferometric
campaign.

The GMRT data were calibrated using the SPAM pipeline, which corrects terrestrial ionospheric effects.
The initial result of band-4 data for PJ 66 shows that the resulting band-4 wideband image is the best data
product ever obtained from GMRT observations dating back from 2003. We can identify high-latitude
emission regions as well as the equatorial spots. The reduced band 2 data for PJ 66, which clearly display
the dawn and dusk equatorial spots, provide angular resolutions comparable to LOFAR observations at
the HBA band. We will show an overview of these observation settings and present the initial results of the
GMRT and single-dish data analysis, as well as our strategy to combine ground-based, remote sensing,
and in-situ data to achieve our scientific objectives.
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