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Toward an understanding of material transport in the Jovian moons: Observation

of sodium emissions in the Galilean moons
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When discussing habitability in space, it is important to consider not only an environment that holds liquid water, but also
what kind of materials, especially those containing essential elements for life, are present in that environment. In the solar
system, the existence of subsurface oceans in the interior of the icy moons of the Jovian system (i.e., Europa, Ganymede, and
Callisto) has been suggested, and the importance of investigating the materials that exist in these environments has increased
in recent years. Another unique feature of the Jovian system is the presence of Io. It is known that active volcanic eruptions
of o release large amounts material into space. Whether or not Io-derived materials are continuously transported to other
Jovian satellites is one of the important research subjects of the Jovian system as it directly leads to the discussion of the
possibility that the material transport from Io affects the formation of habitability in Jovian icy moons. In this study, we focus
on sodium, one of the elements essential for life on Earth, among the materials released from Io, and aim to observationally
constrain the presence of material transport processes in the Jovian moons.

In the Jovian moons, sodium is known to be spread in cloud-like distributions (sodium clouds) around Io and Europa, but
no such distribution has been found on Ganymede and Callisto (e.g., Brown, 1997). Leblanc et al. (2005) showed that the
variability of sodium clouds around Europa can be explained to most extent by variations in solar radiation and the Jovian
magnetospheric particle fluxes to Europa. However, it is also suggested the possibility that the sodium clouds around Europa
may be influenced by Io when Io and Europa are in a particular position. To quantitatively verify such a possibility, it is
necessary to understand the spatial and temporal variation of sodium distributions in the Jovian moons with respect to its
positional relationship with other satellites.

We have carried out continuous ground-based observations of sodium in the Jovian moons since 2023. Observations are
made using the high-resolution spectropolarimeter VESPolA (Arasaki et al., 2015), which is attached to the Araki Telescope
(diameter of 1.3 m) at the Koyama Astronomical Observatory of Kyoto Sangyo University. The instrument is capable of
acquiring spectra at 577-780 nm wavelengths at once, and can simultaneously acquire emission lines of potassium at 766.48
and 769.89 nm, in addition to the D-lines of sodium at wavelengths of 588.99 and 589.59 nm. In the 2023 season, data were
obtained for 6 nights (11/28, 12/13, 12/20, 12/28, 01/09, 01/11). As an initial result of the analysis, we are able to detect
significant sodium emission lines at lo, and have confirmed that the intensity of the emission lines varies from day to day.
In this presentation, we will discuss the temporal variation of the observed sodium emission and its correspondence to the
volcanic distribution on Io’s surface, the results of the potassium analysis, and comparison with the observations of other icy
moons.
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