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Time variations in the atmosphere of Titan caused by its orbital motion
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The atmosphere of Saturn’s moon Titan has a layered structure (troposphere, stratosphere, mesosphere, and thermosphere)
similar to that of the Earth’s atmosphere, and is composed mainly of nitrogen and methane. The methane concentration
is 5% in the troposphere and about 1% in the upper atmosphere, and the other components are mostly nitrogen. Titan
orbits Saturn with a period of about 16 days and passes through the plasma sheet in Saturn’s magnetosphere. The Cassini
spacecraft observed the heating of the thermosphere by energetic particles in the plasma sheet (e.g., Westlake et al., 2011).
High-energy particles in Saturn’s magnetosphere ionize nitrogen and methane, producing tholins that form the haze layer
of the upper atmosphere (Sagan et al., 1984). Therefore, as Titan passes through the plasma sheet, variations in methane
concentration and the optical thickness of the haze layer can be expected. Conventional observations avoid the methane
absorption wavelengths, and the variation of methane concentration due to orbital motion remains unresolved. Observations
of the haze layer by ground-based telescopes (Nichols-Fleming et al., 2021) report that the opacity of the haze layer fluctuates
by 5 - 10% in a few weeks. However, no analysis of temporal variation in the haze layer has focused on orbital motion, and
it is unclear whether there is any variation caused by orbital motion.

In this study, we conducted multi-wavelength imaging observations including methane absorption wavelengths (727 and
889 nm) from 2021 to 2024 using the Multispectral Imager (MSI) on the Pilika Telescope owned by Hokkaido University.
Spectral analysis was performed based on aperture photometry to determine the reflectance of the methane absorption lines.
The relationship between the reflectance and Titan’s orbital motion was investigated. The reflectance was compared with
an atmospheric radiative transfer model to quantify the methane concentration and the optical thickness of the haze layer.
Data from the Huygens probe (Niemann et al., 2010; Tomasko et al., 2007) and HITRAN (Kochanov et al., 2016) were
used as input to the atmospheric radiative transfer model and the optical properties of the tholins. The analysis suggests
that reflectance at methane absorption wavelengths is related to orbital motion and tends to be smaller at the perihelion and
larger at the aphelion. Three hypotheses were considered as possible reasons for this: energetic particle flux from Saturn’s
magnetosphere, solar flux, and variations in the height of the Haze layer. In this presentation, we discuss the validity of the
hypotheses based on the quantitative evaluation of temporal variations in methane absorption and the optical thickness of the
haze layer.
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