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Callisto, the outermost Galilean moon of Jupiter, remains one of the most enigmatic large bodies in
the Solar System. Although spacecraft flybys have revealed a geologically ancient and relatively
inert surface, its internal structure is still poorly constrained (e.g., [1]). Determining whether
Callisto harbors a subsurface ocean or has experienced differentiation is crucial to understanding its
formation and thermal and geological evolution. We present a radio science experiment concept for
a lander mission to Callisto, designed to measure its rotation, tidal response, and ephemeris with
high precision in order to infer its internal structure and dynamical state.

The proposed experiment uses two-way Doppler tracking between the lander and Earth-based
antennas, employing a Ka- or X-band coherent transponder (e.g., LaRa [2]). By collecting coherent
Doppler data over multiple orbital periods of Callisto, we aim to detect tidal deformations
(characterized by the Love number h2), forced longitudinal librations, and the orientation of
Callisto’s spin axis. We perform an end-to-end simulation to quantify the experiment’s sensitivity to
these key geodetic observables, which are directly linked to the presence and thickness of a
subsurface liquid layer and to the degree of differentiation of the interior. The estimated precision in
rotation and tidal parameters is then propagated to interior structure parameters (such as the
thickness and density of internal layers) and compared against theoretical models, including
undifferentiated, partially differentiated, and ocean-bearing structures.

In addition, we evaluate the potential of lander-based radiometric data to refine Callisto’s
ephemeris, providing improved constraints on tidal dissipation processes within the Jovian system
and enabling long-term tests of gravitational theories. Accurate knowledge of the migration rate of
Callisto could also shed light on the origin of Jupiter’s obliquity of 3.12 degree [3].

This study demonstrates that a single lander, equipped with a well-designed radio science
experiment, can deliver essential constraints on Callisto’s deep interior, offering a valuable
geophysical complement to orbital and flyby investigations.
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