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What we know about Titan’s gravity field after Cassini
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Abstract

Since its arrival at Saturn in 2004, Cassini performed
nine flybys of Titan that were dedicated to the
determination of its gravity field. An accurate
determination of the static and time-variable
components of the field are crucial to constrain the
interior structure of Saturn’s largest moon [1, 2]. The
static gravity field is dominated by the moon’s
hydrostatic response to its rotation and the large tidal
perturbation coming from Saturn. Any deviation of
the J,/Cy, ratio from the hydrostatic value of 10/3
tells us the non-hydrostatic component of the field,
which may be related to internal processes.

The time-variable component of the field is
associated with large eccentricity tides. The
magnitude of the response, controlled by the tidal

Love number k,, depends on the interior composition.

The large value presented in [2] indicates that Titan
is deformable on the timescale of its orbital period.
The conclusion is that an internal global ocean layer
must exist below the moon’s surface.

We present here an updated analysis [3] of the
gravity data acquired by Cassini during the past six
years as well as an update on Titan’s interior
structure. The new solution is based on all the
available data (i.e., nine gravity-dedicated passes and
one high-altitude pass, T110, when Cassini was
tracked on the Low-Gain Antenna). All the previous
results are fully confirmed, but the new gravity
solution provides higher resolution for both the
gravity field coefficients and the tidal response. The
new solution includes higher degree and order
harmonic coefficients (up to 5, see Figure 1) and
offers an improved map of gravity anomalies. The
geoid is poorly correlated with the topography,
implying strong compensation. Our latest solution
can be used as a guideline for planning future

missions to Titan, as well as to understand the
interiors of other icy moons.
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Figure 1: RMS of the fully normalized gravity
coefficients, C,. The values and 1-o uncertainties are
compared to a Kaula’s rule, C=K/I, with K=10".
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