EPSC Abstracts,

Vol. 4, EPSC2009-25®009
European Planetary Science Congress,
© Author(s) 2009

Influence of the internal structure of Europa on the Doppler signal of an orbiter
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Abstract

Europa, the second Galilean satellite starting from Jupiter,

probably has a liquid ocean beneath the icy shell but
the thickness of these layers is poorly known. From
the values of the gravitational coefficients C'yg and Cao
of Europa determined by the Galileo mission, the to-
tal thickness of the ice and water layer is evaluated to
80 — 170 km [1]. However, the thickness of the indi-
vidual ice and water layers could not be determined,
since their densities are similar.

An important goal of the Europa Jupiter System
Mission under study by NASA and ESA is to better
constrain the ice shell and subsurface ocean of Eu-
ropa. Important information on the interior structure
is thought to result from observation of the tides, li-
brations and obliquity of Europa. Here we assess the
possibility to measure those quantities with a Radio
Science instrument, which is part of the scientific core
payload of the Europa orbiter of EJSM.

Together with the static gravity field of Europa,
tides and rotation determine the orbital motion of a
spacecraft around Europa. The quantities we take into
account are Csg, Cy2, the libration amplitude, the obliq
uity, the Love number k5 and its quality factor ). For
their dependence on the internal structure, see e.g. [2],
[3], [4], [5], [6], [7] and [8].

All these quantities induce perturbations (secular,
long term and short period) of the orbital elements of
the orbiter, thereby changing the spacecraft position
and the relative radial velocity between the orbiter and
a terrestrial observer (or Doppler signal). We calculate
these perturbations by integration of Lagrange’s equa-
tions in order to obtain an analytical expression for the
Doppler signal (see [9] for a similar study for Mars).

The effect of each parameter on the Doppler signal
is determined for different initial orbital elements of
the orbiter. To test the measurability, the effects are
compared with the expected accuracy of the Doppler
signal.
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