Rotation-Driven Icy Galilean Satellite Exospheres.
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Introduction: Voyager first observed the infrared reflectance spectra of the icy Galilean satellites, deducing the presence of abundant water ice [1] leading to
the prediction of sublimated and sputtered H2 O [2] and
O2 [3] exospheres due to the bombardment of Jovian
magnetosphere particles, most pronounced at Europa and
Ganymede. Today, due to FUV oxygen aurorae images
by the Hubble Space Telescope (HST) we have been able
to infer the orbital evolution of the O2 at Europa [4]
and Ganymede [5], highlighting asymmetries between
the sunlit trailing (plasma ram) and the sunlit leading
(plasma wake) hemispheres. Furthermore, when comparing to exosphere general model (EGM) simulations
of the near-surface O2 exosphere, it was found that most
of the O2 column builds near dusk, generating a permanently asymmetric exosphere [6], [7]. This dusk-overdawn asymmetry is fundamentally due to the satellite’s
rotation, resulting in an exospheric oxygen cycle peaking at dusk in the satellite’s reference frame. The cycle is
driven by the changing directions of the incident plasma,
responsible for O2 production with respect to the subsolar and subjovian points throughout the Jovian orbit.
Model: We employ a parallelized 3-D Monte Carlo
routine, the core of the EGM, to simulate Europa and
Ganymede’s exospheres. Our simulation box extends to
∼ 15 satellite radii, in which we track ejected molecules
in the satellite’s rotating reference frame. Molecules are
ejected based on the function distributions for sputtering
or sublimation and are sensitive to the changing albedo
and temperature of the surfaces (Table 1), all of which are
described in detail in [6] & [7]. We calculate the standard
thermodynamic quantities: number density < n >, temperature < T > and velocity < v >. These quantities
are then used to reconstruct the LOS column densities as
calculated in Table 2 along with estimates of timescales
relevant for the exospheres.
Rotation-Driven O2 Exosphere: The O2 peaks towards dusk due to the interplay between rapid production and slow migration of the O2 occurring throughout
the orbit. It turns out the O2 column at a given point in
the Jovian orbit is due to the accumulated O2 flux ejected
previously in the orbit. As an example, Fig. 1 illustrates
this phenomena for Europa’s exosphere from ejection at

Figure 1: Latitude vs West Longitude maps of Europa where
X marks the subsolar point, (L) and (T) are the location of the
longitudinal centers of the leading and trailing hemispheres,
and the orange sphere marks the direction to Jupiter. Top
panel: Ejected sputtering flux in O2 s−1 cm−2 at a phase angle
of 90◦ . Bottom panel: Radial column density in O2 cm−2 at
150◦ . From top-to-bottom: O2 ejecta at Europa’s sunlit trailing
hemisphere builds a column continuously throughout the orbit
and arrives near Europa’s sunlit leading hemisphere.

the sunlit trailing hemisphere which subsequently builds
a large column of O2 at dusk near the leading hemisphere.
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Table 1: Physical Parameters for Europa (E) and
Ganymede (G). Maximum and minimum surface temperatures, T, as calculated by our thermal model using
the trailing and leading albedo values, A, tabulated. as
is the satellite’s semimajor axis in Jovian radii. gs is the
satellite’s gravitational acceleration at the surface, and ve
is the escape velocity pertinent for escaping water products such as H2 .

Figure 2: Orbital Evolution of H2 O at Ganymede where
ψ designates the phase angle: 270 = sunlit trailing hemisphere, and 90 = sunlit leading hemisphere.

Rotation-Driven H2 O Exosphere: Ganymede’s intrinsic magnetic field coupled with the varying subsolar
and ambient plasma flow axes described above, results
in a noticeable orbital evolution of the largely static
H2 O exosphere. In Figure 2 it can be seen that the sunlit
leading hemisphere, phase angle 90, is roughly an order
of magnitude more dense than the sunlit trailing hemisphere, phase angle 270. This is due to the difference
in the access of open field lines to Ganymede’s surface
allowing more incident ions to bombard and thus sputter
H2 O into the atmosphere on the wake side.
This work describes the important effect of rotation on Europa and Ganymede’s exosphere which could
have further implications on the dynamics of neighboring satellites Io and Callisto.
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Table 2: Exospheric parameters for Europa(E) and
Ganymede(G). < N > is the orbit-averaged radial column density as calculated from the number densities and
temperatures from our simulations. τs is the satellite’s
orbital period. The last three timescales are in units of τ
and are estimated solely for O2 . tm is the day-night migration time should the exosphere be migrating from one
hemisphere to another in random-walks λ: td ∼ λ2 tb
where tb is the bounce time for the O2 molecule given no
adsorption to the regolith. tx is the exospheric production
time, estimated roughly as ∼< N > /fO2 where fO2 is
the sputtering flux.
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