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The flux of energetic protons (80 keV-1.04 MeV) near the Galilean moons was measured by the
Energetic Particle Detector (EPD) on the Galileo mission (1995 - 2003). Near Galilean moons (such
as Io and Europa) depletions of the energetic ion flux, of several orders of magnitude, were
observed (see Figure 1).

Such energetic ion depletions can be caused by the precipitation of these particles onto the moon’s
surface or charge exchange with the neutral atmosphere. In addition, a magnetic field gradient can
restrict access of the ions to certain regions, creating a “forbidden region.” To interpret the depletion
features in the EPD data, a Monte Carlo particle tracing code has been developed. The expected flux
of the energetic ions is simulated under different scenarios including those with and without an
atmosphere, plume or inhomogeneous electromagnetic field. By comparing the simulated
distribution to the EPD data, the cause of the depletion features can be investigated.

 

We identify the following causes of energetic proton depletions near Europa:

Depletions are consistent with plumes during the flybys E12 and E26. These plumes coincide with
the source location of Jia et al., 2018 and Arnold et al., 2019.
Depletions are consistent with atmospheric charge exchange during the flyby E26
Depletions coincide with Europa’s Alfvén wing during the flybys E17 and E25A. The Alfvén wings
are two cylindrical regions extending to the north and south of Europa in which the low-energy
plasma and the magnetic field are modified compared to the upstream conditions.

Furthermore, we investigate the effect of varying the atmospheric properties (scale height, density,
presence of a sputtered component) and plume properties (density, location) on the depletions.

 



Figure 1: Normalized flux of H+ (220 to 550 keV) during the Galileo flybys of Europa. Depletions
shown as darker colors.
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