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Abstract
Here I study the “plasma interactions with icy bodies in the solar system”, that is, my quest to understand the
fundamental processes that govern such interactions. By using numerical modelling combined with in situ
observations, one can infer the internal structure of icy bodies and their plasma environments.
After a broad overview of the laws governing space plasmas a more detailed part follows. This contains the
method on how to model the interaction between space plasmas and icy bodies. Numerical modelling of
space plasmas is applied to the icy bodies Callisto (a satellite of Jupiter), the dwarf planet Ceres (located in
the asteroid main belt) and the comet 67P/Churyumov-Gerasimenko.
The time-varying magnetic field of Jupiter induces currents inside the electrically conducting moon Callisto.
These create magnetic field perturbations thought to be related to conducting subsurface oceans. The flow of
plasma in the vicinity of Callisto is greatly affected by these magnetic field perturbations. By using a hybrid
plasma solver, the interaction has been modelled when including magnetic induction and agrees well with
magnetometer data from flybys (C3 and C9) made by the Galileo spacecraft. The magnetic field configuration
allows an inflow of ions onto Callisto’s surface in the central wake. Plasma that hits the surface knocks away
matter (sputtering) and creates Callisto’s tenuous atmosphere.
A long term study of solar wind protons as seen by the Rosetta spacecraft was conducted as the comet
67P/Churyumov-Gerasimenko approached the Sun. Here, extreme ultraviolet radiation from the Sun ionizes
the neutral water of the comet’s coma. Newly produced water ions get picked up by the solar wind flow,
and forces the solar wind protons to deflect due to conservation of momentum. This effect of mass-loading
increases steadily as the comet draws closer to the Sun. The solar wind is deflected, but does not lose much
energy. Hybrid modelling of the solar wind interaction with the coma agrees with the observations; the force
acting to deflect the bulk of the solar wind plasma is greater than the force acting to slow it down.
Ceres can have high outgassing of water vapour, according to observations by the Herschel Space Observatory
in 2012 and 2013. There, two regions were identified as sources of water vapour. As Ceres rotates, so will the
source regions. The plasma interaction close to Ceres depends greatly on the source location of water vapour,
whereas far from Ceres it does not. On a global scale, Ceres has a comet-like interaction with the solar wind,
where the solar wind is perturbed far downstream of Ceres.
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