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The goal of the project is to increase our understanding of the interaction between the
solar wind and planets, and its effect on planetary evolution. The focus is on the interaction
between the solar wind and the unmagnetized planets Mars and Venus. The tool for this is
world leading computer simulations of the interaction between the solar wind and planets,
coupled with analysis of in-situ observations by our ASPERA instruments at Mars and Venus.

Background

During several years we have developed a general simulation software for modeling the inter-
action between the solar wind and Solar System objects.

The development and verification of the simulation software is closely linked to the unique
observations by our instruments measuring ions, electrons and energetic neutral atoms (ENAs)
at Earth, Mars and Venus; and at the Moon, and Mercury in the future. The software is built
on the public available FLASH software from University of Chicago that handles adaptive
grid refinement and parallelization. What we add is the problem specific software to solve
solar wind–planet interaction problems.

We have already added the modules needed for magneto hydrodynamic (MHD) fluid
simulations of the interactions. This was used to study the ENA emissions from comets
(Ekenbäck et al., 2008). We have also improved the particle capabilities of the software for
direct simulation Monte Carlo (DSMC) modeling of collisional planetary exospheres. This
was used to study asymmetries in Mars’ exosphere and the implications for ENA and X-ray
production (Holmström, 2006). Also, we have studied the production of ENAs at extrasolar
planets (Holmström et al., 2008).

Recently we have developed a hybrid solver (ions as particles and electrons as a fluid) based
on the same software. It is a general solver that is applicable to all interactions between the
solar wind and solar system objects. The software is undergoing testing and verification
against published results, e.g., ion beams. The first application will be to model the Mars–
solar wind interaction. Since we already have an exospheric model implemented, we will
couple it to the hybrid solver. This will be the first self–consistently coupled solar wind–Mars
model. With our hybrid model, the fact that the solver is parallel has allowed us to do giga-
particle simulations, i.e. a factor of 100 times more particles than used in the current state
of the art sequential simulations of the Mars–solar wind interaction. Along with a cell size of
35 km, this allows us to not only resolve the ion inertial length for the first time, but also to
resolve the ionosphere and for the first time include it self consistently in a hybrid simulation.

All software will be released with open source code to the scientific community when it is
stable, tested and documented. The software will be used as a general tool in the scientific
investigations related to Swedish experiments on interplanetary space missions. Due to the
scope of the simulations, high performance computing resources are needed, and we run our
simulations at the High Performance Computing Center North (HPC2N).
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PhD Project Description

The student would work in the above described project, in close cooperation with me, on
developing the solar wind–Mars model, possibly also extending it to a solar wind–Venus
model, and compare with our observations at Mars (Lundin et al., 2004; Lundin et al., 2006;
Barabash et al., 2007) and Venus (Barabash et al., 2007).

The exact proportions of model development, numerical experiments, and data analysis
will depend on the student’s interests and skills.

In particular, possible tasks are

• Estimate the ion outflow and compare with observation (Barabash et al., 2007). This is
an essential parameter for estimating the current and past atmospheric loss from Mars
due to solar wind erosion.

• Model the production of energetic neutral atoms (ENAs) near Mars. Current models
are not able to explain all features of observations (Galli et al., 2008).

• Model the soft X-ray emissions from Mars. This is a promising new technique for global
imaging of the near Mars space, and there are unexplained features in the observed
emissions (Dennerl et al., 2006).

References

Barabash, S., et al., Nature, 450, 650–653, 2007.
Barabash, S., et al., Science, 315, 501–503, 2007.
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