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The composition of Mars’ core and mantle are still an open question, and the debate has faced renewed interest with the successful launch and deployment of the NASA InSight mission, and more specifically the IPGP-designed SEIS experimental payload allowing seismological exploration of the Red Planet for the first time.
One of the main goals of InSight, within reach in the coming year, is to accurately determine the radius of Mars’ core, which in turn will yield its average density, which can then eventually be turned into a composition, assuming that we know how the density of Fe-alloys varies with composition.

Once core density is known, this measurement will also provide an average density of the Martian mantle which again, ca be translated compositionally (e.g Taylor’s model vs. Yoshizaki’s model).

This exercise is standard on Earth, and we have successfully developed geophysically constrained models (Badro et al. 2014), geochemically constrained models (Siebert et al. 2013), and combined geophys/geochem (Badro et al. 2015) constrained models of the core in recent years. These require (1) the knowledge of thermodynamic properties of the materials, which can be obtained by lab experiments (Siebert et al. 2013, Badro et al. 2015) or atomistic simulations (Badro et al. 2014) ,and (2) the comparison with geophysical and geochemical data.
The object of the PhD thesis is to apply this same logic to Mars’, now that we will soon have the relevant geophysical data to constrain the models.

In order to achieve this, we will need first to understand how the composition of Mars’ core can be inherited from its interaction with the Martian magma ocean (just like on Earth or the Moon), and secondly how that affects its density. Then we will see how that in turn affects the density of the mantle and in turn which compositional models are favoured. Finally with all this in hand, which is already significant, we can try to backtrack thermal properties (such as temperature at the core-mantle boundary).
In order to achieve this, we will:

Carry out a combination of metal-silicate partitioning experiments, just as we did for Earth, but in Martian conditions. This will allow us to (1) test various Martian mantle models and (2) to define a range of possible core compositions based on Martian mantle geochemistry. 
Secondly, we will need to know how the density of the core varies with composition, and for this we will carry out first-principle molecular dynamics simulations using the VASP code, which in the case of Mars are more complicated than in the case of Earth (e.g. Badro et al. 2014) because iron is magnetic at Martian core conditions.
Thirdly, we will use available thermoelastic models to refine the composition of the mantle, testing various existing models, and validating the ones that match the density of the planet, with the new core composition.

For this we seek a motivated candidate that enjoys experimental lab work, but also with a solid physics background for the DFT (i.e. ab initio) calculations.
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