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Abstract: The behaviour of warm dense matter (pressures up to the TPa region and
temperatures up to several eV) is of paramount importance for understanding the interior,
evolution, and magnetic field of solar and extrasolar planets. The lightest elements H and
He are the main components of gas giants like Jupiter, and mixtures of C-N-O-H are
relevant for Neptune-like planets. However, the high-pressure phase diagram of these
elements and mixtures is not well known, e.g., the slope of the corresponding melting lines.
Furthermore, insulator-to-metal transitions and phase separation may occur in warm dense
matter. A detailed knowledge of these high-pressure phenomena is essential for interior,
evolution, and dynamo models, but performing corresponding high-pressure experiments
and ab initio computations is still demanding.

Here we use molecular dynamics simulations based on density functional theory to
calculate equation of state data and transport properties of warm dense matter for a wide
range of densities and temperatures as typical for the interior of giant planets. These data
are then benchmarked against diamond-anvil-cell and shock-wave experiments. Finally, we
predict the corresponding high-pressure phase diagram and consruct interior and evolution
models for solar and extrasolar giant planets.
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