Probing atomic physics in partially ionized matter at extreme densities
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The ionization balance plays a crucial role when modeling matter at extreme pressures. In
dense matter, the bound states, and accordingly the ionization balance, are modified by the
interaction with the surrounding medium. In particular, the influence of neighboring ions and
screening due to continuum electrons results in reduced binding strength, which can be modeled
by introducing effective (lower) ionization energies.
At the National Ignition Facility, we have compressed plastic (CH) and beryllium capsules to
electron densities up to 1025 cm-3, reaching pressures in the Gbar regime while the temperature
remains on the order or below the Fermi temperature. Spectrally resolved X-ray scattering in
combination with X-ray radiography measurements allows for directly accessing electron-ion
correlations while at the same time constraining density and temperature. We find the electronic
structure to be strongly affected by the extreme density and infer an ionization that is significantly
larger than predicted by the Stewart-Pyatt interpolation between the Debye and ion sphere limits.
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Figure 1: Target design of the experimental platform to perform spectrally resolved X-ray scattering
on the National Ignition Facility and raw data of collected spectra. The elastic scattering is a direct
measurement of the electron-ion correlations while the inelastic scattering allows for constraining
density and temperature.

