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Precise knowledge of ionization is required to accurately model compressibility, heat capacity, and the equation of state of
materials at extreme conditions. This requires a good understanding of ionization potential depression in dense plasmas,
which is an area of vigorous scientiﬁc debate, motivated by experiments that have found higher ionization than predicted
by widely used theoretical models.[1,2] NIF enables near-degenerate plasmas to be probed at unprecedented densities and
pressures. We have developed an experimental platform for x-ray Thomson scattering (XRTS) at NIF to characterize the
plasma conditions in ICF capsule implosions near stagnation.[3,4] The electron density and temperature can be inferred
from the inelastic Doppler-broadened Compton scattering signal. The ratio of elastic to inelastic scattering is a measure of
ionization level.
I will present XRTS results from Be, carbon, and CH capsule implosions that reached mass densities up to 50 g/cm3 , accessing near- degenerate plasmas where the electron density exceeds 1e+25 cm−3 , the Fermi energy approaches 200 eV, and
the pressure exceeds 1 Gbar. These experiments ﬁnd higher ionization than predicted by widely-used ionization models,
and we see evidence for pressure ionization of the Be K-shell. At mass densities greater than 20 g/cm3 , the results show
an additional reduction of elastic scattering associated with the delocalization of bound K-shell electrons, which eventually
leads to a fully ionized plasma at suﬃciently high densities, and aﬀects the compressibility of matter, which can be measured
by radiography.[5]
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[3] T. Döppner et al., J. Phys. Conf. Ser. 500, 192019 (2014).
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[5] T. Döppner, Phys. Rev. Lett. 121, 025001 (2018).
1 This

work was performed under the auspices of the US Department of Energy by Lawrence Livermore National Laboratory
under Contract DE-AC52-07NA27344 and supported by Laboratory Directed Research and Development (LDRD) Grant No.
18-ERD-033.

