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We present the methodology employed in, and the first results obtained with, the new
computational toolkit XCRYSTAL. XCRYSTAL describes the electronic states present in a
nonisothermal transient warm-dense-matter (WDM) state created during the first 10–
100 fs after the irradiation of a solid sample with an intense femtosecond x-ray pulse. It
utilizes a hybrid basis consisting of plane waves and localized core orbitals for high
computational efficiency. The core orbitals in the basis are allowed to respond to the
presence of plasma electrons through an interwoven inner-shell–outer-shell
optimization scheme employed in XCRYSTAL. We compare our result for the K-shell
threshold energy of solid-density aluminum at WDM conditions with experiment, and
obtain values for the orbital20
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specific ionization potential
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FIG. 7. Band structure of the first 30 delocalized energy bands of aluminum at temperatures T
= 25, 50, 75, and 100 eV, along the path Γ-X-W-L-Γ-K-W-U-X, calculated with xcrystal. The
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black line denotes the constant potential V0 . The colors are there to aid in grouping together those
bands that separate from the rest for higher temperatures. The energies on the y axis are given in

