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Electronic-structure calculations for nonisothermal 
warm dense matter  

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 orbital-
specific ionization potential 
depression of this system. We 
will comment on the applicability 
of the average-atom model in 
this context, and on the effects 
of incorporating the full crystal 
s t ruc tu re as we l l as the 
respons ive core orb i ta ls . 
Furthermore, we will present 
temperature-dependent band 
structure predictions for this 
transient nonisothermal WDM 
system.

Host: Robin Santra – CFEL-DESY Theory Division
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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

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

eV.

WDM system. Allowing for an interwoven optimization between core and valence electrons,

we accurately reproduced the experimental data obtained from the LCLS experiment [18, 19]

on Al plasmas in WDM conditions, in a highly efficient manner. Additionally, our model

allowed for the calculation of band structures at various temperatures, T ∼ 0–100 eV. We

concluded that the incorporation of the full crystal structure had only a minor effect on the

results calculated for comparison with Refs. [18, 19] and argued that the role of optimized

core orbitals is vital in describing these types of systems. In addition, the band structure

of Al was shown to be in good agreement with previous work at zero temperature [80, 81].

The computationally efficient scheme in xcrystal facilitated the calculation of the band

structure to temperatures and densities typical for WDM conditions.

The new tool xcrystal provides not only the calculation of bands and energy levels
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Band structure of Al at WDM conditions


