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Advanced electronic structure calculation for
double core photo-ionization spectroscopy

With the development of high-energy and high-intensity X-ray sources, inner-shell
photoionization spectroscopy has greatly expanded, enabling the study of molecular
systems with two core-shell vacancies. This enhances XPS by increasing its
resolving power for chemical shifts, amplifying the relative signal of excited states,
and offering new perspectives due to flexible positioning of the core vacancies.
However, accurately describing double core hole states quantum chemically is
challenging [1,2]. We developed a method using mutually non-orthogonal MO bases
to address relaxation during double core vacancy formation, combined with a
selected configuration interaction (CIPSI) method [1]. This approach faithfully
reproduces experimental spectra [1,3,4] and provides a comprehensive theoretical
framework for studying multi-electronic effects, showing in particular that satellites in
double core hole spectra are signatures of the molecular structure [3].
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