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Response theory techniques to address X-ray
spectroscopies
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With the installation of the fourth-generation synchrotron facility MAX IV in Sweden and XFEL facilities
around the world, the Knut and Alice Wallenberg Foundation has initiated a concomitant investment in the
development of theory and simulation techniques. The resulting Consortium for Theoretical X-ray Sciences
(CoTXS) initiative builds on the active collaboration and synergy between seven leading theoretical groups in
Sweden with principal investigators P. Norman, I. Abrikosov, R. Lindh, O. Eriksson, L.G.M. Pettersson, Y. Luo,
and H. Ågren.

We will present recent advances in response theory, designed to address molecular systems under electronic
resonance conditions and referred to as the complex polarization propagator (CPP) approach [1]. In the CPP
formulation, electronic relaxation in the core-excited state becomes a matter of electron correlation as illus-
trated in studies employing the hierarchical sets of coupled cluster (CC) and algebraic diagrammatic construc-
tion (ADC) methods. The full propagator formulation of inelastic scattering matrix elements (the Kramer–
Heisenberg–Dirac formula) has been derived in the ADC framework, which provides a response theory treat-
ment of resonant inelastic X-ray scattering (RIXS) spectroscopy [2]. The CPP approach is open-ended for
extensions toward nonlinear X-ray spectroscopies [3], such as e.g. X-ray two-photon absorption (XTPA) [4],
which are of concern in connection with research at X-ray free electron laser (XFEL) facilities.
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