Understand 4f covalency by ab initio calculated RIXS plane
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ABSTRACT 
We present a combined experimental and theoretical investigation of covalency in cerium dioxide (CeO2) using resonant inelastic X-ray scattering (RIXS). Within the Restricted Active Space (RAS) framework, together with our recently developed convolution approach, the full RIXS planes with polarization can be reconstructed fully ab initio. This enables a direct and detailed interpretation of the spectral features.

Our calculations show that the characteristic two-manifold peak structure comes from the synergy between metal-oxygen covalency and the core-hole effect. These same mechanisms also naturally generate an additional feature in the valence-to-core (vtc) RIXS region. Importantly, this feature exhibits a strong angular dependence, providing a sensitive probe of the symmetry and orbital character of the involved states. In conclusion, the topic will provide a deeper connection to the theoretical concepts of covalency, local symmetry, and scattering tensors.

As an outlook, we will also present a many-body quantum model for X-ray spectroscopy to address why cerium dioxide represents such a particular case. This model further allows us to explore whether similar signatures may be expected in other lanthanide compounds, and under what conditions such behavior can be observed experimentally.
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