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Abstract. Here we report on our study to quantitatively describe the intensities of the valence
band hard x-ray photoemission spectra (HAXPES) of a rare earth element containing 3d
transition metal oxides. Using LaCoO3 as a representative model compound, we compared
the experimental data to the results of ab initio one-step photoemission band structure
calculations as well as to the sum of the partial density of states of the atomic constituents
weighted by their tabulated photoionization cross sections. We discovered that the semicore
La 5p density of states surprisingly contributes in a significant manner to the valence band
spectrum: Although the La 5p partial density of states in the valence band region is negligible
compared to that of the O 2p or the Co 3d, the La 5p cross section in the hard x-ray range is
found to be orders of magnitude larger than that of the other subshells. This explains the long-
standing issue of why the hard x-ray valence band spectra of a rare-earth element containing
materials have line shapes that are very different from those taken at lower photon energies
and why they cannot be described in terms of partial density of states of the subshells usually
considered for the lower photon energy spectra. We infer that the contribution of the rare-
earth 5p must be taken into account and cannot be ignored. [1]
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