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Electron correlations in atoms and molecules, although energetically not at all negligible, pose the most severe difficulty in describing accurately atomic or molecular shells. When trying to describe them the classical Coulomb repulsion as well as quantum mechanical effects like Pauli repulsion plays a significant role. In the first part of the talk examples will be given where electron correlations lead to dramatic changes in fluorescence spectra recorded after photoionization processes in atoms as compared to what would be expected if there are no correlations. These changes will be explained by model calculations, demonstrating that only due to joint experimental and theoretical efforts such difficult problems may be approximately solved. 

Interference and entanglement phenomena are at the very heart of quantum mechanics. Although known for a long time they are still hard to imagine for particles with finite mass. In the second part of the talk the consequences and unequivocal signatures of such interference phenomena of electrons in inner-shell excited molecules and in molecular hydrogen will be discussed.

