Core-level non-resonant inelastic X-ray scattering (NI1XS):
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We would like to show how wave functions of strongly correlated f and d-electron
materials can be determined to a great detail with core-level non-resonant inelastic x-ray
scattering (NIXS, x-ray Raman). The key issue here is to utilize transitions that go beyond
the dipole limit, in the following called multipole transitions [1-4]. Multipole transitions
can be achieved by carrying out the NIXS experiments at high momentum transfers, e.g. of
the order of |G|~ 10A™.

In the multipole transition limit, the vector ¢ dependence of the scattering function S(q,)
can reveal symmetries that are not accessible by experimental methods that are based on
dipole selection rules. We will show how NIXS can determine the in-plane orientation of
the 4f wave function in tetragonal Ce compounds [5,6] and the crystal-field ground state in
cubic CeBs [7] and SmBs [8], with the latter being considered as the candidate material for
a strongly correlated topological insulator.

Another important aspect of using multipole transitions is that final states with higher
quantum numbers can be reached that are not accessible in a dipole experiment. These high
quantum number states tend to have lower energies, making them more excitonic and less
mixed with the continuum states. The atomic features will thus show up more clearly. We
utilize this effect in our study of U compounds, and we were able to identify the atomic
like wave functions that make up the ground state of the often highly itinerant (and
certainly highly covalent) U systems [9,10].

Finally, we have explored and developed a new experimental method that directly images
the active local wave function in solids. This is achieved by measuring the angular
distribution of the integrated intensity of the s-core-to-valence NIXS. We can directly map
the orbitals when using the dipole forbidden 3s->3d (Mz-edge) transitions in 3d transition
metal compounds [11]. There is no need to do spectroscopic analysis or calculations. This
provides a purely experimental and thus unbiased determination of the orbitals that actively
drive the ground-state properties in many modern day solid state materials.
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