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The intriguing, yet enigmatic properties of strongly correlated materials like high TC 
superconductivity, collossal magnetoresistance and multiferroicity result from symmetry 
breaking interactions that go along with anisotropies in charge, orbital and spin degrees of 
freedom. Thus, the key to a fundamental understanding of these phenomena can be 
obtained by sensitively probing these anisotropies. Combining the orbital selectivity of 
resonant x-rays with high-purity polarization analysis one arrives at a new type of 
spectroscopy that allows one to probe the relevant electronic degrees of freedom of 
correlated electron materials with unprecedented sensitivity. 
Using crossed linear polarizers with an extinction ratio of up to 10-10 [1], tiny optical rotations 
caused by electronic anisotropies in correlated materials can be detected with an outstanding 
signal-to-noise ratio (Fig 1a). By tuning the x-ray energy to quadrupolar transitions near the 
K-edge of the constituent transition metals, the relevant d-orbitals can be selectively probed. 
This approach allows one to tackle central open questions in the physics of correlated 
materials that could contribute, for example, to reveal the origin of high TC superconductivity 
by probing the anisotropy and occupancy of the Cu 3d orbitals in the cuprates. 
 

 
Fig. 1: (a) Static anisotropies lead to optical rotation upon transmission through the sample. (b) Dynamic 

anisotropies like precessional excitations lead to a the twist of the linear polarization upon propagation 
 

Moreover, the method allows spectral information about precessional magnetic excitations to 
be encoded in the polarization precession of the scattered x-ray photons (Fig 1b). Since such 
an encoding scheme is bandwidth independent, similar to neutron spin echo, extreme 
spectral resolution can be achieved with energetically broad x-ray beams, enabling us to 
probe magnetic excitations that were inaccessible for x-rays so far. Ultimately, this technique 
could facilitate to capture the spectrum of ultrafast electronic and magnetic nonequilibrium 
dynamics with single pulses from an x-ray free-electron laser. 
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