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Characterizing the local charge density to determine complex magnetic correlations,
and vice versa
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Crystal electric fields play an essential role in shaping the local electronic density of ions. For ions with strong spin-orbit coupling
such as rare earths, this also results in defining the single-ion magnetic moment properties. Therefore, the study of crystal electric field
levels is a common approach to establish the fundamental building blocks of the magnetic Hamiltonian. Indeed, the moment
anisotropy and the single-ion wavefunction provide crucial information to describe complex magnetic materials such as spin liquids
and multipolar systems [1,2]. In the first part of my presentation, I will illustrate this approach on the frustrated magnet SrDy,Os. This
material exhibits two inequivalent zigzag chains of magnetic ions. The combination of low dimensionality and frustration inhibits long
range order and only short-range magnetic correlations are observed down to 60 mK [3]. Domain walls in the chains decay slowly and
interchain interactions ultimately lead to their freezing, leading to a weakly fluctuating short range order [4]. The understanding of this
complex behaviour could only be achieved from the knowledge of the moment anisotropies, established from the analysis of crystal
field electric levels.

Above, we took advantage of strong spin-orbit coupling to determine magnetic properties by studying electric ones, i.e. the effect of
crystal electric fields. This strong coupling between the electric charge and magnetic moment can also be used in the other direction:
using magnetism to learn more about electric effects beyond the single-ion properties. As spin waves are collective excitations of the
magnetic moments, the local charge densities can also sustain collective modes. Taking again the magnetic insulator SrDy,0O4 as an
example, I will demonstrate that neutron spectroscopy can measure these electric waves and that this observation is facilitated by the
material’s magnetism. Interestingly, our results indicate that electric interactions dominate the magnetic interactions in this case,
although they remain hidden to most measurement techniques. This observation encourages a reassessment of the description of rare-
earth based magnets with unconventional properties.
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