Topological magnon band structure of emergent Landau levels in a skyrmion lattice
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When magnons propagate across a non-collinear magnetic texture, they collect a Berry phase that can be interpreted as the flux of a synthetic orbital magnetic field. This Berry flux is related to the topological skyrmion density of the magnetic texture. For a topologically non-trivial skyrmion configuration, the magnon thus experiences a synthetic Lorentz force that bends the quasi-classical trajectories of the magnons. For a skyrmion lattice, the average synthetic field is finite such that the magnons are confined to cyclotron orbits of the corresponding magnon Landau levels. This is reflected in a magnon band structure with finite Chern numbers. Here, we report on a collaboration between experiment and theory that explored this topologically non-trivial magnon band structure by means of inelastic neutron scattering experiments on the cubic chiral magnet MnSi [1]. For this material, the spacing of the emergent Landau levels can be estimated to be 10 μeV on average. The resolution of such a small energy scale poses a challenge to state-of-the-art neutron spectroscopy, and, for this reason, three distinct scattering methods were applied: time-of-flight, polarized triple-axis, and neutron spin-echo spectroscopy. The combined data is quantitatively compared to theoretical predictions of the spin structure factor taking into account the resolution of the various instruments. We find excellent agreement of the whole data set with distinct contributions of transversal and longitudinal spin fluctuations. It is found that the emergent Landau levels exhibit a parabolic superstructure that is also apparent in the spectral weight distribution. We attribute this observation to a spatial variation of the local synthetic field whose standard deviation exceeds its average by a factor of five [2]. This gives rise to spatial regions of positive and negative synthetic fields such that the systems in fact resembles more a Chern insulator than a Hall insulator. This leads to run-away orbits of the quasi-classical magnon dynamics that are at the origin of the parabolic superstructure of the Landau levels. 
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