Vortex beams: from photons to magnons
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ABSTRACT

Over recent years remarkable advances were made in the fabrication and control of
spatially and temporally modulated beams of photons, electrons and neutrons [1] that
were used for a variety of purposes ranging from particles trapping and charge and spin
current generations to applications in quantum information. Of particular interest for us
are vortex beam which carry orbital angular momentum with an amount related to the
topological charge of the vortex. Such beams are routinely produced in a wide range of
frequencies, intensities, and duration [1]. When traversing a sample, vortex beams can
transfer their orbital angular momentum to charge, and for spin-orbit coupled systems
also to spin [2,3]. This contribution presents how vortices interact with semiconductor
nanostructures with Rashba spin orbit coupling generating, on an ultrafast time scale a
unidirectional charge and spin currents. Ultrafast non-linear photon-vortex-induced
photogalvanic effects and spin Hall currents will be discussed. Further interesting
aspects to be addressed in the talk are related to the interaction with magnons and the

formation of topological magnon beams and their propagation properties.

References

[1] D.L.Andrews, Structured light and its applications: An introduction to phase-
structured beams and nanoscale optical forces (Academic Press, 2011);

M. Uchida, and A. Tonomura, Generation of electron beams carrying orbital angular
momentum. Nature 464, 737-739 (2010);

J. Verbeeck, H. Tian, and P. Schattschneider, P. Production and application of electron
vortex beams. Nature 467, 301-304 (2010);

C. W. Clark, R. Barankov, M. G. Huber, M. Arif, D. G. Cory, and D. A. Pushin Controlling
Neutron Orbital Angular Momentum, Nature 525, 504 (2015).

[2] ]. Wétzel, Y. Pavlyukh, A. Schéffer and J. Berakdar, Optical vortex driven charge current
loop and optomagnetism in fullerenes Carbon 99, 439-443 (2016); ]. Watzel, and J.
Berakdar, Centrifugal photovoltaic and photogalvanic effects driven by structured light
Scientific Reports 6, 21475 (2016).

[3] M. Ingolt, V.K. Dugaev, ]. Berakdar, E. Ya. Sherman, and ]. Barnas, Charge and spin
currents in graphene generated by tailored light with orbital angular momentum
Applied Physics Letters 112, 231102 (2018).



