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As quantum entities, electrons are subject to the principles of quantum complementarity and can
therefore be described as either particles or waves, but not both simultaneously. Such a formalism
applies to both bound and free electrons. In the case of the latter, the formulation of free electron
waves can be made completely analogous to that of light beams which has resulted in the devel-
opment of so-called electron beam shaping. The uncanny similarities between both entities has
resulted in the application of many optical techniques in the field of free electron physics.

Among these techniques are those pertaining to the orbital angular momentum (OAM) of light.
Methods that are used to both generate OAM-carrying light and measure a light beam’s OAM
content are now successfully being applied to free electrons. However, since electrons consist of
charged objects, then unlike light beams, the orbital motion attributed to OAM-carrying electrons
additionally provides them with magnetic properties giving them the ability to interact with elec-
tromagnetic fields. Methods related to the generation, detection, and application of OAM-carrying
electrons therefore benefit from a much wider range than those of their optical counterpart.

FIG. 1. Schematics for (a) the implementation of an electron OAM spectrometer or “sorter”, (b) nondestructively measuring an
electron’s OAM, and (c) generating OAM-carrying electron beams via spin-to-orbit coupling.

Here, we will discuss the development of recent techniques used to characterize OAM-carrying
electron beams that both rely on the analogous wavelike properties of electrons and their distinct
magnetic nature. More specifically, we will present the implementation of a device that effectively
acts as an OAM spectrometer [1] along with a proposal aiming to use an electron’s magnetic field
to nondestructively measure its OAM value [2]. Finally, we will describe how OAM-carrying elec-
trons can be generated via spin-to-orbit coupling through the interaction with an external magnetic
field and how a similar technique can be employed for spin-polarizing an electron beam [3].
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