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The exchange of orbital angular momentum (OAM) in the interaction between an electron
beam and a sample is determined by the properties of the sample and the beam [1,2].
Studying this interaction could enable a new class of OAM based microscopy techniques if
convenient measurement of OAM exchange would exist. These techniques could then be used
to study in the TEM, among others, the magnetic state of atoms and the transfer of OAM
nanoparticles.
Electron beams possessing intrinsic orbital angular momentum have recently risen to attention
after the prediction and demonstration of electron vortex beams[3-5]. This discovery has led to
the rapid development in the field of singular electron optics [1-7].
In order to employ electron vortices as a probe to study the OAM exchange between a beam
and a sample, methods to manipulate or measure the OAM of the beams are fundamentally
important. While several methods have been designed to produce vortex beams, there has not
been an equal progress in the detection and measurement of intrinsic OAM in the electron
microscope.
Aiming to bridge this gap, we have implemented several diffraction based OAM measurement
methods: using a forked grating hologram, a triangular geometrical aperture, a knife-edge and
an astigmatic phase plate. Fig.1 shows an overview of the experimental results of the different
methods when different incoming vortex beams are used as input.
In particular the triangular aperture and the astigmatic phase allow to recognize high order
vortex beams easily , but they require to record and analyze a full 2D diffraction pattern.
Intentional astigmatic aberration is easier to implement but the OAM is revealed by observing
the beam waist rather than the far field pattern which may be a disadvantage in scanned
electron probe setups.
On the other hand the hologram and the knife-edge are only appropriate for the measurement
of lower values of OAM, but they allow the measurement to be reduced to a simple electron
counting process which makes them ideally suited for automated OAM measurement [7].
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Fig. 1: (a) Schematic representation of the experiment, depending on the OAM of the input beam and type of aperture
used different patterns are produced. Experimental data are show for (b) forked hologram, (c) triangular aperture (d)
knife-edge (e) astigmatic aberration.
 


