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Electron vortex beams have been subject to a great level of interest since their first
demonstration only a few years ago [1]. Much of the interest in the field stems from their
potential to measure magnetic transitions within a sample, at a previously unreachable scale.
While much progress has been made, in producing electron vortices of high purity, high
intensity and atomic scale, research into the required counterpart towards full experimental
application, of orbital angular momentum (OAM) measurement, has not yet matured to its full
potential [2-4].
In the last 12 months, the first methods to measure the OAM make-up of an electron vortex
beam have been demonstrated [5-7]. However, the methods presented thus far, are limited to
only those cases where the input beam is in a single vortex state, and do not allow
measurement of the relative weightings of vortex states in a beam . Indeed, a generic electron
wave can be seen as a superposition of multiple vortex modes and the weight of each of these
modes can in principle be measured.
We introduce here an experimental technique able to measure the relative weightings of 5 or
more OAM modes within an input beam, through the use of a multi-pinhole interferometer
(MPI). This is a technique which has recently been used to measure the strength and location
of optical vortices, but which is easily adaptable to practical implementation in a TEM, placing
an MPI aperture in the SA plane, below the sample.
Experimental results are shown, having measured the OAM spectrum of pure l={-1,0,+1,+2}
centred vortex beams, enabling the first quantitative discussion of their experimental purity.
We further demonstrate the so-called mode broadening effect, by measuring the changes in
OAM composition as a vortex beam is shifted away from the central axis of measurement.
This application of an MPI within a TEM has enabled measurement of an approximate OAM
spectrum in the SA plane. We give experimental evidence alongside theoretical models,
enabling rapid discrimination of different orders of vortex beams even if the electron beam
consists of a superposition of different OAM modes. This capability serves as a promising tool
to measure OAM exchanges in the interaction of electrons with a sample.
[1] Bliokh, KY, et al. PRL 99.19 (2007): 190404
[2] Verbeeck, J., et al. Nature 467.7313 (2010): 301-304
[3] Clark, L., et al. PRL 111.6 (2013): 064801
[4] Béché, A, et al, Nature Physics 10.1 (2014): 26-29
[5] Guzzinati, Giulio, et al. arXiv: 1401.7211 (2014)
[6] Saitoh, K, et al. PRL 111.7 (2013): 074801
[7] Shiloh, Roy, et al. arXiv: 1402.3133 (2014)
 

Acknowledgement: We acknowledge funding from the European Union under the FP7 program:
ERC Starting Grant No. 278510-VORTEX and Integrated Infrastructure Initiative Reference No.
312483-ESTEEM2.



 
Fig. 1: Plot of idealised electron vortex beam – brightness
represents intensity, and hue represents phase
 

 
Fig. 2: A five-pinhole multi-pinhole interferometer, enabling
measurement of OAM modes in the set l={-2:+2}
 

 
Fig. 3: Experimental diffraction pattern from an l=+1
vortex centred on the MPI
 

 
Fig. 4: Autocorrelation function produced from the
experimental diffraction pattern.
 


