
797 

IM7.P019 
Sorting the orbital angular momentum of a wavefront in a spectrum ± 
towards quantum electron microscopy 

A. H. Tavabi1,2, V. Grillo3,4, F. Venturi5,3, H. Larocque6, R. Balboni7, G. C. Gazzadi5, S. Frabboni5,3 

P. Lu1,2, E. Mafakheri5, F. Bouchard5, R. Dunin-Borkowski1,2, R. Boyd2,6,8, M. P. J. Lavery9 
M. J. Padgett9, E. Karimi6,10 

1Forschungzentrum Jülich, Ernst Ruska-Centre for Microscopy and Spectroscopy with Electrons, Jülich, Germany 
2Forschungszentrum Jülich GmbH, Peter Grünberg Institute, Jülich, Germany 
3CNR-Institute of Nanoscience-S3, Modena, Italy 
4CNR-IMEM Parco Area delle Scienze 37/A, Parma, Italy 
5University of Modena and Reggio Emilia, Department FIM, Modena, Italy 
6University of Ottawa, The Max Planck Centre for Extreme and Quantum Photonics, Department of Physics, Ottawa, Canada 
7CNR-IMM Bologna, Bologna, Italy 
8University of Rochester, Institute of Optics, Rochester, New York, NY, United States of America 
9Glasgow University, School of Physics and Astronomy, Glasgow, United Kingdom 
10Institute for Advanced Studies in Basic Sciences, Department of Physics, Zanjan, Islamic Republic of Iran 

a.tavabi@fz-juelich.de 

Quantum complementarity states that particles exhibit wave-like properties such as diffraction and 
interference upon propagation. Electron waves that are defined by helical wavefronts are referred to as 
twisted electrons and have additional mechanical and magnetic properties that are associated with spin-
to-orbit coupling. 
Here, we introduce an electron-optical setup that can be used to measure the OAM content of an 
electron by using a transformation of an OAM-carrying azimuthal phase variation into transverse phase 
gradients that can be spatially resolved and separated using a lensing element, thereby creating an OAM 
spectrometer. 
We will present different experimental ray paths in an electron microscope, which can be used to 
measure OAM components that are introduced to the wave function of an incident electron as it passes 
through an object (Fig. 1). 
We will show experimental results illustrating the acquisition of OAM spectra (Fig. 2) in an electron 
microscope using holographic apertures (Fig. 1). We will also discuss the use of structured electrostatic 
fields to shape electron waves. 
Our design is, in principle, able to transform the phase information carried by a single transmitted 
electron into intensity information in an OAM spectrum. We will discuss possible applications of this 
approach to the study of magnetic and electronic properties in materials. We will also consider the 
properties of more complex beams, which can be obtained by the superposition of vortex beams of 
different order. 
Finally, we will assess the need for more unconventional electron-optical configurations, in the context of 
maximizing the information that can be recorded by single electron. 
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Figure 1. TEM images and schematic diagram of phase holograms and an electron beams transverse 
intensity profile recorded at different planes in the sorting apparatus. 
 

 
 
Figure 2. Experimentally recorded OAM spectra of different electron beams obtained from the sorters 
output for beams consisting of electrons defined by OAM values of +1,-1 produced using a spiral phase 
plate (left) and using a superposition of ±4 OAM states , produced using a phase mask (right). 
 

 


