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Super-oscillating beams are characterized by sub-diffraction features. Here we demonstrate the 

generation of electron beam having central spots that are more than two times smaller with respect to the 

diffraction limit. In addition we demonstrate the arbitrary of structuring of this central spot. By adding 

orbital angular momentum to it we obtain a super-oscillating vortex beam having a smaller dark core 

with respect to the regular vortex beam. 

The diffraction limited spot size of a lens was derived back in the 19
th
 century by Abbe and Lord 

Rayleigh. However, spots with much smaller features can be obtained at the focal plane when the lens is 

illuminated by an appropriately structured beam, rather than a plane wave illumination. These beams are 

super-oscillatory [1], i.e. they oscillate locally faster than their highest Fourier component (given by the 

ratio between the lens Numerical Aperture and the wavelength). Whereas this concept is known for many 

years with light beam [2], we have recently extended it to the massive-particle wave function of a free 

electron [3]. We experimentally demonstrated an electron central spot of radius 106 pm, which is already 

at the size of typical atoms and is more than two times smaller than the diffraction limit of the 

experimental setup used.  

In addition, we demonstrated a systematic method to shape the amplitude and phase profile of the 

sub-diffraction spot, for both light waves [4] and matter waves [3]. This extends the available super-

oscillating shapes beyond the simple Gaussian-like sub-diffraction spots that were used so far. In 

particular, the Laguerre-Gauss function was used to structure super-oscillating electron vortex beams. 

The super-oscillating vortex beam carries orbital angular momentum, and is characterized by a doughnut 

shape, with a dark central core. We generated super-oscillating vortex beams with topological charges of 

1 and 3, and in both cases their central dark core was smaller than that of the corresponding diffraction 

limited vortex beams.  

 
Fig. 1: Schematic illustration of the generation of super-oscillating electron wave function. The desired wave 

function is created in the +1 and -1 diffraction orders, see [3] for more details. 
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