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In this work we present a method for analyzing the quantized orbital angular momentum (OAM) of a 
free electron vortex beam [1, 2, 3] (Figure 2) using a holographic diffraction grating similar to that 
previously described by our group [4]. We use this nanoscale grating to imprint additional OAM onto 
an incident beam, as shown in Figure 3. When using a vortex beam with OAM incident upon this 
grating, the OAM of a diffracted electron beam is the sum of the input beam's OAM and the OAM 
imparted by the grating. However, we find that the total intensity in each diffraction order is 
unaffected by the OAM in the incident beam, which has consequences for previous interpretations of 
results from gratings used as mode analyzers [3]. 

This work was conducted using an FEI Titan TEM operating with at 300kV. The electron beam was 
passed through a 50 m diffraction grating with a single fork dislocation placed in the TEM's 
second condenser aperture. The resulting first order diffracted from this grating with an imprinted 
OAM with a magnitude of 1 was then used to solely illuminate a similarly constructed 5 m
diffraction grating located in the TEM's sample holder. The diffraction from the sample plane grating 
was then recorded on the TEM's CCD camera. 

Figure 1 illustrates addition of OAM to the incident vortex beam. In both images we have used a 
nanofabricated holographic grating with a single fork dislocation. The quantized unit of OAM added 
or subtracted in each diffraction order of the holographic grating was made to be the same as the 
incident electron vortex beam's OAM, namely 1 . We have varied the relative chirality of the input 
vortex beam with respect to the fork dislocation such that the diffraction beams have opposite phase 
singularities in nonzero orders. As shown in Figure 1A, the OAM added to the +1 diffraction order 
on the right has canceled the incident vortex beam's OAM and the resulting beam has no OAM. In 
contrast the OAM added to the -1 diffraction order on the left has increased the magnitude of the 
beams OAM to 2 . This pattern of adding (subtracting) OAM on the left (right) continues for the 
higher order diffracted beams. Figure 1B shows the opposite behavior of Figure 1A in that the higher 
order diffraction beams to the right (left) add (subtract) OAM from the incident beam which now has 
an opposite chirality. 

Analysis of our findings [Table 1] show the intensities of the first order diffracted beams are 
unaffected by the incident beams OAM. Table 1 shows the ratio of the integrated density of the +1 
order diffraction to the -1 order for the opposite OAM input vortex beams remain within measured 
error of each other. Furthermore, we measured no differences in these ratios greater than 0.4%. As 
such these findings are not congruent with the analysis presented by Verbeek et al [3].
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