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In analogy to optical vortices, electron beam carrying quantized orbital angular momentum (OAM)
has been realized both on transmission electron microscope (TEM) [1] and scanning TEM (STEM)
recently, which opened a new path to spin and magnetic structure characterizations at nano or even
atomic scale using energy-loss magnetic chiral dichroism (EMCD)[1-3]. The dynamical elastic
scattering in the conventional atomic resolution STEM imaging[4] or spectrum mapping[5] of a
crystalline specimen on zone axis has been studied in depth, which showed that the image contrast is
strongly dependent on the channeling effect of the beam along atomic columns. As a new form of
electron beam, the dynamical elastic scattering of the vortex beam in crystals is yet to be studied and
understood fully. It is still an open question that how the well-defined OAM of a vortex beam can be
affected by the dynamical elastic scattering during the propagation inside crystals, which could be
important for the quantitative interpretation of EMCD signal. In this paper, we study the dynamical
elastic scattering of the vortex beam in a crystal using multislice simulation and demonstrate the
dependence of the OAM of the propagating vortex beam on the atomic number Z, projected atomic
potential and the sample thickness.

In our multislice simulation[6], a crystal model of non-spinpolarized cubic perovskite BiFeOs;, which
consists of high-, medium- and low-Z elements, is built and viewed along [001] direction. An atomic
scale vortex beam carrying OAM /=+1 is generated with accelerating voltage of 300 kV, convergence
semi-angle of 25 mrad and free of aberrations. Fig. 1 (a)-(c) show the calculated propagation of the
beam intensity inside the crystal when the beam is focused on the entrance surface above the Bi, Fe-O
and O columns, respectively. We can see that the vortex beam focused on Bi or Fe-O columns strongly
channels along the atomic columns and its characteristic doughnut shape and size of the beam is
preserved even up to a thickness of 20 nm, which suggests that the helical phase front of the vortex
beam is kept unchanged. This electron channeling effect can be phenomenologically explained by the
coupling between the incident vortex beam and the 2p bound states of the projected atomic potential [7],
in analogy to the 1s state channeling for the conventional STEM beam [8]. On the O column, however,
as shown in Fig. 1(c), the vortex beam quickly diverges and becomes delocalized. Such unexpected
delocalization can be readily explained by the weak coupling between the probe and the 2p state of
oxygen as oxygen is a low-Z element.

Furthermore, the expected values <J.> of the vortex beam along different atomic columns as a function
of thickness are also calculated. Surprisingly, <J.> is highly Z-dependent as shown in Fig. 2. On the Bi
column, <J> oscillates in the range of 0~13 nm but remains positive up to a thickness of 40nm. On the
Fe-O or O column, however, a reversal of <J.> occurred at a thickness of about 32nm and 27nm,
respectively. This result is beyond our expectation as the <J.> of the vortex beam along atomic column
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of low-Z element will reverse its OAM at a thinner thickness. It should also be noted that the reversal of
<J>> 1is highly unfavorable as it may complicate the interpretation of inelastic scatterings in the
application of EMCD.

In conclusion, the dynamical elastic scattering and OAM of a vortex beam in a crystal are investigated
using multislice simulation method. Our results show that the atomic number Z, projected atomic
potential and the thickness should be taken into careful consideration for quantitative interpretations of
the inelastic scatterings of vortex beams.
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Figure 1. Multislice simulations of the intensity distribution of a vortex beam focused on the entrance
surface above (a) Bi column, (b) Fe-O column and (c) O column, respectively.
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Figure 2. <J> of vortex beam as a function of sample thickness at Bi, Fe-O and O column.
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