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Evolution of an electron beam travelling parallel to a
uniformly charged surface
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Abstract. We discuss the behaviour of an electron beam running parallel to the flat surface of
a meeal or dielectric,

Recent scanning transmission electron microscopy (STEM) experiments {[1] suggested the
possibility that an electron beam running externally and parallel io the flat surface of a
metal or a dielectric may strongly be deflected towards that surface, However, theoretical
calculations of the image force [2-6] did not predict such a strong deflection. The possibility
of explaining this deflection as being due to surface charge effects was left as an open
question. '

In this work we discuss the behaviour of an electron beam which moves through the
vacuum parallel (in the y direction) to a uniformly positive-charged surface (defined by the
xy plane). The beam movement along the y axis corresponds to that of a free wave, since
the force felt by the beam only depends on the z distance to the surface. We shall assume
that the incident beam has a cross section with a Gaussian infensity distribution, and that it
cannot penetrate through the material surface (see the inset in figure 1). The Gaussian cross
section of the electron beam is characterized by its mean zy, which represents the distance
from the surface to the centre of the beam, and by its variance o2, which is related to the
width of the beam.

To take into account the interaction of the beam with the charged suiface we approach
the beam wavefunction by a linear combination of the eigensolutions corresponding to an
electron at a generic distance z from the surface:

Uz, 0 = Z ay D, (z) e~ Bt ¢y

where a, are the coefficients of the development and &,(z) are the eigenfunctions of an
electron in a homogeneous electric field [7}:

Da(z) = AilzQ2E) - E(V2/E1. 2)

In the above expression Ai(Z) is the Airy function [8], £ is the electric field due to the surface
charge disiribution and E, are the energy eigenvalues corresponding to each eigenstate, and
are related to the zeros A, of the Airy function through A, = E,(+~/2/£)*?. Note that
atomic units are used throughout this work.

Equation (1) allows us to calculate, after a time ¢, the evolution of the electron
beam cross section while travelling over the charged surface. We have calculated the
a, coefficients in (1) by adjusting [¥(z, ¢ = 0}|* to a Gaussian beam with zp = 35 and
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Figure 1. Intensity profile, represented at three different times, of the electron beam in the
direction {ransversal to the movement. The inset shows the beam wavefunction position with
respect to the surface, (See main text for more details).

o = 10 moving in an electric field £ = 4 x 102, which are the approximate values that can
be derived from Cowley’s experiment [1]. Our results for the evolution of the transverse
profile of a 100keV beam are presented in figure 1 for different times; as can be seen, at
t = 0 we have a well shaped Gaussian beam, which moves towards the surface as time
increases, but losing its Gaussian form and giving rise to oscillations in the proximity of
the surface. These oscillations are larger as the beam becomes closer to the surface and can
be understood as being due to interference effects between the reflected and the deflected
parts of the wave. This quantum mechanical description of the problem will allow us to
follow the evolution of the beam cross section while interacting with the target surface. We
hope this method will be useful to analyse experiments of the type reported by Cowley [1];
a specific application to this case is currently been considered,
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