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Since the introduction of electron vortex beams it has become increasingly clear the possibility to have
an unprecedented control over the electron beams and to produce arbitrary electron beams [1][2][3].
Electron microscopy is basically rediscovering most of the progresses of optics.

In this field, researchers have been using holograms based on liquid crystal technology to produce any
kind of light beam shape. These beams are, for example, at the basis of some of the most interesting
fundamental experiments of quantum mechanics [4].

It is well known that the equations for electron and photons, in paraxial approximation, are formally the
same; however, what really paved the road to holographic electron optics has been the possibility to
nanofabricate patterns on SiN membranes to induce a controlled phase plate [5][6].

For the sake of example we reported in fig 1 some noticeable electron beam shapes like a) Ince-Gauss
and b) Helix Ince Gauss beams. ¢) A beam obtained by the combination of two Laguerre Gaussian
beams with opposite topological charge +/- 3. All these beams are interesting because shape invariant
upon propagation. Finally as an extreme example we demonstrate the possibility to shape the beam as
the CNR institute logo.

By the use of different phase-retrieval methods or measuring the hologram characteristics we were able
to characterize the generated wavefunction and to evaluate the quality of the generated electron beam.
We verified that our results are comparable in terms of quality with optical holograms.

Beyond this basic analogy there are important added values in electron beams since 1) e-beams can
reach atomic scale 2) electron possess charge.

This motivate the use of complex beams and illumination structuring as new tools for material
investigation. As a first example we will show how the new electron optical elements can be used to
increase in different ways the STEM resolution. Fig 2a, for example, shows an holographic spherical
aberration corrector. Fig 2b is the experimental intensity and the calculated intensity and phase ( as hue
color) of a Bessel beam (in this case L=2) that can be also used for tomography and superresolution [3].
Fig 2c is the intensity and vortex phase of a beam with L=200 h that can be used for its very large
magnetic moment to couple with material magnetism. Therefore in this talk the state of the art of beam
structuring and a series of present and future applications will be shown.
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Figure 1. a,b,c) Intensity of different shape invariant beams a) Ince-Gauss b) Helix Ince Gauss c)
Laguerre Gauss ( a combination of states with orbital number=+3) . Additionally we show the ability on
holographic shaping by producing a beam in the shape of the Logo of CNR.

Figure 2. a) Hologram of a Spherical aberration corrector b) Tiled image of the experimental intensity
(left) and calculated intensity/phase (right) for a Bessel beam L=2 c) Experimental image and calculated
phase (after removing tilt effects) for a beam with Orbital angular momentum L=200. The color-scales
in fig b,c are such that brightness is related to wavefunction intensity and hue indicates the phase.
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