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I will present recent works that show how increased spectral resolution in EELS and cathodoluminescence,
as well as novel experimental designs, allows for the electron microscope to catch up with optical
techniques — and maybe even surpass them.

Indeed, several years have passed since the new generation of monochromators have demonstrated sub-
10 meV zero-loss peak FWHM [1]. As a reduction of the zero-loss peak FWHM conducts to both an
increased energy resolution and an access to the low energy (far infra-red) part of the optical range, these
monochromators have triggered an intense effort to reach the atomic scale vibrational mapping, only very
recently achieved [2]. Beyond these remarkable achievements, less attention has been devoted to the
interest of those monochromators to get new information on the optical properties of nanomaterials.

I will therefore first present results on the optical response of surface phonon polaritons in the mid to far-
infrared range. Indeed, we have successfully performed the reconstruction of their vectorial
electromagnetic local density of states in three dimensions [3] (see Figure 1). This reconstruction was
based on a novel eigenmode-based analysis of tomographic spectral imaging series of MgO cubes [4]. I’11

then turn to the combined measurement of EELS and cathodoluminescence of WS2 monolayers in the
visible range. Although combined EELS and cathodoluminescence have proved to be possible and full of
insights for plasmons [5], the required spectral resolution to resolve optically relevant features in novel
materials such as TMDs monolayers could not be reached. | will show how close we are now to optical
experiments, and what new knowledge the tens of nanometer spatial resolution brings us [6].

Finally, I will introduce new theoretical developments taking fully into account the quantum nature of the
incoming and outgoing waves as used in an EELS experiment. In particular, by drawing a formal analogy
with optical polarization (see Figure 2), | will show how the quantum nature of the electron can be used
to tackle the measurement of optical activity at the nanometer scale [7].
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Figure 1. Three-dimensional reconstruction of the surface phonon EMLDOS of a MgO cube for the three
main modes (adapted from [4])
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Figure 2. Comparison between the Poincaré sphere (optical polarization) and the Bloch sphere (Hermitte-
and Laguerre-Gauss functions, adapted from [7])

References

1. L. Krivanek, N. Dellby, J. A. Hachtel, J. C. Idrobo, M. T. Hotz, B. Plotkin-Swing, N. J. Bacon, A. L.
Bleloch, G. J. Corbin, M. V. Hoffman, C. E. Meyer, and T. C. Lovejoy, Ultramicroscopy 203, 60 (2019).
2. S. Hage, G. Radtke, D. M. Kepaptsoglou, M. Lazzeri, and Q. M. Ramasse, Science 367, 1124 (2020).
3. J. Lagos, A. Trugler, U. Hohenester, and P. E. Batson, Nature 543, 529 (2017).

4. Lietal., arXiv:2011.10825, accepted in Science (2021)

https://doi.org/10.1017/51431927621005420 Published online by Cambridge University Press


https://doi.org/10.1017/S1431927621005420

1468 Microsc. Microanal. 27 (Suppl 1), 2021

5. Losquin, L. F. Zagonel, V. Myroshnychenko, B. Rodriguez-Gonzélez, M. Tencé, L. Scarabelli, J.
Forstner, L. M. Liz-Marzéan, F. J. Garcia De Abajo, O. Stéphan, and M. Kociak, Nano Lett. 15, 1229
(2015).

6. Bonnet et al. arXiv:2102.06140 (2021)

7. Lourengo-Martins et al., arXiv:2006.06284, accepted in Nature Physics (2021)

1. L. Krivanek, N. Dellby, J. A. Hachtel, J. C. Idrobo, M. T. Hotz, B. Plotkin-Swing, N. J. Bacon, A. L.
Bleloch, G. J. Corbin, M. V. Hoffman, C. E. Meyer, and T. C. Lovejoy, Ultramicroscopy 203, 60 (2019).
2. S. Hage, G. Radtke, D. M. Kepaptsoglou, M. Lazzeri, and Q. M. Ramasse, Science 367, 1124 (2020).
3.J. Lagos, A. Trlgler, U. Hohenester, and P. E. Batson, Nature 543, 529 (2017).

4. Lietal., arXiv:2011.10825 (2020)

5. Losquin, L. F. Zagonel, V. Myroshnychenko, B. Rodriguez-Gonzélez, M. Tencé, L. Scarabelli, J.
Forstner, L. M. Liz-Marzéan, F. J. Garcia De Abajo, O. Stéphan, and M. Kociak, Nano Lett. 15, 1229
(2015).

6. Bonnet et al. in preparation (2021)

7. Lourengo-Martins et al., arXiv:2006.06284, accepted in Nature Physics (2021)

https://doi.org/10.1017/51431927621005420 Published online by Cambridge University Press


https://doi.org/10.1017/S1431927621005420



