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From information theory to novel imaging techniques

Various imaging and scattering techniques rely on the measurement of phase shifts.
Prominent examples include quantitative phase microscopy, holography, X-ray scattering, and
cryo-electron microscopy. We discuss these techniques in terms of Fisher information and
associated Cramer-Rao bounds, enabling us to calculate the achievable measurement
sensitivity for a given technique. These calculations are especially important in electron
microscopy, where electron-induced specimen damage forces us to work at a low dose,
where information per electron becomes a crucial figure of merit. We discuss electron
wavefront shaping as a possible way to reduce damage in electron microscopy and show
experiments that demonstrate wavefront shaping via electron-light interactions. Finally, we
discuss a novel hybrid imaging technique, in which optical near-fields are imaged using a low-
energy electron microscope. The technique avoids electron-specimen interactions altogether
and might provide an alternative for applications that require label and damage-free, imaging
with ~10nm resolution.
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