Internship in Ptychography

Thermo Fisher Scientific, Eindhoven.
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In ptychography a concentrated (electron) beam is
scanned over the sample and for each position a
diffraction pattern is recorded. From this collection the
electrostatic potential of the sample can be retrieved. In
this way atomic resolution is routinely achieved; lately
even in 3D.

In this project a derivative based approach is followed. An
error metric is defined that quantifies the difference
between the measurements and simulated diffraction S
patterns. With the aid of state-of-the-art Probe positions
autodifferentiation packages the error metric is minimized as a function of the sample’s electrostatic
potential, which provides the main result. Furthermore, also microscope parameters like beam position
or beam shape can be optimized for; these are called “nuisance” parameters. Finally, a regularization of
the solution is possible, for example the €:-norm of the potential is a natural choice as at atomic
resolution most pixels in the solution are zero.
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Figure 1: Results from M. Schloz et al. Optics Express 28(19) 28306 (2020). Left: MoS; at atomic resolution; middle: nominal and
fitted beam positions (note the scaling and rotation); right: fitted probe intensity.

In this project we concentrate on three-dimensional reconstructions at atomic resolution; making the
estimation of the “nuisance” parameters more reliable and reproducible; and on validation of our
results through experiments and simulations.

We are looking for students that are familiar with wave/Fourier optics or are eager to learn; have an
interest in physics/mathematics and enjoy signal and data processing; and are familiar with python,
autodifferentiation and GPU computing. In your role you will evaluate reconstruction results and
different experimental setups, and implement and test various optimization strategies, like for instance
Bayesian optimization.

For (informal) inquiries, please contact wouter.vandenbroek@thermofisher.com or
ronald.vangastel@thermofisher.com Applications should be submitted through the web portal:
https://jobs.thermofisher.com/global/en/job/R-01300300/Intern-Ptychography
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