Cryogenic electron microscopy (cryo-EM) is an evolving field allowing molecular visu-
alizations with picometer resolutions. Images are acquired by shooting electrons through
molecular samples and detecting the scattered electrons. From such data, 3D shapes of
the molecules can be inversely reconstructed. Currently, describing and simulating the
cryo-EM image formation is based either on naive transmittance models or complicated
wave-function formalisms.

In this thesis, we explore the possibility of simulating cryo-EM image formation via
Monte Carlo electron tracing. We combine a delta-tracking algorithm with an elec-
tron elastic differential cross-section function and Rutherford formulae to derive two
Monte Carlo estimators. The derived models are implemented in a high-performance
C++/CUDA environment and compared with other common models. Our particle-based
simulated images show considerable similarity to the wave-based state-of-the-art multi-
slice model. We also evaluate our models on class averages of real measurements. Both
of our proposed models have significantly higher normalized cross-correlation scores with
the measured class averages when compared to the most commonly used transmittance
model. The thesis proves the viability of a particle-based Monte Carlo simulation of elec-
tron microscope images and provides insight into the processes in cryo-EM. The efficient
GPU implementation and high real data cross-correlation demonstrate the potential of
our models to replace the transmittance model commonly used for molecular structure
reconstructions.



