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The Quantum Trajectory Monte Carlo (QTMC) method is 

an innovative computational technique that combines the 

principles of quantum mechanics, specifically through 

Bohmian mechanics for the trajectory analysis of particles, with 

the stochastic nature of Monte Carlo simulations. This synthesis 

allows for a nuanced exploration of electron behavior at atomic 

scales, particularly in the context of secondary electron 

generation and imaging.  

At its core, the QTMC method uses Bohmian trajectories 

to model the elastic scattering and diffraction of electrons 

within a crystalline lattice, a process crucial for understanding 

the interactions that lead to the generation of secondary 

electrons. These quantum trajectories provide a deterministic 

view of electron paths influenced by the quantum potential, 

offering insights into the wave-like behavior of electrons as they navigate through the material.  

Concurrently, the Monte Carlo aspect of the QTMC method introduces a probabilistic treatment of inelastic 

scattering events. This is essential for modeling the complex, stochastic processes that result in energy loss and 

the eventual emission of secondary electrons. By sampling the scattering cross section, the QTMC method can 

accurately simulate the cascade interactions that electrons undergo within a solid.  

The integration of these two approaches allows the QTMC method to achieve a comprehensive and accurate 

simulation of electron dynamics at the nanoscale. This dual nature facilitates the detailed theoretical investigation 

of the generation, scattering, and diffraction of secondary electrons, which are pivotal for achieving atomic 

resolution in secondary electron imaging. The QTMC method's ability to account for both quantum mechanical 
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Figure 1. Quantum trajectory inside crystal. 



and stochastic phenomena makes it a powerful tool for predicting the outcomes of complex electron-matter 

interactions with high precision.  

One of the key applications of the QTMC method, is in the field of Atomic Resolution Secondary Electron 

Imaging (ARSEI). Here, the method's nuanced approach to simulating electron trajectories and interactions 

provides significant insights into the mechanisms that underlie high-resolution imaging techniques. By accurately 

modeling the processes that lead to the emission of secondary electrons, the QTMC method enhances the 

interpretation of ARSEI, enabling the differentiation of atomic species and the precise mapping of atomic 

structures within materials.  

Furthermore, the QTMC method contributes to the advancement of materials science and nanotechnology by 

offering a theoretical framework for understanding and improving atomic resolution imaging methods. Its 

application extends beyond imaging to include the study of material properties at the atomic level, facilitating the 

design and characterization of novel materials with tailored properties.  

In summary, the Quantum Trajectory Monte Carlo method represents a significant leap forward in the 

simulation of quantum and stochastic processes relevant to electron microscopy and imaging. By combining the 

deterministic analysis of electron trajectories with the probabilistic modeling of inelastic scattering events, the 

QTMC method provides a sophisticated tool for exploring the complex interaction between electrons and matter 

at the atomic scale. Its application in the realm of atomic resolution secondary electron imaging exemplifies the 

method's potential to revolutionize our understanding and capabilities in materials science, nanotechnology, and 

beyond. This comprehensive approach to simulation not only enhances the accuracy of theoretical models but also 

paves the way for new discoveries and technological advancements in the field of electron microscopy. 
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