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EXTENDED ABSTRACT: The quantum trajectory Monte Carlo simulation method is developed to describe 

the interaction between electron beam and crystal in electron microscopy and spectroscopy. Compared with the 

classical Monte Carlo simulation, this novel method combines the Bohmian quantum trajectory method [1], which 

treats electron elastic scattering and diffraction in a crystal, with a Monte Carlo sampling of electron inelastic 

scattering behaviors along quantum trajectory paths. The electron scattering and secondary electron generation 

process in crystals by a focused incident electron beam has been studied in detail with this method, which reveals 

the imaging mechanism of the atomic resolution secondary electron image recently experimentally achieved with 

a scanning transmission electron microscope. In this method, at first the Bohmian quantum trajectories have been 

calculated through a wave function which is derived from a numerical solution of the time-dependent Schrodinger 

equation with a multislice method. Based on the impact parameter 

dependent inner-shell excitation cross section, the Monte Carlo sampling 

of ionization events produced by incident electron trajectories travelling 

along atom columns was achieved for excitation of high energy knock-on 

secondary electrons. Following cascade production, transportation and 

emission processes of true secondary electrons at very low energies is 

traced by a classical Monte Carlo simulation method to generate simulated 

image signals. The highly consistence of the simulated image for a Si (110) 

crystal with the experimental image sucessfully reveals that the inner-shell 

ionization events generated by a high energy electron beam is dominant 

mechanism for atomic resolution of secondary electron image. 
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Fig. 1 The illustration of quantum 

trajectory Monte Carlo method. 
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