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Analysis of Interfacial Electron Density Distribution using Nano-Electron Probes
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This study aimed to establish an experimental methodology for analyzing local electron density distributions at

crystalline interfaces using convergent-beam electron diffraction (CBED). The research focused on the 90-degree twin

interface of CaTiOs;. To ensure high-precision data, we optimized sample preparation using low-acceleration Ga-ion

milling at 2 kV. In parallel, first-principles calculations using VASP revealed a critical dependency on grid resolution for

accurate electron density reconstruction, highlighting the extreme computational costs for large-scale interface models.

To address the resulting parameter explosion in structure refinement, we developed a hybrid analysis software

platform. This system integrates high-speed kernels written in C with a Python-based wrapper, enabling the application

of global optimization routines, specifically Particle Swarm Optimization (PSO), Dual Annealing, and Bayesian

Optimization. Furthermore, a deep-learning approach using Convolutional Neural Networks (CNNs) was developed to

extract subtle intensity variations in CBED patterns. While CNN-based estimation showed success in simulations,

bridging the gap with experimental data remains a future challenge.
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Fig. 1: Experimental and calculated CBED patterns
across the CaTiO; twin interface. The middle panel shows
the interface structural model. The upper and lower rows
display a comparison between experimental (top) and
simulated (bottom) patterns. The successful realization of
the superstructure calculation enabled the reproduction of
these complex intensity distributions, establishing the

foundation for future parameter refinement.
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Fig. 2: Schematic illustration of the proposed deep

Tiff B &

learning framework. A large dataset of CBED patterns is
divided into training, validation, and test sets. The input
patterns are processed through a CNN-based feature
extractor, which ultimately predicts the Ti atomic positions

within the BaTiO; layered structure.
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