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Development and demonstration of a material structure exploration method based
on data assimilation of first-principles calculations and experiments
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Combining first-principles calculations with data science methods, we have
developed a data-assimilative structure exploration method that enables us to analyze the crystal
structure of materials using measured data. We defined a penalty function based on the difference
between the experimental X-ray powder diffraction data and the powder diffraction data calculated
from the atomic positions, and added this penalty function to the potential energy function
calculated for the atomic positions to obtain a cost function. By searching for the global minimum
of this cost function, we have realized a structure search that takes advantage of both
first-principles calculations, which are good at predicting local structures and properties, and
experiments, which are good at obtaining data in wavenumber space reflecting order.
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