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Development of efficient and accurate methods for first-principles
electronic structure calculations
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Development of the OpenMX software package
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Development of first-principles methods for X-ray spectroscopies
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First-principles calculations of surfaces and two-dimensional structures
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Wannier functions of Si bulk calculated by the closest Wannier function method, almost
keeping the shape of atomic orbitals.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/ozaki_group.html
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With the development of supercomputers and the refinement of
materials science, the importance of first-principles electronic structure
calculations has been increasing. We are engaged in developing a
new computational method and software package, OpenMX, based on
density functional theory, to precisely handle systems close to reality.
Based on the versatile atomic-like basis function method, we have
developed various efficient computational methods, such as the order-N
divide-and-conquer method based on localized natural orbitals, the atom
decomposition method by modified recursive bisection, and the Fast
Fourier Transform parallelization method with minimal communication
volume, enabling simulations that can be directly compared to
experiments. Recently, we have been working on the development of
calculation methods for the absolute binding energy of core electrons, the
closest Wannier function method, machine learning potential methods,
and the development of exchange-correlation functionals, aiming for
further advances in first-principles calculations. We are also engaged
in first-principles simulations of material surfaces and two-dimensional
structures, conducting joint research with experimental groups.
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(a), (b) Bitriangular structure of Ge determined by DFT calculations. (c) Angle-resolved
photoemission spectrum (ARPES) of the bitriangular structure. (d) Unfolded band struc-
ture of the bitriangular structure which well reproduces the ARPES measurement.




