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As symbolized by the Fugaku computer, massively parallel and
exhaustive computation is actively used for solving problems in
materials science in recent years. In fact, computer-aided science has
been providing answers to many problems ranging from the most
fundamental ones, such as critical phenomena in quantum magnets,
superconductors, and superfluids, to the ones with direct industrial
applications, such as semiconductor devices and electrode chemical
reactions in batteries. Due to the recent hardware trends, it is now
crucial to develop a method for breaking up our computational task
and distribute it to many computing units. In order to solve these
problems in an organized way, we, as the major contractor of several
national projects such as Fugaku Computer Project and the DxMT
project, coordinate the use of the computational resources available
to our community, including Fugaku and ISSP supercomputers. In
addition, we also operate the web site, MateriApps, which offers easy
access to various existing codes in materials science, and in order to
develop human resources for the doctoral program, we promote the
Advanced Human Resource Development and Industry-Academia
Matching Program for Computational Materials Science.
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Development of numerical methods for quantum many-body systems
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Data-driven research for strongly correlated electron systems
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Results of the ab initio effective model analysis of B'-X[Pd(dmit)z]> (X represents a cat-
ion). From the ab initio calculations, we obtain the energy difference between the antifer-
romagnetic (AF) and quantum spin liquid (QSL) phases, Ae = EqsL-EaF (shown at wall
surface). We find that the theoretical results well reproduce the experimental phase dia-
gram (shown at bottom surface) including the quantum spin liquid phase at X = EtMe3Sb.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/misawa_group.html

In strongly correlated electron systems in solids, which are typical
examples of quantum many-body systems, many exotic quantum phases,
such as high-temperature superconductivity and quantum spin liquids,
emerge. It is a grand challenge of condensed matter physics to elucidate
a deep understanding of the physics behind these exotic phenomena and
to predict new phenomena and functions based on the understanding. In
our laboratory, we tackle this challenging issue by combining state-of-
the-art theoretical methods with large-scale numerical calculations using
powerful supercomputers. In particular, we have developed an ab initio
method for treating strongly correlated electron systems, which combines
ab initio calculations with highly-accurate methods for solving quantum
lattice models. By using this method, we have studied exotic quantum
phases such as high-temperature superconductivity, quantum spin liquids
and correlated topological phases. Recent examples of our work include
the data analysis of ab initio effective Hamiltonians for iron-based
superconductors and the study of quantum spin liquids in molecular
solids. In addition, we are now conducting data-driven research using the
ab initio method for strongly correlated electron systems.
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Experimental 7¢ (7c%P) vs. predicted 7¢ (7T cp“’dic‘) obtained from the regression model,
which is constructed from the microscopic parameters of ab initio Hamiltonians for iron-
based superconductors. We can see the regression model reproduce the experimental
results well.
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