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Development of the fundamental algorithms towards solving the sign problem and
its application to various physical systems
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Towards solving the sign problem, we proposed the "Worldvolume Hybrid

Monte Carlo (HMC) method"™ (Fukuma and Matsumoto) as an improved version of the "tempered
Lefschetz-Thimble method" (Fukuma and Umeda). This is considered to be one of the most promising
solutions due to its versatility and the reliability of the results. We applied it to various
lattice field theories, and by actively utilizing iterative methods for linear inverse problems, we
succeeded in significantly reducing the computational cost for local field theories. Furthermore, we
have extended the Worldvolume HMC method to the case where the configuration space is a group
manifold, completing the preparation for applying the method to lattice gauge theory.

We have also proposed a new tensor network method for lattice gauge theory by using the "random
sampling of a group manifold"”, and demonstrated its effectiveness.
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