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Research Subjects: Bose-Einstein condensation, fermionic superfluidity, topological phe-
nomena, open quantum systems, information thermodynamics, quantum infor-

mation, measurement theory, machine learning

Member: Masahito Ueda and Masaya Nakagawa

With recent advances in nanoscience, it has become possible to precisely measure and control atoms,
molecules, and photons at the level of a single quantum. We are interested in theoretically studying
emergent quantum many-body problems in such highly controllable systems and developing nanoscale
thermodynamics and statistical physics that lay the foundations of such problems. Our particular focuses in
recent years include many-body physics of ultracold atomic gases and unification of quantum and statistical
physics and information theory. Atomic gases which are cooled down to nearly zero temperature by laser
cooling techniques offer unique opportunities for studying macroscopic quantum phenomena such as a
Bose-Einstein condensation (BEC) in controlled manners. Unprecedented controllability of such gases also
enables us to simulate phenomena analogous to condensed matter and astronomical physics, to investigate
their universal properties, and to explore unknown quantum many-body physics. In our recent works, we
have studied nonunitary dynamics of atomic gases subject to dissipation and/or measurement backaction,
classification of phases of matter in nonequilibrium open systems, and thermalization of isolated quantum
systems. We are also interested in relating fundamental concepts of quantum and statistical physics with
information theory and exploring interdisciplinary fields that unify physics and information. In particular,
we have recently worked on generalizations of the second law of thermodynamics and fluctuation theorems
in light of information flow under measurements and feedback controls. Furthermore, we have recently
tackled an understanding of AI and machine learning from a viewpoint of physics. We list our main
research subjects in F'Y2024 below.

e Quantum many-body phenomena in ultracold atoms, nonequilibrium open systems
- Topology of discrete quantum feedback control [1]
- Exact eigenstates and weak ergodicity breaking in multicomponent Hubbard models [2]

- Yang-Lee zeros in quantum phase transitions and their relation with entanglement transitions [3]

e Unification of quantum physics, statistical mechanics, information theory, and machine learning
- Universal upper bound on work extractable from isolated quantum many-body systems [4]

- Nonequilibrium dynamics in an evolutionary game on a regular graph [5]
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