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1 Ueda Group

Research Subjects: Bose-Einstein condensation, fermionic superfluidity, topological phe-
nomena, reservoir engineering, information thermodynamics, quantum informa-

tion, measurement theory

Member: Masahito Ueda and Shunsuke Furukawa

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 statis-
tical 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 topological excitations and coarsening dynamics in spinor BECs, non-unitary dynamics
in driven-dissipative systems, Efimov physics and impurity problems under the control of an atomic in-
teraction strength, quantum Hall effect and vortex lattices in synthetic gauge fields, 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 in-
formation. In particular, we have recently worked on generalizations of the second law of thermodynamics
and fluctuation theorems and the formulations of state reduction dynamics and Hamiltonian estimation in
light of information flow under measurements and feedback controls. We list our main research subjects in
FY2018 below.

e Quantum many-body phenomena in ultracold atoms
- Quantum many-body dynamics under measurement backaction [1, 2]
- Variational approach to quantum impurity problems in and out of equilibrium [3, 4]
- Impurity-induced multibody resonances in a Bose gas [5, 6]
- Collective modes of vortex lattices in two-component BECs under synthetic gauge fields [7]

e Quantum information, quantum measurement, and foundation of statistical mechanics
- Classification of topological phases in non-Hermitian systems [8, 9]
- Bulk-edge correspondence in non-Hermitian topological systems [10, 11]

- Topological entanglement-spectrum crossing in quench dynamics [12]
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S. M. Yoshida, Z.-Y. Shi, J. Levinsen, and M. M. Parish, Phys. Rev. A 98, 062705 (2018).

T. Yoshino, S. Furukawa, S. Higashikawa, and M. Ueda, New J. Phys. 21, 015001 (2019).

Z. Gong, Y. Ashida, K. Kawabata, K. Takasan, S. Higashikawa, and M. Ueda, Phys. Rev. X 8, 031079 (2018).

See also Viewpoint: Physics 11, 96.

[9] K. Kawabata, S. Higashikawa, Z. Gong, Y. Ashida, and M. Ueda, Nat. Commun. 10, 297 (2019). Selected as
Editors’ Highlights.

[10] K. Kawabata, Y. Ashida, H. Katsura, and M. Ueda, Phys. Rev. B 98, 085116 (2018). Selected as Editors’
Suggestion.

[11] K. Kawabata, K. Shiozaki, and M. Ueda, Phys. Rev. B 98, 165148 (2018).

[12] Z. Gong and M. Ueda, Phys. Rev. Lett. 121, 250601 (2018).
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