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Research Subjects: Bose-Einstein condensation, fermionic superfluidity, cold molecules,

measurement theory, quantum information, information thermodynamics

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 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 topological excitations and correlation effects in spinor BECs, BCS-BEC crossover and Efimov
physics under the control of an atomic interaction strength, quantum Hall states 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 information. In particular, we have recently worked on generalizations of the second law of
thermodynamics and fluctuation theorems and the formulation of the dynamics of state reduction in light of
information flow under measurements and feedback controls. We list our main research subjects in FY2015
below.

e Quantum many-body phenomena in ultracold atoms
- Diffraction-unlimited position measurement for quantum gases and biomolecules [1, 2]
- Universal relations in a Fermi gas with a resonant p-wave interaction [3]
- Excitation band topology in Bose-Einstein condensates in optical lattices [4]

- Entanglement pre-thermalization in a one-dimensional Bose gas [5]

e Quantum Information, quantum measurement, and foundation of statistical mechanics
- Quantum nonequilibrium equalities with absolute irreversibility [6]
- Work fluctuation-dissipation trade-off in heat engines [7]
- Accuracy of the microcanonical ensemble in small isolated quantum systems [8]
- Generalized Gibbs ensemble in a nonintegrable system with local symmetries [9]

- Trade-off relation between information and disturbance in quantum measurement [10]
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