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In this project, we aimed to generate long-lived quantum states and to propose their
applications to quantum information processing. First, we experimentally demonstrated the
generation of long-lived quantum states on cloud-accessible quantum hardware. Specifically,
we increased the number of qubits in a one-dimensional manner and examined the
corresponding lifetimes. As a result, we confirmed that multi-qubit states can exhibit longer
lifetimes than single-qubit states. This finding suggests that the origin of the lifetime
enhancement lies not in an individual qubit, but rather in the interactions among multiple
qubits.
To further investigate the origin of this effect, we constructed a noise model and compared
theoretical predictions with experimental results. We found qualitative agreement between
theory and experiment, which allowed us to identify magnetic-field fluctuations as the
dominant source of noise.
We also proposed several methods to utilize long-lived quantum states. As an application to
combinatorial optimization, we proposed a method based on quantum annealing that solves
mixed-integer programming problems more efficiently than conventional approaches (JJAP
65(2), 022002, 2026). In addition, we explored applications to quantum sensing, including a
method for analyzing the collective properties of phase plates by deploying a large number
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of quantum sensors (Jpn. J. Appl. Phys. 64, 082002, 2025), a method for extracting nonlocal
information by spatially separated quantum sensors (Physical Review Letters 135(24), 2025;
this work was also featured in a commentary article on physics.org), and a high-sensitivity
quantum sensing protocol (Physical Review A 113(2), 2026).

Furthermore, we proposed a method for suppressing noise in order to achieve even longer
lifetimes (Physical Review A 111(6), 2025), as well as a protocol for improving the efficiency
of quantum computation (Phys. Rev. Research 7, 043343).

Prof. Matsuzaki , Professor Kudo, and Professor Tsuchiya held regular monthly meetings to
discuss methods for realizing long-lived quantum states and their potential applications, and
achieved steady progress. Specifically, Professor Matsuzaki and Professor Kudo successfully
formulated a method for solving differential equations using a quantum computer as one possible
application of long-lived quantum states. They plan to submit these results for publication in a
scientific journal. Prof. Matsuzaki has also continued discussions with Professor Tsuchiya
regarding the behavior of fidelity in quantum error-correction protocols designed to realize long-
lived quantum computers. They plan to present the results at an academic conference once the
study has been completed.
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January 1, 2026 feature, Searching for light dark matter by tracking its direction

with quantum sensors by Ingrid Fadelli, Phys.org edited by Sadie Harley, reviewed by
Robert Egan




