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Takeru Utsugi, Rui Asaoka, Yuuki Tokunaga, and Takao Aoki, “Optimal cavity design for
minimizing errors in cavity-QED-based atom-photon entangling gates with finite temporal duration”,
Phys. Rev. A 111, L011701 (2025).
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Abstract: We investigate atom-photon entangling gates based on cavity quantum electrodynamics
(QED) for a finite photon-pulse duration, where not only the photon loss but also the temporal mode-
mismatch of the photon pulse becomes a severe source of error. We analytically derive relations
between cavity parameters, including transmittance, length, and effective cross-sectional area of the
cavity, that minimize both the photon loss probability and the error rate due to temporal mode-
mismatch by taking it into account as state-dependent pulse delay. We also investigate the effects of
pulse distortion using numerical simulations for the case of short pulse duration. We believe that these
analyses are the first to suggest that a cavity has an optimal length for the atom-photon gate, providing
a fundamental guideline for implementing quantum information processing.

Tim Keller, Seigo Kikura, Rui Asaoka, Yasunari Suzuki, Yuuki Tokunaga, and Takao Aoki,
“Addressing requirements for crosstalk-free quantum-gate operation in many-body nanofiber cavity
QED systems”, J. Opt. Soc. Am., Vol.43, 365 (2026). DOI: 10.1364/JOSAB.578833

Abstract: A distributed network architecture in which flying photons connect individual
modules containing stationary atomic qubits is a promising approach for scaling up neutral-atom-
based quantum-computing platforms. We consider an all-fiber-based platform consisting of nanofiber
cavity QED systems interconnected via conventional optical fibers. Each nanofiber cavity is strongly
coupled to multiple atoms through its evanescent field, and atom pairs within one cavity (local) or
two distant cavities (remote) are addressed for performing photon-mediated quantum logic gates on
them by controlling the effective light-matter coupling via local AC Stark shifts and atom-fiber
distance. We numerically evaluate the required parameters for achieving nearly crosstalk-free gate
operation using these targeting methods by calculating average gate fidelities, success probabilities,
and Pauli error rates for both local and remote controlled-Z gates. For the case of perfect addressing,
we also analytically determine the theoretical optimum gate performance as limited by cavity
reflectivity, cooperativity, and qubit level-splitting.

T. Kobayashi, D. Akamatsu, K. Hosaka, Y. Hisai, A. Nishiyama, A. Kawasaki, M. Wada, H. Inaba,
T. Tanabe, T. Suzuyama, F.-L. Hong, and M. Yasuda, "Generation of a precise time scale assisted by
a near-continuously operating optical lattice clock," Physical Review Applied 21, 6, 064015 (2024).
DOI: 10.1103/PhysRevApplied.21.064015
Abstract: We report on the achievement of a reduced time difference in a time scale with respect to
Coordinated Universal Time (UTC) by steering a hydrogen-maser-based time scale with a near-
continuously operating optical lattice clock. The time scale is generated in a postprocessing analysis
for 230 days using a hydrogen maser with its fractional frequency stability limited by a flicker floor
of 2x107" and an Yb optical lattice clock operated with an uptime of 81.6%. During the 230-day
period, the root-mean-square time difference of our time scale with respect to UTC is 0.52 ns, which
is a better performance than those of time scales steered by microwave fountain clocks, which exhibit
root-mean-square differences from 0.99 to 1.6 ns. With the high uptime achieved by the Yb optical
lattice clock, our simulation results indicate the potential for generating a state-of-the-art time scale
with a time difference of <0.1 ns over a month using a better hydrogen maser reaching the mid-107¢
stability level. This work demonstrates that the use of an optical clock with a high uptime enhances
the stability of a time scale.

S. Horikawa, S. Kato, R. Inoue, T. Aoki, A. Goban, and H. Konishi, “Low-loss telecom-band
nanofiber cavity for interfacing Yb atomic qubits”, Optics Letters, Vol 50, Issue 17, page 5294 (2025),
DOI: https://doi.org/10.1364/OL.570362

Abstract: We demonstrate the fabrication of an optical nanofiber cavity designed for efficient
interface with ytterbium (Yb) atoms at telecom-wavelength transitions. Replacing the conventional
hydrogen-oxygen flame with a deuterium-oxygen flame in the heat-and-pull method suppresses
hydroxyl-induced absorption losses and enables low-loss nanofiber production with minimal
modifications to the existing fabrication system. Using this technique, we fabricate a nanofiber cavity
at 1389 nm that exhibits an intrinsic round-trip loss of 0.31(2) % and a finesse of 2.0(1)*10"3. This
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performance corresponds to a projected cooperativity of 90 when interfaced with Yb atoms, indicating
that the cavity is well suited for efficient atom—photon coupling at telecom-wavelength transitions.
Our results establish a practical route for developing fiber-integrated atom—photon interfaces in the
telecom band, a critical step toward scalable quantum communication and distributed quantum
computing.

Toshi Kusano, Yuma Nakamura, Rei Yokoyama, Naoya Ozawa, Kosuke Shibata, Tetsushi Takano,
Yosuke Takasu, and Yoshiro Takahashi, “Plane-selective manipulations of nuclear spin qubits in a
three-dimensional optical tweezer array” Phys. Rev. Research, 7, 2, L022045 (2025) DOI:
10.1103/PhysRevResearch.7.1.022045

Abstract: One of the central challenges for a practical fault-tolerant quantum computer is
scalability. A three-dimensional structure of optical tweezer arrays offers the potential for scaling up
neutral atom processors. However, coherent local operations, essential for quantum error correction,
have yet to be explored for this platform. Here, we demonstrate plane-by-plane initialization of
nuclear spin qubits of 171Yb atoms in a three-dimensional atom array and plane-dependent coherent
temporal evolution of qubits, as well as plane-selective qubit manipulation by exploiting the plane-
selective excitation of the atoms from the 1S0 to the 3P2 state. This plane-selective manipulation
technique paves the way for quantum computing and quantum simulation in three-dimensional
multilayer architectures.
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