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Strategic International Collaborative Research Program (SICORP)
Japan—France Joint Research Program
Executive Summary of Final Report

1. Project title : [Development of Quantum Control for Precise Measurements to Realize
Super-Smart Society |
2. Research period : Feb 2022 ~ Mar 2024
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Kentaro Somiya | Associate | Tokyo Institute of Project
Professor | Technology Integration
Manager
Collaborator Ken-ichi Harada | Lecturer | Tokyo Institute of Optical spring
Technology experiment,
Magnetometer
Collaborator Kaido Suzuki PhD Tokyo Institute of Optical spring
student Technology experiment,
Digital control,
Membrane
fabrication
Collaborator | Wataru Usukura | Master Tokyo Institute of Photo-thermal
student Technology effect
experiment
Collaborator Kotaro Takeguchi | Master Tokyo Institute of Diamagnetic
student Technology levitation
experiment
Collaborator Sakino Takeda Master Tokyo Institute of Thermal noise
student Technology theory
Total number of participants throughout the research period: 6
Partner-side
Name Title Affiliation Role in the
research
project
Pl Antoine Professor Laboratoire Kastler | French-side
Heidmann Brossel manager
Collaborator Pierre-Francois | Associate Laboratoire Kastler | Optical spring
Cohadon Professor Brossel experiment,
Membrane
experiment
Collaborator | Tristan Briant Associate Laboratoire Kastler | Optical spring
Professor Brossel experiment
Collaborator | Samuel Associate Laboratoire Kastler | Quantum
Déleglise Professor Brossel measurement
Collaborator | Michael PhD Laboratoire Kastler | Optical spring
Croquette student Brossel experiment
Collaborator Pierre-Edouard PhD Laboratoire Kastler | Optical spring
Jacquet student Brossel experiment
Collaborator | Emile Ferreux PhD Laboratoire Kastler | Optical spring
student Brossel experiment
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Collaborator Himanshu PhD Laboratoire Kastler | Membrane
Patange student Brossel fabrication
Collaborator | Jerome Researcher | Laboratoire de Mirror coating
Degallaix Mécanique et
d'Acoustique
Collaborator | Pierre Gruning Researcher | Laboratoire de Squeezing
I'Accélérateur experiment
Linéaire

Total number of participants throughout the research period: 10

4. Summary of the international joint research

The aim of this research is to develop a lightweight phononic crystal membrane with low
mechanical loss to generate high-quality optical springs with minimal thermal fluctuation.
Optical springs are useful in various high-precision measurements, and we specifically
propose their application to enhance the sensitivity of gravitational wave telescopes.
Additionally, we believe that by applying this technology to various devices around us, such
as magnetic sensors and inertial sensors, we can contribute to the realization of a smart
society.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

The LKB (Laboratoire Kastler Brossel) in France has a proven track record in the
development of phononic crystals and the control experiments of optical springs. We aimed
to dispatch a graduate student from Tokyo Tech (Mr. Suzuki) for 2.5 to 3 months to learn the
methods of generating phononic crystals, with the goal of mastering the technology to the
extent that it can be produced domestically upon his return. Additionally, in the optical spring
control experiments, we aimed to mature the control technology by exchanging knowledge
between both parties, as both LKB and Tokyo Institute of Technology use the same digital
control system employing the single-board computer, RedPitaya.

Mr. Suzuki traveled to France in April 2023. During one week in mid-May, he attended an
international conference on gravitational wave telescopes held in lItaly, visited observation
sites, and deepened his expertise by interacting with local researchers. He then returned to
France, stayed for a total of 2.5 months until the end of June, and came back having grown
significantly as a researcher. During his stay in France, he built effective relationships with
graduate students at LKB, and he was actively involved in extracurricular activities as well
as research. After returning to Japan, he started taking good care of his juniors and began
planning and implementing improvements in the interferometer experiments proactively
before | even gave instructions.

Even after returning to Japan, he continued to communicate with the French side. In
November, three researchers from LKB visited Japan, conducted a workshop at OIST in
Okinawa, and deepened their exchange through joint experiments at Tokyo Institute of
Technology. Furthermore, he started producing phononic crystals using the Nano
Fabrication Facility at Tokyo Tech and advanced the development to the point where etching
processing was possible. This collaborative research proved to be valuable in terms of
nurturing young talent, promoting international exchange, and advancing research.

5-2 Synergistic effects of the joint research
Aiming at a verification of macroscopic quantum mechanics, Tokyo Tech has developed

diamagnetic levitation technology. Comparing diamagnetic levitation with phononic crystal
thin films, they share the common feature of low mechanical loss, but their effective mass
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and resonant frequencies differ significantly by several orders of magnitude. It becomes
possible to expand experiments by combining diamagnetic levitation with phononic crystals.
For instance, phononic crystals can be used as non-degenerate parametric amplification
filters to cancel out the broadband back-action noise of the levitated test mass. Conversely,
diamagnetic levitation can be used as a frequency-dependent squeezing element to achieve
Schrodinger's cat-like states for phononic crystals. It would also be possible to meticulously
conduct the initial research goal of verifying macroscopic quantum mechanics by targeting
objects with different masses.

5-3 Scientific, industrial or societal impacts/effects of the outputs

We were selected for JST's ASPIRE program starting February 2024, which aims to
promote international exchanges between Japan and Australia. Although the partner
country has changed from France to Australia, this program is an extension of the
ReNewMAP initiative. To achieve improvements in the high-frequency sensitivity of
gravitational wave telescopes, it is effective to introduce some form of quantum control into
the signal-recycling interferometer. This involves introducing optical springs, phononic
crystals, delay lines, or combinations thereof into the signal-recycling resonator. The
ASPIRE project aims to develop this technology. Regarding the French-Japanese
collaboration, we also plan to resume it under a different scheme starting from the next fiscal
year.
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