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

1. Project title : lInternational Collaboration of Next-Generation Researchers leading
Advanced Quantum Control of Cold Atoms and Molecules |

2. Research period : February 2022 ~ March 2024

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Takahiko Project Research Institute Planning,
Masuda associate | for Interdisciplinary Experiment
professor | Science, Okayama
University
Collaborator | Ayami Hiramoto | JSPS PD | Research Institute Visiting
for Interdisciplinary researcher
Science, Okayama
University

Total number of participants throughout the research period: 2

Partner-side
Name Title Affiliation Role in the
research
project
Pl Gerald Board of | Center for ThO
Gabrielse Trustees | Fundamental experiment
Professor | Physics,
Northwestern
University
Co-PI Nicholas R. Assistant | The Division of YbOH
Hutlzer Professor | Physics, California experiment
Institute of
Technology

Total number of participants throughout the research period: 2

4. Summary of the international joint research

In recent years, especially in North America, various precision measurements utilizing
quantum control of cold atoms and molecules have been developed rapidly. In particular, in
the field of fundamental physics, the measurement of electric dipole moment which is a
parameter that breaks time-reversal symmetry, the measurement of anapole moments which
breaks space-reversal symmetry, and the precision measurement of the fine structure
constant using atom interferometry are being vigorously pursued.

This project aims to let young researchers visit laboratories in the USA that are
researching and applying quantum control of cold atoms and molecules and to discuss
possible future collaborative research. By visiting several US laboratories who have state-of-
the-art techniques, experimental research on the quantum control of cold atoms and
molecules to fundamental physics is expected to be promoted in Japan.

The principal investigator and a visiting researcher spent a week at the California Institute
of Technology, witnessing the experiment of YbOH triatomic molecules. We took part in the
construction of the experimental apparatus. At Northwestern University, the first beam
observation of ThO molecules was carried out and the basic characterization of the beam
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has been started.

The Japanese team also carried out simulations on quantum control of the ThO molecules
and calculated the transient response of the spin state due to the interaction with the laser,
which is particularly important in the search for the electric dipole moment of electrons.

5. Outcomes of the international joint research

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

The principal investigator and a visiting researcher stayed at California Institute of
Technology for a week to witness the cold YbOH triatomic molecule experiment and to take
part in the construction of the apparatus. We learned important points of the design and
details of the development process while participating the actual experiment, and have
obtained valuable know-how for conducting similar researches.

At Northwestern University, while accumulating various know-hows on quantum control of
cold molecules using lasers and electromagnetic fields, we did make the first beam of ThO
molecular beam for the measurement of the electric dipole moment of electrons, and to start
basic characterization of the properties. The actual measurements of the photon detection
rate, which is an important point of development, demonstrated that the factor of 25 times
higher detection rate than that of five years ago as designed. That is an important milestone
of the project.

Besides that, the Japanese team has implemented numerical simulations on the quantum
state of a ThO molecule. In particular, we calculated the transient response of the spin state
due to the interaction with an imperfect laser, which is important in the search for the electric
dipole moment of electrons. It was shown that the spin rotates at a certain laser intensity, i.e.,
at a certain Rabi oscillation frequency, when the ellipticity of the laser polarization spatially
deviates and there is a Stark shift due to a non-negligible electric field.

5-2 Synergistic effects of the joint research

The Pl and the visiting researcher have experienced the state-of-the-art of fundamental
science research on cold molecules. Also, international exchange was promoted through the
introduction of research being conducted in Japan. The visiting researcher has been
appointed as a Postdoctoral fellow under the Pl in Northwestern University from April 2024,
which will accelerate the collaborative research activities. In addition, a researcher who newly
met during the visit to CalTech attended an international workshop held at Okayama
University in March 2024, leading to the development of a new research connection.

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

Quantum control of cold molecules, which has a variety of internal quantum states such
as rotation and vibration, is attracting attention as the next new quantum system successive
to the cold atoms. Specifically, it is expected to have a wide range of applications across a
broad spectrum of fields, from further applications such as quantum simulations and quantum
computers to ultralow temperature collisions, quantum chemistry, the chirality of
biomolecules, and high-precision fundamental physics measurements.

Currently, there are a limited number of researchers conducting experimental research in
Japan compared to those in Europe and the US. Efforts such as this project can be continued
to build an international network to play an active role, and we can expect significant research
progress in Japan.
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