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‘Squeezing’ Increased Accuracy out of Quantum Measurements

Quantum squeezing is a technique used to measure
quantum quantities more accurately by manipulating how
uncertainty is distributed between two related properties.
Think of it like a balloon: if you squeeze one side, it flattens
there but bulges on the opposite side. In quantum physics,
squeezing operates similarly: you reduce uncertainty in one
area, such as position, while increasing it in another, such as
momentum. Although the total uncertainty remains constant,
this method enables scientists to measure one property with
much greater precision.

This concept has already been applied to enhance the
accuracy of atomic clocks, detectors for gravitational waves,
and others. However, utilizing squeezing for measurements
that involve multiple factors—Ilike measuring both position
and momentum simultaneously—remains more complex and
is still a topic of ongoing research.

We recently published a study in Physical Review
Research that explores how quantum squeezing can improve
measurements in systems with several variables. The research
focused on a three-dimensional magnetic field interacts with
a group of tiny quantum particles and explored its measuring
enhancing. The findings provide new insights into achieving
high accuracy in these measurements, even when the

07

experimental setup is not ideal.

This work helps us understand how to employ quantum
squeezing in more complex measurement scenarios. It could
lead to the development of better tools and technologies in
the future.

The implications of this study could be significant. For
instance, it may lead to sharper images in quantum imaging or
enhanced MRI scans in medicine. It could improve the accuracy
of atomic clocks used in GPS systems or enable quantum
radar to detect objects more effectively. Additionally, it might
make biosensors more sensitive, allowing for earlier disease
detection.

We plan to continue investigating how noise affects these
systems and exploring methods to minimize it. Such efforts
could unlock even more exciting applications of quantum
technology in everyday life, from improved medical tools to
more efficient communication systems.

This research represents a significant advancement in
leveraging quantum physics to address real-world challenges
and enhance technology in ways that could benefit various
fields.

Le Bin Ho (¥7$B15iAI B AT 32 E0)
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Al speeds up the discovery of energy and quantum materials

Finding new energy sources is crucial for ensuring global
energy security. Due to the abundance of sunlight, solar cells
that convert solar energy into electricity are of special interest.
However, finding an effective and low-cost material to harness
sunlight's energy remains a significant challenge in basic
research on solar cells. The question is: "How can we efficiently
identify the optimal energy materials from the hundreds of
thousands of inorganic materials available today?"

Traditional calculations using the basic laws of physics
involve complex mathematical calculations and immense
computational power, making it difficult to test a large number
of materials quickly for energy applications. On the other hand,
artificial Intelligence (Al) is transforming various scientific
fields, including materials science and physics. By utilizing Al
to analyze data, recognize patterns, and make predictions,
researchers can accelerate discoveries, enhance processes,
and uncover new insights. As a result, Al could help us identify
promising material candidates for solar cells.

Our research team did just that, introducing a new Al
model, named GNNOpt, that predicts optical properties
across a wide range of light frequency, using only a material's
crystal structure as an input. Optics is a fascinating aspect
of condensed matter physics. It is governed by the causal
relationship known as the Kramers-Krdnig (KK) relation. That
means that once one optical property is known, all other
optical properties can be derived using the KK relation. Based
on these optical properties, we can calculate not only the
performance of energy conversion of a solar cell but also
the quantumness of a material. The GNNOpt enables highly
precise optical prediction based solely on crystal structures,
making it suitable for a wide variety of applications, such
as screening materials for high-performance solar cells and

detecting quantum materials, as shown in Figure. This study
was published in Advanced Materials on Dec. 12th, 2024, and
was also selected as the frontispiece cover.

Looking ahead, the researchers aim to develop new
databases for various material properties, such as mechanical
and magnetic characteristics, to enhance the Al model’s
capability to predict material properties based solely on crystal
structures.

Nguyen Tuan Hung (HrRIUEI BREF R 2R )
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Figure: An Al tool called GNNOpt can accurately predict optical spectra based
solely on crystal structures and speed up the development of photovoltaic and
quantum materials.
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Name: Nguyen Tuan Hung
Research project:
understand quantum materials for thermoelectricity
Period: 28 August 2023 - 10 May 2024

Host Institution:

Host Researcher: Professor Mingda Li

Interdisciplinary international research in emerging materials.

| would like to express my sincere gratitude to Tohoku
University for providing financial support through the 2024
Researcher Young Leaders Overseas Program, which enabled
me to embark on this invaluable experience. During my visit
to the Quantum Measurement Group at the Massachusetts
Institute of Technology (MIT) in the USA, | had the opportunity
to collaborate with Professor Mingda Li, a leading scientist in
my field. Additionally, | collaborated with Professor Xi Ling
at Boston University, which is located just across the Charles
River from MIT. | feel fortunate to have been able to enhance
my collaborations with both MIT and Boston University.

During my time at MIT, | had the opportunity to sit next to
students from Professor Mingda Li's group. This proved to be
a fantastic experience, as | could engage in discussions with
exceptional students at any time of the day. | realized that
being surrounded by excellent and dynamic students in a small
environment fosters effective scientific exploration, much like
how electrons in a confined space scatter and interact with
each other. This kind of interaction helped me find solutions to
my scientific questions.

What struck me about the students at MIT was their
remarkable level of independence in research, a quality |
typically associate with postdoctoral researchers or assistant
professors in Japan. For instance, one notable experience
involved a student named Shivam N. Kajale, who reached
out to me to inquire if | could do calculations related to a
spin material. | said "YES", and within a few days, we were
collaborating on the research. This work was later published
in the high-impact journal "Science Advances" and featured in
MIT News with the title “Propelling atomically layered magnets
toward green computers”.

My main research area at FRIS is energy materials and
quantum simulation. | realized that the limitation of quantum
simulation is its computational expense and difficulty in
calculating large and complex materials. Therefore, | wanted
to challenge myself to solve this problem through the
"Researcher Young Leaders Overseas Program” program.
Machine learning is a relatively new field, and it has the
potential to address the limitations of quantum simulation. |
have no experience in machine learning. However, fortunately
for me, Prof. Mingda Li, a former postdoctoral student of
Prof. Mildred Dresselhaus (MIT), is
an expert in this field. Since | have
collaborated with Prof. Dresselhaus
in energy materials, specifically
thermoelectrics, immediately after
contacting Prof. Mingda Li, he agreed
to be my host for the visit.

Prof. Mingda Li and | share the
same interest in applying machine
learning or artificial intelligence
to energy materials. Thus, we
frequently discussed this topic and
successfully built a new machine-
learning architecture to predict the

FRIS news..i

Figure 1: Diner with Prof. Mingda Li's group (MIT).

Combining first-principles calculations and data-driven methods to design and

Massachusetts Institute of Technology, USA

optical properties of materials
from only crystal structures.
The model performs a highly
precise optical prediction at
the quantum simulation level,
making it suitable for various
applications, from solar cells
to quantum materials. This
research was published in one
of the top journals in materials
science, "Advanced Materials".
It was also chosen as the cover
journal and was featured by Tohoku University with the title “Al
speeds up the discovery of energy and quantum materials”.

During my visit to MIT, | also had the opportunity to meet
in person with Prof. Xi Ling (Boston University), one of my
collaborators in two-dimensional materials. Boston University
is located across the Charles River from MIT, so it was very
convenient for me to discuss with Prof. Xi Ling's group. This
greatly increased my collaboration not only at MIT but also at
Boston University. My collaborative research with Prof. Xi Ling
was also published in the high-impact journal ACS Nano, in
which we found nontrivial Raman characteristics in 2D non-
van der Waals material.

The Researcher Young Leaders Overseas Program has
significantly contributed to my development in interdisciplinary
research, particularly in materials science, quantum computing,
and data science. As a result of my visit, we have published
four papers in high-impact journals: ACS Nano (Impact Factor
= 15.8), Advanced Materials (Impact Factor = 27.4), Applied
Physics Reviews (Impact Factor = 11.9), and Science Advances
(Impact Factor = 11.7) with Prof. Mingda Li and Prof. Xi Ling
during my 9-month visit. Additionally, we published an invited
review paper in Journal of Physics D: Applied Physics (Impact
Factor = 3.1), and two other papers are currently under review
in ACS Nano and Nature Materials. The Researcher Young
Leaders Overseas Program has not only yielded high-quality
research outputs but also enabled me to establish a long-
term research network, which is crucial for my career as
an independent researcher at FRIS. | hope that sharing my
experience and motivation will be useful for young researchers
who are considering applying to this remarkable program.

Figure 2: The board next to our desks
became a mess after the discussion.

Figure 3: Lunch discussion with Prof. Xi Ling's group
(Boston University).
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