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Overview

Since its establishment in July 2019, the NTT Biomedical Informatics 
Research Center has been promoting research and development 
with the mission of “Creating the Future of Healthcare through ICT,” 
aiming to realize precise, personalized medical care and healthcare 
(precision medicine) optimized for each individual. Based on NTT’s 
medical and health vision of “realizing bio-digital twins,” the Center 
brings together diverse areas of expertise—including information 
processing, devices, behavioral support, and biology—along with the 
knowledge and passion cultivated through NTT’s ICT research and 
development. Through these efforts, we strive to contribute to the 
creation of a society in which people-centered healthcare, as well as 
happiness derived from both mental and physical well-being, can be 
equally enjoyed by everyone around the world.

Nanophotonics Center

Research Center for Theoretical Quantum Information 

Bio-Medical Informatics Research Center

●Construction of cardiac bio-digital twins and elucidation of the mechanisms 
of heart diseases

●Monitoring of patients with heart disease through electrocardiographic 
measurements and prediction of heart failure, among others

●Lifestyle disease management aimed at balancing diet, work, and health
●On-chip biological models for elucidating biological functions

Bio-Medical Informatics Research Center

● Cryptographic techniques using quantum information, post-quantum 
cryptography

● Quantum algorithms and quantum communication protocols
● Quantum computer archi tecture, faul t - tolerant quantum computer 

technologies, quantum repeaters
● Theoretical physics aimed at quantum information processing

The research center was established in October 2023 by expansively 
reorganizing the Research Center for Theoretical Quantum Physics, 
in order to further strengthen the theoretical research on quantum 
information science by facilitating interdisciplinary collaboration 
among researchers in diverse layers in the realm of quantum 
information. We are aiming to become a “compass” of quantum 
information that points to the correct direction in which the progress 
of quantum information technology, ranging f rom hardware to 
middleware and applications, should head by describing the future of 
information technology.

●Extreme enhancement of light-matter interactions by using photonic 
  crystals and plasmonics
●Integrable nanophotonic devices with extremely small energy  
  consumption
●Novel optical platforms using nanomaterials and nanophotonics
●Nanophotonic computations with photonics-electronics convergence

The Nanophoton ic s Cente r was es tab l i s hed in Ap r i l 
2012 a n d i s c o m p o s e d o f s e ve r a l g r o u p s i n vo l v e d 
i n n a no pho to n i c s r e s ea rc h a t N T T B as i c R e sea rc h 
Laboratories and NTT Device Technology Laboratories . 
We are conducting studies of photonic crystals to reduce 
the footprint and energy consumption of various photonic 
devices , such as opt ica l switches , opt ica l memories , 
modulato rs , lase rs , and photo - detecto rs . We a re a lso 
studying various photonic nanostructures to greatly enhance 
light-matter interactions, and exploiting photonic integrated 
circuits and devices for on-chip signal processing.
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(a) Schematic of optically excited InAs nanowire. 
(b) Temporal evolution of emission intensity at wavelength of 2.46 μm.

(a) Comparison between qubit and qudit using single photon.
(b) Experimental setup of proposed fusion gate. 
(c) Comparison of quantum communication capacity vs. distance between conventional and 

proposed protocols.

(a) Typical sleep pattern of individual with social jetlag.
(b) Example of psychomotor task used (psychomotor vigilance test)
(c) Results of psychomotor task. Relationship was observed whereby reaction speed 

became approximately 10% slower for each 1-hour increase in social jetlag.

Ind ium arsen ide ( InAs) nanowi re lasers emi t t ing in the mid-
infrared region are promising nanoscale light sources for sensing 
applications. We successfully grew high-quality InAs nanowires and 
observed ultrafast stimulated emission on the picosecond scale 
from optically excited InAs nanowires by using our time-resolved 
mid-infrared photoluminescence spectroscopy system that is based 
on a wavelength-conversion technique. This achievement reveals 
the emission dynamics of mid-infrared lasers, which had previously 
been difficult to measure, and paves the way for developing new 
mid-infrared light sources based on semiconductor nanomaterials.

In photonic quantum information processing, a critical operation 
known as the "fusion gate" has long faced a major limitation: it 
can succeed only 50% of the time, posing a significant barrier 
to practical applications. This study theoretically demonstrates 
that replacing conventional two-dimensional qubits with higher-
dimensional qudits dramatically improves the success rate of fusion 
gates. As an application of this enhanced gate, we propose a 
long-distance quantum communication protocol and numerically 
show that it can achieve nearly an order of magnitude higher data 
capacity compared with conventional protocols.

A sleep pattern known as social jetlag, in which people stay up late or 
oversleep on days off, is thought to indicate chronic sleep restriction 
(sleep debt) on weekdays. We measured participants’ sleep patterns 
together with cognitive reaction time and inhibitory control while they 
went about their daily lives and examined the relationships between 
them. We showed for the first time that even mild social jetlag, which 
had previously been assumed recovered on days off, is associated 
with slower reaction times and reduced inhibitory control in simple 
cognitive tasks during everyday life. This tendency is likely because of 
chronic sleep restriction.

Ultrafast Mid-infrared Stimulated Emission from 
InAs Nanowires

Improving Success Rate of Fusion Gates with 
Qudits

Impact of Sleep Debt Evident in Sleep Patterns 
on Reaction Time

T. G. Sato, M. Takahashi, and M. Nishida. J. Sleep Res. e70223 (2025).

H. Sumikura, G. Zhang, M. Takiguchi, A. Shinya, H. Sanada, K. Oguri, and M. Notomi, Nano Lett. 25, 12216 
(2025).

T. Yamazaki and K. Azuma, Phys. Rev. Lett. (2025).
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Achievements in 2025



Nanophotonics Center Project ManagerQuantum and Nano Device Research

Medicine, Physiology, Biomedical Interface & Data Analysis

Shingo Tsukada

Masaya NotomiHiroshi Yamaguchi

Biological Information Elucidation Using Advanced Medical Materials

Photon Manipulation in Photonic NanostructuresNano-mechanics in Semiconductors

Research Subject

Research SubjectResearch Subject

He has been engaged in the study of mechanism and activity control of 
signal transduction of brain cell. His current interests are the detection 
of biomedical signals using novel wearable-type and implant-type 
bioelectrodes based on the composites of conductive polymers with 
various fibers and textiles. He invented the Tensor Cardiography (TCG).
He was appointed as Fellow since April 1, 2018.

His research interest has been to control the optical properties of 
materials and devices by using artificial nanostructures and engaged in 
research on quantum wires/dots and photonic crystal structures. He was 
appointed as Fellow since April 1, 2023.

He has been engaged in the study of nanomechanical devices, which 
exhibit novel functionalities reflecting their mechanical vibrational 
properties. He was appointed as Fellow since March 22, 2022.

"Fellow" is a posit ion given to highly esteemed 
researchers elected from among the employees who 
have made their mark globally and whose distinguished 
achievements in research have already received 
worldwide recognition. A fellow heads a research 
team and is responsible for driving forward innovative 
research in a critical area that has global significance.

NTT Fellow
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Haruki Sanada
Yuki Wakabayashi

Katsuhiko Nishiguchi
Hajime Okamoto

Motoki Asano Katsumasa Yoshioka

Koji Azuma

Distinguished Researcher

Associate Distinguished Researcher

Koji Muraki

Hideki Yamamoto

Norio Kumada

Akira Fujiwara

Shiro Saito

Hiroki Takesue

Yoshitaka Taniyasu

Electron Correlation in Semiconductor 
Nanostructures

Design and Thin-film Synthesis of Novel 
Superconductors and Magnetic Materials with 
Elucidation of the Underlying Physics

Ultrafast electron dynamics in two-
dimensional systems

Ultimate Electronics Using Semiconductor 
Nanostructures

Quantum Information Technologies Based on 
Superconducting Quantum Circuits

Quantum Communication Experiments in 
Telecommunication Band
Coherent Ising Machine

Research on Functional Materials for Green 
Innovation

Research Subject

Research Subject

Research Subject

Research Subject

Research Subject

Research Subject

Research Subject

Quantum Solid State Physics Research Group 
Leader

Quantum Science and Technology Laboratory 
Executive Manager

Low-Dimensional Nanomaterials Research Group Leader

Senior Distinguished Researcher
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APPLIED PHYSICS LETTERS (3.6)

PHYSICAL REVIEW A (2.9)

JAPANESE JOURNAL OF APPLIED PHYSICS (1.8)

PHYSICAL REVIEW LETTERS (9)

PHYSICAL REVIEW APPLIED (4.4)

JOURNAL OF APPLIED PHYSICS (2.5)

NANO LETTERS (9.1)

COMMUNICATIONS PHYSICS (5.8)

NATURE COMMUNICATIONS (15.7)

PHYSICAL REVIEW RESEARCH (4.19)

SCIENCE ADVANCES (12.5)

OPTICS EXPRESS (3.3)

2

SCIENCE (45.8)

ADVANCED MATERIALS (26.8)

NPJ COMPUTATIONAL MATERIALS (11.9)

PRX QUANTUM (11)

ADVANCED HEALTHCARE MATERIALS (9.6)

PROGRESS OF THEORETICAL AND

 EXPERIMENTAL PHYSICS (8.3)

1COMMUNICATIONS CHEMISTRY (6.2)

NPJ QUANTUM INFORMATION (8.3)

ADVANCED MATERIALS TECHNOLOGIES (6.2)

1 2 3 54

Publication List The total number of NTT Basic Research Laboratories papers published in 
international journals in 2025 is 80 with an average impact factor of 5.58.
The 2024 impact factor of those individual journals are shown in (  ). 
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JSAP Outstanding Paper Award

Cavity Optomechanical Mass Sensor in Water with Sub-femtogram Resolution 　Motoki Asano, Hiroshi Yamaguchi, Hajime Okamoto

The Laser Society of Japan, Encouragement Award

Long-lived valley-polarization in Suspended WSe2 Monolayers Strained by Electrostatic Pressure 　Mariani Giacomo

The Commendation for Science and Technology by the Minister of Education, Culture, Sports, Science 
and Technology of Japan, The Young Scientists' Prize

Self-Foldable Three-Dimensional Biointerfaces by Strain Engineering of Two-Dimensional Layered Materials on Polymers 　Tetsuhiko Teshima

Outstanding Research Award from Lab on a Chip

Biomorphic On-Chip Hydrogel Device Capable of Actuation in Cell Culture Conditions 　Riku Takahashi, Shogo Himori, Aya Tanaka

µmTCF-2025　Invited Talk Delegates Felicitation Award

Temperature Dependent Ultrafast Edge Photocurrent in WTe₂ Probed by On-chip THz Spectroscopy 　Subhashri Chatterjee

2025 Applied Physics Letters Rising Star Collection

Self-catalyzed Vapor-liquid-solid Growth of GaS　Nanobelt for Nano-optoelectronic Applications 　Yukihiro Endo

Con fe r ences Numbe r s

Number of Presentations

169
（55 Invited talks）

Number of Patents

84

List of Award Winners

Conference on Lasers and Electro-Optics 2025（CLEO 2025）� 8

SPIE Photonics West 2025� 7

2025 IEEE Photonics Conference (IPC 2025)� 7

Joint March Meeting and April Meeting: Global Physics Summit 2025� 6

The 38th International Microprocesses and Nanotechnology Conference (MNC 2025)� 6

The 16th International Conference on Recent Progress in Graphene and 2D Materials Research (RPGR 2025)� 5

International Symposium on Topological Wave Science 2025� 5

Frontiers of Nanomechanical Systems 2025（FNS2025）� 4

The 26th International Conference on Electronic Properties of 2D Systems & the 22nd International Conference on Modulated Semiconductor Structures� 4

31st International Workshop on Oxide Electronics (IWOE 31)� 4

2025 Photonics and Electromagnetics Research Symposium� 4
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News Release
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Physics informed
Bayesian optimization

A New Meta: Realizing Negative Refraction of Light 
Using Atomic Media

Breaking the Theoretical Limit of Photonic Quantum 
Operation with High-Dimensional "Quantum Dits"

World's first AlN-based high-frequency transistor for 
post-5G communication

Using AI to Automate Mater ia ls Analysis and 
Synthesis for Semiconductor Thin Films

World's First Discovery of New Electronic State in 
Functional Oxides

Tiny Shifts of Oxygen Atoms Enable Magnetization 
Reversal

World's First Success in Real-Time Optical Control 
of Synchronization Between Microscopic Oscillators

2025.2.13

2025.05.21 

2025.12.9

2025.05.02 

2025.07.30 

2025.05.14

2025.09.19

 - A Novel Platform Towards Applications Such as 
Powerful Lenses and Cloaking Devices -

 - A New Path Toward Earlier Realization of High-
Speed, Long-Distance Quantum Communication -

- Expanding Application Areas of AlN from Power 
Conversion to Wireless Communications -

- Contributing to more Efficient Manufacturing 
Operations for Optical Communications Devices - 

- A Lead for the Development of Future High-
Performance Electronics Materials -

- Breakthrough in Highly Efficient Magnetization 
Switching in a Single-Layer Ferromagnetic Weyl 
Oxide - 

- Toward Next-Generation Information Technology 
Inspired by Brain Mechanisms -

Theoretical Quantum Physics Research Group

Theoretical Quantum Physics Research Group

Thin-Film Materials Research Group

Low-Dimensional Nanomaterials Research Group

Low-Dimensional Nanomaterials Research Group

Low-Dimensional Nanomaterials Research Group

Nanomechanics Research Group

46Web

3Magazine

Newspaper

10 20 30 5040

20

69
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Basic Research Laboratories
NTT, Inc.
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