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Quantum Metrology and Sensing

1 & / Overview
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Development of quantum sensors based on quantum mechanical effects, surpassing the existing technologies in precision and sensitivity for innovative
applications in various fields including life and medicine as well as energy conservation
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Yasuhiko ARAKAWA
Specially Appointed Professor, Institute for Nano Quantum Information Electronics, The University of Tokyo

Contemporary research into the quantum mechanical effect provides a rich foundation for advances in quantum metrology and sensing, enabling the
development of technologies characterized by a sensitivity and spatial resolution superior to those of conventional technologies. Such research can
support diverse measurement methods applicable to a wide range of phenomena including magnetic fields, electric fields, temperature, light, and inertial
force (acceleration, angular velocity, etc.). The promotion of research into quantum metrology and sensing technologies thus has significant capacity to
support development and innovation.

The current program will comprise seven basic and fundamental quantum metrology and sensing technology studies, each intended to promote valuable
academic research of the highest quality with socially valuable results. The flagship project aims to develop innovative solid quantum sensors, by
conducting applied research that ranges from preliminary investigation through development to social implementation, with a view to creating technology
that will genuinely contribute value to society.
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PD Yasuhiko ARAKAWA * Specially Appointed Professor, Institute for Nano Quantum Information Electronics, The University of Tokyo

SPD Hidemi ISHIUCHI Former CEO, Evolving Nano-process Infrastructure Development Center (EIDEC)

AM  Masahito UEDA Professor, Department of Physics, The University of Tokyo

AM - Hidetoshi KATORI Professor, Department of Applied Physics, Graduate School of Engineering, The University of Tokyo

AM Hideo KOSAKA Professor, Faculty of Engineering Division of Intelligent Systems Engineering, Yokohama National University
AM Takahiro SATO Fellow, Center for Research and Development Strategy, JST

AM  Mitsutoshi SETOU Professor, Cellular & Molecular Anatomy, Hamamatsu University School of Medicine

AM  Yuichi NAKAMURA  Executive Professional, NEC Corp.

AM  Kazuhiko HIRAKAWA Professor, Institute of Industrial Science, University of Tokyo

AM  Yoshiro HIRAYAMA  Professor, Tohoku University Director, Center for Science and Innovation in Spintronics (Core Research Cluster)
AM  Shinji YAMADA Corporate Chief Engineer, Research & Development Group, Hitachi, Ltd.

% PD: Program Director, SPD: Sub Program Director, AM: Advisory Board Member (The advisory boards have been set up by the MEXT.)
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Program Director (PD) Advisory Board (AB)

FlagshipZ’ O T2k / Flagship Project
BEREF Y OSERIHICLDEFH T YT LDAIL / Development of innovative sensor systems by highly sophisticated control of solid quantum sensors
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HQ (Tokyo Institute of Technology) Quantum Spintronics Gr. A Quantum Life Gr.
R REKRE KCE B BuZ EXRIEEIZET EBF RPN RRKE
2L Py e Norikazu MIZUOCHI, TNk B _LEREERRE XEH VIR
RRIFAT KBH BT 2R Prof, Kyoto Univ. Hiromitsu KATO, Takeshi OHSHIMA, Director, QST
Representative Researcher: EIYYRFLIIN—T Ch|e Sr. Researcher, AIST BREE=55IL—F
Mutsuko HATANO, Professor, Sensor System Gr. EFRETAIIL—T Magnetoencephalography Gr.
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. _ Takayuki IWASAKI, SREAT BOEF [EA 3R Kazuhiro OYAMA,
REFE YR IAVNEEE: Assoc. Prof., Tokyo Tech Masaki SEKINO, Prof., UTokyo Project Manager, DENSO
i AL 3 =
RRLRAF B B WHERR EAISEAY )L—T BE=5—)—7 BEAMTHYIL—T
R&D Manager: Neuron Measurement Gr. Battery Monitor Gr. High Pressure Synthetic Materials Gr.
B e EISTEHERT B0 HAL TEHRE RIGHEE H 517 R ERBRIE SE =R IIL—TR
OIS G IS Masanari KOGUCHI, Keisuke INOUE, Manager, YAZAKI Minori TERAMOTO, Manager,
Chief Researcher, Hitachi Sumitomo Electric Industries, Ltd.

5% EFEEAE
Tokyo Institute of Technology
Office of Research and Innovation

BB B / Basic Research
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Establishment of a high-sensitivity gravity Creation of quantum nanophotonics for Development of quantum atomic Development of spectroscopic techniques based
gradient sensor-based early earthquake photon number identification magnetometer with dual quantum on cutting-edge quantum optics toward elucidating
alert method noise squeezing functions of complex molecular systems

RRAF TR 1B ERIR RALKRZ eft =— R FERAF 5H R B EBIUBEKRZE BK =N BiR
Masaki ANDO, Assoc. Prof., UTokyo Keiichi EDAMATSU, Prof., Tohoku Univ. Kosuke SHIBATA, Ryosuke SHIMIZU, Prof., UEC
Assistant Prof., Gakushuin Univ.
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Research on qua Material science of complex d Development of Next-Generation
using quantum highly-sensitive quantum sel Advanced QI Sensors

REKRZE TTA St B0 ME- MRS it B TRMRE BJNBEERZ HI| B— HR
Shigeki TAKEUCHI, Prof., Kyoto Univ. Tokuyuki TERAJI, Chief Researcher, NIMS Kenichi NAKAGAWA, Prof., UEC
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Overview of the MEXT Q-LEAP Program
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BT

This program is of research and development aiming to achieve “Quantum Leap”, saltatory t‘/*’J“JQ RS —5—
solutions for crucial, economic and social problems through taking full advantage of q

i ; : ] Quantum metrology Next-generation laser
quantum science technologies (optical and quantum technologies). In each of the three and sensing
selected technical fields shown on the right, flagship projects and basic researches are
conducted under the management of research and development by a program director
(PD) with construction of networked research hubs.
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Three technical fields and human resources
development program in Q-LEAP program
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MEXT (The Ministry of Education, Culture, Sports, Science and Technology) sets up a governing board (GB) consisting of external experts, to ensure steady

advancement of the whole Q-LEAP program. A program director (PD) is appointed by MEXT for each technical field and conducts the overall management
of the research and development in the assigned field with advice and support from advisory board members (AM).
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Development of innovative sensor systems

by highly sophisticated control of solid quantum sensors

72X KA / Representative Researcher
RRIFRZTFREIETR KB ETF B
Mutsuko HATANO, Professor, Department of Electrical and Electronic Engineering, Tokyo Institute of Technology

HEIEFZRH#ERS / Joint Research Institutions

RERZE RRAF. EERMTH SRR, EFRIRRITHRERERE, Y —. BIIRER. RIGHELE
Kyoto University, University of Tokyo, AIST, QST, DENSO, Hitachi, YAZAKI CORPORATION, etc.

# 2 / Overview
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Building a “co-creative center for solid-state quantum sensor” to conduct collaborative
R&D seamlessly from physics to applications of innovative solid quantum sensor
systems. Developing prototypes of quantum sensors by utilizing diamond NV center
(nitrogen-vacancy pair), whose spin coherence is excellent even at room temperature in ﬁ%\}%
Magnetic field

NAOOR-SIFRK

Microwaves/radio waves

A4 VPEVRNVEYS

Diamond NV center

the atmosphere and whose quantum states can be initialized and read out by light.

HFERFBE / Goals of Research and Development
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H Development of prototypes for magnetoencephalography (MEG) with high sensitivity
and high spatial resolution

B Development of prototypes for systems monitoring the current and the temperature
in batteries and power devices

RSt (f X—2))
MEG (Image)
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4~5FE Bitw) (T—F )\ ARBDEF /I RE. B BEDOEREHA : Diamond
108  BR-BEEESAFSHIVCEHAT BB IO 1T , NV centers

B MEG system
4t to 5t year:  Sensitivity of 5 pT; Magnetic imaging of nerve issues, and MEG of
small animals Battery pack
10t year: Sensitivity of 10 fT; Measurement of human MEG

Bt/ NT—FI\A RE=FUV T (A X—Y)

B Monitoring systems of batteries and power devices Battery & power-device monitoring (Image)

4thto 5t year:  Implementation of quantum sensors inside batteries and power devices,
Simultaneous measurement of current and temperature

10t year: Small prototypes for dynamic measurement of current and temperature

HOEERE / Exit Strategies
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Form a consortium of corporations that have interest in the development of materials and devices for solid quantum sensors and the development of
systems employing such sensors. Aim at efficient and smooth social implementation by collaborative development that distinguishes between the
cooperative area for joint development of basic technologies common to the member companies and the competitive area according to the
individual applications and needs.

HRBED=(E- REXAMOER /

Reinforcement of Research Base and Training of Next Generation Human Resources
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B Allows young leaders to promote these activities so that they can become world leaders of each area in the 10 years

M Hiring of competent doctoral students as researchers, to nurture young leaders in next generation

B Promotion of fluidity of human resources and fusion of different fields at the co-development hub to formulate positions in new interdisciplinary fields

B Formulate career paths for postdocs and doctoral students through industry-government-academia collaboration

M Cultivation of human resources who comprehend solid quantum sensors from fundamental theories to overall systems

HIFEBZFHZE / Basic Research
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Establishment of a high-sensitivity gravity gradient sensor-based 44KV —)UR
early earthquake alert method 44K shield -
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Construct a system that sends an early alarm to the society by detecting changes in the freezer
gravitational field during fault ruptures in large earthquakes via a network of high-sensitivity L—H—

b
BZEHE laser
vacuum chamber

gravity gradient meters.

FlagshipZ70Y T & DHERRI-HERIIZIE

Complementing and synergy effects with the Flagship project:

RUNIRDFEEV Y DREICKD. EFEHA- BV I DTSR T4 —LICE#

Contribute to the quantum metrology and sensing platform by the development of torsion E2hUIURDFEIEH AT

pendulum sensors

Low-temp torsion pendulum gravity gradient meter
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TG RIETF
>/ IO ZADEIRK

Creation of quantum nanophotonics for
photon number identification

18 2 / Overview
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Develop a photon number identification detector that identifies and detects the photon
number using a quantum light source with a certain photon state and a high quantum
coherence as well as very high precision and quantum efficiency, and performs advance
quantum measurement using the quantum nature of photons.

Flagship 7Oy It & DIEH-ERAZIR
Complementing and synergy effects with the Flagship project:
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Contribute to the development of quantum metrology and sensing using photons by an
advancement of quantum light source and detection techniques.

HiEERRIHZS / Basic Research
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Development of quantum atomic magnetometer with dual
quantum noise squeezing

18 2 / Overview
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Achieve simultaneous compression of atomic spin quantum noise and optic quantum noise,
and thus obtain a sensitivity for magnetic field that exceeds previous limits in a magnetometer
using a Bose-Einstein condensate.

FlagshipZ0OY 7 & DB -HERAZIR
Complementing and synergy effects with the Flagship project:

SEFHK TV YICETERNARICKD. BHEF Y OMREm _EICH
Contribute to an improvement of the performance of solid quantum sensors through
fundamental knowledge of quantum magnetic sensors.

HIREEEIHZ / Basic Research
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Development of spectroscopic techniques based on cutting-edge quantum
optics toward elucidating functions of complex molecular systems

181 2 / Overview
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Propose and demonstrate principles of 2D quantum spectroscopy, which extracts quantum
correlations of photons in time-frequency domain and reveals the physical function of complex
molecular systems, e.g. photosynthesis.

Flagship 70y & DIEHR-ERMZIR
Complementing and synergy effects with the Flagship project:
FUWEFEHAIRIMT CH B RTEFHNEZERILL. EFEHAI- €I I DTSV T4 —LICE#

Demonstrate the new quantum measurement technique of 2D quantum spectroscopy and
contribute to the quantum metrology and sensing platform.
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Photon number detector and quantum optical circuit

/.
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Schematics of Bose-Einstein condensate spatial magnetometer

Photon 2

E1(w1) X Ez(wq + w3)

HF1 hay
Photon 1
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Principles of 2D quantum spectroscopy
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Research on quantum sensing devices using quantum
entangled photons

181 2 / Overview

FEIREHMEREZEE DEFE DI FRZEFIALCEFEHAIT /1 AZHF. FH(C. EFBONNKZE
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Develops quantum sensing devices using frequency-correlated quantum entangled photons.
In particular, the realization of high-sensitivity infrared absorption spectrometers just using
visible light detectors based on the infrared quantum absorption spectroscopy using
quantum entangled light.

FlagshipZOY = b & DHER-HHRAIZIR
Complementing and synergy effects with the Flagship project:

EFHONAZAVH LWL EY DRI ORREICKD EFeHRl- £ I DT SvhT+— LICERK
Development of new sensor technologies using quantum entangled light to make a
contribution to platforms of quantum metrology and sensing.

HIREBEFHZS / Basic Research
EFEVIVISREEND
EaRMEMEREIE

Material science of complex defects for highly-sensitive
quantum sensors

#1 = / Overview
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Development of single-crystal diamond growth technology that contribute to quantum
sensing, building of defect formation scientific principle for high-density high-quality
complex defects, and creation of diamond NV centers with high-magnetic sensitivity.

Flagship 70Oy T b &EDERI-HERIIZIR
Complementing and synergy effects with the Flagship project:
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Advanced crystal growth and evaluation technologies are implemented to obtain high-quality
diamond NV centers and improve the fabrication technologies of solid quantum sensors.

HIREEEIHZ / Basic Research
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Development of Next-Generation Advanced QI Sensors

181 2 / Overview
RFDEERECEFREOSEFHEEMZAVWCRFTSHOREBEAELE L
I BHDEEKIZRFEL RFOEFEME Y —DEREDXIEF/|\EYbZRIR
Develop a basic technology to significantly improve detection of kinetic and quantum states
of atoms by using an atomic interferometer with advanced control technology, and achieve
significant miniaturization of existing Ql sensor devices.

FlagshipZ70Y T & DHEFRI-HHRAIZIE

Complementing and synergy effects with the Flagship project:
EFBMEYYOEREICET PHMEICKD. EFEHAI- BV VI DTSy T+ —LICER
Contribute to the quantum metrology and sensing platform by acquiring knowledge on
improving the sensitivity of quantized inertia sensors.
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Image of infrared quantum absorption spectroscopy
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Defects which disturb formation of high-quality NV centers
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laser light pulse
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Light pulse-based atomic interferometer
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E-mail : hg.contact@qgleap.titech.ac.jp

Q-LEAP Quantum Metrology and Sensing HQ
Tokyo Institute of Technology

NE-27, 2-12-1 Ookayama, Meguro-ku, Tokyo,152-8550 Japan
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