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Exploration of solid-state spin qubits, spin-photonics and quantum state control technology utilizing QST original research
Nitrogen-vacancy (NV)

in diamond
Silicon vacancy

in SiC (VSi)

Development of novel hybrid systems
based on two-dimensional

and magnetic materials

Optical control and
detection of spin states

Quantum bit/
quantum state control

Formation of the highest
density single photon source

in the world

Laser-cooled ion control Search for novel
spin defects and

single photon sources

World-leading research
on the development
of quantum materials
and applications

This project investigates the creation of spin defects which act 
as quantum sensors in wide bandgap semiconductors such as 
diamond and silicon carbide using ion and electron beams. We 
explore quantum sensing based on such spin defects to 
establish extremely high sensitive sensing technology for 
magnetic field and temperature measurements.

Quantum Materials Functionalization Group
T h i s  g ro u p  p ro m o t e s  a p p l i e d  re s e a rc h  f o r  s o c i a l 
implementat ion of sol id-state quantum sensors using 
spin defects formed in diamond and silicon carbide.

Quantum Sensing Application Technology Group

This project promotes theor etical research and development of 
novel quantum materials and devices, of algorithms for 
(gate-type) quantum co mputers, and of quantum error 
correction technology by ut il izing first-principles (non-
empirical) theoretical calcul ations.

Quantum Materials Theory Group Rare-Earth Quantum Device Group
This group promotes R&D studies on ion trap and laser cooling 
techniques, and on their applications to quantum information 
processing and ultraprecise ion implantation.

Laser-Cooled Ion Group

Ion trap

Laser

Ion

This project aims to explo re spin-photonics by developing 
novel quantum materials which enable efficient photon-spin 
interconversion and optically driven spintronic devices based 
on two-dimensional mat erials and advanced magnetic 
materials.

Spin-Photonic Quantum Materials and Applications Group

This project aims to develop new types of quantum devices 
using rare-earth ions in nitride semiconductors as quantum
bits, single photon sources, and quantum entangled light 
sources. This project also aims to develop new quantum 
sensing methods using the opto-electronic and spin properties
of rare-earth elements.

Quantum Computing Quantum Sensing Quantum Communications
and Networks

Quantum Information
Devices

Takeshi Ohshima

Quantum Materials and
Applications Research Center

　National  Inst i tutes  for  Quantum 
Science and Technology (QST), as the 
"Foundational Quantum Technology 
H u b " ,  o n e  o f  J a p a n ' s  Q u a n t um 
Technology Innovation Hubs (QIH), 
carries out sophisticated manipulation 
of quantum states and realize advanced 
quantum measurements by taking 
advantage of quantum beam and laser 
(photon) technologies. Also, we perform 
R &D  o f  f o u n d a t i o n a l  q u a n t um 
technologies, and support industry 
through the development of quantum 
mater ia ls  with advanced quantum 
funct ional i ty  by  t r ia l  and assay  of 
quantum mate r i a l s  and  quantum 
technologies, and furthermore tailoring 
their properties to the environment in 
wh ich  they  w i l l  be  used .  We ,  the 
Quantum Materials and Applications 
Research Center (QUARC), as a core part 
of the QIH's "Foundational Quantum 
Technology Hub", are conducting a 
wide variety of research on quantum 
materials and their functionalization, 
from basic science to the applications of 
t h e s e  ma t e r i a l s  s u c h  a s  d e v i c e 
fabrication process. Using accurate and 
advanced techniques for  spin and 
photon manipulation, as well as their 
entanglement, we carry out unique 
world-leading research. We play an 
impo r t an t  r o l e  a s  a  R&D  hub  f o r 
quantum techno logy,  p romot ing 
cooperat ion  among government , 
academia and industry.

Director

Quantum Optical and Spin State Control Group
This project focuses on the precise control and structural 
analysis of quantum states in semiconductor heterostructures 
and spin-related complex defects using advanced optical 
and electrical detection techniques. We are also developing 
new materials and verifying their spin and quantum-related 
functional i t ies in order to establ ish the fundamental 
technologies necessary for the next generation of information 
technology using quantum communication.


