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Quantum Sensing:From Materials to Universe
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Quantum science and technology promise revolutionary advances in many aspects of human life in
future. One major focus in this area has been quantum computing based on quantum bits (qubits).
However, developing a practical quantum computer with a large number of qubits remains very
challenging. One reason is that qubits can be very sensitive to perturbations in the environment. On
the other hand, such sensitivity can also be harnessed to turn qubits (even just a small number of
them) into powerful “quantum sensors”. Such quantum sensing could offer a more near-term
quantum technology (compared to quantum computing) with many useful applications. In this
project, we will study quantum sensors --- particularly those based on quantum dots (a platform for
qubits), and explore their applications in both materials research (e.g., sensitive measurements of
electric and magnetic properties) as well as high energy physics and cosmology (e.g., radiation
detection, neutrino research, searching for dark matter and fundamental particles important to
understand the universe). The project will bring together researchers from diverse disciplines-
ranging from materials science, spintron-

ics to high energy physics-from Tohoku
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university as well as our overseas partner RATDFAFTAR
institution (Purdue University in USA), to We have used NV centers as room temperature quan-  setups to measure semiconductor quantum dots based
develop key scientific capabilities and tum sensors to study magnetic materials and phenome-  quantum sensors and 2D/topological quantum materi-

collaborations to pursue world-leading

quantum sensing research nons. We have started constructing new experimental

na including magnetic switching, fluctuations and mag-  als and effects of radiation in dilution refrigerators.
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We strife to combine Material Science, Micro-/Nano Sensor Technology, Sensor
Network System, Integration of Materials, and Robotics. A bendable, scalable
multi - sensory skin will be developed. It has the ability of sensing directional
tactile force, magnetic field, pressure, sound, distance, temperature, and heat flux
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at the same time. It uses the same basic structure and material for all sensory LIS/ W Fobotics
functions. It is expected to open up a large variety of not yet achievable research P N R ™ s
topics, such as for example safe physical human interaction machines, prosthetics :2
with real sensory experience, human augmentations, remote experience, smart [
walls and furniture. Each of it could become a hot topic in the future to address L A A

Material Science/Physics Engineering System Theory/Informatics

pressing challenges in our society. We are sharing a common vision to combine
science and engineering as well as fundamental and applied research, leading to
new commercialized products and visible improvements to everyday life.
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We have developed the basic principles of a wearable
sensor system, consisting of 3Dmicrostructured soft
magnetic thin film and microelectronics capable of edge
heavy sensing. By using the giant stress impedance
effect various environment parameter can be continu-

ously measured in a relatively simple structure and high
spatial resolution. The sensor principle has been proven
and the wearable sensor system concept has been
submitted as patent.

Micromachines, 11, 649 (2020), JP2020-12685
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