Enhancing the Dynamic Range of Quantum Sensing via

Quantum Circuit Learning

Yuichiro Matsuzaki

Chuo University

December 10, 2025

1/42



Back grounds

2005/4- 2008/12 Waseda University (bachelor degree)

L4

2005/4- 2008/12 University of Tokyo (Master degree), supervised by Akira Shimizu
e 4 Research topic: Quantum computation

ok

'

4

2008/1 2011/1 University of Oxford, supervised by Simon Benjamin
Research topic: Quantum computation and quantum sensing

.

2011/2 -2011/3 Aalto University (postdoctor), supervised by Mikko Mottonen
Al Research topic: Quantum computation

P

2011/4 - 2018/12 NTT basic research laboratories (staff)

® Research topic: superconducting qubits, nitrogen vacancy centers in diamond
NTT

.

2019/1 -2023/4 Advanced Industrial Science and Technology (Staff)
o ERETT Research topic: quantum annealing, NISQ computing, quantum thermodynamics

P

2023/4 - Chuo University (associate professor)
] 2/42



collaborators

Hideaki Kawaguchi (Keio University)
Yuichiro Mori (Chuo University)
Takahiko Satoh (Keio University)

3/42



Introduction

Quantum metrology

Quantum circuit learning (QCL)

Quantum metrology with QCL

4/42



Introduction

5/42



Background

Nitrogen vacancy (NV) centers in diamond c. pegen et al., Rev. Mod. Phys. 89.3 (2017)

@ Two electron spins are trapped to form a triplet states

Long coherence time as a few milliseconds at room temperature
Manipulation of the spin by microwave pulses

Initialization by green laser

Readout of the spin from the photoluminescence

Coupling with the magnetic field
= [Lapdication to magnetic field sensors
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Quantum Sensing Flow with qubits 1

1. Prepare a spin state along x direction

7/42



Quantum Sensing Flow with qubits 2

1. Prepare a spin state along x direction
‘ 2. Applying magnetic field along z direction
@®
Magnetic
field
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Quantum Sensing Flow with qubits 3

1. Prepare a spin state along x direction
' 2. Applying magnetic field along z direction
® 3. Readout the spin state
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Quantum Sensing Flow with qubits (summary)

Estimating the value of ® = gupB in the Hamiltonian of H = 90,
State Preparation by using a green laser and microwave pulse.
|+ (03 |10
Time Evolution with the Hamiltonian
Readout by photoluminescence
Repeat 1-3, and obtain measurement results.

From the measurement results, estimate the value of w

Sensitivity increases as we increase the number of repetitions (or number
of qubits.)
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Approach 1

Small diamond (nm) with a low density

LAy
b“:

* Spatial resolution is good such as a few nano meters

* Sensitivity is bad because of a small number of spins

P. Maletinsky, et al. Nature nanotechnology 7.5 (2012): 320-324.
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Large diamond (mm) with a low density

* Spatial resolution is bad
such as a few milli meter

" RAYY
‘ ’ ‘ ‘ * Sensitivity is good
a because of a large number of spins
e N

M. Fujiwara et al. APL Photonics 8.3 (2023).
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