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Introducing Myself

‣ Ph.D at University of Tsukuba (2000) 
‣ Postdoc at Rockefeller University (~2007) 
‣ Postdoc, Assistant/Associate Professor at UTokyo ICEPP (~2024) 
‣ Professor at UTokyo ICEPP (2024~)

Leading/Serving   
‣ Quantum Machine Learning in SQAI (COI-NEXT) project 
‣ UTokyo-IBM and UTokyo-UChicago partnerships on quantum information science 
‣ ASPIRE quantum program between UTokyo and UChicago funded by JST 
‣ IBM-UTokyo lab Head, Special Advisor to the President

Researches on 
‣ Experimental high-energy physics at Fermilab Tevatron and CERN LHC 
‣ Quantum computing: 

• Quantum machine learning for physics application, collaboration with industries 
• Quantum simulation for high-energy physics 
• Quantum optimization (Charged particle tracking, Circuit optimization)

Koji Terashi
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Quantum as a focus area at UTokyo, alongside semiconductors, AI and life sciences

Future of Quantum: From Points to Lines to Surfaces

Quantum at the core, fused with AI and semiconductors, 
forms surfaces for next-generation computing 

Education connects these points, cultivating talent and 
driving academia-society innovation

Semiconductor

AI

Quantum

Academic value of quantum as points                      Push the frontiers of quantum research 
Connect the points to create new lines                     Quantum + AI as a new frontier 
From points and lines to surfaces                                 Next-generation Quantum AI emerging from 

                                                                advanced semiconductors and Quantum AI 
Quantum education as a complex point                Spanning the cultivation of top researchers,  

                                                                developers and users

UTokyo Quantum Strategy



Use-case oriented research to develop applications and promote building 
a quantum ecosystem with partners

UTokyo Perspectives on Quantum Computing

Initiated with Japan - IBM Quantum Partnership in Dec. 2019

IBM Quantum System One in Shin-Kawasaki

Under upgrade to 156-qubit Heron 
r2 processor

127-qubit Eagle processor

Hardware Test Center at UTokyo

5-qubit IBM Tsuru-processor for 
hardware/component development
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IBM QIIC

UTokyo Gateway to IBM Quantum

Exclusive use by 
UTokyo and QIIC 
member companies

UTokyo

IBM-UTokyo Lab 
Head: Koji Terashi

Quantum Innovation 
Initiative Consortium 

UTokyo Compass Steering Committee 
Chair: President Teruo Fujii

Quantum Initiative 
Chair: Vice-President Hiroaki Aihara

Market-in, Use case-oriented

Chair:  
Mitsunobu Koshiba

Project Leader: 
Hiroaki Aihara

Full members

Associate 
members

Academia member

Building a quantum computing 
ecosystem in Japan with IBM quantum: 

‣ IBM Sponsored Research 
‣Quantum Hardware Test Center 
‣Quantum Native Education Center
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Boosting near-term quantum 
computation by machine-
learning post-processing

Towards Large-Scale Quantum 
Artificial Intelligence

Quantum programming and 
algorithms based on higher-
order quantum operations

Quantum/classical hybrid 
simulation of intense laser-
driven multielectron dynamics

Spintronics and AI physics 
research for large-scale 
quantum processors

Quantum transduction using 
optomechanical system

Superconducting qubits with 
multi-junction architecture

Algorithm, Application

Antonio 
Mezzacapo

Antonio 
Mezzacapo

Naoki 
KanazawaEiji Saito

Yukio 
Kawashima

Atsushi 
Noguchi

Toshiaki 
Inada

Masao 
Tokunari

Masao 
Tokunari

Nobuyuki 
Yoshioka

Koji Terashi

Mio Murao

Takeshi Sato

IBM IBM Hardware
IBM Sponsored Research
UTokyo UTokyo

Francesco 
Tacchino

Dynamic circuits for quantum 
simulations in High Energy 
Physics and beyond

Masahito 
Yamazaki

Atsushi 
Matsuo 6



Results since 2021 with IBM support 
(as of Nov. 2024) 

‣15 refereed papers (published) 
‣23 preprints

Next phase starting in 2026 
‣ Quantum algorithms and 

applications for Quantum 
Centric Supercomputing 

‣ Building hardware, supply 
chain for QCSC

‣ Utility-scale quantum 
computing 
‣ Practical applications with 

quantum advantage

IBM-UTokyo lab with IBM Sponsored Research
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UTokyo

Asano campus

QHTC

Quantum Processor 
(Tsuru chip)

‣ Developing essential components for 
quantum computers 

‣ Enable evaluation with standard qubits 
and rapid development feedback 

‣ Various benchmark measurements at 
multiple temperatures (~10 mK to 4 K) 

‣ Products can be brought to market at the 
discretion of the member company

Currently utilized by 3 companies;  
5 additional companies have expressed interest

Engaging industries to develop quantum 
computer components and commercialize

UTokyo-IBM Quantum 
Hardware Test Center

Established in 
2021at UTokyo 
Asano Campus 8
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Device Development with Hardware Test Center

Proposal for device 
development

Examine the development proposal

Formulate device development plan: 
Requirements, Schedule, Specifications

Review development plan:  
Reach agreement or present revisions 
as needed

Develop and prepare test device
Conduct performance 
evaluation:  

Measurement by IBM 
Engineers

Return measurement results & 
device with feedback

Make improvement based on 
results and feedback if needed

Member Company Quantum Hardware Test Center

If accepted

If accepted

Market at the discretion of the member company



Symmetric circuit
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 Fully symmetric circuit 
• Rotations handled by dot products

• Permutations handled by twirling.
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Innovation by Connecting Points : Quantum + AI
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‣Harness the representational power 
of quantum computer in high-
dimensional Hilbert space 

‣ Improve learning performance, 
generalization, and achieve 
advantages over classical models

Quantum Computer AI

AIQuantum

+

Resource-efficient 
QNN model with 
encoded symmetries
Z. Li, L. Nagano, 

K. Terashi, Phys. Rev. 
Res. 6, 043028 (2024)

L. Nagano, K. Terashi et al., 
Phys. Rev. Res. 5, 043250 (2023)

Quantum Neural Network 
for phase recognition with 
quantum data as inputs

Bayesian quantum state 
classification with expected 
information gain
Z. Li, K. Terashi, 
arXiv:2502.11412

https://journals.aps.org/prresearch/abstract/10.1103/PhysRevResearch.6.043028
https://journals.aps.org/prresearch/abstract/10.1103/PhysRevResearch.6.043028
https://journals.aps.org/prresearch/abstract/10.1103/PhysRevResearch.6.043028
https://doi.org/10.1103/PhysRevResearch.5.043250
https://arxiv.org/abs/2502.11412
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Quantum Computer Supercomputer

‣Measure energy eigenvalues via quantum 
measurement + HPC computation 

‣Optimize quantum circuits with HPC and 
feed back results to quantum computers

Quantum Centric-Supercomputing

HPCQuantum

+

Used 77 qubits, 
3500 2-qubit gates

Fugakuibm_torino

Quantum-Selected Configuration Interaction (QSCI) 
K. Kanno et. al, arXiv:2302.11320 

Sample-based Quantum Diagnonalization (SQD) 
J. Robledo-Moreno et. al, Sci. Adv. 11, 25 adu9991 (2025) 

In 2025, combination of IBM Quantum Marrakesh 
and Fugaku demonstrated accuracy surpassing 
classical computational methods (CISD)

Quantum chemistry calculation 
of Fe4S4 energies using IBM 
Quantum and RIKEN Fugaku 
supercomputer in 2024

77 qubits

Innovation by Connecting Points : Quantum + HPC

https://arxiv.org/abs/2302.11320
https://doi.org/10.1126/sciadv.adu9991


+
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Under upgrade to 156-qubit Heron 
processor

IBM Quantum Computer 
Shin-Kawasaki

Most advanced and largest 
quantum computer in Japan

Miyabi Supercomputer 
Collaboration between UTokyo 

and University of Tsukuba

1120 CPU+GPU nodes in Miyabi-G

Joint Center for Advanced  
High Performance Computing

Practical prototype of  
post-Fugaku supercomputer

Towards the flagship quantum integrated computing environment of 2030s

Innovation by Connecting Points : Quantum + HPC



Quantum Computer HPC 

Quantum state sampling Classical ML using 
quantum samples

Optimizing training of 
classical ML model

Implementation of 
trained ML model

Quantum phase 
estimation

Obtaining approximated 
eigenstates in quantum 
subspace

Quantum signal 
processing 
Quantum singular value 
transformation

Preprocessing/
Spursification of matrices

NISQ

FTQC

Expanding the capability of Quantum + HPC 
with power of AI 
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Next-generation Quantum 
AI Supercomputer

AI with Quantum + HPC hybrid

‣ Quantum state sampling with 
classical ML on HPC 

‣ Generative Quantum AI (e.g, 
prediction of material properties) 

AIQuantum

HPC 
Miyabi

Innovation by Connecting Points : Quantum + HPC



Looking Beyond Quantum + HPC Integration
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Quantum state sampling on quantum computers 
+ Eigenvalue computation: 

Fugaku to determine ground state energies in chemistry 
+ AI/ML processing: 

Miyabi to train models with estimated energies and predict 
properties/propose new structures

Building an environment with multiple quantum 
computers connected with multiple HPCsNext-generation Quantum 

AI Supercomputer

AI with Quantum + HPC hybrid

‣ Quantum state sampling with 
classical ML on HPC 

‣ Generative Quantum AI (e.g, 
prediction of material properties) 

AIQuantum

HPC 
Miyabi

Prof. K. Nakajima (ICT, UTokyo)

IBM Kobe

IBM Kawasaki

Fugaku

Miyabi

量子・スパコン連携プラットフォーム（JHPC-quantum）
http://jhpc-quantum.org/ 
• JHPC-quantum（FY.2023-FY.2028）

– 理研R-CCS，ソフトバンク，東大，阪大
– 経産省・NEDOポスト5G関連事業，産業応用への期待

• 2基の量子コンピュータを導入（2025年前半）
– IBM（超伝導型），156+Qubit，理研神戸
– Quantinuum（Ion-Trap型），20+Qubit，理研和光

• QC-HPCハイブリッド連携
– QCを加速装置として扱う
– 量子科学，量子機械学習

• 東大の役割：連携環境向けシステムソフトウェア
– h3-Open-BDECの拡張

• 2025年度末：富岳・MiyabiとQCの連携開始（
⇒2025年10月に前倒し） 41

A64FX
Arm X86

NVIDIA
Intel
AMD
Arm

AMD Intel
Sambanova
Cerebras
Graphcore

etc.
Quantum

h3-Open-SYS/WaitIO

CPU GPU Others



Providing quantum computing courses to 300 students per year 
(In cooperation with IBM Quantum Education Program)
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Human development essential for social implementation of quantum applications

Expand to 8,000 in 10 years

Expanding into a university-wide education system

QIICIBM-UTokyo lab

Industry partnerships

Quantum initiative

Undergraduate (yr 1) 
Freshman seminar 
  How to make a quantum processor

Graduate 
Specialized instructions

Undergraduate (yr 3&4) 
Quantum technologies and computing

Undergraduate (yr 1&2) 
Advanced sciences

High school / colleges of 
technology

Recurrent education 
Quantum computing 

ASPIRE top talent cultivation

Innovators / Leaders 
(Experts)

Technology developers 
(Core of the ecosystem)

Application users 
(IP management, implementation)

Quantum experience

Humanities　

Perspectives on Quantum Education
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Perspectives on Quantum Education
Education of Quantum Natives for future generation

Advanced class for qualified early 
undergrads 
‣ 1st-2nd year undergrads 
‣ College of Arts and Science (Komaba)

Interdisciplinary class opened to 
all faculties 
‣ 3rd-4th year undergrads 
‣ Dept of Physics, Faculty of Science

Most advanced class   
Global human resources/workforce 
development 
‣ Graduate students 
‣ School of Information Science and 

Technology

Aim to integrate UChicago education program 
and advanced technologies in IBM/Google 

Hands-on IBM quantum computer 
with selected students since 2022

Research with 
quantum devices 

qnec.jp

http://qnec.jp
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UTokyo Partnerships on Quantum Technologies

UTokyo-UChicago-Google for cooperation in quantum research and education 
‣Quantum computing research; Student career mentorship, workforce development 
‣ Entrepreneurship and business

UTokyo-UChicago for partnership on quantum information science and engineering 
‣Quantum computing and sensing development; Exchange of students and researchers 
‣ Entrepreneurships, startups in cooperation with industries

UTokyo-IBM for cooperation on research and education in the quantum field 
‣Quantum research with IBM quantum computers, software and application development 
‣Hardware development with testbed; Education program

3 partnerships with UTokyo announced at G7 Hiroshima Summit in May 2023 
for the development of quantum technologies and education:



Researches in Quantum Sensing, Software, Hardware and Interconnect

ASPIRE Quantum Program

Quantum Software
Quantum Simulation 
Tensor Networks 
Error Correction

Quantum Algorithm

Quantum 
Neural 
Networks

Quantum Hardware
Qubit Technology 
Spin System 
Scalable Hardware

Cold Atoms

Superconducting Qubits
Quantum Interconnect

Quantum Transduction 
Hybrid Quantum System 
Quantum Network

Quantum Transduction

Quantum Memory

Quantum Sensing
Advanced Sensor 
Quantum Material 
Sensor Applications 

Material 
Synthesis Spin System

Transformative Quantum Technology Platform 
‣ Practical applications of quantum computing beyond NISQ 
‣ Quantum connectivity for hybrid quantum-quantum, quantum-classical system

Feb. 2024 – Mar. 2029

18
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ASPIRE Research Project
Quantum Sensing: 

Development of quantum sensing device, application to Biological/Medical science 
‣ Quantum sensing in Homotypic Targeting via Extracellular Vesicles (EVs) 
‣Method to enhance targeting, accelerating selective EV capture 

Quantum Hardware: 
Microwave control technology at low temperature, superconducting qubit device 
‣ Spin-torque oscillators, Ultra-cold spintronics microwave generator 
‣ Superconducting qubit fabrication, application to particle physics 

Quantum Software: 
Quantum-classical hybrid computing, software/application development 
‣ Quantum circuit simulation with Tensor Networks 
‣ Development of TN-based machine learning, error corrections 

Quantum Interconnect: 
Quantum interface/connection technology for hybrid quantum systems 
‣ Development/evaluation of phononic nano-oscillator 
‣ Quantum transduction with diamond-based optomechanical system
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K. Goda

E. Saito

S. Todo

M. Nomura

P. Maurer A. Squires

D. Awschalom

G. Galli L. Gagliardi

L. Jiang B. Fefferman

A. Cleland

N. Yoshioka

T. Nitta

Y. Mat-
sushita

磁場耐性超伝導量子ビットの開発
通常超伝導量子コンピュータでは磁場は厳禁 
- 簡単に超伝導状態は壊れてしまう (臨界磁場) 
- ジョセフソン接合は磁場に敏感 (超伝導電流の減少)

磁場を与えるメリット 
- 暗黒物質探索へ適用可能 (2403.02321) 
- 量子スピン液体への応用可能性

Counterpart

Aaron Chou 
(Fermilab)

超伝導臨界磁場 
Al   0.1 mT 
Nb  0.9 mT 
Ta   0.4 mT 
NbTi   12 T    

Nb3Sn   20 T 
NbN   20 T

通常の超伝導体

磁場に耐えうる 
超伝導体

開発方針1 磁場に強い超伝導体 開発方針2 薄い超伝導体
磁場

薄いと磁場は貫きづらい 
10 nm の薄膜はR&Dが重要

→ 1テスラ以上は前人未到の領域、 
　 本研究では10テスラ前後を目指す

新田, Chou

11

 A. Chou 
(Fermilab)



Qubits with Application to Particle Physics
Superconducting Qubit Technologies and 
Application to Particle Physics 

25% of the mass of the universe not explained 
in standard model of particle physics 

Certain type of light DM could be probed by superconducting qubits 

Cavity haloscope experiment for DM search: 
‣ Photons converted from DM with a mass 

resonant to the cavity frequency 

‣ Read out induced voltage by antenna

Dark Matter

Visible matter (gas)

Invisible matter (Dark matter)

Karin Watanabe’s talk for DM detection with qubit excitation

キャビティハロスコープ実験

4

キャビティハロスコープ実験

l 世界最高感度に到達している有力な検出方法

l 空洞共振器 (Cavity)に光子を溜め, 高周波で検
出

l 信号が非常に微弱なため, 複数段階で信号増幅
(HEMT, 常温アンプ, JPA,…)

l Cavityの共振周波数 探索DMの質量

大きな課題の一つが周波数変調機構

γ’

γ

HEMT

Amplifier

Analyzer

microwave

Room Temperature

~10 mK

~ K

Cavity
増幅

増幅

本研究では未使用

対応

Cavity周波数変調の手法

7

SQUID型Qubitに対し, コイルによってループを貫く磁束を増減させる
→QubitのインダクタンスLjが変化
→Qubitの共振周波数が変化
→detuningΔが変化
→Cavityの共振周波数が変調

3.2 cm 幅2 mm

周波数変調…

JJ

10 μm

SQUID型トランズモン量子ビット

次ページから周波数変調の検証

Cavity周波数変調の手法
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SQUID-
type qubit

Superconducting Qubit Fabrication: 
‣ Specific qubit design/fabrication 

for application to physics  
Magnetic-field tolerance  
for Axion dark matter search 

‣ Establish process control of 
Josephson junctions 

‣ Build cryo-compatible system  
(10 mK, 3 T in-plane field) 

PPE(Personal 
Protective Equipment)

u PPE...クリーンルーム内で
作業する際の装備品のこと

u 基本的には武田・EPFLと同
様

u BAY(ブロック)ごとに手袋
や紙ワイプ,ノートがまと
めておいてあるのは嬉しい

u (スタッフの人を見ても) 実
は服装についてはあまり気
にしていないのでは,,,

Deposition 
Al/Nb

u 機種...Plassys

u OISTやEPFLと違って, 
Load⽤のChamberが省
略されコンパクトな機構
に→プロセスが短い, エ
ラーが起こりにくい(こと
が予想される)

u 蒸着⾃体はテスト済み(JJ
は不明)

K. Watanabe, K. Nakazono, T. Inada,  
Y. Mino, T. Nitta (KEK), S. Chen (Kyoto)

20
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Quantum Algorithms
Quantum algorithm with efficient randomness generation 

Showed that Haar-like randomness can be approximated using circuits where  
only single-qubit gates are randomized and entangling gates are fixed 
→ Accelerated generation of pseudo-Haar randomness (Oral presentation at QIP2025)

Efficient benchmarking using two logical magic states 
Benchmarking using Stabilizer operators 
 → Sampling overhead improvement from  to N = 𝒪(1/ϵ2) N = 𝒪(1/ϵ)

Quantum sensing under unknown noise 
Unknown noise disturbs the signal → Using entanglement to protect signals from noise

K. Tsubouchi, N. Yoshioka

arXiv:2410.24127

arXiv:2503.17362

arXiv:2505.09687

https://arxiv.org/abs/2410.24127
https://arxiv.org/abs/2503.17362
https://arxiv.org/abs/2505.09687
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Quantum research network with UChicago, US-QIS lab’s, SNU, IBM/Google & CERN 
‣UTokyo-UChicago-IBM/Google collaborative research on superconducting qubit technology 
‣Quantum computing/sensing applications in high-energy physics (CERN, KEK) 
‣Engaging UTokyo graduate students/postdocs in the network

Establish research environment with industry partners for applications 
‣QIIC, Chicago Quantum Exchange for industrial applications 
‣ Joint education program between UTokyo and UChicago under discussion

Vision of International Quantum Research Network

CERN Quantum 
Technology Initiatives

UTokyo ‣ Japanese/Foreign companies 
‣ Research organizations

Vision
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Center of Innovation for Sustainable Quantum AI

Prof. Synge Todo 
(Project Leader)

COI-NEXT Project on Quantum Software

‣ Aim to realize sustainable quantum AI by integrating quantum 
software, HPC and simulation 
‣ 10-year project (Oct. 2022 - Mar. 2032) supported by JST

Targets:

➡Highly trainable and generalizable quantum ML

➡Multi-body simulation for material informatics

➡ Integration of quantum-classical algorithms

➡For quantum ML and multi-body simulation

➡ Integration of CPU-GPU-QPU environment

Quantum Machine Learning

Quantum Simulation

Quantum Embedding

Quantum Optimization

Quantum HPC

Research Topics/Groups:

COI-NEXT Project on Quantum Software

• “Center of Innovation for Sustainable Quantum AI” 

• 10-year project (2022.10-2032.3) supported by JST 

• Institutions/Organizations/Companies 

• UTokyo, Keio, RIKEN, OIST, U. Chicago; Kawasaki City; Amoeba Energy, 

SCSK, Quemix, Kyocera, JSR, TIER IV, Toppan, Toyota , Nittetsu 

Solutions, IBM, SMBC.  Japan Research Institute, Bait Al-Hikma, 

BIPROGY, blueqat, Mizuho Research & Technologies, Mitsubishi 

Chemical, MUFG, Murata Machinery 

• Targets 

• sustainable quantum ML 

• many-body simulation for quantum AI 

• quantum/classical HPC 

• Research Topics/Groups 

• quantum machine learning 

• quantum simulation 

• quantum embedding 

• quantum optimization 

• quantum HPC

1

quantum AI/hybrid HPC

Implementation of
sustainable virtuous
circle

sustainable AI
quantum HPC

quantum embedding

backcast to new projects

new social issues

new industries

solution to social problems

quantum ML

quantum simulation

quantum optimization

Quantum-Classical HPC 

Many-body simulation 
for quantum AI

Sustainable quantum 
machine learning

UTokyo, Keio, RIKEN, OIST, UChicago, 
Kawasaki City and Companies
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Connecting the Dots: Linking major initiatives to address societal challenges 
Flagship Environment: Next-generation Quantum AI Computing platform 
Key Pillars: 
‣ Human resource development 
‣ Development platform for quantum and AI technologies 
‣ International collaborative research with global partners

From Innovation to Social Implementation

Development 
PlatformNext-gen. Quantum 

AI Supercomputer

International 
Collaboration

Quantum 
Ecosystem

Human 
Development

Integrating Quantum AI Computing with a broader quantum ecosystem 
Accelerating the creation of use cases and implementations in society

Application Areas: 
‣ Quantum AI, Quantum simulation 
‣ Quantum materials and properties 
‣ Quantum optimization, Mathematical computation 

Summary


