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RQC Colloquiums and RQC Seminars

FY2025 RQC Colloquiums
EF I 1—9t9—Tld. BELRHEEEEHNICIBEELRQC Colloquium ZBRELTWLET . 2025FE(F120I53#H L.
RQC/Z(FT e itz —ICHAXL. SERLGEREITVELE,

Australian Al Institute, University ~ Optimization and error analysis in quantum

33 Apri 4, 2025 Prof. Dong Daoyi of Technology Sydney (Australia) tomography, and quantum autoencoders
I N Making Quantum Matter: A Case Study in
34 May 12, 2025 Prof. Sabrina Maniscalco Hligeliinmis) Biek g =y e Application-Driven Quantum Computing for

S (ATEe) Chemistry and Life Sciences

Department of Physics, Pohang
35 May 29, 2025 Prof. Kim Yoon-Ho University of Science and
Technology (Korea)

Learning more about Quantum Systems via
Weak Interactions and Measurements

Benchmarking and Fault-Tolerant Operation of

36 July 23, 2025 Dr. Thomas Noel Inflegtion, Inc. (USA) a Neutral Atormn Quantum Processor

Palacky University Olomouc

37 September 10, 2025 Prof. Radim Filip (Czech Republic)

Quantum Non-Gaussianity
Quantum Algorithmic Primitive for Quantum

38 October 21, 2025 Prof. Naoki Yamamoto Keio University (Japan) Machine Leaming

Okinawa Institute of Science and  Quantum Computer Architechture from FTQC

€ DU IR A FAEbLGDNCE Technology (Japan) to Near-Future Quantum Processors

Non-Equilibrium Quasiparticles in

40 December 25, 2025  Prof. Leonid Glazman Yale University (USA) Superconducting Qubits

Quantum, Al and the Path to Commercial

41 January 9, 2026 Dr. Matthias Troyer Microsoft Inc. (USA) Advantage

42 February 5, 2026 Prof. Barry C. Sanders University of Calgary (Canada) Superposing Coherent States for Fun & Profit

Special Febr.uary 19, 2026 Dr. John Martinis Qolab inc. (USA) Do Macrosoopu: Variables Obey Quantum
(onsite) Mechanics?

Science and Technology of Superconducting
43 March 11, 2026 Dr. Jaw-Shen Tsai RIKEN (Japan) Macroscopic Quantum States
- A Journey around Josephson Qubits



FY2025 RQC Seminars

F/ZRQCTIE. BPINBENICEMETBHRQAC Seminar HEfEL TLET, 2025FE (3690 EL. BF 1> 1—IH%H
HICBT 2T LA 7RI —%BIEL TF—LDWEBR ISERBERNMTONEL,

189

190

191
192
193
194
195
196
197
198
199
200
201
202
203
204
205

206

207

208
209
210
211
212
214
215
216
217
218
219
220
221
222

223

224

April 16, 2025
April 17, 2025
April 10, 2025
April 10, 2025
April 23, 2025
May 8, 2025
May 15, 2025
May 16, 2025
May 19, 2025
May 23, 2025
May 26, 2025
May 21, 2025
May 22, 2025
May 28, 2025
May 30, 2025
July 28, 2025
June 26, 2025

July 23, 2025
August 6, 2025

July 30, 2025

August 18, 2025

July 25, 2025 (onsite)
July 25, 2025 (onsite)
July 25, 2025 (onsite)
August 12, 2025
August 8, 2025

August 14, 2025
August 13, 2025
August 15, 2025
August 20, 2025 (onsite)
August 21, 2025 (onsite)
August 25, 2025
November 10, 2025

September 2, 2025

September 3, 2025

Prof. Xiao Zheng
Dr. Sorawis Sangtawesin

Mr. Lee Yun-Yan

Dr. Xiao Shuixin

Dr. Daniel Herr

Dr. Thomas Isaac Layton
Prof. Sandro Wimberger
Mr. Daniele Lamberto
Mr. Gabriele Orlando

Mr. Andrea Zappala

Mr. Samuel Napoli

Mr. Michael Tschaffon
Dr. Roberto Stassi

Prof. Salvatore Savasta
Prof. Yuto Ashida

Dr. Alex W. Chin

Prof. Gokul Subramanian Ravi

Dr. Yasunari Suzuki
Prof. Hossein Sadeghpour

Mr. Thomas Lagoutte - Ferre
Dr. Haruna Katayama
Prof. Matthias Christand|
Prof. Wang Xin

Prof. Li Yinan

Mr. Zheng Ri-Hua

Prof. Chen Ye-Hong

Mr. Yan Ke-Xiong

Prof. Liu Tao

Prof. Yang Chuiping
Prof. Xiang Zeliang

Mr. Gong RuiYang

Dr. Chen MingYuan

Dr. Alexander Poddubny
Ms. Zou YuHong

Ms. She Min

Fudan University (China)

School of Physics, Institute of Science, Suranaree University of
Technology (Thailand)

Australian National University (Australia)
Australian National University (Australia)

d-fine (Switzerland)

JSPS, RIKEN (Japan)

University of Parma, and INFN (ltaly)

University of Messina (Italy)

University of Messina (Italy)

University of Messina (ltaly)

University of Messina (ltaly)

Institut fir Quantenphysik, Universitat Uim (Germany)
University of Messina (ltaly)

University of Messina (Italy)

The University of Tokyo (Japan)

Sorbonne University & CNRS (France)
University of Michigan, Computer Science and Engineering (USA)

RIKEN (Japan)

Harvard University, Institute for Theoretical Atomic, Molecular and
Optical Physics (USA)

ENS Paris-Saclay (France)

Hiroshima University (Japan)

University of Copenhagen (Denmark)

Hong Kong University of Science and Technology (China)
School of Artificial Intelligence, Wuhan University (China)
Fuzhou University (China)

Fuzhou University (China)

Fuzhou University (China)

South China University of Technology (China)

Hangzhou Normal University (China)

Sun Yat-Sen University (China)

Sun Yat-Sen University (China)

Nanjing University (China)

Weizmann Institute of Science (Israel)

Nanjing University (China) College of Engineering and Applied
Sciences (USA)

Nanjing University (China)



225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246

247

248

249

250

251

252

253

254

255

256

257

258

September 22, 2025
September 25, 2025
October 1, 2025
September 25, 2025
November 4, 2025
September 19, 2025
September 17, 2025
October 2, 2025
September 29, 2025
November 11, 2025
September 25, 2025
October 17, 2025
October 20, 2025
October 21, 2025
October 22, 2025
October 24, 2025 (onsite)
October 24, 2025 (onsite)
October 28, 2025
December 9, 2025
November 7, 2025
November 20, 2025

December 4, 2025

November 20, 2025
(onsite)

December 15, 2025
December 22, 2025

December 19, 2025
January 8, 2026
February 4, 2026
January 22, 2026
March 13, 2026
February 13, 2026
March 3, 2026
February 19, 2026

March 3, 2026

Dr. Steven Mark Anlage
Dr. Cheng-Yun Hsieh
Dr. Mustafa Bakr

Dr. Nikita Astrakhantsev
Prof. Li FuLi

Dr. Zhou ZhengYang
Mr. Utkarsh Azad

Dr. Korenobu Matsuzaki

Dr. Mostafizur Rahaman Laskar

Prof. Li FuLi

Prof. Stefan Ulmer

Dr. Tyler A. Cochran
Dr. Chu Kai-I

Dr. David Herrera-Marti
Prof. Ku Huan-Yu

Mr. Chen Po-Yang

Mr. Wu Chao-Hsien

Dr. Svend Krgjer Maller
Mr. Linus Ekstrom
Prof. XueYue (Sherry) Zhang
Dr. Pawel Wocjan

Dr. Chung-Ting Ke

Dr. Jeroen Verjauw
Prof. Kay Brandner
Prof. Jens Koch

Prof. Hoi loChun

Dr. Maxwell Drimmer
Prof. William D. Oliver
Prof. Jean-Jacques Slotine
Prof. En-Jui Kuo

Dr. Graeme Pleasance
Dr. Robert Loew

Prof. Adrian Lupascu

Dr. Raymond W. Simmonds

Quantum Materials Center, University of Maryland (USA)
National Taiwan University (Taiwan)

University of Oxford (UK)

Google Quantum Al (USA)

Xi'an Jiaotong University (China)

Zhejiang Sci-Tech University School of Science (China)
Xanadu Quantum Technologies Inc. (Canada)

RIKEN (Japan)

IBM Quantum, IRL Bangalore (India)

School of Physics, Xi‘an Jiaotong University (China)
Heinrich-Heine-Universtét Disseldorf (Germany) RIKEN (Japan)
QuEra Computing Inc. (USA)

National Central University (Taiwan)

CEA-List, Grenoble (France)

National Taiwan Normal University (Taiwan)

National Taiwan Normal University (Taiwan)

National Taiwan Normal University (Taiwan)

Niels Bohr Institute (Denmark)

Honda Research Institute Europe (Japan)

Columbia University (USA)

IBM Quantum (USA)

Academia Sinica (Taiwan)
IQM Quantum Computers (Finland)

University of Nottingham (UK)

Department of Physics and Astronomy, Northwestern University
(USA)

City University of Hong Kong (China)
Department of Physics, ETH Zlrich (Switzerland)
MIT, EECS and Physics (USA)

MIT (USA)

National Yang Ming Chiao Tung University (Taiwan)
University of Stellenbosch (South Africa)
University of Stuttgart (Germany)

University of Waterloo (Canada)

National Institute of Science and technoloy (USA)
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FHEETE TIBEREWR BRI F — AN Chung HochanTHE&E Y. [Best Student Poster Presentation Award] Z&EINE
Uiz, ABlF. FO8FEMESHRRS (QURa) ([CPVT. SIIEDREICLRHBESF THISEEHINICRERIT—
[CRE5ENBETY. ChungTAld. [BIGEFBEFICEDIETATVRIEADHE] (CRAT2RRI—FHERTREINEL,

2026/3/23

NIk BEN BHREEHRF—AU—9 —» [5F40 (2025FE) IWAMEZRIIN-T1&

127N a>ERHRAERARME] 22E
FHEETETEREFOBHRF — L0 L 2N BREBEHERF—LU—5 -1\ [5
40 (2025%FE) BRAYEERT A N—ST1&1 VI~V  BRIEHRE TR ERHE]
EREINEUL. FHIE TRAYESH CEELHRBRONEES T LLIERRE - &
&, BIOLAYERIBICHIBT1N\— T8 VTN~V aVICRE<ERY BHR
BB ETEOLRRE - RITEFIIHEG - TN —TOEEHZDETT. I L5k
£13. [HEBTZAVCETRRIMEEROHR] TBESNEL.

15



SFHEHT /N—a G BE

@ Quantum Innovation Hubs

BT/ N—231203 2 — T EFRINOHMEREZINE

BRSEED (BTN~ 388 (20206F17) (CEDE. ERSSNERE - BT8RN 5. BFRIFOR
BHRN SEAEIL. AYEE. AMBRICESF CEYE T QBRCIVECIRELTE TR /A~ a s (UL
TQH) AEfEENELZ, QHIF H¥) 8RR TIREVEULA . 128mRITHEAR L ZLELUT,

EB{ L2 HT9RRT(E QH DIZRRE LT 12MBID BEERSAYN I —9—EEEIBoTHE T, /0. BILSHRAE.
12MRO—DTHHY . BFIVL1—9Y AT ADHIEBERERTTHEF IV 27— 3 BHBHAREL TEBIL TLET

BEFIVEa—-4FER
(ERAY - RES)

EFIvEaF—>avEik
(BALFEAZTPT)

EFVYVa->3y
(RAEAS)

BFFEEA
(GRIBEILAFHIE)

EFEY
(RRMFAE)

BTRMEBE - EFE®D
(BFRS RIS

16

=inigaes

BFVIMIITHR
(KBRAZ)

EF - ATHERMESRIARRIO-NIL
(BT BTIZR)

EFEEREE
B 7R AR A IRAS)
1/ RN—>3 > Hla
(CPIARSE, © B EAZEA)
BFbxalUFa
(REEETE

REFHF
(REAE)

BFITUTL
(0E - RIFRZE)



BFRii1/R—aVitEaE

E S IR - RE1L EETFES AHER
PaEE kS PaEEE nE= nEs
BFHREOUEDT

QHFEFEMOUAREEICE(T. HERSPHEETORER LU CEFRINT /N—a lnERFEHRE - BEL.
HERFEDO NIADDNHRER (T SURAFREIC OV TERRESREEH - HEsHEZIToTVET,
o ESEIENRIR | BB VRT ADRECEBRHEIN G DEBEEDHEE
* ANHE - IREEDRIR  ANME. EFRECICETINRETOEIEDHLSE
s EEFEENNR  EFRMDUARREZBIETEEFEEDHEE
s \MBRAHE | EFOBOEFHAEENCHE - RO FTBAI A BERR{EDHEE
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HREHE

Our group is doing research on various quantum simulators and on machine learning and Al applied to quantum physics and
quantum information. These are attracting growing interest in the research community.

Our quantum software (QuTiP: Quantum Toolbox in Python = quantum simulator) is having a large impact in this field. QuTiP
is a free and open-source library for efficient simulation of a wide variety of quantum systems. QuTiP has been downloaded
more than four million times, and it is used all over the world. We plan to make this indispensable software tool much stronger

and more powerful.
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QuTIP has been downloaded more than four million times, and it is used all
over the world.
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Nonreciprocal quantum synchronization

Nonreciprocal physics is garnering enormous attention in both classical and quantum resource fields. Surprisingly, previous
demonstrations have not explored nonreciprocal quantum synchronization of phonons, one of the most obvious examples
of nonreciprocal quantum resources. Here

we fill this gap to demonstrate the possibility (2)
of nonreciprocal quantum synchronization,
revealing its counterintuitive robustness against
random fabrication imperfections and thermal i
noise of practical devices. Specifically, phonons Log ;
are synchronized in a chosen direction of light e \'-u o A, %
(magnetic field) but unsynchronized in the other, TN em 2 A :
yielding a unigue nonreciprocity of quantum
synchronization. This happens by harnessing the Nonreciprocal quantum synchronization
synergy of the Sagnac and magnon Kerr effects, ©D.-G. Lai, A. Miranowicz, F. Nori

leading to an opposite Sagnac-Fizeau shift and Nonreciprocal quantum synchronization
an exceptional magnon Kerr-induced transition. Nature Communications. 16, 8491 (2025). [PDF]
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Quantum information bound in sensors

Non-Hermitian systems give rise to nontrivial phenomena due Figues 1, Types of Quanium Ssnscrs
to their ability to exhibit peculiar spectral singularities known as

exceptional points. Especially, the dynamical encirclement of

exceptional points in a system parameter space enables chiral

state switching. Although this chiral behavior can be effectively

controlled in two-mode structures, extending such control to

higher-dimensional systems with multiple exceptional points

presents significant challenges, particularly when aiming to steer

the system toward a specific target state, a capability crucial for

advancing such fields as optical communication and quantum

information processing. In this work, we overcome this challenge by

experimentally demonstrating a genuine programmable symmetric-

asymmetric multistate switching in a four-mode optical system.

This is gchieved through theT cohtrolled dynlamif: interplay between Achieving the quantum Fisher information bound in
exceptional and diabolic points in the Hamiltonian spectrum. Our pseudo-Hermitian sensors

results lay the groundwork for the development of light manipulation Phys. Rev. Lett. 136, 080802 (2026). [PDF]

protocols in multimode photonic setups.

Quantum information bound in sensors
©I. Arkhipov, F. Nori, S. K Ozdemir
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F—7—K : Quantum information, Quantum resource theories, Quantum Shannon theory, Mathematical physics
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Our group studies the mathematical underpinnings of quantum information theory, with a particular focus on the investigation
of the mathematical structure of quantum resources — physical phenomena that underlie practical advantages of quantum
technologies in areas such as communication and computation.

We aim to develop technical frameworks that help address the fundamental questions of how to quantify, manipulate, and
take advantage of physical resources in quantum information and communication tasks. Our approach is to establish a solid
and rigorous mathematical foundation which can be directly
used to study a variety of physical settings, allowing for broad

applications and generalisations. In addition to advancing the quantum magic-state
frontiers of knowledge on the fundamental laws governing thermodynamics / quantum
. . \ computation
quantum systems, we hope to provide insight into the . \
quantum

; . . quantum
physically achllevable limits c?f the adlvantages of quantum . coherence quantum /" memory
resources, which can then find use in benchmarking practical resources
quantum technologies. We will directly apply our methods to quantum _ non-Markovianity

entanglement

—

shed light on the properties of resources such as quantum
entanglement, quantum coherence, magic-state quantum
computation, as well as the dynamical quantum resources of
quantum channels.

Beyond that, we are broadly interested in the mathematical J

problems of quantum information theory, e.g. the properties
and applications of entropic quantities, the characterisation

of operational tasks such as quantum hypothesis testing, and Many different resources underlie the power of quantum information.
convex optimisation problems, which can be encountered in We aim to develop tools to understand them better through general,
almost every area of quantum information. mathematical approaches.

REGULA Bartosz (Ph.D.) BHHEBHEF—L)—5 —
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1 L. Lami, M. Berta, and B. Regula, “Asymptotic quantification of entanglement with a single copy”, Nat. Phys. 22,
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2 B. Regula and L. Lami, “Reversibility of quantum resources through probabilistic protocols”, Nat. Commun. 15,
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Simplifying the quantification of entanglement through hypothesis testing

The advantages provided by quantum entanglement rely on the fact that correlations between parts of a large quantum system
make it more useful than the sum of its parts. However, this means that to optimally use entanglement, we need to understand
the behavior of large systems, which leads to intractable asymptotic formulas involving many copies of quantum states.

Here we show that just a single copy of a state can tell us how to optimally detect and extract entanglement. Our approach
relies on suitably adjusting the figures of merit in the fundamental task of
entanglement distillation (purification) to connect it with entanglement testing

(detecting entangled states). By developing novel mathematical techniques
PaB

in quantum state discrimination, we show that the optimal solution is given
by a measure of entanglement that involves no asymptotic limits and is Pas) (Pas Pap
easily computable. Pas O Oap
L. Lami, M. Berta, and B. Regula, “Asymptotic quantification of on
entanglement with a single copy”, Nature Physics 22, 439-445 (2026). PaB
Our approach shifts the focus of entanglement purification from the rate (yield) of distillation @ ‘
to the error of the process, which corresponds to the best achievable fidelity with the ~ (D®m
) ) . ) . +
maximally entangled states ¢ . By focusing on this error as the figure of merit, we are able £ @

to relate it with a quantum hypothesis testing problem which we then solve using a new
approach that extends state-of-the-art techniques.

Refining the mathematical tools of quantum information theory

The precise understanding of the performance of quantum information processing tasks is often based on connecting them with
various entropic measures of quantum information. An improved understanding of these entropies can thus have meaningful
consequences for how accurately we can benchmark and compare the performance of practical tasks. Here we introduce

new mathematical techniques that provide major improvements over previously known bounds and relations between various
quantities used in the practically meaningful one-shot quantum information theory. This leads to new insights into the structure
of these information measures and has the potential to improve known constraints on problems such as rates of quantum
communication, performance of quantum state discrimination, or the extraction of randomness in quantum cryptography.

B. Regula, L. Lami, and N. Datta, “Tight relations and equivalences between smooth relative entropies”, IEEE Transactions on
Information Theory 72, 3051-3073 (2026).

pYeT

= — -u,1,= 1
vex ~(pllo) +1og = < D} ¥(pllo) < Dyt ~(pllo) + log o

M= =

= _ —u,P,= 1
DY:P=(pllo) +1log = < D (pllo) < DYac " (pllo) + log 2

One of the consequences of our approach is an improved understanding of duality relations
between the smooth max-relative entropy (which finds use in problems such as quantum
randomness extraction or quantum channel simulation) and the hypothesis testing relative
entropy (which governs state discrimination, communication through quantum channels, and
guantum source compression).

FEA/N—
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Research Highlights / Features

Boosting quantum error correction using Al

A method for fixing errors that occur in quantum computers is made massively more efficient through

deep learning

Category: Exploratory Physical Sciences Field: Physics/Astronomy

way to greatly enhance the efficiency of a method for

correcting errors in quantum computers has been
realized by theoretical physicists at RIKEN'. This advance
could help to develop larger, more reliable quantum computers
based on light.

Quantum computers are looming large on the horizon,
promising to revolutionize computing within the next decade
or so.

“Quantum computers have the potential to solve
problems beyond the capabilities of today’s most powerful
supercomputers,” notes Franco Nori of the RIKEN Center for
Quantum Computing (RQC).

But some major hurdles need to be overcome before
quantum computers can be used to tackle practical problems.
In particular, ensuring that they perform calculations reliably is
a critical issue.

“The reliability of quantum computers is constrained
by their extreme sensitivity to the environment,” explains
Nori. “Even minor environmental disturbances can corrupt
quantum information.”

To unleash the potential of quantum computers, it is thus
vital to develop techniques that can fix quantum errors.

One attractive method is the Gottesman-Kitaev—Preskill
(GKP) code. Named after its inventors, the GKP code was
proposed in 2001 as a way to encode a qubit, the quantum
equivalent of a bit, in a harmonic oscillator—a system that
resembles a pendulum.

“It's a promising candidate to realize quantum error
correction without requiring a lot of hardware,” says Nori.

However, GKP codes rely on squeezed states—quantum
states that are difficult to generate and control. Consequently,
GKP codes have been challenging to implement in practical
experiments, particularly in light-based systems.

To overcome this problem, a team including Nori, Clemens
Gneiting and Yexiong Zeng, both also at RQC, has developed
a method that uses deep learning to optimize GKP states.

This optimization reduces the need to use large-amplitude
squeezed states while preserving the code’s powerful error-
correction capabilities.

“By leveraging Al, our method fine-tunes the structure of
GKP states, striking an optimal balance between resource
efficiency and error resilience,” says Zeng. “Our optimized
GKP codes outperform conventional ones, requiring only
a fraction of the squeezed states while achieving superior
error correction.”

The method turned out to be remarkably efficient, exceeding
the team’s expectations. “We were pleasantly surprised,” says

Figure: Quantum computers based on light stand to benefit from
a technique that uses machine learning to enhance a method for
fixing quantum errors.

© 2025 RICHARD KAIL/SCIENCE PHOTO LIBRARY
[https://www.sciencephoto.com/media/393429/view]

Zeng. “The neural network achieved a much more efficient
encoding than we had initially expected.”

“By reducing resource demands and improving error
resilience, our work accelerates the path toward scalable, fault-
tolerant quantum computing, paving the way for significant
advancements in science and technology,” says Gneiting.

The team is now planning to extend the code to a multi-
logical system, says Zeng.

Related content:

Machine learning contributes to better quantum error
correction (https://www.riken.jp/en/news_pubs/research_
news/pr/2023/20230908_2/index.html)

Powerful quantum error correction with a beautiful geometry
(https://www.riken.jp/en/news_pubs/research_news/
pr/2024/20240905_1/index.html)
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Neural-network-based design of approximate Gottesman-
Kitaev-Preskill code. Physical Review Letters 134, 060601
(2025). doi: 10.1103/PhysRevLett.134.060601

These articles are edited versions of RIKEN Research Highlights.
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Research Highlights / Features

Extending the applicability of a key quantum law

Even quantum systems with long-range interactions between particles can be analyzed using a key principle

Category: Exploratory Physical Sciences Field: Physics/Astronomy

y extending a key law in quantum information to systems

with long-range interactions, RIKEN physicists have
enhanced its usefulness’. This advance could help to design
better quantum computers.

Compared with their classical counterparts, systems made
up of many quantum particles —such as quantum computers —
are horrendously complex to analyze and simulate. This
complexity is due in part to the strong correlations between
particles, which can act over long distances.

One helpful principle for understanding systems in which
the quantum particles are split into two groups is the area
law. It states that the amount of information shared between
the two parts of a quantum system depends on the boundary
between them rather than the total size of the two parts.

“This idea provides profound insights into how information is
structured in nature and has far-reaching implications across
physics, helping researchers explore phenomena ranging
from exotic phases of matter to black holes,” says Donghoon
Kim of the RIKEN Center for Quantum Computing (RQC).

The area law simplifies the analysis of large quantum
systems because it means it is not necessary to know all the
details about the entire system, but just how the two parts are
connected across their boundaries.

However, the area law has only been shown to apply to
systems that have short-range interactions between their
particles. That excludes many systems of great interest.

“In many important physical systems, particles interact
with others far away—not just their neighbors,” explains
Kim. “These long-range interacting systems are essential for
understanding both the large-scale structure of the Universe
and the behavior of complex quantum materials.”

Now, Kim, Tomotaka Kuwahara, also of RQC, and Keiji
Saito of Kyoto University have shown that the area law at finite
temperatures also applies to long-range interacting systems
under certain conditions.

“Our result suggests that, by carefully choosing meaningful
and realistic assumptions, we can extend the reach of
mathematical analysis into areas that were once thought to
be out of bounds,” says Kim.

The trio’s achievement has important implications
for practical applications of quantum systems such as
quantum computers.

“We now have a much clearer understanding of when
and how quantum systems can be simulated efficiently at
finite temperatures,” says Kim. “This is especially relevant
for quantum computing and quantum simulation, where
managing entanglement and thermal correlations is a
major challenge.”
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Figure: lon traps such as the one shown here are one promising
technology for developing quantum computers. Trapped ions are
also an example of a long-range interacting system that the area
law can be applied to.

© ANDREW BROOKES, NATIONAL PHYSICAL LABORATORY/
SCIENCE PHOTO LIBRARY
[https://www.sciencephoto.com/media/457620/view]

The result can help guide the design of algorithms
and hardware by identifying the regimes where quantum
information remains localized and tractable —even when long-
range interactions are present, Kim notes.

Related content:

Simplifying long-range quantum interactions in many-body
systems [https://www.riken.jp/en/news_pubs/research_
news/rr/20201204_1/index.html]

Boson systems break the finite speed limit [https://www.
riken.jp/en/news_pubs/research_news/rr/20240725_1/
index.html]

Looking for rules within quantum complexity [https://www.
riken.jp/en/about/people/2022winter-1/index.html]
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The gap between conventional and quantum computers is closing when it comes to simulating scrambling of

quantum information

Category: Exploratory Physical Sciences Field: Physics/Astronomy

our RIKEN researchers have used two small quantum
computers to simulate quantum information scrambling,
animportant guantum-information process'. This achievement
illustrates a potential application of future quantum computers.

Still in their infancy, quantum computers are only
just beginning to be used for applications. But they
promise to revolutionize computing when they become a
mature technology.

One possible application for quantum computers is
simulating the scrambling of quantum information—a key
phenomenon that involves the spread of information in
quantum systems ranging from strange metals to black holes.

After encoding information in one part of a quantum system,
it becomes diluted over time through various processes.
Eventually, it spreads out across the whole system.

The original information is not lost, but it is much harder
to reconstruct since you need access to the entire system.
The quantum-information scrambler par excellence is the
black hole, which is the ultimate shredder when it comes to
quantum information.

Understanding how information scrambling occurs is critical
for addressing fundamental problems in quantum physics.

“Quantum-information scrambling is of interest to us
because we can use it to do some additional calculations,
such as statistical physics calculations,” says Kazuhiro Seki of
the RIKEN Center for Quantum Computing (RQC).

One way to study quantum-information scrambling is to
perform simulations, which is where quantum computers can
help since they are better suited for such simulations than
conventional computers.

Now, Seki and Seiji Yunoki, also of RQC, and two co-workers
have used two quantum computers with 20 qubits—the
quantum equivalent of bits—to simulate quantum-information
scrambling circuits (Figure).

For the simulation, the researchers used state-of-the-art
quantum computers via the cloud, which are based on qubits
formed from trapped ions. They used the quantum computers
to perform three simulations, which included creating a
scrambled state and using it to perform quantum statistical
mechanical calculations.

While a powerful conventional computer could have been
used to perform the simulation, the complexity of simulations
is approaching the realm where quantum computers will be
indispensable for such calculations.

“We only used 20 qubits to conduct the simulations in
this study,” says Yunoki. “If we can use more than 50 qubits

Figure: A close up of the trapped-ion quantum computer used to
simulate quantum-information scrambling circuits.

© 2025 Quantinuum

[Quantinuum (via researcher)]

to perform similar calculations, it may be too difficult for a
classical computer to handle.”

A 20-qubit, trapped-ion quantum computer was installed at
RIKEN in February 2025. “We’re hoping to upgrade it in the
next couple of years, so that it will have around 50 qubits,”
Yunoki notes.

Extending the applicability of a key quantum law [https://
www.riken.jp/en/news_pubs/research_news/rr/20250515_1/
index.html]

New quantum computer on the Wako campus [https://www.
riken.jp/en/news_pubs/news/2025/20250212_1/index.html]

Realizing clean qubits for quantum computers using
electrons on helium [https://www.riken.jp/en/news_pubs/
research_news/rr/20240328_2/index.html]
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Reading multiple superconducting qubits in

record time

Qubits in superconducting quantum computers can now be read faster than ever thanks to a new

measurement scheme

Category: Applied Physical Sciences Field: Physics/Astronomy

IKEN physicists have found a way to speed up

the readout of qubits in superconducting quantum
computers, which should help to make them faster and more
reliable’.

After decades of being theoretical propositions, working
quantum computers are just starting to emerge. For
experimentalists such as Peter Spring of the RIKEN Center
for Quantum Computing (RQQC), it’s an auspicious time to be
working in the field.

“It’s very exciting. It feels like this is a very fast-moving field
that has a lot of momentum,” says Spring. “And it really feels
like experiments are catching up with theory.”

When they come online, mature quantum computers
promise to revolutionize computing, being able to perform
calculations that are well beyond the capabilities of today’s
supercomputers. And it feels like that prospect is not so
far off.

Currently, half a dozen technologies are jockeying to become
the preferred platform for tomorrow’s quantum computers. A
leading contender is a technology based on superconducting
electrical circuits. One of its advantages is the ability to
perform calculations faster than other technologies.

Because of the very sensitive nature of quantum states, it
is vital to regularly correct any errors that may have crept in.
This necessitates repeatedly measuring a selection of qubits,
the building blocks of quantum computers. But this operation
is slower than quantum gate operations, making it a bit of
a bottleneck.

“If qubit measurement is much slower than the other
things you’re doing, then basically it becomes a bottleneck
on the clock speed,” explains Spring. “So we wanted to
see how fast we could perform qubit measurements in a
superconducting circuit.”

Now, Spring, Yasunobu Nakamura, also of RQC, and their
co-workers have found a way to simultaneously measure
four qubits in superconducting quantum computers in a little
over 50 nanoseconds, which is about twice as fast as the
previous record.

A special filter ensures that the measurement line used to
send the measurement signals doesn’t interfere with the qubit
itself. Spring and colleagues realized the filter by ‘coupling’ a
readout resonator with a filter resonator in such a way that
energy from the qubits wasn’t able to escape through the
measurement line.

They were able to measure the qubits at very high
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accuracies, or ‘fidelities’. “We were surprised at how high
fidelity the readout turned out to be,” says Spring. “On the
best qubit, we achieved a fidelity of more than 99.9%. We
hadn’t expected that in such a short measurement time.”

The team aims to achieve even faster qubit measurements
by optimizing the shape of the microwave pulse used for
the measurement.

Related content:

Boosting quantum error correction using Al [https://www.
riken.jp/en/news_pubs/research_news/rr/20250509_2/
index.html]

Scientists develop novel high-fidelity quantum computing
gate [https://www.riken.jp/en/news_pubs/research_news/
pr/2024/20241122_2/index.html]

Faster technique for resetting quantum circuits proposed
[https://www.riken.jp/en/news_pubs/research_news/
rr/20220121_1/index.html]
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Figure 1: A photograph of a dilution refrigerator used to cool a
superconducting quantum computer. The quantum circuit is
inside the cylindrical metal shield at the bottom of the photo.
© 2025 RIKEN Center for Quantum Computing

[Researcher (unpublished)]

four qubits (green circles at each corner).
© 2025 APS
[Fig. 4ain Ref. 1]

Peter Spring (top row, fourth from the right), Yasunobu

Nakamura (bottom row, second from the right) and their team

at the RIKEN Center for Quantum Computing, located in the
city of Wako in Japan.

© 2025 RIKEN

[Researcher]
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Reading qubits in an ultraclean environment

Microwaves should be able to probe qubits made from single electrons floating above liquid helium

Category: Exploratory Physical Sciences Field: Physics/Astronomy

One intriguing method that could be used to form the
qubits needed for quantum computers involves electrons
hovering above liquid helium. But it wasn’t clear how data in
this form can be read easily—now RIKEN researchers may
have found a solution’.

Conventional computers work by performing operations on
bits encoded in silicon. But no one is really sure how qubits
will be encoded in the quantum computers of the future. Half
a dozen or so platforms are currently being pursued, including
superconductors, silicon, light and trapped ions.

One of the most intriguing ideas for qubits is electrons that
float above the surface of liquid helium at a temperature of
about four degrees Celsius above absolute zero.

The great advantage of such a system is that it provides a
very clean environment, with minimum interference from spins
of nearby particles. This will allow qubits to maintain their
quantum state for much longer than in noisier environments.

“For an electron floating in a vacuum above helium, the
only thing close to it is helium atoms, which are highly inert,”
explains Asher Jennings of the RIKEN Center for Quantum
Computation (RQC) and RIKEN Center for Advanced
Photonics. “That means the electron is very well protected,
making it an excellent system for storing quantum information.”

But for such qubits to be used in quantum computers, the
data they store needs to be readable. The small magnetic
moment of an electron above helium makes direct readout
of its spin infeasible. And so, scientists are exploring indirect
schemes for reading out the electron spin.

A promising way to do that is to detect the transition of the
electron from its lowest energy state to a higher one, known
as the Rydberg state.

Now, scientists including Jennings and Erika Kawakami,
also of RQC, have demonstrated it should be possible to
detect the Rydberg transition of a single electron by measuring
the change in capacitance.

They did this by using 10 million electrons floating above liquid
helium, thereby creating a system that acts as a capacitor. The
team were able to detect the change in the quantum capacitance
that occurred when the electrons were promoted to the
Rydberg state through changes in the microwave frequency.

While the system needs to be scaled down by a factor
of 10,000 times, it demonstrates that such a scaled-down
device should be able to detect the signal from a single qubit.

“Our measurements of the capacitance change in a large
system indicate that it should be easily measurable for a single
electron in a single-electron device,” says Jennings.

The team is now working on performing the same
measurement in a one-electron system.
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Figure: An electron hovering over a surface of liquid helium could
be used as a qubit in future quantum computers.

© imageBROKER/Andreas Mallinckrodt/Getty
[https://www.gettyimages.co.uk/detail/photo/drop-
causes-circular-waves-on-the-water-surface-royalty-free-
image/2216548413]

: s, Bk 4 %— 2 & [
Asher Jennings (second from the left in the right row), Erika
Kawakami (second from the left in the left row), and co-workers
have used frequency modulation of microwaves to probe the
quantum capacitance of Rydberg transitions of electrons on the
surface of liquid helium.

© 2026 RIKEN

[Researcher]

Related content:

Realizing clean qubits for quantum computers using
electrons on helium [https://www.riken.jp/en/news_pubs/
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Quantum connections keep it local

Quantum correlations between more than two particles that give some quantum materials their exotic

behavior can only exist over short distances

Category: Exploratory Physical Sciences Field: Physics/Astronomy

he properties of a quantum material are driven by links

between its electrons known as quantum correlations.
A RIKEN researcher has shown mathematically that, at non-
zero temperatures, these connections can only exist over very
short distances when more than two particles are involved'.

This finding sets a fundamental limit on just how ‘exotic’
a quantum material can be under realistic, finite-temperature
conditions.

A fascinating aspect of quantum physics is the concept that
two particles that are spatially separated can communicate
with each other. This so-called ‘spooky action at a distance’,
as Einstein referred to it, is crucial for understanding the
origin of the exotic properties that arise in some materials,
particularly at low temperatures.

These unusual material properties are determined by the
exact nature of the quantum correlation, and the material is
said to be in a specific quantum phase. This is analogous to
the traditional phases of matter—solid, liquid and gas—being
defined by the chemical interactions between the atoms.

Many quantum phases can be explained by considering
correlations between just two particles.

Recently, however, even more strange phases have been
identified which can only be described by evoking connections
between more than two particles. These correlations are
less well understood than those between two particles. For
example, it was unclear how far a correlation between more
than two particles can exist.

Previous studies had only analyzed three-party correlations
in special models and parameter regimes; for example, at
high temperature or with strong simplifying assumptions.

Now, Tomotaka Kuwahara of the RIKEN Center for Quantum
Computing has rigorously proved that genuinely three-way
quantum correlations cannot stretch over long distances in
any thermal equilibrium state at any temperature.

The first step was to define a measure of correlation
strength. Kuwahara used a metric called conditional
mutual information.

“I showed mathematically that the conditional mutual
information between distant regions always decays exponentially
with the distance between them,” explains Kuwahara.

Kuwahara proved that thermal quantum systems must
obey a quantum analog of the Hammersley-Clifford rule,
which states that if we know everything about a middle region,
then the distant two regions are essentially independent, and
genuinely three-way correlations cannot extend far.

Kuwahara next hopes to go beyond the thermal equilibrium
case considered in this work.

Figure: Multipartite quantum correlations give quantum materials
their exotic properties.

© Nanoclustering/Science Photo Library/Getty
[https://www.gettyimages.co.uk/detail/illustration/
quantum-entanglement-conceptual-illustration-royalty-free-
illustration/2156469308]

“A natural step is to build a similar universal theory of
quantum entanglement for more general steady states,
including systems that are driven or carry currents and are
not exactly in equilibrium, and to tackle the much harder zero-
temperature regime,” he says.
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It takes three to tangle: long-range quantum entanglement
needs three-way interaction [https://www.riken.jp/en/news_
pubs/research_news/pr/2022/20220426_3/index.html]

Extending the applicability of a key quantum law [https://
www.riken.jp/en/news_pubs/research_news/rr/20250515_1/
index.html]

Tightening the math behind a key quantum process [https://
www.riken.jp/en/news_pubs/research_news/rr/20250423_1/
index.html]
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Cutting down on quantum crosstalk

Precise measurements show that future quantum computers may need to correct for errors caused by

interference between neighboring quantum dots

Category: Applied Physical Sciences Field: Physics/Astronomy

evices that can confine individual electrons are potential
building blocks for quantum information systems. But
the electrons must be protected from external disturbances.

RIKEN researchers have now shown how quantum
information encoded into a so-called quantum dot can
be negatively affected by nearby quantum dots’. This has
implications for developing quantum information devices
based on quantum dots.

Quantum computers process information using so-called
qubits: physical systems whose behavior is governed by the
laws of guantum mechanics. An electron, if it can be isolated and
controlled, is one example of a qubit platform with great potential.

One way of controlling an electron is to use a quantum dot.
These tiny structures trap charged particles using electric
fields at the tips of metal electrodes separated by just a few
tens of nanometers.

To be useful, quantum dots have to be able to store
quantum information for a long time. But quantum states are
very fragile and can be easily destroyed by interference from
the outside world.

As Takashi Kobayashi of the RIKEN Center for Quantum
Computing and co-workers have now shown, this problem
is exacerbated when many quantum dots are placed
close together, which will necessarily be the case in a fully
functioning quantum computer.

“Our experimental results let the silicon quantum computing
community recognize the impact of electron rearrangements
in quantum circuits,” says Kobayashi. “This insight paves the
way toward realizing a large-scale silicon quantum computer
with an appropriate quantum error correcting code.”

The qubits constructed by the RIKEN team incorporated
a micromagnet that made the electrons highly sensitive to
electric fields. This meant the electron could be controlled by
making only small changes to the voltage applied across the
quantum-dot electrodes (Figure).

But this sensitivity had a downside: as the electrons in
neighboring quantum dots move through the micromagnet’s
magnetic field, they generate an electric field that alters the
energy of the qubit and disturbs the quantum information.

Kobayashi and co-workers have now directly measured this
shift for the first time. They found that it is large enough to cause
a considerable qubit error rate unless it is properly dealt with.

“Our next step is to develop methods to cancel or avoid the
impact of this charge-induced energy shift,” says Kobayashi.
“We are also seeking to harness the energy shift as a resource
for anew class of qubit operations, which might give silicon spin
qubits a distinctive advantage against other qubit platforms.”
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Figure: False-colored scanning electron microscope image of the
quantum dot device. The red dots indicate the locations of the
quantum dots.

© 2026 RIKEN Center for Quantum Computing

[Researcher (unpublished)]

Takashi Kobayashi (third from the right) and co-workers have
measured the energy shift of an electron-spin qubit induced by
neighboring quantum dots.

© 2026 RIKEN

[Researcher]

Related content:

Tracing the main source of noise in silicon quantum computers
[https://www.riken.jp/en/news_pubs/research_news/
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Boosting quantum error correction using Al
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Fast and faithful quantum measurements of electron spin qubits
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A low-noise readout amplifier promises to accelerate progress on large-scale quantum computers

Category: Exploratory Physical Sciences Field: Physics/Astronomy

he low-noise, high-gain properties needed for high-

performance quantum computing can be realized in
a microwave photonic circuit device called a Josephson
traveling-wave  parametric amplifier (JTWPA), RIKEN
researchers have shown experimentally’. This advance stands
to speed up development of superconducting quantum
computer systems at the 100-qubit scale.

Quantum computers are extraordinary feats of research
and engineering, combining highly advanced quantum
physics with state-of-the-art fabrication techniques designed
to physically manipulate light near the limits of quantum
dynamics.

While the elemental quantum bits —qubits—are where the
magic of quantum computing happens, they need to be ‘read’
in order for their computations to be useful. Unfortunately, the
very act of reading the state of a qubit can introduce noise
and interference that obscures the data.

The readout operation needs to meet several criteria: it
needs to be fast enough with very high signal-to-noise ratio to
be able to measure the qubit in a single shot, while operating
with just a few quanta in energy (where a quantum is the
energy of one microwave photon). Ideally, it should also comb
multiple frequencies so it can read multiple qubits at once
using the same circuit.

“So far, amplifiers based on an array of Josephson junctions
fulfill all of these qualities except for noise, which is what we
focused on in this study,” says Sandbo Chang of the RIKEN
Center for Quantum Computing (RQC).

Chang, Yasunobu Nakamura, also of RQC, and co-workers
have resolved a long-standing noise issue with JTWPAs.
This advance promises to strengthen this highly accessible
scheme for qubit signal processing.

Noise is inevitably added to a readout signal when it is
amplified. Quantum mechanics requires any phase-preserving
amplifier with high gain to add at least half a quantum of
noise. The best previous noise level achieved by a Josephson
traveling-wave parametric amplifier is often one photon or
more, which has limited the usefulness of this technology.

“This is mostly because previous approaches use lossy
dielectric material in their design,” says Chang.

By dropping the use of lossy dielectric material and
instead creating a spiraled fishbone-like tapered waveguide
structure (Figure), the team was able to reduce the noise
to 0.68 quanta, only 0.18 quanta above the quantum limit.
They demonstrated this through performing simulations and
creating an experimental device.

“Our goal was also to keep the fabrication recipe as

Figure: A long, spiral-wound waveguide with a fine-tapered,
fishbone-like structure can amplify photon signals from quantum
computing qubits with very low noise.

© 2026 RIKEN Center for Quantum Computing

[Researcher]

accessible as possible,” says Nakamura. “The hope is that
most labs that can already fabricate superconducting qubits
will already have the techniques and equipment they need to
reproduce our results.”

Reading multiple superconducting qubits in record time
[https://www.riken.jp/en/news_pubs/research_news/
/20250924 _1/index.html]

Scientists develop novel high-fidelity quantum computing
gate [https://www.riken.jp/en/news_pubs/research_news/
pr/2024/20241122_2/index.html]

Boosting quantum error correction using Al [https://www.
riken.jp/en/news_pubs/research_news/rr/20250509_2/
index.html]
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