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On behalf of the International, Scientific and Technical Committees we take great
pleasure in welcoming you to Bilbao for the fifth edition of ImagineNano.
Since 2011 ImagineNano has strengthened its position as one of the main events
dedicated to Nanoscience and Nanotechnology (N&N) in Europe. The outstanding
results of participation that have been reached and the interest created by the
discussions, have laid the foundations for the upcoming edition.
ImagineNano 2021 is now an established event and is an excellent platform for
communication between science and business, bringing together Nanoscience
and Nanotechnology in the same place.
Internationally renowned speakers will be presenting the latest trends and
discoveries in Nanoscience and Nanotechnology.
Under the same roof will be held 6 International Conferences (QUANTUM,
Graphene & 2DM, NanoSpain, IC2, 3DPrinting and 3PM), an exhibition showcasing
cutting-edge advances in nanotechnology research and development and a
brokerage event (one-to-one meetings).
ImagineNano will gather the global nanotechnology community, including
researchers, industry, policymakers and investors. The latest trends and discoveries
in N&N from some of the world´s leading players in the field will be discussed.
We would like to thank all participants, sponsors and exhibitors that joined us this
year.
The Basque Country demonstrates its strengths in nanoscience, micro and
nanotechnology, and positions itself as a major player in the “nano” world, reason
why ImagineNano is organized for the 5th time in Bilbao.
There´s no doubt that ImagineNano 2021 is the right place to see and be seen.
Hope to see you again in the next edition of ImagineNano (2023) in Bilbao.
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IMAGINENANO 2021 MAIN ORGANISERS
Antonio Correia (Phantoms Foundation, Spain)
Ricardo Muiño (DIPC, Spain)

QUANTUM2021 MAIN ORGANISERS
Antonio Correia (Phantoms Foundation, Spain)
Ricardo Muiño (DIPC, Spain)
Pablo Ordejon (ICN2, Spain)
Valerio Pruneri (ICFO, Spain)
Stephan Roche (ICREA/ICN2, Spain)
Daniel Sanchez Portal (CFM - CSIC - UPV/EHU – DIPC, Spain)

GRAPHENE & 2DM SCIENCE & INDUSTRY (GSI) ORGANISING COMMITTEE
Antonio Correia (Phantoms Foundation, Spain)
Stephan Roche (ICREA/ICN2, Spain)

3PM 2021 ORGANISING COMMITTEE
Andreas Berger (CIC nanoGUNE, Spain)
Antonio Correia (Phantoms Foundation, Spain)
David García (ICN2, Spain)
Antonio García Martín (IMN – CNM / CSIC, Spain)
Lluis F. Marsal (Universitat Rovira i Virgili, Spain)
Hernan Miguez (IMSC-CSIC, Spain)
Fernando Moreno (Universidad de Cantabria, Spain)
Juan José Saenz (DIPC, Spain) In memoriam

IC2 - NANOCOMPOSITES 20121 ORGANISING COMMITTEE
Eric Anglaret (Université Montpellier, France)
Antonio Correia (Phantoms Foundation, Spain)
Ignacio Dancausa (APTIE, Spain)
Alfonso López (APTIE, Spain)
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NANOSPAIN 2021 ORGANISING COMMITTEE
Xavier Bouju (CEMES-CNRS & C'Nano Grand Sud-Ouest, France)
Fernando Briones (IMN –CNM / CSIC, Spain)
Antonio Correia (Phantoms Foundation, Spain)
Pedro Echenique (DIPC, Spain)
Lars Montelius (INL, Portugal)
José Manuel Perlado Martín (IFN-ETSII / UPM, Spain)
Emilio Prieto (Centro Español de Metrologia – CEM, Spain)
Juan José Saenz (DIPC, Spain) In memoriam
Josep Samitier (IBEC/Universidad de Barcelona, Spain)
Daniel Sánchez Portal (CFM - CSIC - UPV/EHU – DIPC, Spain)

3D PRINTING SPAIN 2021 – BEYOND NANO ORGANISING COMMITTEE
Antonio Correia (Phantoms Foundation, Spain)
Shlomo Magdassi (The Hebrew University of Jerusalem, Israe))
Josep Samitier (IBEC/UB, Spain)
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MAIN SPONSOR
PROVINCIAL GOVERNMENT OF BIZKAIA
The Regional Government is the executive body that, within its
area of competence, assumes the government and
administration of Bizkaia. The historical figure of the Deputy
General heads the Regional Government. The latter is elected
by the Provincial Parliament of Bizkaia. The Deputy General elects, in turn, the
Regional Deputies, who head the various departments that make up the Regional
Government. Currently, this is formed by the following Regional Departments:
Agriculture / Culture / Economic Promotion / Environment / General Deputy /
Presidency / Public Works and Transport / Social Action / Treasury and Finance
More info: https://web.bizkaia.eus/

PLATINUM SPONSOR
IKUR is the Basque strategy promoted by the Education
Department of the Basque Government to boost the
Scientific Research in specific strategical areas and to
position them at international level. Although its first focus is to
enhance the generation of knowledge of excellence, in the
medium and long term, it also seeks the technological development in these fields.
More info: www.science.eus/en/ikur

GOLD SPONSORS
With a dedicated team of scientists, engineers
and developers we are pushing quantum
technology to support scientists worldwide with
our scalable qubit control and readout
equipment from ultrastable DC to 18.5 GHz for academic and industrial quantum
labs. The Qblox control stack combines unlevelled noise performance, low-latency
arbitrary control flows and can be scaled up to 100s of qubits. Our company is
based in the Netherlands as a spinoff of QuTech, which enables us to implement
the latest scientific insights and take a position upfront in the worldwide race
towards quantum advantage. Using the technology developed at QuTech as a
springboard, the Qblox team has fundamentally reimagined the architecture of
quantum control to create a single integrated control stack that provides all the
functionality needed to manipulate and measure quantum computers. The Qblox
architecture speeds up calibration routines by orders of magnitude, saving research
teams significant amounts of time and money. The Qblox team is interested in
meeting experiment quantum physicists to learn about their applications and how
Qblox could support their scaling needs.
More info: www.qblox.com
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GOLD SPONSORS
AMOs mission as a research oriented company is to
efficiently close the gap between university research
and industrial application. For this purpose AMO
identifies those topics from basic research that seem
particularly suitable for industrial implementation and
demonstrates these in application-oriented technology. In joint projects and
bilateral cooperation, research and development results are transferred to industry
for maintenance and creation of jobs. Thus nanotechnology is expected to provide
considerable potential for application areas such as information technology,
biotechnology and environmental technology. Headed by Prof. Max Lemme, AMO
operates a high level 400 m² cleanroom. Furthermore AMO offers a range of
services from consulting to prototype development.
More info: www.amo.de
We provide ready-to-use nanomaterials, including
functionalized nanoparticles, quantum dots, carbon
nanomaterials, boron nitride nanotubes, perovskites, and OLED materials. Our
biomedical materials comprise degradable polymers, natural polymers, block
copolymers, hydrogels, and PEGs. Our high-performance energy materials and
electronics materials have advanced semiconducting capacity and power density.
Our high-purity metal salts, deposition precursors, metals, alloys, oxides, monomers,
polymers, initiators, and additional polymerization tools ensure the synthesis of highquality materials.
More info: www.sigmaaldrich.com/ES/en/products/materials-science
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SILVER SPONSORS
Born in 1999 as a joint initiative between Consejo Superior de
Investigaciones Científicas (CSIC) and Universidad del Pais
Vasco – Euskal Herriko Unibertsitatea (UPV/EHU), the long-term
aim of CFM is to push forward the frontiers of knowledge on
advanced materials science research, by putting together
stable teams with a record of excellence in scientific research.
CFM quality work has been recognized by the Basque Government acknowledging
its instrumental body MPC as a Basic Excellence Research Center (BERC).
More info: https://cfm.ehu.es/
Qilimanjaro Quantum Tech (www.qilimanjaro.tech) is a
quantum computing company that began operations
in 2020 as a spin-off of the Barcelona Supercomputing
Center - Spanish Supercomputing Center (BSC, https://www.bsc.es), of the Institute
High Energy Physics (IFAE, www.ifae.es) and the University of Barcelona (UB,
www.ub.edu). It develops algorithmic and cloud access services as well as
quantum platforms aimed at optimization, simulation and Machine Learning
problems for use cases in sectors such as logistics, chemistry and finance.
Qilimanjaro participates in the direction of the European Innovation Council
Horizon2020 project on "Coherent Quantum Annealing". It is a member of the
European Quantum Industry Consortium (QuIC) since its creation in 2021. It has
been awarded as "Exponential Leader 2021" by the Generalitat de Catalunya.
More info: www.qilimanjaro.tech
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SILVER SPONSORS
DIPC (Donostia International Physics Center) was created in
April 2000 to promote scientific research in the area of basic
and applied Physics, focusing both on the particular interest
and needs of the Basque Society and of the international
scientific community. The DIPC was created as an
intellectual centre whose main aim is to promote and
catalyse the development of basic research and basic research oriented towards
material science to reach the highest level. Since its creation, the DIPC has been an
open institution, linked to the University of the Basque Country, serving as a platform
for the internationalising of basic science in the Basque Country in the field of
materials.
More info: http://dipc.org/index.php
Multiverse Computing provides software for companies from the
financial industry wanting to gain an edge with quantum
computing. Their fields of expertise are portfolio optimization
problems, risk analysis, and market simulation.
Digital methods usually fail at efficiently tackling these problems.
Quantum computing, however, provides a powerful toolbox to
tackle these complex problems, such as outstanding optimization methods,
software for quantum machine learning, and quantum enhanced Monte Carlo
algorithms.
Multiverse Computing applies these cutting edge methods to provide software
which is customized to needs, giving companies a chance to derive value from the
second quantum revolution.
More info: www.multiversecomputing.com
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BRONZE SPONSORS
Materials for Quantum Technology (MQT) is a multidisciplinary,
open access journal devoted to publishing cutting-edge
research on the development and application of materials for
all quantum-enabled technologies and devices. IOP
Publishing is currently covering all article publication costs, so the journal is free for
authors to publish in until 2023. Discover more about the journal and the research
published at iopscience.org/mqt.
More info: https:// iopscience.org/mqt
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BRONZE SPONSORS
Oxford Instruments Nanoscience is part of
the Research and Discovery Sector at
Oxford Instruments, providing advanced
solutions that create unique environments and enable analytical measurements
down to the molecular and atomic level, predominantly used in scientific research
and applied R&D. At Oxford Instruments Nanoscience, we design, supply and
support market-leading research tools that enable quantum technologies, nano
technology research, advanced materials and nano device development in the
physical sciences. Our tools support research to the atomic scale through creation
of high performance, cryogen free, low temperature, and magnetic environments.
This is based upon our core technologies in low and ultra-low temperatures, high
magnetic fields and system integration with increasing levels of experimental and
measurement readiness
More info: https://nanoscience.oxinst.com/
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BRONZE SPONSORS
TECNALIA is the largest centre of applied research and
technological development in Spain, a benchmark in Europe
and a member of the Basque Research and Technology
Alliance. TECNALIA collaborates with companies and
institutions to improve their competitiveness, people’s quality of life and achieve
sustainable growth.
Its Mission: To transform technological research into prosperity.
Its Vision: To be agents of transformation of companies and society for their
adaptation to the challenges of a changing future.
More info: www.tecnalia.com

OTHER SPONSOR
American Elements' catalog of more than 35,000
products makes it the world’s largest manufacturer
devoted exclusively to advanced materials in both
industrial bulk and laboratory/research quantities.
And the company's materials science research & development programs have
been a key resource for corporate, government & academic new product
development for over two decades. Our ability to cost-effectively scale lab top
successes to industrial scale production has been instrumental to ushering in many
of the fundamental technological breakthroughs since 1990 including LED lighting,
smartphones, and electric cars.
More info: www.americanelements.com
Spanish Nanomedicine Platform (nanoMED Spain) aims to
bring together the most important Spanish researchers,
industries and administrations, in order to promote a common strategy in such a
multidisciplinary field as nanomedicine.
More info: http://nanomedspain.net/
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SPEAKERS
page
Carlos Abellan (Quside, Spain)
Quantum entropy sources for cybersecurity & computation
Fernando Aguilar-Galindo Rodríguez (DIPC, Spain)
Ab Initio Description of the Photoionization of Graphene Under Laser
Pulses
Felice Appugliese (ETH Zurich, Switzerland)
Integer quantum Hall effect modified by a tunable cavity
Yue Ban (University of the Basque Country, UPV/EHU, Spain)
Mutual Reinforcement between Neural Networks and Quantum
Physics
Christopher Bauerle (Neel Institut / CNRS, France)
Surface acoustic waves as testbed for electron flying qubits
Niels Bultink (Qblox BV, the Netherlands)
Fully-integrated quantum control stacks for a handful to 100s of qubits
Tommaso Calarco (Forschungszentrum Jülich, Germany)
The European Quantum initiative: from a flagship to a fleet
Alba Cervera Lierta (Barcelona Supercomputing Center, Spain)
Design of quantum optical experiments with logic artificial
intelligence
Xi Chen (UPV/EHU: Universidad del Pais Vasco, Spain)
Machine-Learning Assisted Quantum Control in Random Environment
Alessandro Ciani (Forschunszentrum Jülich, Germany)
Error mitigation and quantum-assisted simulation in the error
corrected regime
Ignacio Cirac (Max Planck Institute of Quantum Optics, Germany)
Quantum computers and many-body systems
Aron Cummings (ICN2, Spain)
Intraparticle entanglement in graphene
Ipsita Das (ICFO, Spain)
Symmetry broken Chern insulator in twisted bilayer graphene
Silvano de Franceschi (CEA/UGA, France)
Semiconductor technology for qubits
Hugues de Riedmatten (ICFO, Spain)
Entanglement between Solid-State Quantum Repeater Nodes
Giorgio di Battista (ICFO, Spain)
Magic-angle graphene superconducting nano-calorimeter
Andrés Díez Carlón (ICFO, Spain)
Magnetic Josephson Junctions and Superconducting Diodes in
Magic Angle Twisted Bilayer Graphene
Jaime Díez-Mérida (ICFO - Institute of Photonic Sciences, Spain)
Magnetic Josephson Junctions and Superconducting Diodes in
Magic Angle Twisted Bilayer Graphene
David DiVincenzo (FZ Jülich / RWTH Aachen, Germany)
Development of Superconducting Quantum Computers
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page
Paul Dreher (Donostia International Physics Center, Austria)
Observation of superconducting Leggett modes from competing
pairing instabilities in single-layer NbSe2
Josefine Enkner (ETH Zürich, Switzerland)
Breakdown of the topological protection by cavity vacuum fields in
the integer quantum Hall effect
Vid Eržen (Jožef Stefan Institute, Slovenia)
Simulating transverse field Ising model in a random field using a
quantum annealer
Sebastian Etcheverry (Luxquanta, Spain)
Continuous variable quantum key distribution for metropolitan
networks
Ignacio Figueruelo (IMDEA Nanociencia, Spain)
Towards a graphene-based Quantum Resistance Standard for
metrological applications
Leonardo Gasparini (Fondazione Bruno Kessler, Italy)
Use of SPAD arrays for quantum technology
Carmem M Gilardoni (University of Groningen, The Netherlands)
Spin-active color centers in silicon carbide for telecom-compatible
quantum devices
Jan Goetz (IQM, Finland)
Co-Design Quantum Computers
Tobias Grass (ICFO, Spain)
Quantum Annealing with Bias Fields
María Hita Pérez (Instituto de Física Fundamental, IFF-CSIC, Spain)
Coupling 3-Josephson junctions flux qubits for Quantum Computation
Wister Huang (ETH Zurich, Switzerland)
Time-resolved studies of excited states in bilayer graphene quantum
dots
Maxim Ilyn (Centro de Física de Materiales CSIC-UPV/EHU, Spain)
Development of the tunnelling devices with spin-split Al/EuS
electrodes for superconducting spintronics and spin qubits
applications
Alexandre Jaoui (ICFO, Spain)
Quantum critical behaviour in magic-angle twisted bilayer graphene
Daniel Jirovec (IST Austria, Austria)
Dynamics of hole singlet triplet qubits with large g-factor differences
Oleksandr Kyriienko (University of Exeter, UK)
Quantum simulation and ground state preparation for the
honeycomb Kitaev model
Karyn Le Hur (Ecole Polytechnique, France)
Topological Phases, Electromagnetic Responses and Bilayer
Semimetals
Francesco Libbi (EPFL, Switzerland)
Phonon-assisted luminescence in qubits from many-body
perturbation theory
David Lopez Nunez (IFAE (Institut de Física d´Altes Energies) / BSC
(Barcelona Supercomputing Centre), Spain)
One qubit as a Universal Approximant
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page
Rafael Luque Merino (ICFO, Spain)
Photodetection at telecom wavelengths using an exfoliated, 2D
cuprate superconductor
Cathryn Michaels (University of Cambridge, UK)
Quantum control of the tin-vacancy spin qubit in diamond
Pablo Antonio Moreno Casares (Universidad Complutense de Madrid,
Spain)
QFold: Quantum Walks and Deep Learning to Solve Protein Folding
Prineha Narang (Harvard University, USA)
Title to be defined
Mikel Olano (Donostia International Physics Center, Spain)
Moving electrons as spin qubits
Jon Ortuzar Andrés (MPC, Spain)
Yu-Shiba-Rusinov states in 2D superconductors with arbitrary Fermi
contours
Roman Orus (DIPC/Multiverse, Spain)
Quantum Optimization for Finance and Beyond
Ryan Parker (University of Cambridge, UK)
Towards Measurements of the Optical Coherence of the SnV in
Diamond
Beatriz Pérez-González (Instituto de Ciencia de Materiales de Madrid
(ICMM-CSIC), Spain)
Topology detection in cavity QED
Francesc Perez-Murano (CSIC, Spain)
Nanofabrication challenges and opportunities for the manufacturing
of semiconductor spin qubits
Marko Petric (Technical University of Munich, Walter Schottky Institute,
Germany)
Optical Properties of Janus Transition Metal Dichalcogenide
Monolayers WSSe and MoSSe
Gloria Platero Coello (ICMM-CSIC, Spain)
Simulation of topological phases in quantum dot arrays
Sathish Kumar Rangaswamy Kuppuswamy (Delft University of
Technology, The Netherlands)
Predictive simulation of gate coupling strengths in a spin qubit device
Félix Raso (Centro Español de Metrología, Spain)
EMPIR project COMET: Two dimensional lattices of covalent- and
metal-organic frameworks for the Quantum Hall Resistance Standard
Esteban Rodriguez (Universidad de Chile, Chile)
Spin-polarized tunable photocurrents
Christoph Rohrmeier (University Regensburg, Germany)
Pseudospin resonances reveal synthetic spin-orbit interaction
Alejandra Ruiz (FUNDACION TECNALIA, Spain)
QUANTEK - Towards consolidated Quantum Technologies in Basque
Country
Ramiro Sagastizabal (Qilimanjaro, Spain)
Quantum computing beyond the gate-based paradigm
Benjamin Schiffer (Max Planck Institute of Quantum Optics, Germany)
Adiabatic Spectroscopy and a Variational Quantum Adiabatic
Algorithm
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Henning Schomerus (Lancaster University, UK)
Topological lasers and condensates
Klaas-Jan Tielrooij (ICN2, Spain)
Ultrafast diffusion and dynamics in quantum materials
Stefano Trivini (CICnanoGUNE (UPV), Spain)
Magnetic Interaction Between Mn atoms on β-Bi2Pd Revealed by
their Yu-Shiba-Rusinov States
Vladyslav Usenko (Palacky University, Czech Republic)
Modulation leakage vulnerability in continuous-variable quantum key
distribution
JJ Miguel Varga (Materials Physics Center, Spain)
Using spatio-temporal correlations for tuning the biphoton
wavefunction
Carlos Vega (IFF - CSIC, Spain)
Topological quantum optics for robust photon-mediated interactions
Jaka Vodeb (Jozef Stefan Institute, Slovenia)
Quantum Domain Melting in an Electronic Crystal and Its Simulation
with a Quantum Computer
Felix von Oppen (Freie Universität, Germany)
Quantum magnetism and topological superconductivity in Yu-ShibaRusinov chains
Xavier Waintal (IRIG - CEA Grenoble, France)
What quantum supremacy really means
Wen Wan (Donostia International Physics Center, Spain)
Proximity effects on the charge density wave order and
superconductivity in single-layer NbSe2
Junliang Wang (CNRS Institute Neel, France)
Single-Electron Transport with Acousto-Electric Chirp Pulses for
Quantum Applications
Simon Zihlmann (CEA Grenoble, France)
Dispersively Probed Microwave Spectroscopy of a Silicon Hole Double
Quantum Dot
David Zueco (CSIC-Universidad de Zaragoza, Spain)
Quantum kernels to learn the phases of quantum matter
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Quantum computers and many-body systems
J. Ignacio Cirac
S. Lu and M. C. Bañuls
Max-Planck Institute of Quantum Optics, HansKopfermannstr. 1, Garching, Germany
Ignacio.cirac@mpa.mpg.de

Quantum many-body systems are very hard
to simulate, as computational resources
(time
and
memory)
typically
grow
exponentially with system size. However,
quantum computers or analog quantum
simulators may perform that task in a much
more efficient way. In this talk, I will review
some of the quantum algorithms that have
been proposed for this task and then explain
the advantages and disadvantages of
analog quantum simulators. In particular, I
will describe methods to simulate the
dynamics, to find ground states, or compute
physical properties at finite temperatures.

References
[1]

S. Lu, M.C. Banuls and J. I. Cirac, PRX
Quantum 2, (2021) 020321.

Figures
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Surface acoustic waves as testbed
for electron flying qubits
we finally demonstrate SAW engineering via
chirp synthesis enabling single-electron
transport with a solitary electro-acoustic
pulse. Our results lay the ground for quantum
logic circuits with electron flying qubits
surfing on sound.

Christopher Bäuerle

H. Edlbauer,1 J. Wang,1 A. Richard,1 S. Ota,2,3 B.
Jadot,1 P.-A. Mortemousque,1,4 Arne Ludwig,5
Andreas D. Wieck,5 M. Urdampilleta,1 T. Meunier,1
T. Kodera,2 N.-H. Kaneko,3 S. Takada,3
1Univ.

Grenoble Alpes, CNRS, Institut Néel,
38000 Grenoble, France
2 Department of Electrical and Electronic
Engineering, Tokyo Institute of Technology,
Tokyo 152-8550, Japan
3 National Institute of Advanced Industrial
Science and Technology (AIST),
National Metrology Institute of Japan (NMIJ),
Tsukuba, Ibaraki 305-8563, Japan
4 Univ. Grenoble Alpes, CEA, Leti, F-38000
Grenoble, France
5 Lehrstuhl für Angewandte Festkörperphysik,
Ruhr-Universität Bochum,
44780 Bochum, Germany

References
[1] Hermelin et al., Nature 477, 435–438
(2011)
[2] McNeil et al., Nature 477, 439–442
(2011)
[3] Hermelin et al., Nature 477, 435–438
(2011)
[4] Jadot et al., Nat. Nanotechnol. 16, 570–
575 (2021)
[5] Ito et al., Phys. Rev. Lett. 126, 070501
(2021)
[6] Bäuerle et al., Rep. Prog. Phys. 81,
056503 (2018)
[7] Takada et al., Nat. Commun. 10, 4557
(2019)
[8] Edlbauer et al., Appl. Phys. Lett. 119,
114004 (2021)

christopher.bauerle@neel.cnrs.fr

A surface acoustic wave (SAW) is surprisingly
efficient to transport a single electron
between distant quantum dots [1,2] while
preserving in flight its quantum coherent
properties [3,4]. The acousto-electric
shuttling technique provides thus a perfect
testbed to investigate the feasibility of
electron-flying-qubit implementations [5].
Here we present our latest results on SAWdriven single-electron transport in a circuit of
coupled
quantum
rails.
Mastering
picosecond triggering of the transfer
process [6] verified via time-of-flight
measurements [7], we are capable of
synchronising transport along parallel
quantum rails. Sending two electrons
simultaneously through the coupling region,
we observe distinct Coulomb-dominated
repulsion – the central ingredient to realise a
controlled phase gate for electron flying
qubits. Discussing partitioning data of a
single electron in the coupling region [5], we
further point out the importance of SAW
confinement
for
coherent
in-flight
manipulation. To address this critical aspect,

Figures

Figure 1: 2-particle collider with single electrons
propelled by a surface acoustic wave (SAW).
The device is composed of 2 source quantum
dots (QD) and 2 detector quantum dots. In the
centre region the electrons can interact through
a 40-micrometre long tunnel barrier.
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Design of quantum optical experiments with logic
artificial intelligence
[3] M. Krenn, J. S. Kottmann, N. Tischler, and
A. Aspuru-Guzik, Phys. Rev. X 11 (2021),
031044.

Alba Cervera-Lierta

Mario Krenn, Alán Aspuru Guzik
Barcelona Supercomputing Center, Address,
City, Country (Century Gothic 10)

Figures

alba.cervera@bsc.es

Logic artificial intelligence (AI) is a subfield of
AI where variables can take two defined
arguments, True or False, and are arranged
in clauses that follow the rules of formal
logic. Several problems that span from
physical
systems
to
mathematical
conjectures can be encoded into these
clauses and be solved by checking their
satisfiability (SAT). Recently, SAT solvers have
become a sophisticated and powerful
computational tool capable, among other
things,
of
solving
long-standing
mathematical conjectures. In this work, we
propose the use of logic AI for the design of
optical quantum experiments. W e show
how to map into a SAT problem the
experimental preparation of an arbitrary
quantum state and propose a logic-based
algorithm, called Klaus, to find an
interpretable representation of the photonic
setup that generates it. W e compare the
performance of Klaus with the state-of-theart algorithm for this purpose based on
continuous optimization. W e also combine
both logic and numeric strategies to find
that the use of logic AI improves significantly
the resolution of this problem, paving the
path to develop more formal-based
approaches in the context of quantum
physics experiments.

Figure 1: Diagram of Klaus algorithm.

Figure 2: Example on how to encode photonic
state preparation experiments into logic
clauses.

References
[1] A. Cervera-Lierta, M. Krenn, A. AspuruGuzik, arXiv:2109.13273 [quant-ph]
(2021).
[2] Code: https://github.com/albacl/klaus
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Time-resolved studies of excited states in bilayer
graphene quantum dots
Wister Huang

References

L.Gächter1,*, C.Tong1, R.Garreis1, M.Ruckriegel1,
B.Kratochwil1, F.d.Vries1, A.Kurzmann1, P.Märki1,
K.Watanabe2, T.Taniguchi2, T.Ihn1, K.Ensslin1
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Electrostatically defined quantum dots
(QDs) in bilayer graphene [1] offer a
promising platform for spin qubits with
presumably long coherence times due to
low spin-orbit coupling and low nuclear
spin density. With recent advancements in
fabrication technology, the quality of stateof-the-art BLG QDs has been raised to such
a level that highly tunable QDs can now be
fabricated.
Experimentally the excited state lifetime T1
was estimated with a lower bound of 0.5 µs
using two level pulsed-gate spectroscopy
[2]. The transport measurements are limited
by signal strength and blocking processes
of direct tunneling of charge carriers from
the leads into unoccupied states below the
bias window. By including a load phase in
the pulsing scheme prohibiting direct
tunneling into the ground state we can
extend the measurement time scale and
find a lower bound of 16 µs for the spin
excited state lifetime T1 at an applied
magnetic field of 1.8 T. Recent progress in
fabrication technology has allowed the
realization of a fully gate-defined device
featuring a quantum dot with a nearby
charge detector [3] which is sensitive to
individual charging events. The charge
sensor allows us to perform time-resolved
measurements and further study the time
dynamics of the excited state using
Elzerman readout [4].
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Quantum critical behaviour in magic-angle twisted
bilayer graphene
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The flat bands of magic-angle twisted
bilayer graphene (MATBG) host stronglycorrelated electronic phases such as
correlated insulators [1,2], superconductors
[3] and a ‘strange metal’ state [4]. The latter
state, believed to hold the key to a deeper
understanding of the electronic properties
of MATBG, is obscured by the abundance of
phase transitions; so far, this state could not
be unequivocally differentiated from a
metal undergoing
frequent
electronphonon collisions [5]. We report on transport
measurements in superconducting (SC)
MATBG in which the correlated insulator
states were suppressed by screening [6]. The
uninterrupted metallic ground state features
a T-linear resistivity extending over three
decades in temperature, from 40 mK to 20
K, spanning a broad range of doping
including those where a correlation-driven
Fermi surface reconstruction occurs [7]. This
‘strange-metal’ behaviour is distinguished by
Planckian scattering rates and a linear
magneto-resistivity. To the contrary, near
charge neutrality or a fully-filled flat band, as
well as for devices twisted away from the
magic angle, the archetypal Fermi liquid
behaviour is recovered. Our measurements
demonstrate the existence of a quantumcritical phase whose fluctuations dominate
the metallic ground state. Further, a
transition to the ‘strange metal’ is observed
upon suppression of the SC order, which
suggests an intimate relationship between
quantum fluctuations and superconductivity
in MATBG.

Figure
100

a

ρ
SM

ρ∝T
1
BI

FL

FL

SC

ρ ∝ T2

ρ ∝ T2

CNP

T (K)

10

0.1
0.04
-4

-3

-2

ν (n0)

b

ρ (kΩ)

5

ν = − 2.8

3

-1

0

c
ν = − 2.8

4

ρ (kΩ)

Dmitri K. Efetov

References
[1] Y. Cao et al., Nature 556 (2018) 80-84.
[2] Y. Cao et al., Nature 556 (2018) 43-50.
[3] X. Lu et al., Nature 574 (2019) 653-657.
[4] Y. Cao et al., Phys. Rev. Let. 124 (2020)
07680.
[5] H. Polshyn et al., Nature Physics 15 (2019)
1011-1016.
[6] P.Stepanov et al., Nature 583 (2021) 375.
[7] A. Jaoui et al. (2021) arXiv:2108.07753.

1,2

2

3
2

1
1
0

0

0.5

T (K)

1

1.5

0

0

0.5

B (T)

1

Figure 1: Quantum critical behaviour. A
Schematic representation of the ( ,T) phase
diagram of hole-doped MATBG. The
superconducting dome is enclosed in a
‘strange’ metal region which is dominated by
quantum fluctuations. The canonical Fermi
liquid behaviour is recovered near the
boundary of the flat-band region. b
Temperature dependence of the resistivity for B
= 0 across the SC phase transition (𝜈=-2.8) and
the in-field corrected resistivity for the critical
field 300 mT. After suppression of the SC order,
the uncovered metallic state is a ‘strange’
metal. c Evolution of the resistivity at 𝜈 = -2.8 and
40 mK vs. B. The suppression of the SC order
leads to a sharp increase of the resistivity, and is
followed by a linear MR up to B = 1 T. The linear
MR is highlighted by a solid red line.
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Dynamics of hole singlet triplet qubits with large gfactor differences

and can be altered very effectively by the
confinement potentials leading even to a
sign change. The resulting g-factor
difference
drastically
influences
the
dynamics of the system and produces
effects typically attributed to a spin-orbit
induced spin-flip term (See Figure 1).
Our work gives further insights into the
possibilities of holes in Ge but also reveals
important properties that need to be
considered when designing future spin
qubit experiments.
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Figures

Abstract (Century Gothic 11)
Holes in SiGe/Ge quantum wells hold great
promise for spin qubits as they possess
several favorable qubit properties: a small
effective mass, a strong spin-orbit coupling,
long relaxation time and an inherent
immunity to contact hyperfine interaction
[1]. All these characteristics helped Ge hole
spin qubits to evolve from a single qubit to
a fully entangled four qubit processor in
only 3 years [2]. Here, we investigate the
singlet-triplet qubit approach leveraging
the large out-of-plane g-factors of heavy
hole states in Ge quantum dots [3]. We
found this qubit to be reproducibly
operable at magnetic fields as low as 1 mT
and
at
large
rotation
frequencies
exceeding 600 MHz. This was possible
because large differences of g-factors in
adjacent dots can be achieved in the outof-plane magnetic field direction. In the inplane direction, on the other hand, the
heavy-hole g-factors are small

Figure 1: An intriguing butterfly shaped pattern
appears when measuring the singlet-triplet
degeneracy in the in-plane magnetic field
direction. This pattern emerges as a
consequence of a large coupling term
between these two states. While typically a
direct spin-orbit spin-flip term is responsible for
this coupling we show that large g-factor
differences are the actual cause.
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Topological Phases, Electromagnetic Responses and Bilayer
Semimetals
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Topological spaces have numerous applications for quantum matter with protected chiral edge modes
related to an integer-valued Chern number, which also characterizes the global response of a spin-1/2
particle to a magnetic field. Such spin-1/2 models can also describe topological Bloch bands in lattice
Hamiltonians. We introduce a geometrical approach on the Bloch sphere that allows us to discuss
transport and electromagnetic responses. Then, we introduce interactions in a system of spin-1/2s to
reveal a class of topological states with rational-valued topological numbers for each spin providing a
geometrical and physical interpretation related to curvatures and quantum entanglement. We study a
driving protocol in time to reveal the stability of the fractional topological numbers towards various
forms of interactions in the adiabatic limit. We elucidate a correspondence of a one-half topological
spin response in bilayer semimetals on a honeycomb lattice with a nodal ring at one Dirac point and a
robust pi-Berry phase at the other Dirac point. These predictions can be measured in mesoscopic,
atomic systems and also in bilayer systems.
[1] This work is related to our article, Joel Hutchinson and Karyn Le Hur, arXiv: arXiv:2002.11823 (*)
https://www.nature.com/articles/s42005-021-00641-0
Communications Physics 4, 144 (2021)
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Abstract
In this talk I will explain what id the current
status of quantum optimization algorithms in
different platforms, and how this can be
applied to problems in finance with real
data and in real conditions. In particular, I
will focus on portfolio optimization problems,
where quantum computers can already
optimize the full SP500 index and obtain
remarkable results (Fig1). I will also discuss
briefly the simulation of economic and
financial markets. If time allows, I may
discuss further applications of quantum
computing in finance as well as in other
verticals.

Figure 1: return vs volatility ofr optimized
portfolios with real data from 2020 for the full
SP500. Commercial funds are typically not
much better than the best points in the random
cloud (not shown).
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Simulation of topological phases in quantum dot
arrays
enhancement of the necessary ones, and
the appearance of new topological
phases with increasing number of edge
states. I will discuss the dynamics of two
interacting electrons in a 12-QD array when
configurations with different number of
edge states are considered. The correlated
dynamics, which can be experimentally
detected with QDs charge detectors,
allows to discriminate between different
topological phases and importantly, it
opens a new avenue for quantum state
transfer protocols [3].

Gloria Platero, Beatriz Pérez-González and
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Recent
experiments
demonstrate
a
controllable 12- quantum-dot (QD) device
[1]. The fabrication and control of long
semiconductor quantum dot arrays open
the possibility to use these systems for
transferring quantum information between
distant sites. Interestingly, it also opens the
possibility of simulating, in quantum dot
arrays, complex hamiltonians as for
instance
one-dimensional
topological
insulators. An example of them in 1D is the
Su-Schrieffer-Hegger (SSH) model, a chain
of dimers. This system presents chiral
symmetry and bond ordering of nearestneighbor couplings and displays two
topological phases. In a finite chain, the
presence of protected edge states, allows
to transfer electrons between edges, and
therefore their implementation is promising
for quantum information transfer. However,
the SSH model does not account for long
range hopping effects which should occur
in real systems and which can destroy the
topological properties and the edge states
formation [2]. In this presentation I will first
discuss how to use QD arrays with longrange hoppings (extended SSH model) as
quantum simulators for new 1D chiral
topological phases. I will show that, by
applying a driving protocol, all hopping
amplitudes can be modified at will,
imprinting bond-order and effectively
producing structures such as dimers chains.
Importantly, our protocol allows for the
simultaneous suppression of all the
undesired long-range hopping processes,

Figure 1: Quasi-energy levels of a driven 12
quantum dot array as a function of the ratio of
the intensity and frequency of the driving field,
including first and third neighbour hoppings.
Inset: each pair of edge states for W=2 has a
different energy splitting.
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Quantum computing beyond the gate-based paradigm
Ramiro Sagastizabal
Qilimanjaro, Spain
rsagas@qilimanjaro.tech

The progress of technological capabilities has enabled recent efforts into practical realizations of
quantum computation. The quest of marketable applications faces the challenge of error correction, or
mitigation, while pursued within the gate-based paradigm. At Qilimanjaro Quantum Tech we pursue a
platform with faster time-to-market expectations. We do this by exploiting adiabatic and diabatic
approaches, which are likely to be more forgiving in terms of the impact of errors.

30

Topological lasers and condensates
[5]

H. Schomerus and N. Y. Halpern, Parity
anomaly and Landau-level lasing in
strained photonic honeycomb
lattices, Phys. Rev. Lett. 110, 013903
(2013).
[6] C. Poli, H. Schomerus, M. Bellec, U.
Kuhl, and F. Mortessagne, Partial chiral
symmetry-breaking as a route to
spectrally isolated topological defect
states in two-dimensional artificial
materials, 2D Mater. 4, 025008 (2017).
[7] C. E. Whittaker et al., Excitonpolaritons in a two-dimensional Lieb
lattice with spin-orbit coupling, Phys.
Rev. Lett. 120, 097401 (2018).
[8] M. Bellec, C. Poli, U. Kuhl, F.
Mortessagne, and H. Schomerus,
Observation of supersymmetric
pseudo-Landau levels in strained
microwave graphene, Light Sci. Appl.
9, 146 (2020).
[9] S. Malzard, E. Cancellieri, and H.
Schomerus, Topological dynamics
and excitations in lasers and
condensates with saturable gain or
loss, Opt. Express 26, 22506-22518
(2018).
[10] M. Reisner et al., Self-Shielded
Topological Receiver Protectors, Phys.
Rev. Applied 13, 034067 (2020).
[11] H. Schomerus, Nonreciprocal response
theory of non-Hermitian mechanical
metamaterials: Response phase
transition from the skin effect of zero
modes, Phys. Rev. Research 2, 013058
(2020).

Henning Schomerus
Department of Physics, Lancaster University,
Lancaster LA1 4YB, UK
h.schomerus@lancaster.ac.uk

Topological photonics aims to replicate
fermionic symmetries as feats of precision
engineering. Here I show how to enhance
these systems via effects such as gain, loss
and nonlinearities that do not have a direct
electronic counterpart. This leads to a
topological mechanism of mode selection
[1-4], formation of compactons in flat band
condensates [5-8], as well as topological
excitations [9]. The resulting effects show a
remarkable practical robustness against
disorder, which arises from the increased
spectral isolation of the manipulated states.
Common to them all are structured
intensity distributions of the topological
modes that correspond to an anomaly.
These concepts can be applied to
configure self-shielded receiver protectors
[10] and directed sensors (see Fig. 1) [11].
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Figures

Figure 1: Directed sensing in a nonreciprocal
topological metamaterial.
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Quantum magnetism and topological superconductivity in Yu-ShibaRusinov chains
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Chains of magnetic adatoms on superconductors have been discussed as promising systems for
realizing Majorana end states. Here, we show that dilute Yu-Shiba-Rusinov (YSR) chains are also a
versatile platform for quantum magnetism and correlated electron dynamics, with widely adjustable
spin values and couplings. Focusing on subgap excitations, we derive an extended t-J model for
dilute quantum YSR chains and use it to study the phase diagram as well as tunneling spectra. We
explore the implications of quantum magnetism for the formation of a topological superconducting
phase, contrasting it to existing models assuming classical spin textures.
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What quantum supremacy really means
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More than a year ago, Google announced that they had reached a new milestone in quantum
computing that they refer to as « quantum supremacy ». They claimed that their quantum chip had
performed a task that would take thousands of years to simulate on the largest existing
supercomputer. In this talk, I will first review the experimental findings. Then, I will challenge their
claim and show that, while it does indeed require an exponentially large computing time to simulate a
perfect quantum computer, simulating a real one with a finite fidelity is much easier. I will present how
it can be done with quantum states compression techniques borrowed from many-body theory.
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Abstract
Quantum machine learning emerges from the symbiosis of quantum mechanics and
machine learning. In particular, the latter gets displayed in quantum science as: (i) the use of
classical machine learning as a tool applied to quantum physics problems, (ii) or the use of
quantum resources such as superposition, entanglement, or quantum optimization protocols
to enhance the performance of classification and regression tasks compare to their classical
counterparts. This talk reviews examples in these two scenarios. On the one hand, a classical
neural network is applied to design a new quantum sensing protocol [1]. On the other hand,
the design of a quantum neural network based on the dynamics of a quantum perceptron
with the application of shortcuts to adiabaticity gives rise to a short operation time and
robust performance [2]. These examples demonstrate the mutual reinforcement of both
neural networks and quantum physics.
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Machine-Learning Assisted Quantum Control in
Random Environment
Disorder in condensed matter and atomic
physics is responsible for a great variety of
fascinating quantum effects [1,2]. Many of
these effects, being still challenging for
understanding, make highly demanded
dynamical control of quantum disordered
systems hard, which requires novel tools to
tackle the relevant issue. Particularly, as the
size of the stochastic sample increases
dramatically, the higher power of ML is
demanding in such complexity.

Xi Chen1
Tangyou

Huang1,2,

Yue

Ban1,

E. Ya.

Sherman1,3

1Department

of Physical Chemistry, University of
the Basque Country UPV/EHU, Apartado 644,
48080 Bilbao, Spain
2International
Center of Quantum Artificial
Intelligence for Science and Technology
(QuArtist) and Department of Physics, Shanghai
University, 200444 Shanghai, China
3IKERBASQUE Basque Foundation for Science,
48013 Bilbao, Spain

To work out this problem, here we establish
the ML approach for identifying and
controlling dynamics of a quantum system
with disorder. For this purpose, we use deep
learning with two CNNs, see Fig. 1, for highfidelity control of a quantum particle in a
time-varying trapping potential embedded
in a random environment.

chenxi1979cn@gmail.com

Machine learning (ML), which enables
computers to learn automatically from
available task-specific data, is reshaping
modern approaches in physical sciences. In
quantum science, ML is one of the most
useful and powerful approaches in particle
physics, many-body physics, and quantum
computing
among
others.
Recently
developed learning architectures such as
convolution neural networks (CNN), having
a considerable success in object detection
and image classification, were beneficial to
classify phases of matter, study nonequilibrium glasses, find hidden order in
electronic-quantum-matter imaging data
and identify the thermodynamic time arrow
in quantum systems.

Figures

Figure 2: Performance of the accuracy in CNN1
(a) and the fidelity deviation (b) are displayed
for classification and regression, where the
dashed and solid lines represent the test and
training batch of database. The shadow area
indicates the average of every batch. (c) The
outputs from two trained CNNs (red crosses)
compared with the numerical results (black
circles) for 100 testing realizations of random
potential.

Figures

Consider a quantum particle, located at the
sum of time-dependent harmonic potential
and a random potential of impurities [3,4].
We show first an important result: training the
CNN can efficiently preselect the relevant
type of the disorder realization from tens of
thousands of stochastic samples. Then, we
introduce the second CNN to find the

Figure 1: Schematic diagram (left) of supervised
learning with two CNNs and working flow (right)
of CNN.
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optimal control policy such as the timedependent potential shape, in a training
regression model, see Fig. 2. To make the
optimization more efficient, the randomness
classification from deep learning is an
essential pretraining for disordered system
under control, thus removing the redundant
data. Thus, the supervised learning with
CNNs provides the ability to generalize to
tasks
beyond
their
original
design,
applicable to any realization of random
potential.

larger because of worse classification,
depending on the distribution and number
of the selected realizations in CNN1, see Fig.
3. In a word the combined effects of the
trapping potential and disorder plays an
important role in dynamical control,
characterized by the fidelity and the
required energy cost, e.g., the laser power
for optical trap or the electrical power for
quantum dots.
In practice, impurities, noise, and other
imperfections
are
ubiquitous
and
unavoidable in condensate matter physics
and their simulated counterparts. Our
methods pave an efficient way for the
robust optimal control, i.e., cooling,
transporting, trapping the neutral atoms
[4,5] or charged particles (ions and
electrons) [6], by taking into account
environmental noise and randomness.
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Figure 3: The average accuracy in CNN1 (a)
and the average fidelity deviation in CNN2 (b)
for the last ten epochs are illustrated for the
different values of time and trap frequency,
where the error bar represents their deviations.

To illustrate the generality of proposed
method, we apply different values of time
and trap frequency to the trained CNNs. Fig.
3 indicates the average accuracy in CNN1
and the average fidelity deviation in CNN2
for the last ten epochs by using the same
structure and hyperparameter as before. On
the one hand, when final trap frequency is
increased, the random realizations are
much easier to recognize, thus resulting in
higher accuracy. It makes sense that the
influence of random potentials on the
fidelity can be negligible, when the trap
potential is strong enough to localize the
state near the origin. However, the more
realizations as the inputs of CNN2 finally lead
to the larger fidelity derivation as shown in
Fig. 3. On the other hand, according to the
time-energy trade-off, larger tf (still far away
from the adiabaticity) increase the area
corresponding to condition for input power.
The fidelity deviation in CNN2 becomes
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Error mitigation and quantum-assisted
simulation in the error corrected regime
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Abstract
We consider quasi-probability based error
mitigation in the error corrected regime of
quantum computation. In this regime,
Clifford operations can be made faulttolerant, but the Gottesman-Knill theorem
tells us that they can be efficiently
simulated with a classical computer [2]. In
order to achieve universality one needs
the addition of magic quantum states,
whose fault-tolerant preparation requires
complex distillation protocols, and are
thus the noisiest component [3].
In this context, we develop a general
framework to discuss the value of the
available, noisy magic resources, relative
to those ideally required. We introduce a
quantity, the Quantum-assisted
Robustness of Magic (QROM), which
measures the overhead of simulating the
ideal quantum computation with the
available noisy components through
quasiprobability-based methods. This
extends error mitigation techniques,
originally developed for Noisy
Intermediate Scale Quantum (NISQ)
devices [4], to the case where qubits
are logically encoded. The QROM shows
how the addition of noisy magic resources
allows one to boost classical
quasiprobability simulations of a quantum
circuit and enables the construction of
explicit protocols, interpolating between
classical simulation and an ideal quantum
computer.
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Figures

Figure 1: Graphical representation of the
QROM for one qubit in the Bloch sphere.
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Intraparticle entanglement in graphene
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We demonstrate the emergence and
dynamics of intra-particle entanglement in
massless Dirac fermions. This entanglement,
generated by spin-orbit coupling, arises
between the spin and sublattice pseudospin
of electrons in graphene. The entanglement
is a complex dynamic quantity but is
generally large, independent of the initial
state. Its time dependence implies a
dynamical violation of a Bell inequality,
while its magnitude indicates that large
intra-particle entanglement is a general
feature of graphene on a substrate. These
features are also expected to impact
entanglement between pairs of particles,
and may be detectable in experiments that
combine Cooper pair splitting with nonlocal
measurements of spin-spin correlation in
mesoscopic devices based on Dirac
materials.
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Figure 1: Entanglement dynamics of a few
states at different energies. The top three panels
show the concurrence of some speciallychosen states. The bottom panel shows the
degree of Bell inequality violation for one Bell
state and two randomly chosen states.
Image taken from Ref. [1].
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Flat bands in magic-angle twisted
bilayer graphene (MATBG) have
recently emerged as a rich platform to
explore
strong
correlations
[1],
superconductivity
[2–5]
and
magnetism [3,6,7]. However, the
phases of MATBG in a magnetic field
and what they reveal about the zerofield phase diagram remain relatively
uncharted. Here we report a rich
sequence of wedge-like regions of
quantized Hall conductance with
Chern numbers C=±1, ±2, ±3 and ±4,
which nucleate from integer fillings of
the moiré unit cell v=±3, ±2, ±1 and 0,
respectively. We interpret these phases
as spin- and valley-polarized manybody Chern insulators. The exact
sequence and correspondence of the
Chern numbers and filling factors
suggest that these states are directly
driven by electronic interactions, which
specifically break the time-reversal
symmetry in the system. We further
study the yet unexplored higher-energy
dispersive bands with a Rashba-like
dispersion. The analysis of Landau-level
crossings enables a parameter-free
comparison to a newly derived ‘magic
series’ of level crossings in a magnetic
field and provides constraints on the
parameters of the Bistritzer–MacDonald
MATBG Hamiltonian. Overall, our data
provide direct insights into the complex
nature of symmetry breaking in MATBG
and allow for the quantitative tests of

the proposed microscopic scenarios for
its electronic phases.

Figure1: Emergent CCIs in MATBG. Colour plot of
Rxx versus ν and B⊥, measured at T= 1.5 K. The
white lines indicate the trajectories of four
different topologically non-trivial Chern gaps
with (C, ν) indices of (4, 0), (3, 1), (2, 2) and (1, 3).
Corresponding Hall conductance σxy versus ν
and B⊥ (top) and line cuts showing quantized
σxy and vanishing longitudinal conductance of
the Chern insulators at B⊥ = 8 T (bottom).
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Superconducting nano-calorimeters are
currently some of the most sensitive sensors
for detecting electromagnetic radiation.
Two-dimensional materials, thanks to their
small heat capacity are progressively
evolving into a novel platform to develop a
new generation of sensors that can further
push the limits of detector sensitivities [1].
Specifically, magic-angle twisted bilayer
graphene (MAG) exhibits a record-small
heat
capacity
and
a
sharp
superconducting transition that makes it
suitable for superconducting calorimetry [2].
Here we investigate the thermal and
optoelectronic properties of the MAG and
provide
precious
insights
towards
applications. This study establishes MAG as a
promising two-dimensional material for ultrasensitive photodetection.

Figure 1: Colormap of the longitudinal
resistance as a function of back-gate-applied
voltage Vg and device temperature T. The
boundaries of the superconducting dome—
indicated by the dashed yellow line—are
defined by the 50% of the normal state
resistance. In blue the low-field Hall effect (300
mT) for the same doping region of the top
panel.
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Figure 1. Device schematic and measuring
circuit. The combination of the graphite back
gate and split top gates allow us to realize a
gate tunable Josephson junction in the MATBG.
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Abstract
The simultaneous co-existence and
tunability
of
the
superconducting1,
magnetic2 and topological orders3 in
magic angle twisted bilayer graphene
(MATBG) open up new possibilities for the
creation of complex hybrid Josephson
junctions. Here we report on the creation
of gate-defined magnetic Josephson
junctions in MATBG, where the weak link is
gate tuned closed to the correlated state
at a moiré filling factor of
2. A highly
unconventional
Fraunhofer
pattern
emerges, which is phase-shifted and
asymmetric with respect to the current and
magnetic field directions, and shows a
pronounced magnetic hysteresis. The
combination of magnetization and its
currents induced switching allows us to
realize a programmable zero field
superconducting diode, a major building
block for a new generation of
superconducting electronics.

Figure 2. Fraunhofer pattern of the Josephson
junction with the weak link set closed to
2.
The pattern displays a shift from the zero-field
value, and is asymmetric with respect to both
the current and magnetic field directions.
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In certain unconventional superconductors with sizable electronic correlations, the availability of
closely competing pairing channels leads to characteristic soft collective fluctuations of the order
parameters, which leave fingerprints in many observables and allow to scrutinize the phase
competition. Superconducting layered materials1–8,
where electron-electron interactions are
enhanced with decreasing thickness, are promising candidates to display these correlation effects.
For example, while bulk NbSe2 is essentially a conventional superconductor, recent experiments in
the thin-film regime have shown evidence of competing unconventional nematic pairing 9,10. In this
work, we report the existence of a soft collective mode in single-layer NbSe2, observed as a
characteristic resonance excitation in high resolution tunneling spectra. This resonance is observed
along with higher harmonics, its frequency Ω/2Δ is anticorrelated with the local superconducting gap
Δ, and its amplitude gradually vanishes by increasing the temperature and upon applying a
magnetic field up to the critical values (T C and HC2), which sets an unambiguous link to the
superconducting state. Aided by a microscopic model, we interpret this resonance as a collective
Leggett mode that represents the fluctuation towards a proximate f-wave triplet state, due to
subleading attraction in the triplet channel. Our findings demonstrate the fundamental role of
correlations in superconducting 2D transition metal dichalcogenides, opening a path towards
unconventional superconductivity in simple, scalable and transferable 2D superconductors.
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Breakdown of the topological protection by cavity
vacuum fields in the integer quantum Hall effect
predicting modifications to the quantized
Hall conductance as a function of the light
matter coupling [4] this platform can be of
major interest in studying the fundamental
physics of matter coupled to vacuum fields.
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At mK temperatures we measure electron
transport, Shubnikov de Haas (SdH)
oscillations and Hall resistance. The platform
consists of an etched GaAs twodimensional electron gas heterostructure,
forming a Hall bar geometry, combined
with a 2-D metamaterial split ring resonator.
Amplified vacuum fields are confined in its
gap, i.e. at the position of the Hall bar
(fig.1). On a chip we measure multiple
samples sharing source and drain. Like this,
we can directly compare effects of the
cavity on longitudinal and transverse
resistances with respect to the unperturbed
system. In the diffusive transport regime, we
observe an amplitude reduction in the SdH
when coupling the electrons to amplified
vacuum fields [1]. Shifting our focus to the
quantized states of the integer quantum
hall regime, in our latest study [2] we draw
out the effect of vacuum fields breaking
the topological protection of edge states:
the hall quantization is lost (fig. 2), while in
the very same sample much more fragile
states, the fractional states, persist due to
their inability to couple to optical modes as
postulated by Kohn’s theorem. The
accompanying picture to this effect is
introduced as cavity-mediated electron
hopping. Conceptually it describes how
electrons scatter from topologically
protected edge states into bulk disordered
states [3]. With a current theoretical work

Figure 1: Visualization of cavity field distribution
penetrating the Hall bar located in its gap. Vxx
and Vxy indicate voltage probes for longitudinal
and transverse resistivity measurements

Figure 2: longitudinal and transverse resistance
are shown for a cavity embedded Hall bar
(blue) and a cavity-less reference Hall bar
(black). The reference is well quantized, the
cavity shows a collapse at filling factors 5 and 7
(left). The fractional states around 3/2 are still
visible for both samples (right).
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Use of SPAD arrays for quantum technology
also implemented. The typical bit rate
generated by each cell is to few kbps. The
device is now under test for validation.
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Thanks to their capability to detect single
photons with good timing resolution, Single
Photon Avalanche Diode (SPAD) can be
considered as a good candidate for
quantum experiments. In this work we
present recent advances on the design of
SPAD-based
devices
for
quantum
technology in two different projects.
The SuperTwin project [1] aimed to develop
an
all-solid-state
super
resolution
microscope based on entangled photons. A
quantum image sensor having a large
degree of flexibility has been developed [2].
In the 60k-pixels array, each element pairs a
SPAD with a reconfigurable logic block that
can operate in one of the following modes:
(i) photon timestamping with a fine (180 ps)
or (ii) coarse (≥ 10 ns) resolution, (iii) photon
counting, or (iv) high-speed binary imaging.
The imager shows a high sensitivity (PDP up
to 60%) and low noise (DCR of 100 Hz).
Figure 1 shows the chip functionalities and
the first and second-order correlation
function of an SPDC source in the far field.
One of the goals of the Qrange project [3] is
to develop tiny and low-cost quantum
random number generator (QRNG) for IoT
application.
Differently
from
other
approaches, mainly using an external
source of light, we investigated on
monolithic solutions [4]. The final design
consists of a SPAD-based array of
independent cells each integrating one
central emitter and multiple detectors for
random number extraction (see Figure 2).
Different sources of light (Si-LED) have been

[3]
[4]

https://supertwin.fbk.eu/home
https://www.imagesensors.org/Past%2
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Figure 1: Micrograph and concept of the
Quantum imager (top). Acquisition of SPDC
photons (bottom)

Figure 2: Implemented cell for random number
generation and Si-LED.
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Spin-active color centers in silicon carbide for
telecom-compatible quantum devices
applications. We found that these insights
are also relevant for spin behaviour in a
broader class of materials.
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Optically-active impurities with spin in
crystals
can
realize
light-matter
entanglement protocols necessary for
quantum-communication
and
sensing
applications.
Various
transition-metal
defects in SiC are unique in that they are
strong
emitters
directly at telecom
wavelength
in
an
industrially-mature
semiconductor. They have in common that
a single electron of d-orbital origin is
responsible for their electronic behaviour
[1,2,3,4]. We carried out a comprehensive
research line on the Mo and V defect, and
report our insights into how strong spin-orbit
coupling, the symmetries in SiC, and the
highly anisotropic hyperfine coupling
together give new and unexpected spin
states and dynamics, with favourable
properties for quantum technologies. We
found experimentally and theoretically that
spin-orbit coupling stabilizes the defect spin,
leading to seconds-long spin-relaxation
times and limited possibilities for microwave
spin control [2]. We found, however, that
strong electronic spin driving is still possible,
both with magnetic and electric-microwave
fields, for systems with hyperfine coupling to
a central nuclear spin [3]. Our results help in
understanding how macroscopic figures of
merit relevant for quantum operation are
related to the microscopic configuration of
defect centers, and may lead to
engineering of defects for specific

Figures

Figure 1: (a) A transition metal defect in SiC is
formed as the transition metal impurity
substitutes a Si in the SiC lattice. (b)
Temperature dependence of the spinrelaxation rate of Mo defects in SiC, showing
that for ensembles with zero nuclear spin, the
spin-relaxation rate is above seconds at low
temperatures despite the presence of strong
spin-orbit coupling.
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Figure 1: Standard vs. biased annealing. While
standard annealing starts from a state which is
agnostic to the target state, the biased
annealing incorporates an (imperfect) guess of
the target state into the initial state.

Quantum annealing is a method to solve
optimization problems via Hamiltonian engineering and quantum state preparation.
The method requires that an energy gap
protects the state of the system, as it evolves
from the chosen initial state to the targeted
ground state. Unfortunately, for initial states
which are agnostic to the problem, this is
typically not the case. However, even
limited knowledge of the target state can
be used to “smoothen” the evolution, and
thereby, to greatly increase the efficiency of
the annealing method. A concrete and
simple strategy to achieve this is presented
in this talk: An initial guess for the target state
is incorporated in the annealing dynamics
through bias fields which slightly rotate the
spins/qubits towards the targeted state (see
Fig. 1). If the initial guess is sufficiently close to
the target state (specifically, with an error
not larger than 40%), this procedure
significantly increases the annealing fidelity
(see Fig. 2). Iterative annealing runs can be
used to generate and improve the initial
guess.
We have tested this strategy via its
simulation on a classical HPC cluster, and
find that it significantly improves the
annealing results for most instances of a NPcomplete test problem. The proposed
procedure can readily be implemented in
present-day quantum annealers.

Figure 2: Annealing fidelity p for a problem with
N spins/qubits when initialized in a biased state
with d errors. If the initial guess contains less than
40% erroneous bits, the bias produces significant
fidelity enhancement.
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Coupling 3-Josephson junctions flux qubits for
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Many platforms have been proposed to
implement Quantum Simulations, from
superconducting circuits to trap ions.
Nevertheless, it is still not clear how to obtain
general and fully tunable multi-qubits
dynamics in any of those platforms. General
enough qubit-qubit interactions would
allow, for instance, to simulate novel
quantum materials or to reproduce the
dynamics of non-stoquastic Hamiltonians,
the ones for which classical Monte-Carlo
methods fail.
In this talk, we analyse the coupling
between two 3-Josephson junctions flux
qubits and present the effective Hamiltonian
that controls the dynamics of the system
when the two qubits are coupled via a
capacitor and/or via a Josephson junction
[3]. We show that those two elements allow
engineering a fairly large family of qubit
Hamiltonians with XX, YY and ZZ, including
non-stoquastic interactions and ultrastrong
coupled ones.
In addition, we discuss the capacitive
coupling between a flux qubit and an LCresonator [4], showing ultrastrong coupling in
a direction perpendicular to that of the
commonly studied inductive coupling.

Figures

Figure 1: Example of circuit architecture for the
couplings considered on the talk: two identical
c-shunted 3-Josephson junctions flux qubits with
ground in nodes 0 and 0’ coupled through a
capacitor and a Josephson junction
connecting nodes 2 and 1’.
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Development of the tunnelling devices with spin-split
Al/EuS electrodes for superconducting spintronics
and spin qubits applications
superconducting density of states, as
observed in the tunnelling spectroscopy
shown in Fig 1. These devices were
proposed to be used in cryogenic
thermoelectric elements and diodes [7,8].
However, the fabrication process can be
adapted to the needs of manufacturing of
the Andreev spin qubits as well as of the
superconducting spintronics in broader
terms.
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The development of superconducting
quantum circuits for quantum computing
during the past two decades led to the
creation
of
commercial
quantum
processors with tens of qubits [1]. With
transmon being the superconducting qubit
of choice in most architectures, recent
quantum processors have proven to be
suitable for intermediate-scale quantum
computing, where coherence extends over
a relatively small number of qubits. Fullyfledged quantum processors, implementing
quantum
error
correction,
require
improvements in both qubit performance
and downsizing. Since the latter is an issue
for the transmon, a number of alternative
qubits are being intensively developed,
including the semiconductor spin qubits [2]
and more recently the superconducting
Andreev spin qubit [3,4].
In contrast to the original idea of the
Andreev spin qubit [5], where spin splitting is
achieved due to the spin-orbit interaction,
we investigate the use of superconductor
— magnetic insulator interfaces for
implementing single-qubit operations in spin
qubits. We found that Al/EuS bilayers might
be used in Andreev spin qubits to
complement or even substitute the use of
spin-orbit interaction and superconducting
phase-phase differences across the weak
link [6]. We also present results of a
systematic study of Al/EuS interfaces, which
led to consistent fabrication of Al/EuS
bilayers featuring spin splitting of the
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Figure 1: Tunnelling spectra demonstrating spin
splitting of density of states in the second Al
electrode
for
the
Al/AlOx/Al/EuS
heterostructure [7].
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Strongly-correlated magnetism represents a formidable challenge, where an efficient
classical description is inapplicable due to the sign problem and long-range
entanglement. The striking example is a quantum spin liquid (QSL) phase [1]. From
the theoretical perspective QSL materials are often described by spin lattice models
with bond-dependent Heisenberg coupling. Here, the paradigmatic model that hosts
QSL is the Kitaev model of spin-1/2 arranged in a honeycomb lattice [2]. While being
classically solvable at zero magnetic field, when biased it requires an exact
diagonalization and its treatment is limited to small system sizes [3].
In the talk, I will describe a quantum algorithm that allows preparing a ground state of
the honeycomb Kitaev model using a variational circuit with the shallow depth. Our
approach efficiently uses the underlying symmetries of the model. It is based on the
stabilization procedure, the developed centralizer ansatz, and utilizes the vortex
basis description being the most advantageous for qubit-based simulation [4]. We
demonstrate the high fidelity preparation of quantum spin liquid ground states in the
zero magnetic field Kitaev model and effective field. Specifically, we simulate the
preparation of the QSL ground state with up to N=24 qubits (spins) with the depth of
d=5, where the ansatz is composed of the nearest-neighbor two-qubit gates. Next,
we show that the prepared ground state can be evolved in time, revealing the
dynamical correlations between distant spins. Finally, we extended the variational
search to prepare QSL at non-zero magnetic field. Our study points the route towards
a quantum advantage for the complex material science problem.
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Phonon-assisted luminescence in qubits from
many-body perturbation theory
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Phonon-assisted luminescence is a key
property
of
defect
centers
in
semiconductors, and can be measured to
perform the readout of the information
stored in a quantum bit, or to detect
temperature variations.
The
investigation
of
phonon-assisted
luminescence
usually
employs
phenomenological models, such as that of
Huang
and
Rhys,
with
restrictive
assumptions that can fail to be predictive.
In this work, we predict luminescence and
study exciton-phonon couplings within a
rigorous many-body perturbation theory
framework,
an analysis that has never been performed
for defect centers.
In particular, we study the optical emission
of the negatively-charged boron vacancy
in 2D hexagonal boron nitride, which
currently stands out among defect centers
in 2D materials thanks to its promise for
applications in quantum information and
quantum sensing. We show that phonons
are
responsible
for
the
observed
luminescence, which otherwise would be
dark due to symmetry. We also show that
the symmetry breaking induced by the
static Jahn-Teller effect is not able to
describe
the
presence
of
the
experimentally observed peak at 1.5 eV.

Figure 1: Exciton-phonon coupling function for
the negatively charged boron vacancy in 2D
hBN. The phonon modes which couple most
strongly with excitons are enlightened with
coloured lines and reported in the legend in
decreasing order of contribution, while the
other phonon modes are represented with grey
lines.
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2D superconductors combine the sharp
superconducting properties from the bulk
with ultralow heat capacity thanks to their
atomic thickness [1]. In particular, 2D hightemperature superconductors are a
promising platform for on-chip quantum
photonics at moderate cryogenic
temperatures (4 K < T < 77 K) [2]. In this work,
we report ultrasensitive photodetection at
telecom wavelengths using exfoliated flakes
of 2D high-temperature superconductor
Bi2Sr2CaCu2O8+δ (Bi2212). We use inertatmosphere van der Waals fabrication
techniques and novel non-destructive
patterning methods to harness the
properties of Bi2212 in the 2D limit. Our
photodetectors exhibit record sensitivity at
1550 nm for moderate cryogenic
temperatures [2]. Moreover, we
demonstrate on-chip integration of our
photodetectors on silicon waveguides. This
result realizes the promise of 2D hightemperature superconductors as nextgeneration photodetectors for quantum
technologies [3].

Figure 1: Nano-patterned van der Waals
heterostructure for photodetection at
moderate cryogenic temperatures.
Inset: Superconducting transition for a 50 nm
wide nanochannel.
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Quantum control of the tin-vacancy spin qubit in
diamond
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Figure 1: Coherent spin qubit control: down
state population (orange circles) as a function
of the Raman drive duration T with the pulse
sequence shown at the top. The black curve is
a fit to a 2-level model under a master equation
formalism. Inset: Ω as a function of p/∆ with a
linear fit to the data (solid curve).

cm2013@cam.ac.uk

Group-IV color centers in diamond are a
promising light-matter interface for quantum
networking devices [1,2]. The negatively
charged tin-vacancy center (SnV) is
particularly interesting, as its large spin-orbit
coupling offers strong protection against
phonon dephasing and robust cyclicity of its
optical transitions towards spin-photon
entanglement schemes [3,4]. Here, we
demonstrate multi-axis coherent control of
the SnV spin qubit via an all-optical
stimulated Raman drive between the
ground and excited states. We use coherent
population trapping and optically driven
electronic spin resonance to confirm
coherent access to the qubit at 1.7 K, and
obtain spin Rabi oscillations at a rate of
Ω/2π = 3.6(1) MHz. All-optical Ramsey
interferometry reveals a spin dephasing time
of T2* = 1.3(3) µs and two-pulse dynamical
decoupling already extends the spin
coherence time to T2 = 0.33(14) ms.
Combined with transform-limited photons [5]
and integration into photonic
nanostructures [6], our results make the SnV
a competitive spin-photon building block for
quantum networks

Figure 2: Dynamical decoupling: pulse
sequence (top) with two implementations: (left)
Hahn echo, (right) CPMG-2. The phase φ of the
second π/2 pulse is variable and visibility a/b is
obtained from fitting the function a cos(φ) + b
at each delay time τ , plotted as a function of τ.
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QFold: Quantum Walks and Deep Learning to Solve Protein Folding
Pablo Antonio Moreno Casares
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We develop quantum computational tools to predict the 3D structure of proteins, one of the most
important problems in current biochemical research. We explain how to combine recent deep learning
advances with the well known technique of quantum walks applied to a Metropolis algorithm. The
result, QFold, is a fully scalable hybrid quantum algorithm that, in contrast to previous quantum
approaches, does not require a lattice model simplification and instead relies on the much more
realistic assumption of parameterization in terms of torsion angles of the amino acids. We compare it
with its classical analog for different annealing schedules and find a polynomial quantum advantage,
and validate a proof-of-concept realization of the quantum Metropolis in IBMQ Casablanca quantum
system.
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Quantum dots are one of the most
promising physical systems for quantum
computation. After reaching experimental
values for single qubit manipulation fidelities
of more than 99% [1] and two qubit
interactions creating CNOT gates [2], the
limit of universal computation is as close as
ever. However, as ion traps and
superconducting qubits did before, the limit
of operating with short ranged interactions
limits the amount of qubits that quantum
computers can operate at the same time.
Tackling these issues, the presented system
is based on electrons as spin qubits moved
by surface acoustic waves (SAWs) [3,4].
GaAs piezoelectric properties allow the
creation of SAWs with patterned metallic
interdigital transducers (IDTs), as well as 2D
electron gases in an interface with AlGaAs,
that enables it to control QDs 100 nm below
the surface. Extending this experiment by
placing other static dots at some known
distance from the moving, one can tune
the exchange interaction between the
triplet and the singlet. In order to avoid the
decoherences that the nuclear spin bath in
GaAs may cause to spin qubits, an
alternative Si/SiGe interface with
piezoelectric ZnO on top is has been
proposed, where isotopic purification can
make spin qubits a more feasible quantum
memory.

Figures

Figure 1: Side and top view of a sketch showing
the working process of electron pickup and
multiple particle interaction.

Figure 2: Hamiltonian of the interaction
between two electrons, showing the singlet
triplet decoupling.
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Topology detection in cavity QED
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Figures

We explore the physics of topological lattice
models in c-QED architectures for arbitrary
coupling strength, and the possibility of using
the cavity transmission as a topological
marker. When the coupling between
subsystems is small, the transmission can be
used as a way to probe the properties of the
fermionic system in a non-invasive way,
while at large coupling rates, these
properties are highly modified and hybrid
excitations of the total system appear.
In this work, we develop an approach
combining the input-output formalism with
Mean-Field theory, which includes selfconsistency and quantum fluctuations to first
order, and allows to go beyond the smallcoupling regime in the calculation of the
cavity transmission. We apply our formalism
to the case of a fermionic Su-SchriefferHeeger (SSH) chain, whose topological
phase is characterized by the presence of
two in-gap edge states, topologically
protected against local perturbations.
Our findings confirm that the cavity can
indeed act as a quantum sensor for
topological phases, where the initial state
preparation plays a crutial role.
Additionally, we discuss the persistence of
topological features when the coupling
strength increases, in terms of an effective
Hamiltonian,
and
calculate
the
entanglement entropy.
Our approach can be applied to other
fermionic systems, opening a route to the
characterization
of
their
topological
properties in terms of experimental
observables.

Figure 1: Schematic picture of a dimerized
chain interacting the photons in a cavity. The
cavity photons have frequency Ω and are
connected to the input and output ports with
factors κ. The fermions interact with the photons
with strength g and γ represents the spectral
broadening of the fermionic system.
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Abstract
The fabrication technology of
semiconductor-based devices has
experienced a sustained exponential
growth for more than 6 decades. [1]
Presently, the level of dimensional and
material composition control is approaching
the single atom accuracy, but it is still
behind what it is needed for the realization
of a practical computer based on
semiconductor qubits. Recent progress on
electrostatic gated quantum dot devices
based on silicon and silicon related
materials [2,3] shows that it is possible to
obtain devices with very high coherence
time [4]. However, at short term, the next
generations of semiconductor electronic
devices will require improved fabrication
methods, that could fulfill accuracy
requirements along with capability for
scaling up in view of practical applications.
Progress is needed in aspects like
deterministic doping [5], lithography
resolution, material compatibility for lowtemperature operation, and interfacing with
back-end electronics [6]. In this
communication, we will review some recent
advances in the field and we will present
some explorative activities that are being
carried out at IMB-CNM, covering from the
development of novel lithography methods
for the realization of single electron devices
based on silicon nanowires (Figure 1, [7]) to
the integration of single electron transistors
with CMOS circuits (Figure 2, [8]).

Figures

Figure 1: Suspended single hole transistor with
nanocrystals embedded

Figure 2: Single electron transistor based on a
vertical silicon nanopillar with an embedded
silicon nanocrystal
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Optical Properties of Janus Transition Metal
Dichalcogenide Monolayers WSSe and MoSSe
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Janus transition metal dichalcogenides (TMDs) lose the horizontal mirror symmetry of ordinary
TMDs, leading to the emergence of additional features, such as native piezoelectricity,
Rashba effect, and enhanced catalytic activity [1]. Raman, photoluminescence (PL) and
second-harmonic generation (SHG) spectroscopy are essential nondestructive, phase- and
composition-sensitive tools used to monitor the synthesis of materials, get insights into their
excitonic properties, investigate nonlinear optical response, etc. However, comprehensive
and complete study of the fundamental optical properties of Janus monolayers is still missing.
Here, we discuss the Raman spectra of WSSe and MoSSe measured at room and cryogenic
temperatures, near and off resonance [2]. By combining polarization-resolved Raman data
with calculations of the phonon dispersion and using symmetry considerations, we identify
the four first-order Raman modes and higher-order two-phonon modes (Figure 1). Moreover,
we observe defect-activated phonon processes, which provide a route toward a
quantitative assessment of the defect concentration and, thus, the crystal quality of the
materials. Using PL spectroscopy, we study the excitonic properties of these materials. We
also confirm that monolayers of WSSe and MoSSe inherit nonlinear optical response of their
parent material when excited by in-plane polarized light. Furthermore, widely tuneable
pulsed excitation reveals their rich electronic structure. Our work establishes a solid
background for future research on material synthesis, study, and application of Janus TMD
monolayers.
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Figures

Figure 1: Schematic representation of the atomic vibrations at the center of the Brillouin Zone.
Transition metal, selenium, and sulfur atoms are identified by gray, orange, and yellow, respectively.
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Circular dichroism, a distinct response to left
and right-handed circularly polarized light,
is an example of a phenomenon involving
light-matter interaction that has been
heavily
exploited
to
control
valley
polarization in two-dimensional materials
[1]. In most studies, light-matter interaction
enters perturbatively and does not modify
the electronic properties. But beyond this
weak-coupling regime, Floquet engineering
[2-4] has shown that we can use light to
change the band-structure of a material
[5-7] and even its topology [2-4, 8],
generating a Hall response [9].
Light can also be used to generate
directed currents even in the absence of
an applied bias voltage, a phenomenon
called quantum pumping, and recently it
has been shown that by tailoring a
selective environment one can take this to
the limit of a perfect isolator effect [10],
where currents flow in one direction but not
the opposite.
Here, we go a step further and show how
the rich interplay between electron-photon
processes (and the additional synthetic
dimension),
stacking order, spin-orbit
coupling, and the topology of a
two-dimensional
material
can
be
harnessed to control spin, charge, and
valley currents in two-dimensional materials,
beyond the weak-coupling regime [11].
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QUANTEK - Towards consolidated Quantum
Technologies in Basque Country
•

Analyze the limits or restrictions that
classical technology approaches
imply for the great problems of
Basque industry and analyze the
viability and impact of quantum
technologies in their resolution
• Develop
technologies
for
the
adoption of quantum approaches
that allow Basque industry to
facilitate its transition
• Improve the competitiveness and
excellence of the agents of the
Basque science and technology
network
around
quantum
technologies and adapt the needs of
the industrial fabric
Project working areas are:
• Problems, challenges and limitations
of quantum technologies study, and
analysis of possible applications in
Basque industry
• Research and Technological
Development:
• Quantum Software Engineering
• Quantum Optimization and
Simulation
• Quantum Security and
Communications
• Quantum Software
Engineering
• Quantum Computing
Ecosystem
• Application of quantum technology
to the problems or challenges
identified
• Dissemination of applications and
capacities of the Basque ecosystem
around quantum technologies
Behind this project we have Tecnalia
(coordinator), Ibermatica, Deusto University
and UPV (with two research groups, QUTIS
group and IC group) participating in the
project.
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Abstract
Quantum computing is a new computing
paradigm,
different
from
classical
computing. It is based on the use of qubits,
a special combination of ones and zeros.
Classic computing bits can be either 1 or 0,
but only one state at a time; while the qubits
can be in superposition, that is, they can
have the two simultaneous states. There are
two main types of Quantum architectures
which supports this concept: the gatemodel quantum computer and the
annealingbased quantum computer.
Quantum computing is not applicable for
the resolution or optimization of any
problem. There are real problems that
require a high computational requirement,
either due to the volume of information, the
high number of variables to optimize or nonfunctional requirements (e.g. response
times).
Some current application areas: logistics,
simulation in chemical processes, design of
new materials, communications, advanced
services, etc.
QUANTEK is a project funded by the Basque
Government which aims to position the
Basque Country among the benchmarks in
quantum computing and align with the
advances of European countries. It plans to
favour the generation of a Basque
ecosystem in quantum technologies and
their applications. The idea is to integrate
and unify multidisciplinary capacities and
lines of research related to quantum
technologies.
Project Main Objectives are:

QUANTUM2021
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Adiabatic Spectroscopy and a Variational Quantum Adiabatic Algorithm
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Preparing the ground state of a Hamiltonian is a problem of great significance in physics with
deep implications in the field of combinatorial optimization. The adiabatic algorithm is known to
return the ground state for sufficiently long preparation times which depend on the a priori unknown
spectral gap. Our work relates in a twofold way. First, we propose a method to obtain information
about the spectral profile of the adiabatic evolution. Second, we present the concept of a variational
quantum adiabatic algorithm (VQAA) for optimized adiabatic paths [1]. We aim at combining the
strengths of the adiabatic and the variational approaches for fast and high-fidelity ground state
preparation while keeping the number of measurements as low as possible. Our algorithms build
upon ancilla protocols which we present that allow to directly evaluate the ground state overlap.
We benchmark for a non-integrable spin-1/2 transverse and longitudinal Ising chain with N =
53 sites using tensor network techniques. Using a black box, gradient-based approach, we report
a reduction in the total evolution time for a given desired ground state overlap by a factor of
ten, which makes our method suitable for the limited decoherence time of noisy-intermediate scale
quantum devices.
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FIG. 1: Illustration of the hybrid algorithm by
dividing the adiabatic path into eight chunks. The
ground state and first excited state energies are shown
for parametrized time s = t/T from 0 to 1. For the
black box optimization shown below, the adiabatic
evolution time T is allocated evenly between the chunks
of the adiabatic path (here Ti = T /8 ∀i ∈ {1, 8}), so
that the chunk positions become the variational
parameters to be optimized, effectively controlling the
density of adiabatic steps.
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Modulation leakage vulnerability in continuousvariable quantum key distribution
effect is present in both direct and reverse
reconciliation scenarios and is more
pronounced for the former. On the other
hand, the negative effect of modulation
leakage can be removed when the
sidebands are properly suppressed. We also
show the positive effect of additional
trusted noise in the leaking mode,
particularly for the direct reconciliation. Our
results reveal the importance of proper
modulation sidebands suppression in
practical realizations of CV QKD.
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We address the issue of modulation leakage
from the in-phase and quadrature (IQ)
modulators,
which
are
used
in
implementation of continuous-variable (CV)
quantum key distribution (QKD). Following
the previously obtained theoretical results,
demonstrating the general negative effect
of side-channel modulation leakage in CV
QKD [1], we establish an equivalence
between the unsuppressed sideband
modulation and the modulation sidechannel leakage. Using the set-up,
incorporating a laser source, an IQ
modulator, optical filters, and a homodyne
detector, fed by a locally generated local
oscillator (Fig. 1) and phase-referenced
using pilot tones, we characterize the
modulation leakage in terms of the main
signal modulation. Assuming two different
measurement strategies, used by an
eavesdropper, namely availability of only a
suppressed pilot tone or an unsuppressed
desired pilot tone, we study the effect of
modulation leakage on security of CV QKD.
We analyse security of the scheme using a
passive Trojan-horse attack model [2] in the
purification-based security analysis method
and incorporate additional sources of
trusted noise in the sending and receiving
stations. Our results show the reduction of
secure key rate (Fig. 2) and, equivalently,
secure regions of CV QKD in terms of
tolerable channel losses and noise, when
the sideband suppression is weak [3]. The
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Figures

Figure 1: Experimental set-up used for studying
the modulation leakage vulnerability in CV
QKD.

Figure 2: Effect of finite sideband suppression on
secure key rate of CV QKD in reverse (top) and
direct (bottom) reconciliation scenarios.
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Using spatio-temporal correlations for tuning the
biphoton wavefunction
distribution [1,2].
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Here, we will show how a typical
experimental configuration of a SPDC
photons source is and how we can shape
its
spectro-temporal
distribution.
In
particular, we will show a versatile proposal
that
encompasses
a
straightforward
experimental implementation. This method
is to modify the area of the portion of the
crystal from which we collect the photons,
that is, the detection beam waist. In
addition, we will see that the spectrotemporal distribution depends very weakly
on the waist of the Gaussian pump beam.
Finally, we will see that under standard
experimental conditions the spectral
bandwidth of the biphoton wavefunction
can be tuned by approximately a factor of
five [3].
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Photons are a natural choice for quantum
information protocols. Among others, one
technical advance that has allowed this
wide range of applications of photons is
the production of photonics states in
nonlinear processes, such as spontaneous
parametric downconversion (SPDC). The
versatility of this technique resides in the
fact that the generated pairs of photons
can be manipulated in several degrees of
freedom
(DOFs).
In
particular,
the
correlations between spatial and temporal
DOFs are specially important in SPDC
processes. Moreover, the ability of tuning
the spectro-temporal distribution is also
fundamental in several applications. In this
sense, several methods for shaping the
spectro-temporal distribution of entangled
photons have been reported in literature. In
particular, when pumping with a focused
beam on a nonlinear crystal and collecting
them with monomode optical fibers, the
spatio-temporal
correlations
of
the
generated photons can be exploited on
order to tuning their spectro-temporal
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Figure 1: SPDC twin photons source.

62

Topological Quantum Optics for robust photon
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Abstract
Quantum emitters interacting with photonic
band-gap materials lead to the
appereance of localized and non-decaying
polariton excitations that have been
labeled as qubit-photon bound states [1].
These states can mediate decoherencefree tunable emitter-emitter interactions.
Recently, it has been shown that when
these band-gaps have a topological origin,
these interactions inherit certain robustness
to disorder. In this talk, I will give an overview
of robust photon-mediated interactions in
different photonic environments, like the
photonic SSH model [2] and the extended
SSH models displaying long-range hoppings
[3]. I will also discussed the tunability of these
interactions through non-local light-matter
couplings that can be obtained with giant
atoms.
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Quantum Domain Melting in an Electronic Crystal
and Its Simulation with a Quantum Computer
Understanding the quantum processes
involved in electronic domain melting opens
the way to experimental observation and
modelling mesoscopic emergent behaviour
in non-equilibrium interacting many-body
quantum systems at the microscopic level.

Jaka Vodeb1,2
Diego1,

Vaskivskyi1,

Michele
Yevhenii
Leonard
Logaric1,
Yaroslav
Gerasimenko1,
Viktor
Kabanov1, Benjamin Lipovsek3, Marko Topic3
and Dragan Mihailovic1,2,4
1Department

of Complex Matter, Jozef Stefan
Institute, Jamova 39, 1000 Ljubljana, Slovenia
2Department
of
Physics,
Faculty
for
Mathematics and Physics,
University of
Ljubljana, Jadranska 19, 1000 Ljubljana, Slovenia
3Faculty for Electrical Engineering, University of
Ljubljana, 1000 Ljubljana, Slovenia
4CENN Nanocenter, Jamova 39, 1000 Ljubljana,
Slovenia

References
[1] M. Turner, F. Wilczek, Nature 298 (1982)
633–634.
[2] B. M. Roberts, G. Blewitt, C. Dailey, M.
Murphy, M. Pospelov, A. Rollings, J.
Sherman, W. Williams, and A. Derevianko,
Nature Communications 8 (2017) 1.
[3] S. Coleman, Physical Review D 15 (1977)
2929.
[4] S. Kustov, I. Liubimova, and E. K. H. Salje,
Physical Review Letters 124 (2020) 016801.
[5] L. Thomas, F. Lionti, R. Ballou, D.
Gatteschi, R. Sessoli, and B. Barbara, Nature
383 (1996) 145–147.
[6] E. M. Chudnovsky and J. Tejada,
Cambridge Studies in Magnetism (1998) pp.
8-28.
[7] A. Kandala, A. Mezzacapo, K. Temme,
M. Takita, M. Brink, J. M. Chow, and J. M.
Gambetta, Nature 549 (2017) 242.
[8] D. D. Awschalom, J. F. Smyth, G.
Grinstein, D. P. Di- Vincenzo, and D. Loss,
Physical Review Letters 68 (1992) 3092.
[9] L. P. Pitaevskii and E. M. Lifshitz, Physical
Kinetics: Volume 10 (2012).
[10] A. Baldan, Journal of Materials Science
37 (2002) 2171.

jaka.vodeb@ijs.si

The ordering of systems emerging through
non-equilibrium
symmetry
breaking
transitions is commonly accompanied by
domain formation which strongly modifies
the bulk materials' properties. The underlying
microscopic physics that defines the
system's energy landscape for tunneling
between domain configurations is of interest
in many different areas [1-8]. Domains may
reconfigure by thermally-driven microscopic
processes[9, 10], or - in quantum systems - by
macroscopic quantum tunneling (MQT).
Here, we report quantum domain melting in
two embodiments: an electronic crystal 1TTaS2, and its matching simulation on a
quantum computer. We use scanning
tunneling microscopy to measure the timeevolution
of
electronic
domain
reconfiguration dynamics, and compare this
with the time evolution of domains in an
ensemble of entangled correlated electrons
in simulated quantum domain melting. The
domain reconfiguration is found to proceed
by tunneling in an emergent, selfconfiguring
energy
landscape,
with
remarkable correspondence between a
quantum charged lattice gas model and
experiment exhibiting characteristic ragged
time
evolution
and
temperaturedependence observed macroscopically.
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Proximity effects on the charge density wave order
and superconductivity in single-layer NbSe2
photoemission spectroscopy (ARPES), we
compare the electronic structure of this
prototypical 2D superconductor on each
substrate. We find that, even when the
electronic band structure of SL-NbSe2
remains largely unaffected by the substrate
except when placed on Au(111), where a
charge transfer occurs, both the CDW and
SC show disparate behaviors. On the
insulating h-BN/Ir(111) substrate and the
metallic BLG/SiC(0001) substrate, both the
3x3 CDW and superconducting phases
persist in SL-NbSe2 with very similar
properties, which reveals the negligible
impact of graphene on these electronic
phases. In contrast, the electronic phases
of SL-NbSe2 are severely weakened and
even absent on the bulk insulating WSe2
substrate and the metallic single-crystal
Au(111) substrate. Our results provide
valuable insight into the fragile stability of
such electronic ground states in novel 2D
materials.
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Abstract
Collective electronic states such as the
charge density wave (CDW) order and
superconductivity (SC) respond sensitively
to external perturbations. Such sensitivity is
dramatically enhanced in two dimensions
(2D), where 2D materials hosting such
electronic states are largely exposed to the
environment. In this regard, the ineludible
presence of supporting substrates triggers
various proximity effects on 2D materials
that may ultimately compromise the
stability and properties of the electronic
ground state. In this work, we investigate
the impact of proximity effects on the CDW
and superconducting states in single-layer
(SL) NbSe2 on four substrates of diverse
nature, namely bilayer graphene (BLG), SLboron nitride (h-BN), Au(111) and bulk
WSe2. By combining low-temperature (340
mK) scanning tunneling microscopy/
spectroscopy (STM/STS) and angle-resolved

65

Single-Electron Transport with Acousto-Electric Chirp
Pulses for Quantum Applications
transfer [7]. These additional SAW minima
make the exact location of the electron
during the transfer ambiguous and lead to
unwanted perturbation of the quantum
state of the electron [6]. Here we
demostrate the generation of a single
moving SAW minimum using a chirp
interdigital transducer with a single-electron
transfer efficiency above 99.5%. Owing to
the simplicity to synchronise several singleelectron sources and the high transfer
efficiency, our results represent a paradigm
shift for SAW-driven quantum-transport
experiments.
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Abstract
A surface acoustic wave (SAW) can transfer
a single-electron between distant quantum
dots [1,2], resulting in a promising platform
for the implementation of electronic flying
qubits [3-6]. The inconvenience in these
experiments is that a relatively long SAW
train (~100 minima) is generated, but only a
single minimum is required for the electron
Figures

Figure 1: SEM image of the SAW-driven single-electron circuit with a chirp interdigital transducer (IDT).
The engineered SAW comprises a single minimum which transfers a single electron from the source
quantum dot (QD) to the receiver quantum dot. Top right: measured shape of the SAW from the
wideband detector IDT.
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Dispersively Probed Microwave Spectroscopy of a
Silicon Hole Double Quantum Dot
Figures
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Owing to ever increasing gate fidelities and to a
potential transferability to industrial CMOS
technology, silicon spin qubits have become a
compelling option in the strive for quantum
computation. In a scalable architecture, each
spin qubit will have to be finely tuned and its
operating conditions accurately determined. In
view of this, spectroscopic tools compatible
with a scalable device layout are of primary
importance.
Here we report on a two-tone spectroscopy
technique providing access to the spindependent energy-level spectrum of a hole
double quantum dot defined in a split-gate
silicon device, see Figure 1. A first gigahertzfrequency tone drives electric dipole spin
resonance enabled by the valence-band spinorbit coupling. A second lower-frequency tone
(approximately 500 MHz) allows for dispersive
readout via rf-gate reflectometry, see Figure 2.
We compare the measured dispersive response
to the linear response calculated in an
extended Jaynes-Cummings model and we
obtain characteristic parameters such as g
factors and tunnel and spin-orbit couplings for
both even and odd charge occupation.

Figure 1: (a) Simplified 3D schematic of a splitgate, silicon-on-insulator field-effect transistor.
An LC resonator wired to gate 1 is used for
reflectometry readout while a spectroscopy
tone in the GHz range is applied to gate 2 (fexc).
The inset shows a false color scanning electron
micrograph of the device (scale bar is 100 nm)

Figure 2: (a) Photon assisted spectroscopy at
finite magnetic field for an odd-parity interdot
charge transition. The dispersive shift of an LC
resonator as a function of DQD detuning and
spectroscopy tone (fexc) is plotted. (b) Energy
diagram of an odd charge configuration in a
DQD at finite magnetic field.
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Quantum kernels to learn the phases of quantum
matter
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Figures
Classical machine learning has succeeded
in the prediction of both classical and
quantum phases ofmatter. Notably, kernel
methods stand out for their ability to provide
interpretable results, relatingthe learning
process with the physical order parameter
explicitly. Here, we exploit quantum kernels
instead.
They are naturally related to
thefidelityand thus it is possible to interpret
the learning process with the help of
quantum information tools. In particular, we
use a support vector machine (SVM) (with a
quantum
kernel)
to
predict
and
characterize quantum phase transitions.
The general theoryis tested in the Ising chain
in transverse field. We show that for smallsized systems, the algorithm gives accurate
results, even when trained away from
criticality.
Besides, for larger sizes we
confirmthe success of the technique by
extracting the correct critical exponentν.
The characterization is completed by
computing the kernel alignment between
the quantum and ideal kernels. Finally, we
argue that our algorithm can be
implemented on a circuit based on a
varational quantum eigensolver.

Figure 1: Prediction of a quantum phase
transition using quantum machine learning. We
show that a SVM can learn the phase transition
and its critical exponents.
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Ab Initio Description of the Photoionization of
Graphene Under Laser Pulses
results show a strong relation of the
coordinate of the Brillouin zone of the initial
state
and
the
probability
of
the
photoionization.
Also, we observe the transition from the
multiphoton to the strong field regime when
intense IR laser sources are applied to the
material.
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[1]
Graphene (Gr) is the archetype of a 2D
material. With a zero-gap and excellent
mechanical properties, Gr seems to be an
endless source of research topics, with a
huge range of potential applications.
However, most of the theoretical works on
Gr are based in models (e.g. tight binding)
or in regular Density Functional Theory (DFT)
calculations. With such approaches, the
time evolution of the electrons in the
material is rarely considered. Thus, several
ultrafast processes, in the range from
attoseconds up to a few femtoseconds,
cannot
be
studied
with
standard
calculations.
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Figures

However, using our methodology [1], based
on the Wave Packet Propagation (WPP)
technique, we are able to describe the
electron dynamics taking into account the
full atomistic structure, thanks to the inputs of
high-level ab initio DFT calculations.
This methodology, which has been used to
follow the dynamics of electrons attached
to molecules adsorbed on metal surfaces [2]
and on metal surfaces decoupled with
ultrathin insulator layers [3], allows the
inclusion of time-dependent potentials, such
as ultra-short and/or ultra-intense laser
pulses.

Figure 1: Density of the emitted electrons as
function of time under the action of the laser
pulse. Graphene is located at z=0.

Here, we present a WPP study of the photoexcitation and photo-ionization of Gr under
the action of infrared (IR) laser fields. Our
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Integer quantum Hall effect modified by a tunable
cavity
cavity modification of the quantization of
the integer Hall effect[4].

Felice Appugliese1
Enkner1,

Paravicini-Bagliani1,

Beck1,

J.
G.L.
M.
C.
Reichl2, W. Wegscheider2, G. Scalari1, C. Ciuti3
and J. Faist1

References

1. ETH Zurich, Institute of Quantum Electronics,
Zurich 8093, Switzerland
2. ETH Zurich, Laboratory for Solid State Physics,
Zurich 8093, Switzerland
3. Université de Paris, MPQ, CNRS-UMR 7162,
France

[1]
[2]
[3]
[4]

felicea@phys.ethz.ch

G.L. Paravicini-Bagliani et al., Nat.
Phys, 15.2 (2019) 186-190
F. Appugliese et al., Arxiv, 2107.14145
(2021)
C. Ciuti, Arxiv, 2107.09435 (2021)
V.Rokaj et al., Arxiv, 2109.15075v1
(2021)

Figures

Quantum Hall effects and cavity quantum
electrodynamics are two pillars of modern
quantum physics. We recently proposed an
experimental platform [1], which allows
studying the transport of charged particles
strongly coupled to cavity vacuum fields.
By measuring at mK temperatures the linear
transport regime, we showed that the
amplitude of the Shubnikov de Haas
oscillations is modified by the presence of a
cavity
[1],
even
without
external
illumination. We also studied the effects of
vacuum field fluctuations on the integer
quantum Hall effect, showing a breakdown
of most quantized odd plateaus [2] due to
cavity-mediated electron hopping [3].
We present here an experiment where we
modulate the cavity field by means of a
movable metallic plate (Fig.1). This allows to
modify the electromagnetic environment
and the enhancement of the vacuum
fields without changing the properties of
the 2D electron gas.
We show (Fig. 2) that the longitudinal
resistance exhibits a change at odd integer
filling factors for the hall bar immersed in
the cavity vacuum fields. The transport
properties of a reference hall bar,
measured at the same time, on the same
chip are not modified.
This platform, offering a more direct way of
controlling the vacuum field distribution
sensed by the Hall bar, paves the way to
experimentally test predictions on the

Figure 1: a) representation of the hall bar
immersed in the field of a complementary split
ring resonator. b) Schematics of the experiment
where a movable mirror modifies the properties
of the split ring resonator without modifying the
2D electron gas

Figure 2: Longitudinal resistance for different
positions of the metallic plane. While the
reference Hall bar shows no response, a
change at odd integer filling factors is visible in
the cavity embedded Hall bar.
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Magnetic Josephson Junctions and
Superconducting Diodes in Magic Angle Twisted
Bilayer Graphene
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Figure 1: Scheme of the device (a), where the
three gates are used to keep the sides in the SC
state and to gate-tune the central region (b),
creating a JJ.

The gate-tuneability of magic angle twisted
bilayer graphene (MATBG) as well as its
superconducting (SC), magnetic and
topological states [1], allow for the creation
of Josephson junctions (JJ) in a single device
[2-4]. Here we report on the creation of
gate-defined, magnetic JJ in MATBG, where
the weak link is gate-tuned close to the
correlated state at a moiré filling factor of
𝜈=−2. A highly unconventional Fraunhofer
pattern emerges, which is asymmetric with
respect to the current and magnetic field
directions, and shows a pronounced
magnetic hysteresis. We find that these
features are explained by a valley polarized
𝜈=−2 state. Finally, we demonstrate how the
switching of current, induced in this state by
magnetization, enables us to realize a
programmable zero field superconducting
diode, which represents a major building
block
for
a
new
generation
of
superconducting quantum electronics.

Figure 2: When the weak link of the JJ is set
close to 𝜈=−2, the oscillations of the resulting
Fraunhofer pattern are asymmetric with respect
to current and field (a). By reversing the
magnetization of this state, we can switch the
current direction of a superconducting diode at
zero field (b).
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Towards a graphene-based Quantum Resistance
Standard for metrological applications
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Since the changes brought by the Système
International d’unités (SI) in 2018, the basic
units of measurement are redefined from
universal constants of nature. Specifically,
redefinitions for the mass (kg) and current
(A) in this new quantum SI are obtained
from the relation between Planck’s constant
(h) and the electron charge (e). The
Quantum Hall Effect1 (QHE) is a quantum
macroscopic phenomenon in 2DEG systems
where, in the presence of high magnetic
fields, the Hall resistance is quantized in
multiples of h/e2. Nowadays the QHE in
AlGaAs/GaAs heterostructures is used as the
quantum resistance standard (QRS) defining
the relation between e and h with extremely
high precision. Recently, it has been shown
that the electronic properties of single
layer graphene2 (SLG) allow the observation
of the QHE in more relaxed experimental
conditions (temperature, magnetic field
and current) as compared to AlGaAs/GaAs
making graphene an attractive candidate
for the development of QRS that could have
a broader use beyond national metrology
institutes3. However, one disadvantage of
graphene is its susceptibility for degradation
with time. We have fabricated epitaxial SLG
Hall bars and characterized the electronic
transport and QHE as a function of
temperature.
We
have
performed
preliminary studies of aging effects when the
devices are stored in vacuum for a long
time.

Figure 1: Quantum Hall effect in graphene at 5
K, 1 A. Insert: Optical image of graphene Hall
bar.
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One qubit as a Universal Approximant
David López-Núñez
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Figure 1: Pulse sequence of the N layers
Universal Approximant algorithm. Upper (blue)
row corresponds to the qubit pulses and lower
(orange) one to the cavity pulses. Prior to the
control pulse an active reset is performed to the
system. Afterwards, a sequence of Y and Z
gates is applied to the qubit. Z gates are virtual
and correspond to axis variation in subsequent
Y pulses. Finally, a readout tone measures the
state of the qubit by probing the cavity.
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Abstract
A single-qubit approximant is a quantum
circuit with only one qubit capable to mimic
the behavior of any complex function,
which is useful in the field of Quantum
Machine Learning.
We implement the single-qubit universal
approximant in a superconducting qubit
circuit cooled to the base temperature of a
dilution refrigerator (20mK). The qubit is a 3D
transmon geometry located inside an
aluminum
three-dimensional
cavity.
Coherence times greatly exceed typical
gate time, thus allowing to perform several
layers of approximation. Final results show an
overall agreement with the theoretical
predictions and noise in the system seems to
set a lower bound on the cost function.
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Figure 2: Top left picture shows the target
Himmelblau two-dimensional function to be
approximated. Classical optimization is seen in
the top right corner. Optimization of the system
by classically simulating a qubit is shown on the
bottom left corner while the experimental
realization with the parameters obtained in the
classical simulation is located in the bottom
right of the figure.
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Abstract
Magnetic impurities on a superconductor
induce sub-gap Yu-Shiba-Rusinov (YSR)
bound states, localized at the impurity site,
and fading away from it for distances up to
several nanometers [1,2]. In this article, we
present a theoretical method to calculate
the spatial distribution of the YSR spectrum
of a two-dimensional superconductor with
arbitrary Fermi contours (FCs) in the
presence of magnetic impurities. Based on
the Green’s Function (GF) formalism, we
obtain a general analytical expression by
approximating an arbitrary contour shape
to a regular polygon. This method allows us
to show the connection between the spatial
decay (and, hence, the extension) of YSR
states and the shape of the FC of the host
superconductor. We further apply this
formalism to compute the evolution of YSR
states in the presence of a nearby impurity
atom [3] and compare the results with
Scanning Tunneling Microscopy (STM)
measurements on interacting manganese
dimers on the β-Bi2Pd superconductor. The
method can be easily extended to any
arbitrary number of magnetically coupled
impurities, thus providing a useful tool for
simulating the spectral properties of
interacting YSR states in artificial atomic
nanostructures.

Figure 1: Calculation of the extension of the YSR
states for a square-shaped FC (left panel) and
dI/dV map of the extension of the YSR of an V
adatom on the β-Bi2Pd surface (right panel).

Figure 2: Multiple calculations of the splitting of
the YSR states for adatom dimers. (a) Angular
dependence of YSR states splitting for the (100),
(110) and (120) directions. (b-e) Dependence of
the splitting on the relative distance between
adatoms for the (100) direction and several
relative angles.
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Recently the tin-vacancy (SnV) centre in
diamond was demonstrated as a
competitive spin-qubit with a spincoherence time of 0.33ms and MHz Rabi
rates [1]. This is particularly promising as
these demonstrations were achieved in
nanostructured diamonds, without any
surface passivation engineering, in standard
closed-cycle He cryostats; overcoming the
charge instability and phonon-limited
dephasing at these temperatures inherent
to the other major defect centres in
diamond: the nitrogen and silicon
vacancies respectively.
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Figures

However, despite this promise, in order to
realise quantum-networking applications
the intrinsic, optical, coherence of the SnV is
yet to be shown through Hong-Ou-Mandel
(HOM) spectroscopy. In this work, we report
on the excited state coherence of the SnV
and show that the T2 = 2T1 limit is easily
reached given simple Hahn-Echo rephasing
protocols. This result further highlights that
the SnV is a promising candidate for
quantum-networking applications as the
maximum achievable HOM visibility is not
intrinsically limited. Furthermore, we describe
steps towards measuring the HOM visibility to
confirm these findings. As such, these
preliminary results highlight that the SnV is a
realistic platform on which to build photonic
cluster states, and similar photonics-based
quantum resources, for high fidelity, errortolerant, quantum communication.

Figure 1: The inversion symmetric SnV centre in
diamond
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Abstract
Spin qubit device community explores
various semiconductor heterostructures and
gate designs to build a fault-tolerant
quantum computer. Characterizing a
semiconductor
heterostructure
experimentally is a demanding task, with the
full development cycle taking at least
months of work. While numerical simulations
are more time-efficient, their predictive
power is limited due to the unavoidable
disorder and device variations [1]. In the
current work, we develop a spin-qubit device
simulation that predicts the coupling
strengths between the electrostatic gate
potentials and the effective device
Hamiltonian. By comparing our simulation
results with the experimental data from Ref.
[2], we demonstrate that the gate couplings
to the dot chemical potential and the
interdot coupling are correctly predicted
even in presence of disorder. To demonstrate
the flexibility of our approach, we also
analyse an alternative non-planar geometry
inspired by FinFET devices.

Figure 1: Confinement potential of four
quantum dots in the plane of 2DEG. Plunger
gates (P1, P2, P3, P4) are used to tune the
chemical potential of each dot and barrier
gates (B2, B3, B4) are used to tune the interdot
tunnel couplings. Screening gate (S) forms a
tunnel barrier between the qubit dots and
sensor dots (not shown in the image). Gates B1
and B5 control the electron tunnelling rate
between a corner dot and neighbouring
electron reservoir.
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EMPIR project COMET: Two dimensional lattices of
covalent- and metal-organic frameworks for the
Quantum Hall Resistance Standard

materials can be defined in an atomically
precise and scalable manner, holding
promise for replacing graphene in
metrology and other applications where the
“uniqueness” of graphene properties are
exploited. The COMET consortium is formed
by six European National Metrology Institutes
(NMIs) and four academic research
institutions. The complementary expertise of
the involved NMIs and the academic
partners covers theoretical modelling,
synthesis, characterization and device
engineering.
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The widespread adoption of graphene
devices as Quantum Hall Resistance
Standard (QHRS) in metrology, and industrial
end-users, is currently limited by the inability
to grow large areas of high-quality
graphene with uniform, reproducible and
stable electric properties (conductivity,
doping and mobility). To alleviate these
issues, the COMET project will assess and
benchmark a new family of graphene-like
analogues for realizing the QHRS: twodimensional lattices of covalent- and metalorganic frameworks [1,2]. These novel Dirac

Figure 1: HRTEM of a graphene-like honeycomb
structure for an iron based 2D metal organic
framework [1]
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Pseudospin resonances reveal synthetic spin-orbit
interaction
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The interplay between interference and
interaction produces several effects in
degenerate quantum systems, including
spin torques [1], dark states formation [2]
and multilevel coherences [3]. In this
context, a spin resonance without spin
splitting has been first predicted for a single
quantum dot spin valve [4]. We investigate
a spinful double quantum dot coupled to
leads in a pseudospin valve configuration.
We predict in the stability diagram a rich
variety of current resonances which are
modulated by the system parameters [5]. In
the presence of ferromagnetic leads and
pseudospin anisotropy, those resonances
split, turn into dips, and acquire a Fano
shape, thus revealing a synthetic spin-orbit
interaction induced on the double quantum
dot. A set of rate equations derived for a
minimal model captures those features. The
model accurately matches the numerical
results obtained for the full system in the
framework of a generalized master
equation and calculated within the next to
leading order approximation.

Figure 1: Schematic setup of a double quantum
dot in a pseudospin valve configuration

Figure 2: Differential conductance of a double
quantum dot shows pseudospin resonances
tuned by spin polarization Ps
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Magnetic Interaction Between Mn atoms on β-Bi2Pd
Revealed by their Yu-Shiba-Rusinov States
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In the last decade, the interest in studying the
coupling between magnetic atoms arranged in
linear chains on superconducting surfaces
increased.1,2,3 This is due to proposals
suggesting emergence of Majorana bound
states (MBS) in condensed matter systems, that
have potential applications in topological
quantum computing.4 A powerful way to
investigate the coupling is looking at how it
modifies the Yu-Shiba-Rusinov (YSR) states
inside the superconducting gap. These states
are generated by the exchange coupling
between a magnetic impurity and the Cooper
pair condensate of the superconductor.5 The
coupling mechanism can be investigated by
monitoring the sub gap YSR fingerprint during
the construction of atomically precise
structures.6,7 By means of a low temperature
scanning tunneling microscope (STM) working
at 1.3K, we perform atomic manipulation of Mn
atoms on β-Bi2Pd superconductor (Tc=5.4K,
=0.78mV). A major advantage is achieved
doing atomic manipulation directly with
superconductive tips, studying the coupling
with high energy resolution in Mn dimers,
trimers, cross like structures, chains, and other
more complex structures. Depending on the
distance and crystallographic directions
different coupling effects occurs, with
signatures
of
ferromagnetic
and
antiferromagnetic coupling. In linear chains,
there is evidence of collective behavior that
lowers the overall energy of the YSR states,
effect that saturates for lengths that exceed 6-7
atoms.
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Figure 1: Intra-gap density of states of Mn
nanostructures built on β-Bi2Pd by atomic
manipulation. The spectra are measured on the
central atom and an increasing splitting is
observed upon adatom addition.
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