Quantum Technology
in Finland

Sorin Paraoanu

31 August 2023



Building on a
strong research
tradition...

1965 — Low Temperature
Laboratory
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1994 — European research
Infrastructure collaboration
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1995 — Centre of Excellence

2009 — National
research infrastructure




... from ultra-low temperature physics, to
nano electronics and quantum
technology
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Quantum
Technology
Finland

Centre of Excellence

2018-2025

Developing guantum technologies
aimed at controlling, transmitting,
and measuring photons, electrons,
and phonons at the guantum level,
and relevant to engineering
applications.




National Centres of Excellence in research

2000 - 2005
Computational
Condensed-matter
and Complex
Materials




Evolving ecosystem
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instruments for
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temperatures
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2005 Nanoway (VitalSignum Qy) quantum
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technology sensor
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Functional neuroimaging
(currently global business
area of York Instruments
Ltd)

YORKINSTRUMENTS

CBT thermometers

superconducting
quantum computing

cryogenic cooling
systems




*  Sub mKfacilities

* 3 nuclear demagnetization cryostats
*  Sub 1K facilities

« 18 dilution refrigerators

(8-30 mK base temperature)

* Facilities at liguid He temperatures

e cryostats between 4.2-1.2 K
*  Room temperature facilities

* incl. microRaman setup and AFM
« OtaNano micro -and nanofabrication

facilities

¢ 2600 m? cleanrooms, ISO 4-1SO 6
*  Service for industry
* Cryogenic and nanofabrication training

PICTURE: AALTO UNIVERSITY / N.D.
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Quantum highlights
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Faster detectors Realization of a Quantum control Magnetic Macroscopic
to read quantum miniature heat of high speed switching of quantun
memory — valve — energy transfers — nanolasers — entanglement —
speeding up a major step paving the way novel control new tools for
getting data from towards towards mechanism for
a topologically
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Example of recent progress: Finnish quantum computer

2017
Quantum 2021 - 2024
computer Finnish quantum
development computing 2024
starts at 2019 infrastructure on 20
Aalto and IQM secures the new national QPU
VTI VC funding roadmap ready
QCD Labs 0
SA,ORH 5 o Jm? i zozdolQNI 2022
estab- VTT an :
Q Quantum lished to build first > QPU
Technology device
Finland quantum connected to

otqnqno SR LUMI super-

computer



FIQCI
National Quantum Computing
Infrastructure

* Building the Finnish guantum super
computing environment

* Combining high performance computing
with quantum computing (HPC-QC)

* Future: computing time and training

PICTORE:

SHUTTERSTOCK



Aalto key expertise in qu

Materials

superconducting
materials

2D materials,
heterostructures,
topological materials

designer nanosystems,

entangled quantum
matter

quantum magnetism,
spintronics, magnon-
phonon/magnon-
photon coupling

integrated quantum
photonics

PICTURE: AALTO UNIVERSITY / N.D.

Devices

superconducting
circuits, qubits,
bolometers

open quantum systems

control of heat,
correlations and
decoherence in
quantum circuits

nanoscale components,

sensors, detectors

mechanical quantum
devices, cavity
optomechanics, qubit-
acoustic hybrids

hybrid devices
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Computing
superconducting
platforms

gquantum simulations
and NIQS

Al and machine
learning, quantum
machine learning

market emergence

-

Algorithms and
software
quantum error
correction

fault-tolerant quantum
computing, compilers,
and decoders

antum technology

Communication

quantum key
distribution

quantum microwave
communications and
quantum covert
communications

combinatorics and
algebraic geometry

quantum private
information retrieval
post-quantum
cryptography
quantum information
processing




Institute

The Finnish Quantum Institute

1st stage: 50+ groups joining forces for QST in Finland

PARTICIPATING GROUPS FROM:

* physics

* chemistry
 mathematics and statistics
* computer science

* neuroscience and biomedical
engineering

 electronics and
nanoengineering

e communications and
networking

TAMPERE
UNIVERSITY

°*  management
*  philosophy

UNIVERSITY
OF TURKU

Annual volume of
operations:
> EUR 40 million

UNIVERSITY
OF OULU

ESE

UNIVERSITY
OF EASTERN
FINLAND

UNIVERSITY OF
JYVASKYLA

UNIVERSITY

OF HELSINKI
AALTO

VT UNIVERSITY

EXPERTISE IN

quantum materials,

superconducting and
semiconducting technologies,

optics,
theory,
device applications,

scale-up, device integration,
and interfacing,

software and algorithms,

IT solutions and interfaces for
national quantum computing
resources,

commercialization,
education



Mission

Our goal at InstituteQ is to raise
the readiness of Finnish society for
the potential and implications
quantum technologies will have
for society and the economy at
large.

Vision

By teaming up our expertise and
resources, we aim to carry,
implement, and mutually benefit
from front line research, education,

iInnovations, and infrastructures,
that form the competitive edge for

our community in the quantum era.

RESEARCH AND
INFRASTRUCTURES
Coordinated by
Aalto University

EDUCATION
AND TRAINING
Coordinated by
University
of Helsinki

INNOVATION
AND BUSINESS
Coordinated by
VTT

Institute Q



BusinessQ Nurturing quantum
industry

Reaktor
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Quantum technology
expertise in Finland

Tampere University

Novel quantum materials and
metamaterials [JQuantum emitters and
lasers [] Quantum photonics

CSC

National access to quantum computing
resources [] Ceployment of QKD in
Finland

University of Turku
Quantum foundations [|Optical methods

Superconducting technoteaies [[Quantum
materials [] Integrated quantum
photonics [| Sensing applications []
Quantum computers [] Algorithms and
software [| Quantum communications
engineering [] Quantum foundations []
Market emergence

University of Oulu
Theory of quantum devices [JQuantum error
correction

University of Jyvaskyla
Superconducting circuits [ Quantum
materials [| Radiation sensors [| Quantum
algorithms and software[]Precision
measurements [] Atomic clocks

University of Eastern Finland
Micro- and nanodiamond synthesis []
Quantum-enhanced electromagnetic
measurements

Quantum algorithms and software []
Quantum simulations and NISQ [] Quantum
information and foundations [] Quantum
education research [| Quantum philosophy

Microsystems design and fabrication []
Quantum components and architectures []
System integration [|] Quantum computers []
Quantum standards, and atomic clocks []
Deployment of QKD in Finland



Institute Q

Towards a National Graduate School in
fuantum Science and Technology

Access to academic offering " |

of InstituteQ partners -

Building on existing .ll . Promoting joint supervision and
programs with e __ Industrial doctorates

complementary curricula ‘ ——

Currentl{ more than 100 doctoral

|} student ‘ and ~ 20 industrial
doctoratgs working on quantum
science alnd technology



Institute Q

Learning is possible for everyone.

gplavlearn

https://gplaylearn.com



Institute

EduQ

People in charge of EAuQ operations

EDUQ OPERATIONS LEAD
Sabrina Maniscalco
University of Helsinki

EDUQ COORDINATION,

(Doctoral level & Aalto University)

Jani-Petri Martikainen

) @INSTITUTE_Q

EDUQ COORDINATION
Tapio Rasa
University of Helsinki

EDUQ COORDINATION, OUTREACH AND
Master's level & University of HelsinKi EUROPEAN PILOTS
Paolo Muratore- Caterina Foti
Gina N neSChi Aalto University

D CONTACT@INSTITUTEQ.FI @ INSTITUTEQ.FI/EDUCATION

Q


https://twitter.com/QTFinland

For postdoc opportunities

Contact the Pl you wish to work with:
https://instituteq.fi/about/#participating-

groups

For Aalto, contact the Grant Writer or
Research Liaison Officer of the school where

your supervisor works:

https://www.aalto.fi/en/services/research-

and-innovation-services

If you are hesitant of whom to contact, reach

out to ResQ coordinators at each

organization: https://instituteq.fi/research/

InstituteQ general contacts:
https://instituteq.fi/contact-us/

Institute Q

Institute

ResQ

About ~ Research Education Business Events More

Participating groups

- AALTO UNIVERSITY

Algebra, Number Theory,
and Applications

juantum information theory, quantum

Jrivate information retrieval, post-quantum

Space Technology

technology and instruments for space

science missions

Leader: Juhani Huovelin
Biological Physics

somputational biophysics, functions from

siomolecular to cellftissue scales

Sroup leader: lipo Vattulainen

@ University of Helsinki, Department of
Shysics

Applied Quantum
Electronics

superconducting fabrication platform and

electronics

Superconducting Qubits
and Circuit QED

experimental and theoretical condensed-
matter and quantum information utilising

superconductina circuit OED olatforms

Commercialisation of
Emerging Technologies

quantum computing from labs to markets

Group leader: Nina Grangvist

Q@ Aalto University, Department of
Management Studies

UNIVERSITY OF HELSINKI VTT

Atomic Scale Physics

2D materials, heterostructures, topological

materials

Systems and Services
Engineering and Analytics

systems, software, data and services

engineering and analytics

Communication Theory

quantum error correction and fault tolerant

computation, QKD

Group leader: Olav Tirkkonen

Q Aalto University, Department of
Communications and Networking

Quantum Fields, Gravity
and Information

quantum information in quantum fields and

many-body systems

Group leader: Esko Keski-Vakkuri

Q University of Helsinki, Department of

Quantum Foresight

quantum computing applications

Group leader: Tiina Apilo

Q VTT Technical Research Centre of Finland,

Foresight and data economy

Quantum Machine Learners

artificial intelligence and machine learning,

quantum machine learning

Group leader: Vikas Garg

Q Aalto University, Department of
Computer Science


https://instituteq.fi/about/#participating-groups
https://instituteq.fi/about/#participating-groups
https://www.aalto.fi/en/services/research-and-innovation-services
https://www.aalto.fi/en/services/research-and-innovation-services
https://instituteq.fi/research/
https://instituteq.fi/contact-us/

Institute

ast access to all academic and industry

QUANTUM positions in Finland?

@ Finland

Date posted ~ Experience level ~

Professors, Experimental Quantum Physics
Aalto University

1- 7 applicants

Research Team Leader, Production Host
Engineering
VTT

ed - 14 applicants

Quantum Engineer, Device Design
1QM Quantum Computers
usimaa, Finland (C

conne s work here

Open application
1QM Quantum Computers
Fin

Company ~

on D

@

On-site/fremote ¥ asy Apply All filters

Professors, Experimental Quantum
Physics

Aalto University - Otaniemi, Uusimaa, Finland Rer

&5 Full-time - Mid-Senior level

1,001-5,000 employees - Higher Education

ma 74 connections work here - 138 school alumni work here

0 See how you compare to 89 applicants. Try Premium for free

2: Skills: Physics, Research Funding, +8 more

Apply & EEEEYE

About the job

Aalto University is a community of bold thinkers where science and ar
and business. We are committed to identifying and solving grand socil
and building an innovative future. Aalto has six schools with nearly 11
a staff of more than 4000, of which 400 are professors. Our main ca
the Helsinki Metropolitan area, in Espoo, Finland. Diversity is part of
actively work to ensure our community’s diversity and inclusiveness.
warmly encourage qualified candidates from all backgrounds to join o4



More questions? nstiute ()

ResQ

OPERATIONS LEAD

EduQ

OPERATIONS LEAD

BusinessQ
OPERATIONS LEAD

Pertti Hakonen
Aalto University

Sabrina Maniscalco
University of Helsinki

Piia Konstari
VTT

ACTING DIRECTOR
Jukka Pekola, Aalto University

COORDINATION
Minna Gunes, Aalto University

) @INSTITUTE_Q DA CONTACT@INSTITUTEQ.FI @ INSTITUTEQ.FI


https://twitter.com/QTFinland
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