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EUROPEAN QUANTUM TECHNOLOGIES
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Standards for quantum

v Essentials to develop pan-EU infrastructures with interoperable EU (certified) QT

v Provide trust to customers, e.g., National Security Agencies entering pan-EU QT
infrastructures

** Few standardized design/manufacturing processes for QT, rather proprietary designs and
hand made

»» Few standards on application side, e.g., communication protocols, software stacks for
quantum- and hybrid classical/quantum- computing

- Standardization landscape, gap analysis, and roadmap

-> Assess the effect of quantum computing/communication technology in cybersecurity
- EU standards for supply chains for modular quantum computers/communication architectures




The Quantum Ecosystem — strategic approach
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EU QUANTUM TECHNOLOGY ROADMAP
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Quantum in the Chips Act for Europe

How to achieve mass-manufacturable and large-scale uptake of quantum chips:
1 Develop standardised processes

] Miniaturisation of the quantum chips

 Increase integration density

 Integrating quantum device with control electronics / integration as chiplets in semiconductor
microchips

The Chips Act for Europe

 Innovative design libraries for quantum chips
J Quantum Pilot Lines

 Testing and experimentation facilities
] Participate in Semiconductor Competence Centres
J Semiconductor fund, including financing of QT start-ups and scale-ups

European
Commission




Quantum standardization in the Flagship QUCATS CSA
fI—o’T:‘

- Work Package 3 on Standardization lead by QulC (150+ industry members) .“r
- Dr. Oskar van Deventer coordinating all Standardisation actions :;% ;4
- Organisational leadership L.z.
- Continue chairmanship CEN-CENELEC FGQT
. Use CEN-CENELEC as basis to coordinate with ITU, ISO, ETSI, ...
- Technical leadership
- Quantum computing hardware stack
- Quantum computing software stack
- Industry involvement
- Generating early engagement on the standardisation of critical aspects of quantum technologies for Europe
- Capture standardisation needs from the European quantum industry + R&l community

uIC

European Quanium
Industry Consortium

https://gt.eu/about-quantum-flagship/projects/qucats/



https://qt.eu/about-quantum-flagship/projects/qucats/

European QUCATS standardization ambitions

Market Readiness (Technology Readiness Level)

Basic Technology Analytical and Component and/ Component and/ System model System Actual system Actual system

principles concept and/or experimental or validation in or validation in or prototype prototype completed and proven through

observed and application critical function laboratory relevent demonstration in demonstration in qualified through successful

reported formulated and/for enviornment environment a relevant an operational test and operations
characteristic environment environment dermonstation

< proof of concept

(Standards for science N\ /g components I éandards for systems \

(customer = scientist) (customer = system integrator) (customer = service provider)

 Terminology . Physical interfaces * Protocols

» Test set-up modularity + Functionality  Data modgls |
 Measurement * Programming interfaces

methods * Quality ITEwes « Control

k / \ /  Management

10




Towards European Standards for Quantum Technologies

Towards European Standards for Quantum Technologies
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https://arxiv.org/ftp/arxiv/papers/2203/2203.01622.pdf

Standardisation Support for Research & Innovation Projects

https://hsbooster.eu/

‘ EU Esiiarte News
HSbooster.eu about Project A gaus & Resources
‘ ' ' Calls Events

Standardisation Supportm
for

Horizon Europe and
H2020
Projects

5 Open Calls to Contribute to the Revision & Creation of
Standards to Address Europe’s Standardisation Urgencies

ol B .



https://hsbooster.eu/

Thank you

QUANTUM

FLAGSHIP




FRoOM VISION TO REALITY - THE EU’S COMMITMENT

Built with the support of
the Commission’s
proposed Horizon Europe
and Digital Europe
programmes

DIGITAL EUROPE

QUANTERA QUANTUM FLAGSHIP QUANTUM COMMUNICATION QUANTUM COMPUTING
INFRASTRUCTURE (QCI) INFRASTRUCTURE

% QUANTERA OUANTUM @ % i

***** . o FLAGSHIP e

Give funding support Bring quantum Build and deploy in the Build and deploy an
to international technologies from the lab to next decade a certified infrastructure for big data,
research projects in the market and consolidate secure pan-European end- artificial intelligence, high
the field of Quantum European scientific to-end QCI for performance computing,
Technologies leadership in quantum cybersecurity services among others

research
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The Quantum Flagship

Structuring activities & efforts

https://grgo.page.link/45tPy
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Quantum Computing

APPLICATIONS

QUANTUM COMPUTING
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Quantum computers have the potential to solve tasks
that we don't even dare dream of today and that
classical computers can never solve. Completely new

solutions for drug development, material design or
areas such as financial services and transport will be
possible.

6-10 year vision

Quantum processors fitted with error « Automated system control/tune-up
corrections  Integrated tool-chain and module
Quantum algorithms with quantum libraries for integrated optics, cryo-
advantage and superconducting electronics
Establish/support foundries « Coordination of EU-wide joint efforts
(integrated photnics, cryo and with other fields (material science,
superconducting electronics), new engineering, mathematics, computer
instrument builders and software science)

companies « Standardization

Research corrdination * Integration of industry/foundries
Expanded suite of algorithms, « Engage with EU infrastructure, large

compilers, libraries

- Molecular Spin-Qubits ------ -+ Semiconductor based Qubits

E reses » Valley Qubits

labs programs, RTOs

QUANTUM COMPUTER ARCHITECTURES

PROOF-OF-CONCEPT PROOF-OF-PERFORMANCE APPLICATION-READY
TECHNOLOGIES TECHNOLOGIES TECHNOLOCGIES

......s Topologically Encoded Qubits ‘.ooie  Neutral-atom Qubits

I e Photonic Qubits

— + Trapped lons Qubits

—_— s Superconducting Qubits



EuroQCS: Quantum Computing & Simulation Infrastructure

Secure and performant sustainable * Acquiring supercomputers and
kK — digital infrastructures quantum computers (stand alone
E: 1:3 EuroHPC e “...By 2025, Europe will have its first or accelerator), connected with the
- % computer with quantum EuroHPC extreme-bandwidth
— K gk — acceleration paving communication network

C * the way for Europe to be at the * |nvesting and cooperating in large-
H p C | @ ) cutting edge of quantum capabilities scale application platforms (e.g. for
© by 2030 ..” health, disaster prediction), as well

as in HPC national competence
centres and HPC.

| 2019&2020 | 2021 2022 2023 | 2024 2025 2026 | 2027 _

pre-exascale +
Several petascale, pre-exascale systems  exascale and post-exascale

HPC Infrastructure petii/g?elfn I;IPC and exascale HPC systems PC systoms
Quantum s?rlrl\zrllat;jor:s 1st generation of quantum computers +  2"9 generation of quantum
Infrastructure interfacing with quantum simulators interfacing with HPC computers + quantum

systems simulators

HPC systems




Innovation & Infrastructures
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