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⟨ Aage Niels Bohr | Abner Shimony | Adi Shamir | Akira Furusawa | Alain Aspect | Alain Ravex | Alain Sarlette | Alan Aspuru-Guzik | Alastair Abbot | Albert Einstein | Alberto Bramati |
Alexander Holevo | Alexander Prokhorov | Alexandre Blais | Alexandre Zagoskin | Alexei Bylinskii | Alexei Grinbaum | Alexei Kitaev | Alexia Auffèves | Alfred Kastler | Alfred Pérot |
Alonzo Church | Amir Naveh | André Luiz Barbosa | Andrea Morello | Andrea Rodriguez Blanco | Andreas Wallraf | Andrew Cross | Andrew Horsley | Andrew S. Dzurak | Andrew Steane |
Andrew White | Anne Canteaut | Anne Matsuura | Antoine Browaeys | Anton Zeilinger | Aram Harrow | Arieh Warshel | Arthur Holly Compton | Arthur Leonard Schawlow | Artur Ekert |
Astrid Lambrecht | Audrey Bienfait | Axel Becke | Benjamin Huard | Benoît Valiron | Bettina Heim | Bob Wiens | Boris Podolsky | Brian Josephson | Bruno Desruelles | Bryce DeWitt |
Carlo Rovelli | Chad Rigetti | Charles Bennett | Charles Fabry | Charles Hard Townes | Charles Hermite | Chien Shiung Wu | Christiaan Huygens | Christian Weedbrook | Christine
Silberhorn | Christophe Jurczak | Christophe Solomon | Christophe Vuillot | Christopher Monroe | Christopher Papile | Claude Cohen Tannoudji | Claude Weisbuch | Clinton Davisson |
Cornelis Dorsman | Cristian Calude | Cristina Escoda | Cyril Allouche | Daniel Estève | Daniel Gottesman | Dave Wecker | David Deutsch | David DiVicenzo | David Gosset | David Hilbert |
David Wineland | Dennis Dieks | Dieter Zeh | Don Coppersmith | Don Misener | Dorit Aharonov | Douglas James Scalapino | Earle Hesse Kennard | Ed Sperling | Edward Farhi | Edward
Fredkin | Edward Tang | Elena Calude | Eleni Diamanti | Elham Kashefi | Elisabeth Giacobino | Emanuel Knill | Emmy Noether | Enrico Fermi | Ernest Rutherford | Ernst Ising | Erwin
Schrödinger | Etienne Klein | Ettore Majorana | Ewin Tang | Fabio Sciarrino | Faye Wattleton | Felix Bloch | Francesca Ferlaino | Franck Balestro | Francois Le Gall | Frédéric Grosshans |
Freeman John Dyson | Friedrich Hund | Friedrich Paschen | Geordie Rose | George Uhlenbeck | Georges Paget Thomson | Georges Zweig | Georges-Olivier Reymond | Gerard Milburn |
Gerrit Jan Flim | Gil Kalai | Gilles Brassard | Gilles Holst | Giorgio Frossati | Gordon Baym | Gordon Gould | Guang-Can Guo | Haig Farris | Hans Albrecht Bethe | Hantaro Nagaoka | Harald
Fritzsch | Hartmut Neven | Heike Kamerlingh Onnes | Heinrich Hertz | Hélène Bouchiat | Hélène Perrin | Hendrik Anthony Kramers | Hendrik Casimir | Hendrik Lorentz | Henri Poincaré |
Hermann Minkosvki | Hugh Everett | Hui Khoon Ng | Ilana Wisby | Iñigo Artundo | Iordanis Kerenidis | Issac Newton | Itamar Sivan | Jacqueline Bloch | Jacques Salomon Hadamard |
Jacquiline Romero | James Chadwick | James Clerck Maxwell | Jason Alicea | Jay Gambetta | Jean Dalibard | Jean Michel Raymond | Jean-Michel Gérard | Jean-Philippe Piquemal | Jei Wei
Pan | Jelena Vučković | Jelena Vucokic | Jeremy O'Brien | Joannes van der Walls | Joe O’Gorman | Johann Balmer | Johannes Pollanen | Johannes Rydberg | John Bardeen | John Clauser |
John Frank Allen | John Hall | John Levy | John Martinis | John Morton | John Preskill | John Rowell | John Smolin | John Stewart Bell | John Von Neumann | John Watrous | John Wheeler
| Jonathan Dowling | Jonathan Koomey | José Capmany | José David Domenech | Joseph John Thomson | Josh Nunn | Juan Cirac | Julian Schwinger | Julien Bobroff | Jürgen Mlynek |
Kenneth Appel | Kenneth Regan | Kevin Young | Kirill Tolpygo | Kohei Itoh | Kristel Michielsen | Kun Huang | Kurt Gödel | Le Si Dang | Lee Smolin | Léon Brillouin | Leonard Adleman |
Lester Germer | Lev Bishop | Lev Landau | Lieven Vandersypen | Linus Pauling | Llewellyn Thomas | Loïc Henriet | Louis Cauchy | Louis de Broglie | Lu Jeu Sham | Ludwig Botzmann | Luigi
Frunzio | Magdalena Hauser | Marc Kaplan | Marcus Doherty | Marcus Huber | Marie-Anne Bouchiat | Martin Karplus | Masahide Sasaki | Masahiro Kitagawa | Masahito Hayashi |
Mathieu Munsch | Matthew Hutchings | Matthias Troyer | Matthieu Desjardins | Maud Vinet | Max Born | Max Planck | Maxime Richard | Mazyar Mirrahimi | Michael Ben-Or | Michael
Frank | Michael Freedman | Michael Horne | Michael Levitt | Michael Nielsen | Michel Brune | Michel Devoret | Michelle Simmons | Mikhail Dyakonov | Mikhail Lukin | Mio Murao |
Murray Gell-Mann | Nathan Gemelke | Nathan Rosen | Nathanaël Cottet | Niccolo Somaschi | Nick Farina | Nicolas Gaude | Nicolas Gisin | Nicolas Roch | Niels Henrik Abel | Nikolay
Basov | Nir Minerbi | Nobuyuki Imoto | Oleg Mukhanov | Olivier Carnal | Pascale Senellart | Pascual Jordan | Pascual Muñoz | Patrice Bertet | Paul Benioff | Paul Dirac | Paul Hiriart |
Perola Milman | Pete Shadbolt | Peter Higgs | Peter Knight | Peter Leek | Peter Shor | Peter Zoller | Philipp Lenard | Philippe Duluc | Philippe Grangier | Pierre Hohenberg | Pierre
Rouchon | Pieter Zeeman | Pranav Gokhale | Pyotr Kapitsa | Qingfeng Wang | Rainer Blatt | Raphaël Lescanne | Raymond Laflamme | Rebecca Krauthamer | René Descartes | Richard
Feynman | Richard Holt | Richard Karp | Richard Murray | Rob Schoelkopf | Rob Whitney | Robert Andrews Milikan | Robert Dennard | Robert König | Robert McDermott | Robert
Raussendorf | Robin Blume-Kohout | Roland Gähler | Roman Lutsiv | Ron Rivest | Ryan Babbush | Samuel Goudsmit | Sara Ducci | Sarah Sheldon | Satyendranath Bose | Scott Aaronson |
Sébastien Tanzilli | Serge Haroche | Sergey Bravyi | Seth Lloyd | Shengtao Wang | Shi Yaoyun | Shin'ichirō Tomonaga | Silvano de Franceschi | Simon Benjamin | Simon Perdrix | Sophia
Economou | Stefanie Barz | Stephanie Wehner | Steve Lamoreaux | Tauqir Abdullah | Terry Rudolph | Théau Peronnin | Theodor Hänsch | Theodore Lyman | Theodore Maiman | Thibault
Jacqmin | Thierry Lahaye | Thomas Monz | Thomas Young | Tommaso Callarco | Tommaso Toffoli | Tracy Northrup | Travis Humble | Tristan Meunier | Umesh Virkumar Vazirani |
Valerian Giesz | Vasilis Armaos | Vincent Bouchiat | Virginia D’Auria | Vlad Anisimov | Vladan Vuletic | Vladimir Fock | Walter Brattain | Walter Kohn | Walther Meissner | Walther Nernst
| Wassim Estephan | Werner Heisenberg | William Rowan Hamilton | William Shockley | William Wootters | Willis Eugene Lamb | Winfried Hensinger | Wojciech Zurek | Wolfgang Haken
| Wolfgang Lechner | Wolfgang Paul | Wolfgang Pauli | Xavier Waintal | Yakov Frenkel | Yann Allain | Yasuhiko Arakawa | Yasunobu Nakamura | Yasuobu Nakamura | Yehuda Naveh |
Yoshihisa Yamamoto | Yuichiro Minato | Yuri Alexeev | Yuri Manin | Zaki Leghtas ⟩

Europe and France
quantum technologies ecosystems

olivier ezratty
⟨ quantum technologies author ⟩

olivier@oezratty.net www.oezratty.net @olivez

Semicon Taiwan – Quantum Taiwan Forum, Taipei, September 6th,2023

mailto:olivier@oezratty.net
http://www.oezratty.net/
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elephants in the room



3

what makes EU* unique in quantum

1. strong public research and academia

2. dynamic quantum industry ecosystem

3. enabling technologies leadership

4. HPC and early pilot projects

5. responsible innovation

* adding UK and 
Switzerland when

convenient



public research and academia
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Nobel prizes in physics

12%
6%

37%
5%

40%
APAC

Canada

Europe

Russia

USA

share of Nobel prizes
in physics since 1980

LTD Europe share is 46% 
(103 / 222)APAC

Russia
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23%

Quantum technologies: patent applications vs. scientific publications across the world by Sébastien Ragot and Michel Kurek, November 2021

EU and Europe are #1 worldwide
in quantum related scientific

production
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global investments in quantum
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source: Olivier Ezratty 

compilation, 

September 2023, on a 

5-year period, past, 

present or future 

depending on the 

country. Euro/$ parity.

$M

public 

funding

industry

funding

Germany France EU

EU is #1 worldwide public spender
in quantum science



8

trapped ion qubits trapped ion qubits
European Flagship 

Quantum Technologies
>   € ov r    years
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superconducting qubits

cold atoms and 
trapped ions

cold atoms photons trapped ions (simulation 
and universal QC)

QRNG, CMOS SPADsrepeater network, 
interface with qubits

system 
on chip

QKD on photonics, 
telcos

NV centers optical clockIRM & NV centers cold atoms photons

photonic photonicIPC micro-waves

QLSI
silicon qubits

software applicationsso
ft

w
ar

e
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Vienna
2008
SECOQC, 5 nodes, 20/25 km

Geneva 
1993, 1995, 2007, 2018 (400 km)

Cambridge – London 
- Bristol 2018

Nice/Sophia 
2020

3 sites

Canaries
2007/2010

144 km free to air

Italian Quantum Backbone (IQB) 1,850 
km QKD link connects Turin, Milan, 
Bologna, …, a 150 km fiber reaches
Modane in France, and connects to 
Grenoble, Lyon and Paris, then Europe + 
Padua satellite/ground QKD experiment

Germany
Q D  roject,    M€

2019-*
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Ile de France 
2020-*

OpenQKD project

Tchekia
OpenQKD

project
2019

Athens
2019
OpenQKD project DataCom

Netherlands
Delft, Leiden, 

Amsterdam, The 
Hague OpenQKD 

project 2019

Madrid
2018

Telefonica & Huawei

Barcelona 
2020

Poznan
2021

Italy-Slovenia-Croatia network

Denmark
Dantze Bank

DTU
2022

Ireland 
2022
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Rennes

Ile de France

Limoges

Toulouse

Montpellier Marseille

Nice

Grenoble

Lyon

Besançon

Troyes

Strasbourg

Lille

Bordeaux
Cergy

Villetaneuse

Versailles

Paris

Plateau 
de Saclay

quantum research 
labs in France

(cc) Olivier Ezratty, 2022

Dijon

Nancy

Angers

>2000 
researchers



dynamic quantum industry ecosystem
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quantum industry vendors per country
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Country Computing Enabling Sensing Services Comm - Sec Total

USA 67 44 19 4 32 166

UK 23 16 8 5 19 71

France 14 29 10 4 6 63

Canada 33 8 5 14 60

Germany 24 20 4 1 7 56

Japan 13 7 1 4 25

China 11 2 10 23

India 13 3 5 21

Switzerland 4 9 1 5 19

Netherlands 7 4 1 1 3 16

Spain 8 3 2 13

Finland 5 3 2 3 13

Israel 5 2 2 3 12

Australia 6 3 1 2 12

Italy 3 3 1 1 3 11

Denmark 3 6 2 11

Singapore 6 1 1 1 1 10

Sweden 2 4 6

Russia 2 4 6

Poland 3 2 5

South-Korea 2 3 5

Taiwan 1 1 2 4

Austria 3 1 4

Tchekia 1 1 2

UAE 2 2

Turkey 1 1 2

Bulgaria 1 1 2

Belgium 2 2

Hong-Kong 2 2

Estonia 2 2

Greece 2 2

Lybia 1 1

Chile 1 1

Ukraine 1 1

Bielorussia 1 1

Luxembourg 1 1

Uruguay 1 1

Norway 1 1

Columbia 1 1

Total 271 166 58 25 136 656
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0 50 100 150 200 250

South America

Middle-East

UK

APAC

North America

Europe

Europe businesses got 10.5% of the capital 
funding vs 64% in North America with an 

equivalent number of companies

quantum 
computing

telecommunications
and security

quantum 
sensing

enabling
technologies

number of industry vendors

services
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Europe is #1 in number of industry
vendors in quantum technologies 
with a stronger hold on enabling

technologies
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0 500 1000 1500 2000 2500 3000

Germany

Japan

Switzerland

Finland

Israel

Australia

France

China

UK

Canada

USA

others

as of August 2023
the top 10 quantum 

startups got 58.5% of 
worldwide startups 

(visible) funding
including two from 

Europe
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(cc) Olivier Ezratty, 2023

https://www.oezratty.net/wordpress/2018/comprendre-informatique-quantique-startups/print/
https://www.oezratty.net/wordpress/wp-content/Qnami-logo.jpg
https://www.oezratty.net/wordpress/wp-content/Qilimanjaro-Quantum-Hub.jpg
https://www.oezratty.net/wordpress/wp-content/IDQuantique-Logo.jpg
https://www.oezratty.net/wordpress/wp-content/InfiniQuant.jpg
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super-
conducting

topologicalNV centers
quantum 
annealing

silicon
trapped 

ions
photons

cold 
atoms

electron superconducting & spinsatoms photons

strong research in the qubit type 
and/or major startup or established
IT company in the domain

(cc) Olivier Ezratty, 2023
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first quantum computers in EU

trapped ions photons photons cold atomssuperconducting
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industry vendors ecosystem
computing software cybersecurity sensing

cryogeny

photonics

electronics

manufacturing materials

(c
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https://www.oezratty.net/wordpress/wp-content/Secure-IC.jpg


enabling technologies leadership
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Bluefors KIDE

Bluefors is #1 worldwide
vendor of low

temperature cryostats
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dilutions cabling and connectors

pulse tubes and compressors
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fabs

research fabs
pre-industry 
research fabs

foundry vendors
in-house

vendor fabs

(c
c)
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with 300 mm wafers capabilities in many casesmostly small fabs, superconducting electronics and III/V



hybrid HPC/quantum computing
and early pilot projects
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quantum emulator appliances

Eviden Qaptiva / Atos QLM 
emulates up to 40 qubits with full state 

vector and 20 qubits with density matrices

+ simulation/annealing emulation

+ QPU drive

https://arxiv.org/abs/2207.05612

https://arxiv.org/abs/2207.05612
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Europe early evaluation examples
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https://arxiv.org/abs/2212.03223

goal: predict « fallen angels », 
businesses who could fail in loans
reimbursements.

data set: 20 years + 90 000 items with
150 features on 2000 companies in 10 
verticals and 100 sub-verticals from
70 countries. 65 000 items in training 
data and 26 000 items for tests. 

quantum advantage: could show up 
with 150 - 342 neutral atoms when
compared to a best-in-class classical
tensor network, 2,800 atoms for the 
more precise subsampling method.

https://arxiv.org/abs/2212.03223


responsible innovation
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Alexia Auffèves

CNRS Research Director
MajuLab, Singapore

alexia.auffeves@neel.cnrs.fr

Olivier Ezratty

Author
olivier@oezratty.net

+33 6 67 37 92 41

Robert Whitney

Researcher
CNRS LPMMC Grenoble

robert.whitney@lpmmc.cnrs.fr

• is there a quantum energy advantage vs 
classical computing as quantum processors 
scale up?

• how to avoid energetic dead-ends on the 
road to LSQ?q
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• create a new transversal line of research and 
collaborative projects.

• create a worldwide community working on 
this matter associating research and industry. 

• create optimization methodologies, 
frameworks and benchmarks for quantum 
technologies, enabling technologies and 
software engineering,

quantum-energy-initiative.org
343 community participants from 45 countries & 29 partners

Janine Splettstoesser

Professor
Chalmers University

janines@chalmers.se

https://quantum-energy-initiative.org/
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qubit fidelities, connectivity,
gate and readout speed, materials,
crosstalk, 3D stacking, deterministic 

photon source and detectors,
production and testing cycle length

qubit chipset

raw cryogeny cooling power, 
efficiency improvements, space 

capacity, cooling speedup

cryogeny

power drain, signals quality and 
jitter, less cabling and signals 

multiplexing, readout data deluge, 
error correction cycle length and 
classical processing, laser power

electronics

error correction codes efficiency, 
electronics signals data processing 
and bandwidth, cloud operations

architecture

languages abstraction level, 
transpilers and optimizer 

performance, hybrid computing 
drive, data loading performance

compilers and tools

algorithms diversity, provable 
advantage, computing time, data 

frugality, multi-quantum paradigms 
support, hybrid algorithms, 

supporting real world data volumes

algorithms

addressed verticals, use case 
usefulness

applications

qRAM and quantum memory,
QPU interconnect, energetics

other key technologies

hardware stacks software stacks

blue =scientific challenge (« hard tech »)
black: technology challenge (« deep tech »)

(c
c)
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open knowledge sharing

understanding quantum technologies
fifth edition, free ebook of 1132 pages

september 2022
also, in paperback on Amazon

key takeways
24 pages

understanding quantum technologies
sixth edition, free ebook of 1370 pages

september 2023
also, in paperback on Amazon

coming end of 
September 2023
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thank you!
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