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elephants in the room




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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Breakdown of scientific publications by country of origin
over the period 2010 - 2020
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US| ——— 22.2%
china - | 155 %
Canada _ 45 %

japan [ 4.3 % EU and Europe are #1 worldwide
Australia [ 3.6 % in quantum relat.ed scientific
production
India - 29%

Korea - 1.7%
row - [ 107%

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



global investments in quantum

EU + member states

China

Canada

UK

India

Russia

Japan

Australia

Israel

EU is #1 worldwide public spender

in quantum science

source: Olivier Ezratty
compilation,
September 2023, on a
5-year period, past,
present or future
depending on the
country. Euro/$ parity.
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> 1B€ over 10 years

é | ||II||I| |@IIl F@@.nsz Pho = Sbu ARE 5 N E AS HE

‘B cold atoms cold atoms and photons trapped ions (simulation 8 software applications

trapped ions and universal QC)

PR P 0 S2QU1P

e oR ERE &g UNIQoRN QMUCS qrANGE N—

J Affordable Quantum Communication for Everyone

% repeater network, QKD on photonics, system IPC micro-waves QRNG, CMOS SPADs photonic photonic

+ interface with qubits telcos on chip

3

2 ASTER'S Metaboli@s macQsimal © Ph®G/

(7]

NV centers IRM & NV centers cold atoms optical clock photons



L Netherland G Tcheki P / E C
CamwgeQ etherlands ermany chekia Ooznan /C‘ u ro Q\.;I

Delft, Leiden, QKD project, 165M€ OpenQKD 2021
: maiesham  Amsterdam, The 2019-* project -
oot Resdng t ®" Hague OpenQKD 2019 vi OPLCIl < =~ QKD
. ienna L=
. F - elehouse roject 2019 Lr
<2 HE 1 e pre) Denmark 2008
Dantze Bank SECOQC, 5 nodes, 20/25 km
Southampton DTU - e i - :
2022 o
Ireland \ S ;
202 T TS 5 S -
Cambridge — London £ EE )
i e : —mi ™
Bristol 2018 3 —
lle de France % Geneva
2020-* >@ 1993, 1995, 2007, 2018 (400 km)

OpenQKD project

Nice/Sophia Italy-Slovenia-Croatia network
2020 e e
3 sites «‘ Italian Quantum Backbone (IQB) 1,850
Madrid km QKD link connects Turin, Milan,
2018 Bologna, ..., a 150 km fiber reaches
Telefonica & Huawei \ Modane in France, and connects to
. ‘ Grenoble, Lyon and Paris, then Europe +
\ Padua satellite/ground QKD experiment
mmmm Canaries Barcelona
mmmm 2007/2010 2020 Athens
144 km free to air 2019

\I/ OpenQKD project DataCom



o Iip A\ LKB EPENS lreia - ("'/“\ﬂ\ %PMAM 2

N

) st Lile "y _
S ipTMC, MPQ A \\iem(n
. >2000

LABORATOIRE DE CHIMIE

LPT‘!-?E:% I R de Recherche
— P de Chimie Paris \

SYRTE JiL 3 — o researchers
) . Stry‘-jourg

e
1. Jﬂ/«ﬂrr\ { ‘ \(} i’
i (L " \ —alf -~
Q8 G some | A B S e
e IPRe | ¢ B gy, D /

INSTITUT m i | \% L"/< ja\ )

ﬁu\ac%mc RE gopﬂaus_’ LPQM -J{ Is @ ) Ty F/\'\, i v
| :

Aimé Cotton =, E tD-St — L B
LABORATOIRE &8 (‘(“VQ,‘ mEEEsciences & T.sf I I l
.

IPS \“g;g@ THALES LC. A
LM .&"5&555

ﬁ! |_TC| Teratec - »)

quantum unwversee

no
& ENS de LYON
LABORATOIRE @ : H
PMC 1
- L] L
i lrl ErennhlglNP
\ ensimAg '
LSPM LPL - s
Villetaneuse ‘ ‘L I R M M S
PR et <0t o Laboratoire de Physique des Lasers g J

EEL @

ERSTTE

QuantAlps

INSTITUT
cery m vt GEMaC gorriaue aﬁ pordeat Ve NTPELLIER e
Théorique et Modélisation Gt B p \ e R o) INSTITUT
- : l f Fourer B
A \ wﬁ* INSTITUT DE MATHEMATIQUES - . (,:w‘::l-:r: / [ LG <<
quantum research J ¥, 4 deToULOUSE () P )\/;(" Ma;ille /)l—N PHYN |
labs in France REMED LCAR £ Toulouse /’/ g 5 L
o Laboratoire Collisions Agrégats Riétactivté f \d\”\v::;_f
o,
o ‘ A LPT |_ | o LAIDHA"OIIE
(cc) Olivier Ezratty, 2022 C FaNoAMENTALE
LPCNO B T E.% H L~ ‘k V ‘FNRSESTKITEL W [ "W‘ N Cé&r
10



dynamic quantum industry ecosystem



quantum industry vendors per country

Country
USA

UK

France
Canada
Germany
Japan
China

India
Switzerland
Netherlands
Spain
Finland
Israel
Australia
Italy
Denmark
Singapore
Sweden
Russia

-l Computing
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71
63
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25
23
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16
13
13
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11
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Poland
South-Korea
Taiwan
Austria
Tchekia
UAE
Turkey
Bulgaria
Belgium
Hong-Kong
Estonia
Greece
Lybia

Chile
Ukraine
Bielorussia
Luxembourg
Uruguay
Norway
Columbia
Total
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271 166 58 25 136 656

source : Olivier Ezratty compilation, September 2023



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

quantum enabling quantum  services

computing technologies sensing /

Europe

North America

/

telecommunications
and security

APAC

UK

Middle-East

South America .
number of industry vendors

0 50 100 150 200 25(

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

source : Olivier Ezratty compilation, August 2023
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Canada
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China

France

Australia

Israel

Finland

Switzerland

Japan
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source : Olivier Ezratty compilation, September 2023
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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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first guantum computers in EU
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B B industry vendors ecosystem
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enabling technologies leadership
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Bluefors is #1 worldwide
vendor of low
temperature cryostats
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fabs
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hybrid HPC/quantum computing
and early pilot projects
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quantum emulator appliances

Quantum
Learning Machine

Eviden Qaptiva / Atos QLM
emulates up to 40 qubits with full state
vector and 20 qubits with density matrices

+ simulation/annealing emulation
+ QPU drive

A density-matrix renormalization group algorithm for simulating quantum circuits

with a finite fidelity

Thomas Ayral,! Thibaud Louvet,? Yiqging Zhou,® Cyprien Lambert,! E. Miles Stoudenmire,* and Xavier Waintal®

! Atos Quantum Laboratory, Les Clayes-sous-Bois, France
2PHELIQS, Université Grenoble Alpes, CEA, Grenoble INP, IRIG, Grenoble 38000, France
3 Department of Physics, Cornell University, Ithaca, NY 14853, USA
4 Center for Computational Quantum Physics, Flatiron Institute, New York, NY 10010, USA
(Dated: August 30, 2022)

We develop a density-matrix renormalization group (DMRG) algorithm for the simulation of
quantum circuits. This algorithm can be seen as the extension of time-dependent DMRG from the
usual situation of hermitian Hamiltonian matrices to quantum circuits defined by unitary matrices.
For small circuit depths, the technique is exact and equivalent to other matrix product state (MPS)
based techniques. For larger depths, it becomes approximate in exchange for an exponential speed
up in computational time. Like an actual quantum computer, the quality of the DMRG results is
characterized by a finite fidelity. However, unlike a quantum computer, the fidelity depends strongly
on the quantum circuit considered. For the most difficult possible circuit for this technique, the
so-called “quantum supremacy” benchmark of Google Inc. [1], we find that the DMRG algorithm
can generate bit strings of the same quality as the seminal Google experiment on a single computing
core. For a more structured circuit used for combinatorial optimization (Quantum Approximate
Optimization Algorithm or QAOA), we find a drastic improvement of the DMRG results with error
rates dropping by a factor of 100 compared with random quantum circuits. Our results suggest that
the current bottleneck of quantum computers is their fidelities rather than the number of qubits.

https://arxiv.org/abs/2207.05612
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Europe early evaluation examples
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Financial Risk Management on a Neutral Atom Quantum Processor

Lucas Leclerc’?* Luis Ortiz-Gutiérrez!, Sebastidn Grijalval, Boris Albrecht!,
Julia R. K. Cline!, Vincent E. Elfving', Adrien Signoles', and Loic Henriet!?
YPASQAL, 7 rue Léonard de Vinci, 91300 Massy, France and
2 Université Paris-Saclay, Institut d’Optique Graduate School,

CNRS, Laboratoire Charles Fabry, 91127 Palaiseau, France

Gianni Del Bimbo®,* Usman Ayub Sheikh?® * Maitree Shah*, Luc Andrea®, Faysal Ishtiaq®,

Andoni Duarte®, Sam Mugel*, Trene Céceres®, Michel Kurek®, and Roman Oriis®%7
3 Multiverse Computing, Parque Cientifico y Tecnoldgico de Gipuzkoa,
Paseo de Miramédn 170, 20014 San Sebastidin, Spain
4 Centre for Social Innovation, 192 Spadina Ave, Suite 509, M5T 2C2 Toronto, Canada
SWIPSE Paris-Saclay Enterprises 7, rue de la Croiz Martre 91120 Palaiseau, France

8 Donostia International Physics Center, Paseo Manuel de Lardizabal 4, E-20018 San Sebastidn, Spain and

"Ikerbasque Foundation for Science, Maria Diaz de Haro 8, E-48013 Bilbao, Spain

Achraf Seddik®, Oumaima Hammami®, Hacene Isselnane®, and Didier M’tamon®

8 Crédit Agricole Corporate and Investment Bank,
12 Place des FEtats-Unis, 92545 Montrouge, France
(Dated: December 7, 2022)

Machine Learning models capable of handling the large datasets collected in the financial world
can often become black boxes expensive to run. The quantum computing paradigm suggests new
optimization techniques, that combined with classical algorithms, may deliver competitive, faster
and more interpretable models. In this work we propose a quantum-enhanced machine learning
solution for the prediction of credit rating downgrades, also known as fallen-angels forecasting in the
financial risk management field. We implement this solution on a neutral atom Quantum Processing
Unit with up to 60 qubits on a real-life dataset. We report competitive performances against the
state-of-the-art Random Forest benchmark whilst our model achieves better interpretability and
comparable training times. We examine how to improve performance in the near-term validating
our ideas with Tensor Networks-based numerical simulations.

https://arxiv.org/abs/2212.03223

CA‘ CREDIT AGRICOLE

CORPORATE & INVESTMENT BANK

~

“YPASQAL == MULTIVERSE

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.

guantum 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.
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responsible innovation



PRX QUANTUM

a Physical Review journal

Highlights Recent Accepted Authors Referees Search About Scope Staff
Quantum Technologies Need a Quantum Energy Initiative
Alexia Auffeves
PRX Quantum 3, 020101 — Published 1 June 2022

the quantum energy initiative
* isthere a quantum energy advantage vs

(7]
guantum-energy-initiative.org g classical computing as quantum processors
343 community participants from 45 countries & 29 partners 2 scale up?
2« how to avoid energetic dead-ends on the
< road to LSQ?
Alexia Auffeves Janine Splettstoesser
CNRS Research Director Professor * create a new transversal line of research and
MajulLab, Singapore Chalmers University 17, llab . .
alexia.auffeves@neel.cnrs.fr janines@chalmers.se “© collaborative projects.
uoo * create a worldwide community working on
Robert Whitney Olivier Ezratty + this matter associating research and industry.
Researcher Author g * create optimization methodologies,
CNRS LPMMC Grenoble olivier@oezratty.net -
robert.whitney@lpmmc.cnrs.fr +33667379241 & frameworks and benchmarks for quantum
£ technologies, enabling technologies and

software engineering,


https://quantum-energy-initiative.org/

Quantum Delta

MNederland

Societal impact

Why?

Milestones
20

Living Lab QT
and Socwety
founded

2028

Covenant for ethicol
ond sustainable

use of OT
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hardware stacks software stacks

electronics applications

power drain, signals quality and addressed verticals, use case
jitter, less cabling and signals usefulness

multiplexing, readout data deluge,
algorithms

error correction cycle length and
algorithms diversity, provable

classical processing, laser power
advantage, computing time, data

gubit chipset
frugality, multi-quantum paradigms

qubit fidelities, connectivity, support, hybrid algorithms,
gate and readout speed, materials, supporting real world data volumes

crosstalk, 3D stacking, deterministic
compilers and tools

photon source and detectors,
production and testing cycle length

languages abstraction level,
transpilers and optimizer

cryogeny
performance, hybrid computing

raw cryogeny cooling power, drive, data loading performance

efficiency improvements, space
architecture

capacity, cooling speedup
error correction codes efficiency,

other key technologies
electronics signals data processing

qRAM and quantum memory, and bandwidth, cloud operations
QPU interconnect, energetics blue =scientific challenge (« hard tech »)

black: technology challenge (« deep tech »)

(cc) Olivier Ezratty, 2023
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open knowledge sharing

Understanding
Quantum Technologies

Understanding
it Quantum Technologies

Olivier Ezratty Fifth edition
Key tokeways
2022

Olivier Ezratty

10)

&

12)
le lab quantique le lab guant

understanding quantum technologies key takeways
fifth edition, free ebook of 1132 pages 24 pages
september 2022

also, in paperback on Amazon

coming end of
September 2023

Understanding
Quantum Technologies

Sixth edition
Volume 1: physics, computing
2023

Olivier Ezratty

10)

Ay

11)

le lab quantique

understanding quantum technologies
sixth edition, free ebook of 1370 pages
september 2023
also, in paperback on Amazon
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