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the second quantum revolution
superposition

linked to wave-particle
duality and linearity of 
Schrödinger’s equation

entanglement

state correlation of 
distant quantum objects,

but random and after
measurement

individual control of 
quantum objects

electrons, photons, 
atoms

quantum computing

quantum telecommunications

quantum cryptography

quantum sensing

       

          

            

            

          

            



5understanding quantum computing

sciences used with quantum technologies
physics

electromagnetism

quantum physics

quantum matter

thermodynamics

fluids mechanics

photonics

mathematics

linear algebra

groups theory

analysis

complexity theories

engineering

materials design

electronics engineering

cryogenics

computer science

information theory

algorithms design

programming

classical computing

telecommunications

machine learning

human sciences

philosophy

epistemology

sociology

technology ethics

economics of innovation

R&D policy making

geopolitics

startups ecosystem
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typical difficult problems

iℏ
𝜕𝛹(𝑥,𝑡)

𝜕𝑡
 = −

ℏ2 

2𝑚

𝜕2𝛹(𝑥,𝑡)

𝜕𝑥2
+ 𝑉 𝑥 𝛹(𝑥, 𝑡)

solving Schrodinger’s wave equation 
to simulate quantum matter

combinatorial optimizations

machine learning
and deep learning

solving partial derivative equations
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quantum computing usage categories
research operations

drugsbatteries

fertilizers production materials design condensed matter
physics

high-energy
particle physics

transportation

logistics

telecoms

financial services

manufacturing marketing

delivery energy utilities

semiconductors

astrophysics
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super-conducting topologicalvacanciesannealing silicontrapped ions photonscold atoms

(cc) Olivier Ezratty, 2023

electron superconducting loops & controlled spinatoms photons

       
                 

       
                 

QPUs vendors per qubit type
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quantum annealing
• all algorithms are hybrid, requiring some 

preparation on classical computers.

• only one operational commercial vendor, 
D-Wave.

• computing high error rate.

• most commercial applications are still at the 
pilot stage and not production-grade scale, 
but they are closer than gate-based use cases.

• no generic operational proof of quantum 
advantage.

• mature development tools offering.

• large number of software startups, 
particularly in Japan and Canada.

• quantum annealers are available in the cloud 
by D-Wave and Amazon Web Services.

• the greatest number of well documented case 
studies in many industries although still at the 
proof of concept stage.

• most universal qubits gates algorithms can be 
have an equivalent on quantum annealing.

qubits NV centers
• room–temperature operations need 

some fact-check.

• not demonstrated at scale so far.

• qubits controls complexity with lasers 
and microwaves => not easy to scale.

• NV centers applications are more 
centered on quantum magnetometry
and sensing than computing.

• high-complexity of NV centers circuits 
manufacturing.

• works at 4K, with simple cryogeny without dilution 
and helium 3.

• can also potentially work at ambiant temperature, 
with some limitations on entanglement.

• long coherence time > 1 ms.

• strong and stable diamond structure.

• can also help create quantum memory for other
qubits types, like superconducting qubits.

• possible to integrate it with optical quantum 
telecommunications.

Majorana fermions
• topological qubits programming is different and 

requires an additional software layer.

• rather few laboratories involved in this path.

• no startup was launched in this field. Microsoft 
is the only potential vendor. IBM is investigating
the field in Zurich.

• works at low cryogenic temperatures like 
superconducting qubits < 20mK.

• no Majorana fermion qubit demonstrated yet.

• theorically very stable qubits with low
level of required error correction.

• long coherence time and gates speed 
enabling processing complex and deep
algorithms.

• potential qubits scalability, built with
technologies close to electron spin qubits.

• some researches in the topological matter
field could be fruitful with no Majorana
fermions.

trapped ions qubits
• unproven scalability options 

beyond 50 qubits (ions 
shuttling, 2D architectures, 
photon interconnect, micro-
Penning traps).

• two-qubit gate times 
increasing with ion distance 
in 1D and 2D settings.

• relatively slow computing 
due to long quantum gate 
times which may be 
problematic for deep 
algorithms.

• identical ions => no calibration required like with
superconducting/electron spin qubits.

• good qubits stability.

• excellent qubit gate fidelities and high ratio between
coherence time and gate time => supports deep algorihms
in number of gate cycles.

• entanglement possible between all qubits on 1D 
architecture which speeds up computing, avoiding SWAP 
gates.

• requires some cryogeny at 4K to 10K => simpler.

• easy to entangle ions with photons for long distance 
communications.

neutral atoms qubits
• adapted to quantum simulations more 

than to universal gates computing.

• crosstalk between qubits that can be 
mitigated with two-elements atom 
architectures.

• not yet operational QND (quantum non 
demolition) measurement that is required 
for QEC and FTQC.

• slow operations (1 Hz simulation cycle).

• hard to implement with gate-based model.

• losing atoms during computing.

• long qubit coherence time and fast gates.

• operational systems with 100-300 atoms.

• identical atoms, that are controlled with the 
same laser and micro-wave frequencies (but 
dual-elements architectures are investigated).

• works in both simulation and gate-based
paradigms.

• no need for specific integrated circuits.

• uses standard apparatus.

• low energy consumption.

photons qubits
• need to cool photon sources and detectors, but 

at relatively reasonable temperatures between 
2K and 10K, requiring lighweight cryogenic 
systems.

• boson sampling based quantum advantage 
starts to being programmable but a practival
quantum advantage remains to be proven.

• not yet scalable in number of operations due to 
probabilistic character of quantum gates and the 
efficiency of photon sources in most paradigms.

• stable qubits with absence of 
decoherence.

• qubits processing at ambiant temperature.

• emerging nano-photonic manufacturing
techniques enabling scalability.

• easier to scale-out with inter-qubits 
communications and quantum 
telecommunications.

• MBQC/FBQC circumventing the fixed gates
depth computing capacity.

superconducting qubits
• qubit coherence time usually < 300 μs.

• cryogeny constrained technology at <15 mK.

• heterogeneous qubits requiring calibration 
and complex micro-wave frequency maps.

• qubit coupling limited to neighbor qubits in 2D 
structures (as compared with trapped ions).

• cabling complexity and many passive and 
active electronic components to control qubits 
with micro-waves.

• qubits size and uneasy miniaturization.

• qubit fidelities are average with most vendors.

• key technology in public research and with
commercial vendors (IBM, Google, Rigetti, 
Intel, Amazon, OQC, IQM, etc).

• record of 433 programmable qubits with IBM.

• constant progress in noise reduction, 
particularly with the cat-qubits variation which 
could enable a record low ratio of 
physical/logical qubits.

• many existing enabling technologies: 
cryostats, cabling, amplifiers, logic, sensors.

• potentially scalable technology and 
deployable in 2D geometries.

silicon spin qubits
• active research in the field started later than

with other qubit technologies and spread 
over several technologies (full Si, SiGe, atom
spin donors).

• less funded  startup scene.

• qubits variability to confirm.

• high fabs costs and long test cycles (18 
months average).

• so far, only 4 to 15 entangled qubits 
(QuTech, UNSW, Princeton, University of 
Tokyo).

• scalability remains to be demonstrated.

• good scalability potential to reach millions of 
qubits, thanks to their size of 100x100 nm.

• works at around 100 mK - 1K => larger cooling
budget for control electronics vs 
superconducting qubits.

• relatively good qubits fidelity reaching 99.6% 
for two qubits gates in labs for a small number 
of qubits.

• adapted to 2D architectures usable with
surface codes or color codes QEC.

• can leverage existing semiconductor fabs.

• good quantum gates speed.

all qubit types have their challenges
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key QPU challenges

qubits fidelities errors mitigation and correction quantum interconnect

enabling technologies scalability energy consumption quantum memory
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badgood

state of the art
easy to emulate classically, 

too noisy to be useful

useful NISQ* 
requirements

Q
EM

 
w

in
d

o
wwith quantum 

error mitigation

* NISQ = noisy intermediate
scale quantum computers.

first 99.9% fidelities
April 16th, 2024
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how to improve qubit fidelities? *

manufacturing reduce crosstalk

tune qubit parameters use different primary gates improve control signals quality

materials

su strate
si icon
sa  hire

 ose hson  unc on
             

                

su strate isola on
 i 

ca acitors
nio iu   tanta u 

  Se  h     Se    i         
 a s       Si    Si  

resonator
 io iu      i 
tanta u 

connectors
indiu 

* using here the example of superconducting qubits
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some software challenges

actual speedups actual computing time

tensor networks competition

data loading

benchmarking coding abstraction level

uniform 
superposition

basis 
encoding

amplitude 
encoding QuAM

qRAM 
encoding

oracle 
based 
algorithms

uncompute 
trick

amplitude 
amplification

phase 
shift and 
kickback

function 
table

state preparation unitary transformations

…

…

arithmetic
+ - / x

log cos
sin tan

…
non-oracle 
based 
algorithms

QML, 
Shor…

quantum memory

other 
patterns

QFT, 
     …

angle 
encoding
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0

N bits

N or 2N reals

2N+1-1 reals

qRAM 
and/or 
classical 

data access

Quantum 
Associative 

Memory

classical 
data

Quantum 
Random
Access 

Memory
classical

machine language

assembly

C language

C++

 ava       …

« no-code »

q
u

an
tu

m

Python frameworks

control electronics instructions

gate-code (after transpiling)

gate-code (before transpiling)

…

…

application specific environments

Python + apps frameworks

sa
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bit

byte

arrays
strings

objects

objects

objects

qubit

qubit

qubit

qubit

qubit

pulse

data structures

user data
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ab
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ct
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qubit fidelities

speed

qubits number

energetics

low-level 
algorithms

higher-level
algorithms

randomized
benchmarking

QV

CLOPS

BACQ

co
m
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n

g 
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e

problem size

classical 
computer

quantum 
computer

what the 
quantum 

computing 
theoretician 

sees

co
m

p
u
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n

g 
ti

m
e

larger problem size

more  
years

what classical 
computing 

technologists 
are doing

co
m

p
u
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n

g 
ti

m
e

very large problem

>100 
years

what the 
user sees

co
m

p
u

ti
n

g 
ti

m
e

problem size

what quantum 
computing 

technologists 
are trying to do

fewer  
years
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quantum digital 
twins to create 
better batteries

si ulate  atter for…

battery simulation

lithium-oxygen

source: IBM

battery simulation

lithium-sulfur battery design

source: IBM

battery materials design

simulating Mott insulator transitions in battery 
electrode materials and ceramic superconductors 
and discharge curve of LixCoO2.

source: Total, Pasqal

battery simulation

simulating magnetism and spins

source: Samsung, Honeywell
battery simulation

estimating the cost of electrolyte 
si u ation on PsiQuantu ’s future QPU.

source: PsiQuantum, Mercedes-Benz

battery simulation

model lithium oxide to understand how 
batteries age over time

source: Hyundai, IonQ
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producing 
fertilizers with 

less energy

si ulate  atter for…
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FeMoCo role in nitrogen fixation

FeMoCo complex

part of the two nidDK proteins in 
some nitrogenases that is 

involved in ammonia production

nitrogenase

protein complex 
producing 

ammonia in 
heterocyst cells

heterocyst

cell within cyanobacteria that 
support the chemical 
pathways producing 

ammonia using dinitrogen

cyanobacteria

bacteria producing 
ammonia in soil and water 

or legume plants root 
nodules

ATP ADP

nifH

nifDK

[4Fe-4S] cluster

MoFe7S9C

[8Fe-7S] P cluster

electrons coming from 
hydrogenases
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.drugs discovery
• DNA sequence alignment.
• de novo DNA sequence.
• protein folding and 

interactions with ligands.
• force field and electronic

structure computation.
• screening and generation of 

molecular entities as drug
candidates.

• drug retargeting.

diagnostics
• medical images classification 

and reconstruction.
• disease assessement based

on genomic samples.
• clinical data classification and 

analysis.
• disease risk prediction.
• clustering of similar 

individuals.

treatments
• persistence and health-

related behavior prediction.
• treatment and intervention 

effectiveness forecasting.
• disease outbreak prediction

and spread modeling.
• precision oncology.
• tailored radiotherapy.
• hospital capacities 

optimization.

simulating nature

• chemical simulations.

data processing

• images and structured data.
• quantum machine learning.

search and optimizations

• various datasets.

quantum sensors

• less invasive imaging (MRI, MEG) and better precision biological sensors (NV centers).
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quantum 
sensing
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NV centerscold atomslasers and 
frequency combs

magnetometersgravimeters thermometers
clocks

spectrographs
ultra-sound mikes

microscopy, medical imaging

sonars

radars
LiDARs

entangled photons

ultra-sensitive
imaging

quantum sensing

SQUIDs

(cc) Olivier Ezratty, 2021-2023.

RF 
analysis

gyroscopes
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sensor type qubit nature
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neutral atoms
atomic vapor atomic spin X X X X X X

cold atom clouds atomic spin X X X X X X

Rydberg atoms Rydberg states X X X

trapped ions
electronic state X X X X X X

vibrational mode X X X

so
lid

st
at

e

spin 
ensembles

NMR nuclear spins X X

NV/SiC center ensembles electron spins X X X X X X

single 
spins

P donor in Si electron spins X X

quantum dot electron spins X X X X

single NV center electron spins X X X X X X

superconducting
circuits

SQUIDs supercurrent X X X

flux qubits circulating current X X

charge qubits charge eigenstates X X

single electron transistor charge eigenstates X X

optomechanics phonons X X X X X

interferometer photons, atoms X X X X X
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magnétomètres ultrasensibles

2  fT/ Hz

quantum sensors in healthcare

medical imaging
biological analysis

SQUID based
ultra-low field MRI

helium 4 nucleus spin 
MEG brain imaging

https://www.oezratty.net/wordpress/wp-content/Qnami-logo.jpg
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quantum 
communications 
and cryptography
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quantum technologies

quantum telecommunications

classical technologies

QRA
quantum resistant cryptography

classical cryptography resisting to 
quantum algorithms

Quantum Key Distribution (QKD)

V1
first generation, 

prepare-and 
measure based, 

protects public keys 
sent through optical 

links, use trusted 
nodes as repeaters

PQC
post-quantum 
cryptography

new classical asymmetric 
keys and signatures 

resisting to quantum 
algorithms

QRNG
quantum random key 

generators
ensure the quality of 

public keys in classical 
and quantum 
cryptography

QCKA
Quantum 

Conference Key 
Agreement

entangled quantum 
keys shared with 

more than 2 parties.

entanglement distribution
entangled photons distribution 

to multiple parties

V2
second generation, 

entanglement based,
protects public keys 
sent through optical 
links, use memory 
based repeaters

symmetric keys
classical cryptography 

already resistant to 
quantum algorithms (AES, 

…) quantum repeaters
with quantum memory, enable 

entanglement sharing over 
long distances

quantum Internet

(c
c)
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distributed quantum computing
connection between quantum computers and 

sensors, blind quantum computing

QSDC
Quantum Secure 

Direct Communication
quantum data 

transfer without 
encryption keys

quantum 
computing 

cryptography
generated by a 

quantum 
computer

quantum teleportation
teleporting one qubit state to another 
qubit using entanglement distribution
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quantum random number generators
photons 
counting

photons 
arrival time

vacuum  
fluctations

phase noise

qubits 
measurement

other

self-certified SDI 
QRNG

radioactive 
decay

https://www.oezratty.net/wordpress/wp-content/IDQuantique-Logo.jpg
https://www.oezratty.net/wordpress/wp-content/Crypta-Labs.jpg
https://www.oezratty.net/wordpress/wp-content/InfiniQuant.jpg
https://www.oezratty.net/wordpress/wp-content/KETS-Quantum-Security-logo.jpg
https://www.oezratty.net/wordpress/wp-content/QuNu-Labs.png
https://www.oezratty.net/wordpress/wp-content/Cambridge-Quantum-Computing.jpg


27

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 k  fiber reaches
Modane in France, and connects to 
Grenoble, Lyon and Paris, then Europe + 
Padua satellite/ground QKD experiment

Germany
QKD  roject  165M€

2019-*

(c
c)
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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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QKD hardware settings
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we are here



30

quantum 
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industry vendors country + creation year

quantum computing

telecommunications and security

quantum sensing

enabling technologies

n
u

m
b
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f 
in

d
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ry

ve
n

d
o

rs

creation year

Country Computing Enabling Sensing Services

Comm - 

Sec Total

USA 70 43 19 4 32 168

UK 23 17 8 5 20 73

France 14 29 10 4 6 63

Canada 34 8 5 14 61

Germany 25 22 4 1 7 59

Japan 13 7 1 4 25

China 11 2 10 23

India 13 3 5 21

Switzerland 4 9 1 5 19

Netherlands 8 4 1 1 3 17

Spain 9 4 2 15

Finland 5 3 2 3 13

Israel 6 2 2 3 13

Australia 6 1 3 1 2 13

Italy 3 3 1 1 3 11

Denmark 3 6 2 11

Singapore 6 1 1 1 1 10

Sweden 3 5 8

Poland 4 1 2 7

Russia 2 4 6

South-Korea 2 3 5

Austria 3 2 5

Taiwan 1 1 2 4

Estonia 2 1 3

Tchekia 1 1 2

Turkey 1 1 2

Hong-Kong 2 2

Belgium 2 2

UAE 2 2

Bulgaria 1 1 2

Greece 2 2

Chile 1 1

Bielorussia 1 1

Luxembourg 1 1

Columbia 1 1

Lybia 1 1

Uruguay 1 1

Slovenia 1 1

Norway 1 1

Ukraine 1 1

Total 282 172 58 25 139 676
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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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trapped ion qubits trapped ion qubits
European Flagship 

Quantum Technologiesco
m

p
u

te
rs

si
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rs
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le

co
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s
se
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n
g

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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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
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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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first quantum computers in EU

trapped ions photons photons cold atomssuperconducting
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0 2000 4000 6000 8000 10000 12000

Israel

Japan

Australia

Russia

South Korea

India

UK

Canada

China

EU + member states

USA

the « true » global investments

Chart hypothesis:

• Classified military/intelligence expenses, 
in the USA and China: estimated at 30% of 
civil expenses.

• Most countries do not include legacy 
public investments in their numbers: 
unlike France.

• Investment duration: data normalized 
over 5 years period, particularly for the UK.

• Large IT vendors quantum investments 
are guestimates: IBM, Google, Microsoft, 
Intel, Alibaba, Baidu, etc.

• Undisclosed early stage investment in 
startups: is usually negligible.

• Unspent amounts not accounted for: like 
probably in India.

$M

public 

funding

industry

funding

Key findings: 

The European Union and its member states 
are #1 worldwide public investors in 
quantum technologies.

EU lags the USA only in private investments, 
 oth due to the large    invest ents (can’t 
be fixed) and larger funding rounds for their 
large startups (could be fixed).

China is behind the USA and the EU for both 
private and public investments in quantum 
technologies.

Germany France EU

source: Olivier Ezratty compilation, December 2023, on a 5 year period, 

past, present or future spending depending on the country. Euro/$ parity.
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skills needs

vertical
finance, chemistry, energy, 

industry, transportation, etc.

classical
computing

HPC, supercomputing, 
mathematics, tensor networks, 

differential equations  …

quantum 
computing

many paradigms (gate-based, 
annealing, simulation, MBQC, 

…)  linear algebra  …

sweet
spot
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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 Vuč ović | 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 ⟩

Maud Vinet
CEO of Quobly, France

Elham Kashefi
CNRS LIP6, University of 

Edinburgh, blind 
computing, qPUFs, 

cofounder of Veriqloud.

Pascale Senellart
CNRS C2N Palaiseau, 

indistinguishable quantum 
dots photons source, 

cofounder of Quandela, 
member of the French 
Academy of Science. photo credits: Olivier Ezratty for Alexia Auffèves, Maud Vinet, 

Elham Kashefi, Pascale Senellart, Elvira Shishenina and Eleni 
Diamanti ; various other photographers for the other scientists.

Alexia Auffèves
CNRS MajuLab Singapore, 

quantum thermodynamics, 
cofounder of the Quantum 

Energy Initiative, CSM 
ontology, Singapore.

Anne 
Matsuura

Director of Quantum & 
Molecular 

Technologies, Intel.

Krysta Svore
Microsoft Quantum 

Software GM, MBQC, 
QML, LIQUi|>, 

surface codes, FTQC. 
USA.

Stephanie 
Wehner

Coordinator of 
Quantum Internet 

Alliance, German, TU 
Delft.

Michelle 
Simmons

atomic scale devices, 
single electron

transistors, electron
spins qubits, director of 

CQC2T, CEO of SQC, 
Australia.

Ilana Wisby
CEO of Oxford 

Quantum Circuits, UK

Maria Schuld
quantum machine 
learning, Xanadu, 

based in South 
Africa, German.

Sophia 
Economou

condensed matter 
physics, Virginia Tech, 

USA.

Tracy Northrup
optical cavities and 

trapped ions, University 
of Innsbruck, USA.

Sarah 
Sheldon

IBM Research, 
superconducting 
qubits, quantum 

volume, USA.

Francesca 
Ferlaino

quantum gases and 
supersolids, Italian-

Austrian.

Christine 
Silberhorn
quantum optics, 
ultrafast pulse 

lasers, Paderborn 
University, German.

Elena Calude
quantum supremacy, 
complexity theories, 

algorithms, New 
Zealand.

Julia Kempe
random walks, FTQC,  

Director of Data 
Science NYU, French, 
German and Israeli.

Mio Murao
runs the Murao group 

from University of 
Tokyo, distributed 

quantum computing, 
simulation algorithms, 

quantum 
telecommunication 
protocols, Japanese.

Dorit Aharonov
threshold theorem, 

quantum algorithms, 
computational

complexity, QEDMA 
cofounder, Israeli.

Patty Lee
Honeywell 

Quantum System 
Chief  Scientist, 

USA.

Elvira 
Shishenina

BMW Quantum Software 
lead, Russian and French.

Eleni Diamanti
quantum 

cryptography and 
telecoms, photonics, 
CNRS LIP6, WeLinQ
cofounder, France.

Jacqueline 
Bloch

polaritons guru, CNRS 
C2N, France. Member

of the French 
Academy of Science.

Olivier
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