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What are Quantum Technologies ?

Quantum technology is a class of technology that works by using the principles of
quantum mechanics (the physics of sub-atomic particles), including quantum
superposition and quantum entanglement .

Ability to control quantum entanglement and quantum superposition. That means
quantum technology promises improvements to a vast range of NOT everyday
applications, including:

• more reliable navigation and timing systems
• more secure communications
• more accurate healthcare imaging through quantum sensing
• more powerful computing.

https://www.paconsulting.com/our-experience/high-bias-strengthening-global-navigation-with-quantum-technology/
https://www.paconsulting.com/our-experience/dstl-designing-a-ground-breaking-new-quantum-technology-to-keep-the-nation-safer/
https://www.paconsulting.com/newsroom/expert-opinion/cw-journal-quantum-sensing-28-august-2019/
https://www.paconsulting.com/insights/what-is-quantum-computing-performance-applications-evolution/


What are Quantum Technologies ?

Do Quantum Technologies have a future ?
How do you answer this “simple” question ???



What are Quantum Technologies ?

Do Quantum Technologies have a future ?
How do you answer this “simple” question ???
- Quantum Technologies already exist !

The Absolute Quantum Gravimeter is the 
only quantum gravity sensor available on 
the market place. Thanks to its disruptive 
technology, this instrument offers unique 
features:
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https://qureca.com/overview-on-quantum-initiatives-worldwide-update-2022/

Do Quantum Technologies have a future ?
How do you answer this “simple” question ???
- Quantum Technologies already exist !
- What are the ingredients to answer this question ?



What are Quantum Technologies ?

January 21th 2021 the 1.8 billion euros "French Quantum Strategy" 

- nearly 800 M€ over 5 years, would allow to develop a hybrid computer, 
including for chemistry, logistics, artificial intelligence by 2023. 

- 320 M€ will be devoted to quantum communication systems
- 250 M€ to quantum sensors
- 150 M€ to post-quantum cryptography
- 290 M€ to related technologies around quantum (lasers, cryogenics,…).

Do Quantum Technologies have a future ?
How do you answer this “simple” question ???
- Quantum Technologies already exist !
- What are the ingredients to answer this question ?



What are Quantum Technologies ?

EDUCATION

QuanTEdu-France : Technologies quantiques :
Education et formation pour répondre aux besoins en compétences stratégiques de la 
recherche et de l’industrie en France.

21 Universities/Schools + 4 industrials partners

One of the major challenges is to support the emergence of talent and to accelerate the 
adaptation of training to the skill requirements of new sectors and professions of the future: 

- Anticipate employment and skills needs as much as possible.
- Accelerate the implementation of training programs to prepare for them.
- Inventing new solutions to meet the challenges of attractiveness, vocations, adaptation, 

transformation, massification and skills upgrading.

Quantum strategy goal: 

16,000 direct and indirect jobs by 2030. 

Do Quantum Technologies have a future ?
How do you answer this “simple” question ???
- Quantum Technologies already exist !
- What are the ingredients to answer this question ?
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iXBlue, Thales, Atos, Airbus, Alice&Bob, AUREA, ColibrITD, EDF, MYCYOFIRM, 
ORANGE, Pasqal, Quandela, VeriQloud, Silent Waves, Siquance, ….

Research Laboratories/Industries/start-ups !!

Do Quantum Technologies have a future ?
How do you answer this “simple” question ???
- Quantum Technologies already exist !
- What are the ingredients to answer this question ?
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What are Quantum Technologies ?

What is a Quantum Computer …?



Concepts de mécanique
Quantique

Introduction : concepts de base de la mécanique quantique

Très largement inspiré de « Suprématie Quantique » - Julien Bobroff
https://www.youtube.com/watch?v=CTu2uvTconE

- Dualité onde – corpuscule

- Quantification

- Intrication

https://www.youtube.com/watch?v=CTu2uvTconE
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Qubit and Bloch Sphere

Bloch sphere : We can write our state with phase factors 
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Qubit and Bloch Sphere
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Bloch sphere : We can write our state with phase factors 



Chiorescu et al.,
Science 299 (2003)
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Bloch sphere: We can write our state with phase factors 
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Bloch sphere: We can write our state with phase factors 
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Single Nuclear Spin Manipulation

Qubit
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Single Nuclear Spin Manipulation

What we 
measure

What we 
tune

State representation: Bloch Sphere

State dynamic: Hamiltonian

Ωx = g A cos(Φ) μN /h

Ωy = g A sin(Φ) μN /h

δz = f - E/h

Amplitude : A

Frequency : f

Length : τ

Phase : Φ

Coupling : g

Energy : E

Population : α β

Phase : ρ
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Ωy
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Single Nuclear Spin Manipulation
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Operating Quantum States in Single Magnetic Molecules : Implementation of Grover’s algorithm.
C. Godfrin et al. Phys. Rev. Lett. 119, 187702 (2017).
Electrically driven nuclear spin resonance in single-molecule magnets
S. Thiele et al. Science 344, 1135 (2014).



Entanglement is the ability of quantum systems to exhibit 
correlations between states within a superposition.

Imagine two qubits, each in the state |0> + |1> (a superposition 
of the 0 and 1.)  We can entangle the two qubits such that the 
measurement of one qubit is always correlated to the measurement 
of the other qubit.

Entanglement

Multiple qubits can be written as products of states of individual q-
bits:

(c1|0> + c2|1>) (c3|0> + c4|1>)…(cn|0> + cn+1|1>)

2 Entangled qubits :
c1|00> + c2|01> + c3|10> + c4|11> 



Quantum parallelism

Bloch sphere: We can write our state with phase factors 
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Quantum parallelism

D. P. DiVincenzo, G. Burkard, D. Loss,
E. V. Sukhorukov, cond-mat/9911245

(~103 qubits)• The machine should have a collection of bits. 

• It should be possible to set all the memory bits to 0 before the start of each computation. 

• The error rate should be sufficiently low.

• Reliable output of the final result should be possible.

(less 10-4 )



1982 - Feynman proposed the idea of creating machines based 
on the laws of quantum mechanics instead of the laws of classical 
physics.

1994 - Peter Shor came up with a quantum algorithm to factor very 
large numbers in polynomial time.

1997 - Lov Grover develops a quantum search algorithm with O(√N) 
complexity

Shor, P. W. in Proc. 35th Annu. Symp. Foundations of Computer Science (ed. Goldwasser, S.)
124–134 (IEEE Computer Society, Los Alamitos, CA, 1994).

Ekert, A. & Jozsa, R.
Quantum computation and Shor’s factoring algorithm. Rev. Mod. Phys. 68, 733–753 (1996).

Grover, L. K. Quantum mechanics helps in searching for a needle in a haystack. Phys. Rev. Lett. 79, 325–328 (1997).

Richard P. Feynman, Simulating Physics with Computers
International Journal of Theoretical Physics, VoL 21, Nos. 6/7, 1982

A quantum computer is a machine that performs calculations 
based on the laws of quantum mechanics.

Quantum computation



DiVincenzo Criteria

- Information storage on qubits:
the information is encoded on a quantum property of a scalable physical
system which lives long enough to perform computations

- Initial state preparation:
the state of the qubit needs to be prepared before each computation

- Isolation:
the qubit must be protected from decoherence by isolation from the 
environment

- Gate implementation:
the manipulation of a quantum state must be performed with reasonable
precision and much faster than the decoherence time T2

- Read-out:
the final state of the qubit must be read-out with a sufficiently high precision

D. P. DiVincenzo, Topics in Quantum Computers, NATO Advanced Study Institute, Series E: Applied Sciences, 345 (1996).

Quantum computation



Trapped ions

Atom in  a cavity

Superconducting circuits

NV center

31P in silicon

Quantum dots

Different qubits
SMM
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Rydberg Atom
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Superconducting qubits

Nature 398  786 (1999)

D. Vion et al. Science 296, 886 (2002)
Paris Saclay



Superconducting qubits

Nature 398  786 (1999)

D. Vion et al. Science 296, 886 (2002)
Paris Saclay

I. Chiorescu et al. Science 299, 1869 (2003)
Delft University

J. Claudon et al. PRL 93, 187003 (2004)
Grenoble 
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µ(N+1)

µ(N)

µ(N-1)

-eVsd

µS µD
Vg

Vsd

Coulomb Diamond

N electrons N+1 electrons

Spin qubits
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Spin qubits

F. Koppens et al. Nature 56 (2006)
Delft University

T. Obata et al. Phys. Rev. B 81, 085317
Tokyo



Spin qubits

Sydney

Grenoble



Spin qubits

A. Laucht et al. Sci. Adv. (2015)
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Courtesy of R. Whitney
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How to measure qubits

IBM condor(2022)
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Qubits



Quelle technologie pour la construction d'un 
ordinateur quantique?

F. Balestro, UGA-CNRS, Néel Institut, QuantECA
Quantum Electronics Circuits Alps

Who knows ??



Qubits



Michael N. Leuenberger & Daniel Loss
NATURE, 410, 791 (2001)

• implementation of Grover's algorithm

• fast electron spin resonance pulses can be 
used to decode and read out stored numbers 
of up to 105 with access times as short as 0.1 
nanoseconds.

Quantum computing
with multi-levels qubits



Molecular magnets
as spin qubits

Leuenberger et al. PRB 2003« Grover algorithm for large nuclear spin in semiconductors »

Grover, PRL 1997 : 

Grover
Find 1 among N elements :
Classically : N/2 in average
Grover algorithm : Sqrt (N)

- 4 level quantum system
- Quadrupolar term
- Coherent manipulation of each transition
- Rabi frequency ≈ Resonance width
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Frequency Power

Time
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Ω2

Ω1

𝛿 3

𝛿 2

𝛿 1

t

C. Godfrin et al. Phys. Rev. Lett. 119, 187702 (2017).
E. Moreno-Pineda et al. Chem. Soc. Rev. 47, 501 (2018)

Single Nuclear Spin Manipulation



Hadamard gate

3w

C. Godfrin et al. Phys. Rev. Lett. 119, 187702 (2017).



Grover Algorithm

C. Godfrin et al. Phys. Rev. Lett. 119, 187702 (2017).
E. Moreno-Pineda et al. Chem. Soc. Rev. 47, 501 (2018)



Grover Algorithm
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