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Ice breaker  (Wooclap)
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Quantum hype
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https://time.com/6249784/quantum-computing-revolution

Buzz word or reality?

Feb. 2023
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QC3 program

https://www.hpcwire.com/off-the-wire/doe-announces-30m-to-use-quantum-computing-for-chemistry-and-materials-science-simulations/

https://www.hpcwire.com/off-the-wire/doe-announces-30m-to-use-quantum-computing-for-chemistry-and-materials-science-simulations/


8K. MAUSSANG - Quantum Computing landscape

Buzz word or reality?

https://medium.com/@gquinta/taylor-swift-concert-goes-
quantum-43ec07438208

https://medium.com/@gquinta/taylor-swift-concert-goes-quantum-43ec07438208
https://medium.com/@gquinta/taylor-swift-concert-goes-quantum-43ec07438208
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https://www.bbc.com/news/technology-60144498

https://www.zdnet.fr/actualites/informatique-quantique-l-otan-termine-les-essais-d-un-
reseau-a-l-epreuve-des-quanta-39938225.htm

https://www.technologyreview.com/2022/03/28/1048355/quantum-computing-has-a-
hype-problem/

qubit ?

Buzz word or reality?

K. MAUSSANG - Quantum Computing landscape

https://www.bbc.com/news/technology-60144498
https://www.zdnet.fr/actualites/informatique-quantique-l-otan-termine-les-essais-d-un-reseau-a-l-epreuve-des-quanta-39938225.htm
https://www.zdnet.fr/actualites/informatique-quantique-l-otan-termine-les-essais-d-un-reseau-a-l-epreuve-des-quanta-39938225.htm
https://www.technologyreview.com/2022/03/28/1048355/quantum-computing-has-a-hype-problem/
https://www.technologyreview.com/2022/03/28/1048355/quantum-computing-has-a-hype-problem/
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https://www.bbc.com/news/technology-60144498

https://www.zdnet.fr/actualites/informatique-quantique-l-otan-termine-les-essais-d-un-
reseau-a-l-epreuve-des-quanta-39938225.htm

https://www.technologyreview.com/2022/03/28/1048355/quantum-computing-has-a-
hype-problem/

qubit ?

Buzz word or reality?

K. MAUSSANG - Quantum Computing landscape

https://www.lesechos.fr/idees-debats/editos-analyses/ordinateur-quantique-godot-de-la-tech-2101791

Les Echos - Sylvain Duranton (directeur monde de BCG X) - Publié le 16 juin 2024

https://www.bbc.com/news/technology-60144498
https://www.zdnet.fr/actualites/informatique-quantique-l-otan-termine-les-essais-d-un-reseau-a-l-epreuve-des-quanta-39938225.htm
https://www.zdnet.fr/actualites/informatique-quantique-l-otan-termine-les-essais-d-un-reseau-a-l-epreuve-des-quanta-39938225.htm
https://www.technologyreview.com/2022/03/28/1048355/quantum-computing-has-a-hype-problem/
https://www.technologyreview.com/2022/03/28/1048355/quantum-computing-has-a-hype-problem/
https://www.lesechos.fr/idees-debats/editos-analyses/ordinateur-quantique-godot-de-la-tech-2101791
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Why such an interest?
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End of Moore’s law
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End of Moore’s law
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End of Moore’s law
Post-silicon area ?
- neuromorphic;

- new materials (carbon based,…);

- biotech (data storage, computing);

- quantum ????
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Toward a quantum market?
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Knowing where we come from to know where we are going...

ENIAC 

(Electronic Numerical 

Integrator And Computer)

Ballistic Research Laboratory

30 tons

72m² ground surface

140 kW

$500,000 ($6,300,000 in todays’ dollars)

5,000 cycles/s for operations 

on 10 digits numbers.

1 cycle: 

- W register,  

- R register, 

- add/substract numbers.

1945

La Pascaline (1652)
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Knowing where we come from to know where we are going...

1945

First transistor !

1947

La Pascaline (1652)
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Knowing where we come from to know where we are going...

1945

First transistor !

1947

"I think there is a world market 

for about five computers.“
Thomas J. Watson, IBM’s president 

(early 1940s)

https://www.theguardian.com/technology/2008/feb/21/computing.supercomputers

La Pascaline (1652)
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Knowing where we come from to know where we are going...
La Pascaline (1652)

ENIAC 

1945 1947 1956

IBM 305 RAMAC

Magnetic memories

1966

Apollo Guidance Computer and its DSKEYTransistor

Intel 4004

1971

Integrated circuits

1989

Intel i486

1.2M-1.6M transistors (100 MHz)

2018

Qualcomm

QSD8250

1GHz

SCX8180

Transistors de 7nm

# 8,500,000,000 

112m²
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Knowing where we come from to know where we are going...
La Pascaline (1652)

ENIAC 

1945 1947 1956

IBM 305 RAMAC

Magnetic memories

1966

Apollo Guidance Computer and its DSKEYTransistor

Intel 4004

1971

Integrated circuits

1989

Intel i486

2018

50 years
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Knowing where we come from to know where we are going...

https://x.com/historyinmemes/status/1851933885971497081

Classical computer 

48 years ago…

(almost 50 years)

Steve Wozniak's Apple I (1976).
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Knowing where we come from to know where we are going...

IBM 405

1958

http://www.righto.com/2017/11/identifying-early-ibm-computer-in.html

http://www.righto.com/2017/11/identifying-early-ibm-computer-in.html
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Knowing where we come from to know where we are going...

IBM 405

1958

http://www.righto.com/2017/11/identifying-early-ibm-computer-in.html

Maika Takita, a Japanese IBMer and Research Staff  

Member based in Yorktown Heights, New York

https://twitter.com/IBM/status/1526195925449842689

2022

http://www.righto.com/2017/11/identifying-early-ibm-computer-in.html
https://twitter.com/IBM/status/1526195925449842689
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Knowing where we come from to know where we are going...

1945 1947 1956 1966 1971

2018Transistor Magnetic memories

CPU

Integrated circuits 1995

1980 1994-1997 2000 2022

First idea of  a 

quantum computer

(Feynman, Deutsch)

Shor’s algorithm

Error Correction 

Codes (ECC)

2010

First experiments

< 10 qubits

NISQ

50 - 100 qubits

Quantum timeline
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~50 years 50 years 50 years

K. MAUSSANG - Quantum Computing landscape

Knowing where we come from to know where we are going...

1945 1947 1956 1966 1971

2018Transistor Magnetic memories

CPU

Integrated circuits 1995

1980 1994-1997 2000 2022

First idea of  a 

quantum computer

(Feynman, Deutsch)

2010

First experiments

< 10 qubits

NISQ

50 - 100 qubits

Quantum timeline

2035 ?

Shor’s algorithm

Error Correction 

Codes (ECC)
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~50 years 50 years 50 years
2035 ?

K. MAUSSANG - Quantum Computing landscape

Knowing where we come from to know where we are going...

1945 1947 1956 1966 1971

2018Transistor

CPU
Miniaturisation

1995

1980 1994-1997 2000 20222010

Scalability

Performances

Quantum timeline

???

Magnetic memories Integrated circuits

First idea of  a 

quantum computer

(Feynman, Deutsch)

Shor’s algorithm

Error Correction 

Codes (ECC)

First experiments

< 10 qubits

NISQ

50 - 100 qubits
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Always Look on the Bright Side of Life

https://www.bcg.com/publications/2024/long-term-forecast-for-quantum-computing-still-looks-bright

https://www.bcg.com/publications/2024/long-term-forecast-for-quantum-computing-still-looks-bright
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Always Look on the Bright Side of Life

https://www.ibm.com/thought-leadership/institute-business-
value/public/static/images/Quantum-Report/Figure3.svg

https://www.pasqal.com/news/quantum-computing-rethinking-energy-consumption/
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Always Look on the Bright Side of Life

https://www.bcg.com/publications/2024/long-term-forecast-for-quantum-computing-still-looks-bright

https://www.bcg.com/publications/2024/long-term-forecast-for-quantum-computing-still-looks-bright
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What promises? Which end-users?
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What promises? Which end-users?

Quantum 

computing

Pharmaceutical 

industry

Finance

Cryptography

Chemistry

Energy

Manufacturing 

industry
Tech
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Los Alamos National Laboratory

ArXiv:2406.06625

E.g.: Computational catalysis for artificial photosynthesis
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What promises? Which end-users?

BCG 2018
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Quantum computing is not a quantum version of a computer

https://www.dwavesys.com/

➢Hybrid approach CPU/QPU

➢SaaS economic model

➢No quantum OS

➢Algorithms: everything has 

to be constructed 

(by « quantum thinking »)



35K. MAUSSANG - Quantum Computing landscape

Hybrid computing

https://thequantuminsider.com/2024/06/17/dell-technologies-
continues-to-make-progress-with-quantum-computing-initiatives/

• Dell Technologies has recently
announced initiatives that involved
quantum computing.

• The company has developed a
strategic collaboration with Aramco to
explore the use of advanced
computing in the energy sector.

• Dell also released information about
its hybrid classical/quantum platform
with IonQ.

https://thequantuminsider.com/2024/06/17/dell-technologies-continues-to-make-progress-with-quantum-computing-initiatives/
https://thequantuminsider.com/2024/06/17/dell-technologies-continues-to-make-progress-with-quantum-computing-initiatives/
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Hybrid computing

https://thequantuminsider.com/2024/06/19/germany-launches-
first-hybrid-quantum-computer-at-leibniz-supercomputing-centre/

•A 20-qubit quantum computer has been 
integrated into a supercomputer, SuperMUC-
NG in Germany.

•The installation was part of a collaboration 
with the Leibniz Supercomputing Centre (LRZ) 
of the Bavarian Academy of Sciences and 
Humanities, the Q-Exa consortium, led by 
IQM Quantum Computers (IQM).

•The IQM quantum processor unit, based on 
superconducting circuits, has been combined 
with conventional computer technology to 
create the new system.

https://thequantuminsider.com/2024/06/19/germany-launches-first-hybrid-quantum-computer-at-leibniz-supercomputing-centre/
https://thequantuminsider.com/2024/06/19/germany-launches-first-hybrid-quantum-computer-at-leibniz-supercomputing-centre/
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How many qubits?
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Qubit(s)
Is a single qubit useful?

How many qubits are required?
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Qubit(s)

→Number of  qubits

→« Depth » of  quantum circuit

ArXiv:1403.1539

Typ. few hundreds of  qubits

Is a single qubit useful?

How many qubits are required?

Number of  classical bits and qubits in order 

to represent energy states of  molecules.
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Qubit(s)

RSA encryption algorithm – 2048 bits key.

➢Better known algorithm: 1 billions of  years.

➢Shor’s algorithm (4096 perfect qubits) : 

<1 second (QC @ 1 GHz)

120 seconds (QC @ 1 MHz)

15 days (QC @ 1 kHz)

10 years (QC @1 Hz)

A compare between Shor’s quantum 

factoring algorithm and general Number 

Field Sieve, Hamdi et al. (2014)

NSA (2016)

Is a single qubit useful?

How many qubits are required?
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Qubit(s)

https://arxiv.org/abs/1905.09749

Is a single qubit useful?

How many qubits are required?
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What is a « good » qubit?
Quantum state preservation (coherence)

 → weak coupling with environment, cryogenic temperatures

Individual qubit manipulation

Individual qubit detection

Quantum gates

 → coupling strength controlable with other qubits

Noisy Intermediate-Scale Quantum - NISQ (John Preskill)

 → physical qubit / logical qubit

  characterized by T1, T2, T2*, C-not error rate, single gate error rate,…

The number of  qubits is not, 

intrinsically, a relevant metric !
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T1, T2 ????

Density matrix: 

pure state vs thermal state

Basic model of  decoherence
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Qubits and QPU experimental achievment
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Qubit VS transistor A qubit is a single atom or a single meta-

atom (individual quantum system)



46K. MAUSSANG - Quantum Computing landscape

The quantum race

https://www.economist.com/science-and-technology/2015/06/20/a-little-bit-better

https://www.economist.com/science-and-technology/2015/06/20/a-little-bit-better
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The quantum race

Science (2012)
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1 – Supraconductor qubits
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Supraconductor qubits

IBM
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Supraconductor qubits

Google

Intel
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Supraconductor qubits
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Qubit(s)

https://research.ibm.com/blog/quantum-roadmap-2033

2024-2029 : No more than 1092 qubits
2016-19 : 5 – 53 qubits 2020-21 : 27 qubits 2022-23 : 127 qubits 

end 2023 : 133 qubits (Heron) 

https://research.ibm.com/blog/quantum-roadmap-2033
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Reality

https://time.com/6249784/quantum-computing-revolution

IBM research

https://time.com/6249784/quantum-computing-revolution
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Reality
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2 – Photonic qubits
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Photonic qubits

Technological challenge: single photon sources

Ideal source

➢ High purity (multi-photon)

➢ High emission rate

➢ Telecom wavelength

➢ Deterministic

Encoding a qubit on single photons

Quantum light

➢ Particule of light: single photons

➢ Continuous variables and squeezed light. 

Encoding in: polarisation, spatial modes, wavelength, temporal modes (« time-bin », suited for 

propagation over long distances).
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Photonic qubits
Basic elements for quantum calculation with photons : beam splitter and phase-shifter. 

https://www.nature.com/articles/ncomms5213
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Photonic qubits

https://www.nature.com/articles/ncomms5213
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Photonic qubits
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Photonic qubits
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Photonic qubits
Exemple: computation of the fundamental state of a He-H+ molecule.

https://www.nature.com/articles/ncomms5213
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3 – Spin qubits
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Spin qubits

https://www.nature.com/articles/s41928-022-00727-9

https://www.nature.com/articles/s41928-022-00727-9
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4 – Ultracold (neutral) atoms qubits
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Ultracold (neutral) atoms qubits
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Ultracold (neutral) atoms qubits
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5 – Trapped ions qubits
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Trapped ions qubits

https://en.wikipedia.org/wiki/Trapped-ion_quantum_computer

https://en.wikipedia.org/wiki/Trapped-ion_quantum_computer
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Trapped ions qubits

I. Pogorelov, et al.
https://journals.aps.org/prxquantum/abstract/10.1103/PRXQuantum.2.020343

https://journals.aps.org/prxquantum/abstract/10.1103/PRXQuantum.2.020343
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Trapped ions qubits

https://en.wikipedia.org/wiki/Trapped-ion_quantum_computer

https://en.wikipedia.org/wiki/Trapped-ion_quantum_computer
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Trapped ions qubits

I. Pogorelov, et al.
https://journals.aps.org/prxquantum/abstract/10.1103/PRXQuantum.2.020343

https://journals.aps.org/prxquantum/abstract/10.1103/PRXQuantum.2.020343
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Trapped ions qubits

I. Pogorelov, et al.
https://journals.aps.org/prxquantum/abstract/10.1103/PRXQuantum.2.020343

4µm

https://ionq.com/

https://journals.aps.org/prxquantum/abstract/10.1103/PRXQuantum.2.020343
https://ionq.com/
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5 – Topological qubits



74K. MAUSSANG - Quantum Computing landscape

Topological qubits
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Topological qubits
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Quantum race
Technology Pros Cons Entreprises

Supraconductors

# qubits ~100, T1~100µs, gate fidelity 

>99%, Gate operation time ~10-50ns, 

TRL5, silicon technology

Requires sub-K 

temperatures

IBM, Google, 

Rigetti, D-waves, 

Alice et Bob, Intel,…

Trapped ions
T1~50s, gate fidelity >99%, room 

temperature, TRL4, # qubits ~32

1D geometry, Gate 

operation time ~3-50µs, 
IonQ

Ultracold atoms Room temperature Quantum simulators Pasqal

Electronic spin Electrical read-out of  qubit state # qubits ~2, TRL 2-3 C12

Topological 

insulators
Topological protection

Relies on Majorana zero 

mode, not observed yet…

Initially expected in 2018

Microsoft

Photons

Flying qubit, room temperature, fast 

gating, modular design, quantum 

internet compatible

Connectivity
Quandela, QuiX 

quantum, Xanadu,…
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