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A step back
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A brief historical perspective
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A brief historical perspective

Up to 20th century

Newtonian physics

• Behavior of light (transmission, reflection, 
refraction, diffraction)

• Motion of objects (stars, planets, …)
• Thermodynamics
• Electromagnetism
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Up to 20th century

Newtonian physics

Early 1900’

Start of quantum physics

A brief historical perspective
Weird behaviors arose…
• Black-body radiation 

problem
• Photoelectric effects
• …

A need for a new ‘quantised’ 
physics

Atom Constant Symmetry Relativity Rule

Principle “Entanglement”

Antimatter

Exclusion
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Up to 20th century

Newtonian physics

Early 1900’

Start of quantum physics

20th century

1st quantum revolution

A brief historical perspective
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Up to 20th century

Newtonian physics

Early 1900’

Start of quantum physics

20th century

1st quantum revolution

1940s onward

Information theory

A brief historical perspective

First program

Enigma Entropy

Maths, physics, 
economics, 
computing, 
statistics…
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Up to 20th century

Newtonian physics

Early 1900’

Start of quantum physics

20th century

1st quantum revolution

1940s onward

Information theory 1980s onward

2nd quantum revolution

A brief historical perspective
Inequality Nobel

Josza

Diagram RSA
Database

Quantum
inspired
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Up to 20th century

Newtonian physics

Early 1900’

Start of quantum physics

20th century

1st quantum revolution

1940s onward

Information theory

2nd quantum revolution

A brief historical perspective

1980s onward
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The basis of 
quantum 
computing

02.
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QUANDELA COMPANY PRESENTATION 

QUANTUM POWER?

• Find problems where quantum computers give advantage

• Make sure new algorithms are robust to improvements in 
classical computing

• Parallelism powers QC

• Where does it come from physically?

• Highly interdisciplinary questions

QUANTUM RECOMMENDATION SYSTEM QUANTUM RECOMMENDATION SYSTEM

What makes a quantum algorithm quantum?
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Cooking a quantum algorithm: the basic ingredients

SUPERPOSITION

If a system can be in state A or state 
B, it can also be in a “mixture” of the 
two states. If we measure it, we see 
either A or B, probabilistically.

ENTANGLEMENT

There exist systems of multiple parts 
which cannot be described only in 
terms of their constituent parts.

It is sustained by coherence and 
leads to non-locality.

COLLAPSE

Any further measurements will give 
the same result.

UNCERTAINTY

There are pairs of measurements 
where greater certainty of the 
outcome of one measurement 
implies greater uncertainty of the 
outcome of the other measurement.

The basic idea behind quantum computing is to use these effects to our advantage 
when processing information encoded onto quantum systems
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Cooking a quantum algorithm: the chef ingredients

ENTANGLEMENT

There exist systems of multiple parts 
which cannot be described only in 
terms of their constituent parts.

COHERENCE

Ability to keep the quantum 
information.

MAGIC

Outside of stabiliser theory.

Resource theory!

Entanglement

Magic

Coherence
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A dive into 
quantum 
computing 
technologies

03.
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THE DIVICENZO CRITERIA

DiVincenzo, David P. (2000-04-13). "The Physical Implementation of Quantum 
Computation". Fortschritte der Physik. 48 (9–11): 771–783. 

1. A scalable physical system with well 
characterized qubits

2. The ability to initialize the state of the 
qubits

3. Long decoherence times

4. A "universal" set of quantum gates

5. A qubit-specific measurement capability
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1. A scalable physical system with well characterized 
qubits

THE DIVICENZO CRITERIA

QUANDELA COMPANY PRESENTATION 
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2. The ability to initialize the states of the qubits
THE DIVICENZO CRITERIA

QUANDELA COMPANY PRESENTATION 

Optical pumping Microwave control
Polariser
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3. Long decoherence times
THE DIVICENZO CRITERIA

QUANDELA COMPANY PRESENTATION 
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4. A universal set of quantum gates
THE DIVICENZO CRITERIA

QUANDELA COMPANY PRESENTATION 
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5. A qubit-specific readout capability
THE DIVICENZO CRITERIA

QUANDELA COMPANY PRESENTATION 
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ADIABATIC GATE-BASED MEASUREMENT-BASED

Models of quantum computation

ANALOG DIGITALDIGITAL
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Main physical implemenations of a quantum computer

QUANDELA COMPANY PRESENTATION 

TRAPPED IONS PHOTONS NEUTRAL ATOMSUPERCONDUCTING 
QUBITS

SILICON QUBITS
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Main physical implemenations of a quantum computer

QUANDELA COMPANY PRESENTATION 
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SUPERCONDUCTING QUBITS
BACK TO DIVICENZO CRITERIA
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SUPERCONDUCTING QUBITS
BACK TO DIVICENZO CRITERIA

• Eletronics

• Easy and fast to control

• Several degrees of freedom

• Cryogeny (mK)

• Correlated noise

• Decoherence

• Wiring and connectivity
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NEUTRAL ATOMS
BACK TO DIVICENZO CRITERIA

Rydberg atoms
(rubidium85,…)

Optical tweezers

Credit to Pennylane for drawings.

Laser cooling and fluorescence

Drive hamiltonian with pulses
and Rydberg blockade (Van der Waals interaction)
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NEUTRAL ATOMS
BACK TO DIVICENZO CRITERIA

• Connectivity

• 4K to room temperature

• Great isolation

• Scalability

• Clock time
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TRAPPED IONS
BACK TO DIVICENZO CRITERIA
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TRAPPED IONS
BACK TO DIVICENZO CRITERIA

• Long coherence

• Connectivity

• 4K to room temperature

• Great isolation

• Scalability (1D)

• Size

• Clock time
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PHOTONS
BACK TO DIVICENZO CRITERIA
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PHOTONS
BACK TO DIVICENZO CRITERIA

• Long coherence

• Connectivity

• 4K to room temperature

• Connection with network

• Single-qubit gates

• Modularity

• Photon loss

• Source efficiency

• Two-qubit gates
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Quantum 
algorithms

04.
[QUANTUM ALGORITHMS]

I AM SPEED
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BACK TO HISTORY

The dawn of quantum algorithmic

1982 RICHARD FEYNMAN 1985 DAVID DEUTSCH
1992 DAVID DEUTSCH AND 
RICHARD JOZSA

If you want to make a 
simulation of nature, 
you’b better make it 
quantum mechanical, 
and by golly it’s a 
wonderful problem, 
because it doesn’t look 
so easy.

Computing devices 
resembling the 
universal quantum 
computer can, in 
principle, be built and 
would have many 
remarkable properties 
not reproducible by 
any Turing machine.

The quantum 
computation solves the 
problem with certainty 
in exponentially less 
time than any classical 
deterministic 
computation.
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Exercise: the Deutsch algorithm
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Building an 
idealised 
quantum 
computer

05.
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Benchmarking quantum computers
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The noise: the main issue of quantum computing
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Short to mid term: error mitigation



Long term: error correction
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And what about Quandela?



If you want to go deeper in quantum information





www.quandela.com


