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From quantum mechanics…
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… and information theory…
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… to one quantum revolution…
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… and the next!

Classical bit: 0 or 1

Quantum bit:  α |0⟩ + β |1⟩

SUPERPOSITION

The info
rmation 

gets qu
antum!



… and the next!

Classical bit: 0 or 1

Quantum bit:  α |0⟩ + β |1⟩

SUPERPOSITION

The info
rmation 

gets qu
antum!

MEASUREMENT

 α |0⟩ + β |1⟩

Pr = |α |2 Pr = |β |2

Result ‘0’
State |0⟩

Result ‘1’
State |1⟩



… and the next!

Classical bit: 0 or 1

Quantum bit:  α |0⟩ + β |1⟩

SUPERPOSITION ENTANGLEMENT

|Ψ⟩ = |01⟩ + |10⟩
2

! "

The info
rmation 

gets qu
antum!

MEASUREMENT

 α |0⟩ + β |1⟩

Pr = |α |2 Pr = |β |2

Result ‘0’
State |0⟩

Result ‘1’
State |1⟩



… and the next!

Classical bit: 0 or 1

Quantum bit:  α |0⟩ + β |1⟩

SUPERPOSITION ENTANGLEMENT

|Ψ⟩ = |01⟩ + |10⟩
2

! "

NOBEL PRIZE IN PHYSICS 2022 #The info
rmation 

gets qu
antum!

MEASUREMENT

 α |0⟩ + β |1⟩

Pr = |α |2 Pr = |β |2

Result ‘0’
State |0⟩

Result ‘1’
State |1⟩



Applications of the 2nd quantum revolution
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What makes a good quantum computer

DIVINCENZO’S CRITERIA

1. A scalable physical system with well-characterised qubits
2. The ability to initialise the state of the qubits 
3. Long relevant decoherence times
4. A universal set of quantum gates
5. A qubit-specific measurement capability

©IBM



A scalable system with well-characterised qubits
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The ability to initialise the state of the qubits
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Long relevant decoherence time

1

0

Environment |e⟩

Qubit |ψ⟩

ρ = |ψ⟩⟨ψ | ⊗ |e⟩⟨e |

1

0

Environment |e⟩

Qubit

Tre(ρ) = (p1 0
0 p2) ≠ |ψ⟩⟨ψ |

DIFFICULTY:
We need isolated 

qubits to avoid 
decoherence

BUT
We need interactions to 
control the qubits and 
make them interfere



A universal gate set

C-NOT gate
|00⟩ → |00⟩

|10⟩ → |11⟩
|01⟩ → |01⟩

|11⟩ → |10⟩

Universal = can implement any unitary transformation ⇒ continuous! 

Hadamard

S gate 

T gate 

|0⟩ → ( |0⟩ + |1⟩)/ 2
|1⟩ → ( |0⟩ − |1⟩)/ 2

|0⟩ → |0⟩
|1⟩ → i |1⟩

|1⟩ → eiπ/4 |1⟩
|0⟩ → |0⟩

3 SINGLE QUBIT GATES + 1 TWO-QUBIT GATE =   APPROXIMATE ALL UNITAIRES⇒ 



A qubit-specific measurement capability
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Models of quantum computing

ADIABATIC  
QUANTUM COMPUTING 

H0, |Ψ0⟩
easy to 
prepare

H1, |Ψ1⟩

adiabatic 
evolutionencodes the 

problem of 
interest solution of 

the problem

GATE-BASED 
QUANTUM COMPUTING 

MEASUREMENT-BASED 
QUANTUM COMPUTING
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Not necessarily 
adiabatic: 
quantum 
annealing 



Physical implementations of a quantum computer
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Superconducting qubits

©NTT
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qubit 
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Phase 
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Superconducting qubits

• Electronic

• Several degrees of freedom

• Easy and fast control

• Cryogeny (~mK)

• Noise

• Decoherence

• Crosstalk

• Wiring and connectivity 



Trapped ions
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Trapped ions

• Long coherence

• Connectivity 

• 4K to room temperature 

• Scalability (1D structure)

• Size

• Operation time



Photons

Path Polarisation OAM Photon number …

#1

#2

No 
decoherence

#3 #4

#5

DISCRETE VARIABLE

CONTINUOUS 
VARIABLE
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Photons

• Long coherence

• Connectivity 

• 4K to room temperature 

• Connection with network

• Single-qubit gates

• Photon loss 

• Source efficiency

• Two-qubit gates



Several platforms, many actors



Benchmarking

©D.Walliman
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The issue of errors in quantum computing

Quantum bit:  α |0⟩ + β |1⟩
CONTINUOUS ERRORS

©T. Heinosaari
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Long term: Error correction + fault tolerance

BIT FLIP

PHASE FLIP

 (α |0⟩ + β |1⟩) ⊗ |00⟩

 (α |0⟩ + β |1⟩)

 α |000⟩ + β |111⟩

 (α |0⟩ + β |1⟩)

 (α |0⟩ + β |1⟩) ⊗ |00⟩
 α | + + + ⟩ + β | − − − ⟩

BIT+PHASE: SHOR CODE
logical 
qubit

physical 
qubits

FAULT-TOLERANCE

THRESHOLD THEOREM



Short term: Error mitigation



Quantum computational advantage

« …characterize computational tasks performable by quantum 
devices, where one could argue persuasively that no existing (or 
easily foreseeable) classical device could perform the same task, 
disregarding whether the task is useful in any other respect. »

+

© © USTC



Applications

Factorisation with 
exponential speedup

Unstructured search 
with quadratic speedup



Applications

NIST time line to define new encryption standards

Credit: Douglas Stebila - Waterloo



Photonic quantum computing at Quandela
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Photonic quantum computing at Quandela
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Photonic quantum computing at Quandela
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Photonic quantum computing at Quandela
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Photonic quantum computing at Quandela



Quandela



Hardware at Quandela
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Software development at Quandela

☞ cloud.quandela.dev



Software development at Quandela

☞ perceval.quandela.net



Thank you for your attention!



Some resources


