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Programming on a quantum computer
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Programming on a quantum computer : Period of an exponentiation




Shor algorithm







Error correction : stabilizer codes




Error correction : stabilizer codes
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Post-quantum algorithms

Lattice-based or
code based algorithm

Believed to be secure
against known quantum
attacks

Quantum key distribution

Information theoretic
security

Recommended for
high-value information
requiring long term
confidentiality




m Introduction to quantum key distribution
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Goal : share a random private key
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key + one time pad = provable security
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g Introduction to quantum key distribution

Alice A A Bob
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Quantum principle : Pauli measurements on a two-qubit maximally entangled state
yield identical outcomes that are fundamentally unpredictable to any third party.

(s arandom private key

A.K. Eckert, Phys. Rev. Lett. 67, 661 (1991)
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m Quantum key distribution based on Bell’s theorem: Intuition

X; ={0,1}  Alice Y; ={0,1,2} Bob

How can we check that the proper measurements operates on an appropriate
entangled state?

Play a non-local game!

Winning condition: A; & B; = X;.Y;

Best classical strategy : 75% winning probability

Best quantum strategy : ~85% winning probability
( State is closed to the singlet

CHSH rigidity : the Tsirelson bound (~85%) can only be obtained with a two qubit

maximally entangled state (defined up to local isometries)
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Setup and its characterization

Experimental setup Link performance
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Results

n=15x10°
Data acquisition * Protocol step ||Consumed |Used (reusable)
a Validation of 64
;
Certified entropy [ 392401 secret bits Anthentication 1280
Authentication 128
(EAT) Key activation 64
Key size B 95884 bits ey 0 1201 886
mplification
(m = 296517 used for error correction)
Total 256 1203 166
95884 bits generated

256 bits of a shared random key used

Receiver

>m
DIQKD key*

Sender

v

Message to be sent

Decrypted message

Encrypted message
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Physics
Superconducting qubits have passed a
key quantum test

A Bell test can confirm whether two systems are truly entangled - it has now been used to

Loophole-free Bellinequality violation with

superconducting circuits [

GOING THE DISTANCE —

Qubits 30 meters apart used to confirm

Einstein was wrong about quantum
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Entangled quantum circuits
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demonstrating that quantum mechanical objects
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“ Quantum key distribution based on Bell’s theorem: Intuition

X; ={0,1} Alice Y; ={0,1,2} Bob
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