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A hot topic

Quantum effort worldwide
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From quantum mechanics...
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... and information theory...

Central Processing Unit

I —\ Description of Turing “1) 3y (3)
4\ Z) e/
Control Unit Un|velsa| Machine "‘.“ N~ /T
-« : \ //
’J
N

Turing Machine X,

Input
Device

Output
Arithmetic/Logic Unit Device

|

Infinite Tape

Memory Unit

VON NEUMANN ARCHITECTURE

H(X)=-— i P(x;)log, P(x;)

SHANNON ENTROPY




... to one quantum revolution...

SMARTPHONES

LASER DIODE COMPUTERS



... and the next!

SUPERPOSITION

Classical bit: O or 1
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Quantum bit: | 0) + #| 1)
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... and the next!

SUPERPOSITION MEASUREMENT
Classical bit: 0 or 1 al0)+ f]|1)
Quantum bit: a |0) + f| 1) /74
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Result ‘0’ Result ‘1°
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... and the next!

SUPERPOSITION MEASUREMENT ENTANGLEMENT
Classical bit: 0 or 1 al0) + 4| 1) Py = |01) + |110)
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Quantum bit: | 0) + #| 1) /71
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... and the next!

SUPERPOSITION MEASUREMENT ENTANGLEMENT
Classical bit: 0 or 1 al0) + 4| 1) Py = |01) + |'10)
Quantum bit: | 0) + #| 1) /71
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Applications of the 2nd guantum revolution
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The quantum technologies roadmap: a European community view
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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 qguantum gates

5. A qubit-specific measurement capability

Fortschr. Phys. 48 (2000) 911, 771783
The Physical Implementation of Quantum Computation

DAvID P. DIVINCENZO

IBM T. J. Watson Research Center, Yorktown Heights, NY 10598 USA




A scalable system with well-characterised qubits
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The abillity to initialise the state of the qubits
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Long relevant decoherence time
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A universal gate set

Universal = can implement any unitary transformation = conktinuous!
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A qubit-specific measurement capability
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Models of quantum computing

ADIABATIC GATE-BASED MEASUREMENT-BASED
QUANTUM COMPUTING QUANTUM COMPUTING QUANTUM COMPUTING
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PHYSICAL REVIEW A 68, 022312 (2003)

Measurement-based quantum computation on cluster states

Not necessarily
adiabatic:
quantum
annealing

Robert Raussendorf, Daniel E. Browne,* and Hans J. Briegel
Theoretische Physik, Ludwig-Maximilians-Universitat Munchen, Munchen, Germany

(Received 18 February 2003; published 25 August 2003)




Physical implementations of a quantum computer

©U. Sydney
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Superconducting qubits
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Superconducting qubits

* Cryogeny (~mK)
 Electronic e Noise

* Several degrees of freedom  Decoherence

 Easy and fast control * Crosstalk

* Wiring and connectivity



Trapped ions
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Quantum Computations with Cold Trapped lons
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Trapped ions

* Long coherence » Scalability (1D structure)

» Connectivity e Size

* 4K to room temperature * Operation time
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Long coherence
Connectivity

4K to room temperature
Connection with network

Single-qubit gates

* Photon loss
* Source efficiency

* Two-qubit gates



Several platforms, many actors
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Benchmarking

Assessing the quality of near-term photonic quantum

ez devices

Rawad Mezher and Shane Mansfield

PHYSICAL REVIEW A 100, 032328 (2019)

Quandela SAS, 7 Rue Léonard de Vinci, 91300 Massy, France

. . Validating quantum computers using randomized model circuits
Characterlzmg quantum supréemacyin near-term
devices Andrew W. Cross,” Lev S. Bishop,” Sarah Sheldon, Paul D. Nation, and Jay M. Gambetta
IBM T. J. Watson Research Center, Yorktown Heights, New York 10598, USA
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The issue of errors in quantum computing

NO CLONING
CONTINUOUS ERRORS
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Long term: Error correction + fault tolerance

BIT FLIP BIT+PHASE: SHOR CODE FAULT-TOLERANCE
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Short term: Error mitigation

PHYSICAL REVIEW X 8, 031027 (2018)
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Practical Quantum Error Mitigation for Near-Future Applications
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'Department of Materials, University of Oxford, Oxford OX! 3PH, United Kingdom
“Graduate School of China Academy of Engineering Physics, Beijing 100193, China
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Quantum computational advantage

..characterize computational tasks performable by quantum

QUANTUM COMPUTING AND devices, where one could argue persuasively that no existing (or
THE ENTANGLEMENT FRONTIER  easily foreseeable) classical device could perform the same task, Quantum supremacy using aprogrammable
disregarding whether the task is useful in any other respect » superconducting processor

JOHN PRESKILL
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Applications

POLYNOMIAL-TIME ALGORITHMS FOR PRIME FACTORIZATION variational quantum algorithms

AND DISCRETE LOGARITHMS ON A QUANTUM COMPUTER"
PETER W. SHIOR . ! , . .
N M. Cerezo =, Andrew Arrasmith, Ryan Babbush, Simon C, Benjamin, Suguru Endo, Keisuke Fujii, Jarrod

R. McClean, Kosuke Mitarai, Xiao Yuan, Lukasz Cincio & Patrick J. Coles 2

FaCtO rlsatlon Wlth Nature Reviews Physics 3, 625-644 (2021) | Cite this article
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Applications

SIAM J CoMPUT @ 1997 Society for Industrizl and Applied Mathematics
Val 26, No &, pp 14341509, October 1997 o9

POLYNOMIAL-TIME ALGORITHMS FOR PRIME FACTORIZATION
AND DISCRETE LOGARITHMS ON A QUANTUM COMPUTER"

PETER W. SHOR POSt"’q Uantum CryptO

Classical crypto with no known exponential quantum speedup

NIST time line to define new encryption standards

NIST
SHA-1 SHA-1 EU commission
standardized woeakenoed - universal
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2001720172017
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L. -
"
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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

Qubiﬂ{ —/\M
. { w



Photonic quantum computing at Quandela




Photonic quantum computing at Quandela
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Photonic quantum computing at Quandela

ARCRLTECTURE OF AN OPTLCAL QUANTUM COMPUTER

OPTICAL IMFLEMENTATION
0F A C.NOT GATE
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Hardware at Quandela

High-rate entanglement between a semiconductor spin and indistinguishable photons
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Software development at Quandela

Perceval: A Software Platform for Discrete Variable
Photonic Quantum Computing
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Software development at Quandela

Shor’s Quantum Factoring Algorithm on a Photonic
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Thank you for your attention!




Some resources

Quantum Computing in the NISQ era and beyond

John Preskill

Institute for Quantum Information and Matter and Walter Burke Institute for T heoretical Physics,

California Institute of Technology, Pasadena CA 91125, USA

30 July 2018
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