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24 groups , half experimental half theoretical 
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Quantum computing in a (small) nutshell 
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A quantum Turing machine 
based on a universal set of gates 
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- A few single qubit gates 1 ψU
- qubit: 2-level-system                    resetable to  10ψ = +a b 0

- a 2-qubit entangling gate 0 1 2 3 00,01,10,112 , , ,α α α αU
universal set 

- qubit readout with high fidelity 
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Quantum computing in a (small) nutshell 
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Universal reversible single- and two-qubit gates arranged sequentially.  
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Quantum computing major obstacle: decoherence 

Pure dephasing 
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Quantum Error Correction 

Use redundancy (despite non-cloning) 
( ) ( )0 0001 11, 1,=L LExample: relaxation (bit-flip) correction 

Works if error/gate < certain threshold. 

10ψ = +L La b

( )1 , 2U U ( )1 , 2V V
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bit flip 
or not 

detection correction 

syndroms 

For « surface code » , threshold < 1% 
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What could be done with a quantum computer ? 
• Search and optimization problems (Grover, …) 
• Factorization of large numbers (Shor) 
• Find the energy spectrum of molecules 

Big industrial investments ongoing 
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Quantum computing : outstanding challenges 

Experimental  
• Improve coherence time of existing qubits 
• Find best physical platform 
• Improve the accuracy of gates and qubit readout 
Theoretical (see talk by E. Kashefi) 
• Improve/Find new Quantum Error Correcting codes (less overhead needed) 
• Explore Quantum Error Correction under more realistic noise models 
• Explore « small-scale » implementations with realistic numbers of qubits, of gates, 
and of qubit control accuracy 
• Find new algorithms 

R. Schoelkopf & M. Devoret, 
Nature (2013) 

IQUPS workshop on Quantum Computing at CEA Saclay, 13/14 December 2017 
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Superconducting 
circuits 

Semiconducting quantum dots 
in a microcavity 

Rydberg atoms coupled 
to microwave cavity Photonic quantum states 

Présentateur
Commentaires de présentation
Participants: 
M. Leduc, J.M. Raimond, E. Giacobino, T. Kontos, A. Leverrier, I. Kerenidis, F. Pereira, H. Perrin, P. Bertet, E. Diamanti, I Favero,  P Grangier, Y Hodroj



Highlights (1) : Grover’s algorithm with superconducting qubits 
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Two-transmon  
processor  

+ quantum speedup  
in Grover search 

algorithm 
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A. Dewes et al., PRL (2011) 
A. Dewes et al., PRB (2011) 
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 Quantronics group, SPEC, CEA Saclay 

In one run of the experiment, the success rate is larger than the largest possible 
classical success rate of 50% : QUANTUM SPEEDUP 

Présentateur
Commentaires de présentation
Participants: 
M. Leduc, J.M. Raimond, E. Giacobino, T. Kontos, A. Leverrier, I. Kerenidis, F. Pereira, H. Perrin, P. Bertet, E. Diamanti, I Favero,  P Grangier, Y Hodroj



Highlights (2) : Shor’s algorithm with trapped ions 
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T. Monz et al., Science 2016 (R. Blatt’s group) 

Correct factoring of 15 with 99% probability 
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• Despite recent advances, remain major experimental and theoretical  
challenges to tackle before interesting problems can be treated  
by quantum processors, with or without Quantum Error Correction 
 
 
• SIRTEQ will provide strong incentive to join experimental and theoretical 
efforts, which are key to future breakthroughs 
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