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Quantum computing in a nut

Built-in parallelism...

...but readout projects
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Quantum algorithms  AND error correcting codes

the art of quantum distillation ~ \
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Factorisation : O[ (Log N)3]
(Shor, 1994)

unstructured data base search
(Grover, 1995)

Projection
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Quantum processor ?

Controlled
2 level systems Interactions readout
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Microscopic objects vs mesoscopic systems
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Quantum, Scalable,
but not easily scalable but not easily quantum



Energy spectrum of a superconducting electrode
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The Josephson junction

A single degree of freedom: 6 [6,N ] — Z

D)
bias circuit N
Josephson hamiltonian:
H, =-E;coso

full hamiltonian:

H: HJ +He/m
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Josephson qubits

Current-biased large junction Coupled medium-size junctions Small junction
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The Cooper-pair box
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Energy levels of the Cooper pair box
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Measuring the Cooper pair box

1996 charge of grotind state |0) 1999 coherent superpositions a|0)+ B|1)
(Bouchiat et al., Quantronics) (Nakamura, Pashkin & Tsai, NEC)
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The charge-noise issue

0+ B) =27 vy(t)elt
J2
Vo= 701 + dvy
dN .
signal

dephasing



The splitted Cooper-pair box
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CHARGE-PHASE QBIT

with
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Write on  Read
charge current

(Note: similar idea by A.Zorin)



Energy levels of the splitted Cooper pair box
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Transition frequency
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Measurement strategy
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Entangling the qubit with
an extra junction

Boolean
answer Y



The "Quantronium” circuit
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Fabrication process
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Chip design

interdigi_tflted h -i-'::
capacitor W Tm

|'I_ 500 um
Contact : \/
pad

« large »
junction

box
junctions



Preparation and readout
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switching probability

Estimated readout sensitivity

0.71 0.72 0.73 0.74 0.75

peak current (LA)
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Level spectroscopy close to the saddle point
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Line-width close to the saddle point
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switching probability (%)

Line-shape at the optimal point
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The Bloch sphere in the rotating frame

Fictitious spin 1/2 representation of a 2-level system: A

Rotation vector
in the rotating frame




Rabi oscillations
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switching probability (%)

controlled rotations around an in-plane axis
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switching probability (%)

Relaxation at the optimal point
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Ramsey interferences
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Observations of Ramsey “fringes”
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On and off resonance Ramsey experiment
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controlled rotations around Z axis
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qubit logic gates ? .
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Summary

45

operation of a solid state qubit:
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coherence time > 8000 qubit oscillations
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imperfect fidelity at readout 30t
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Many other possibilities: atoms on chips, spintronics,...



