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e Coherent control of an artificial two-level system in solid-state device
e Understanding the mechanism of decoherence
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Cooper-pair box: a charge qubit
Ej/Ec ~ 0.3

e sensitive to charge fluctuations
e decoherence time ~ ns
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« lLarge Fj/Ec ~5
e Operation at optimal point
* Long decoherence time ~ 0.5 ns
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Optimal operation point
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Rabi Oscillations
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* ~1 ns coherence times at Saclay, U. Kansas
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EJ’/EC >1, a~0.38, (I’ex/‘I’g ~ 0.5

P,
U=-E; [cns Y1 + €08 y2 + a cos (Q’JTf Y e ’}’2)] -+ const.
0
Loop inductance is not necessary P small loop can be used
cf. RF-SQUID (single-junction loop) requires ~100-nm loop
Mooij et al. Science 285, 1036 (1999)



e Two-level approximation holds in a narrow range of g, Vg R 2

¢ Relatively immune to charge fluctuations
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Qubit operation at optimal point

and readout after adiabatic bias phase shift

at operation point at readout point
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Automatic phase shift is induced by SQUID bias current increase
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Qubit readout: switching current measurement
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switching probability (%)
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- nominal ground state
- under saturation
- nominal excited state

switching probability P vs. I, derivative
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Calculated energy levels Isw: Ib pulse height which gives 50% switching

Spectroscopy




pulse length
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Switching probability (%)
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magnetic-field noise?

trapped vortices?

paramagnetic/n

photons?

charge/Josephson-energy fluctuations?




e Large shunt capacitor
— Filter noise
e Symmetric plasma mode

— Avoid coupling between control pulse and
SQUID plasma excitation

On-chip resistor
— Suppress parasitic resonance in the leads
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Impedance of surrounding circuit
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Summary

coherent control of 3-junction-loop flux qubit

e Rabi-oscillation period >~1.5ns
e High readout efficiency ~60%
e Relaxation time T,~0.9 ns
e Dephasing time T,"~20 ns

Future works

o Identification of the decoherence sources

e Operation at the optimal point

e Understanding switching dynamics in the readout
e Optimization of the parameters

Chiorescu, Nakamura, Harmans, Mooij, Science 299, 1869 (2003).



