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Introduction to
superconducting qubits-II

• Superconducting qubits: basic principles

• Coherence and fluctuations

• Quantum-coherent phenomena in sc-qubits
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• classical evolution, RCSJ model

• macroscopic quantum phase evolution

• rf-SQUID

Phase dynamics, SQUIDs

macroscopic & resonant
quantum tunneling
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Macroscopic quantum coherence (Leggett)



Mooij et al. 1999

Chiorescu et al. 2002
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Superconducting flux qubits
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Coherent oscillations: Delft (2002)



Quantum measurement: magnetic qubit + dc-SQUID
Chiorescu et al. (Delft) 2002

strong threshold measurement



Rabi oscillations

in rotating frame
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random phase

qubits as spectrometers of quantum noise

qubit noise

Coherent oscillations and noise



Longitudinal coupling ⇒ “pure” dephasing

X – classical or quantum field, Gaussian
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Transverse coupling ⇒ relaxation
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Golden Rule:
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Bloch equations, applicability

τc¿ T1, T2works for weak short-correlated noise

Bloch (46,57)
Redfield (57)
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perturbation theory

• 1/f noise – long correlation time τc

• optimal operation points:  X2  or higher powers
• sharp pulses (state preparation)
• time-dependent field, Berry phase

Beyond Bloch equations



Bloch equations

Bloch (1946,1957)
Redfield (1957)

for weak short-correlated noise

energy relaxation

phase relaxation



Qubits and environment

• Decoherence induced by noise

• Qubits as spectrometers

qubit noisy
environment



Nanoelectronic circuits and 1/f noise

Bouchiat et al. ´97

Charge noise:

• 1/f noise

• individual Lorentzians –
bistable fluctuators

• T-dependence saturated at
at low T. 300 mK



1/f noise from bistable fluctuators
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Quantronium (Saclay)

Operation at  optimal point (saddle)
- minimizes noise effects
- voltage fluctuations couple transversely
- flux fluctuations couple quadratically
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Charge-phase qubit
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Vion et al., Science 02, …

Flux qubit:  Bertet et al. ´04



Even if X(t) is distributed Gaussian (central limit theorem), X2(t) is not!

• 1/f noise
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• Distribution of fluctuations of X2(t) ?
• Spectrum of fluctuations of  X2(t) ?
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YM, Shnirman 04
D. Averin et al. 04
E. Paladino et al. 04



Fitting the experiment



Johnson-Nyquist noise
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low- and high-frequency noises are connected

Relaxation (T1)  in a charge qubit

O.Astafiev et al. 2004-06



Landau-Zener interference



Landau-Zener interference in superconducting qubits

Sillanpää et al. 2005



cQED – circuit QED in  superconducting systems

Wallraff et al., Nature 04



Conclusions

• superconducting qubis are a promising realization of QC

• experiments w/ 1-2 qubits

• precise measurements w/ weak backaction

• applications of qubits: spectrometry

charge charge-phase flux phase

junction size,
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