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Quantum error correction
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Longitudinal coupling ⇒⇒⇒⇒ “pure” dephasing

X – classical or quantum field
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for 1/f noise

e.g., Cottet et al. 01
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Transverse coupling ⇒⇒⇒⇒ relaxation
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Bloch equations, applicability

τc≪ T1, T2works for

weak short-correlated noise

Bloch (46,57)
Redfield (57)

0 ∆∆∆∆E/����

S(ω)(ω)(ω)(ω)

ωωωω

1/τc 1/τc

1/T2
* 1/Τ1

x bathzz

1

2

11

2 2
X cos X sinH = E  H− ∆ − − +

perturbation theory





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

2 2

1
( )

d
S ω

ω ω
Γ Γ∝ ∝

Γ + Γ∫

Γ∝ e-E/kT or   Γ∝ e-E/hω0

McWhorter, 1958; Dutta, Horn, RMP‘81

E

0( )
d

d
kT

E dE
h

w g
ω 

 


∝


Γ=
Γ



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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Quadratic longitudinal coupling: ( )21
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• Distribution of fluctuations of X2(t) ?

• Spectrum of fluctuations of  X2(t) ?
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even more  general

in general

1/f spectrum „quasistatic“

YM, Shnirman 04
D. Averin et al. 04
E. Paladino et al. 04



Fitting the experiment
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Decoherence during free evolution: summary
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pure dephasing still strong
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