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Outline:
1. Quantum Brownian motion of a driven two-state system.
2. Rabi oscillations and decoherence suppression in a
superconducting flux qubit.
3. Rabi spectroscopy and noise manipulation.
4. Conclusions.
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Qubit { σx,σy,σz }+ Heat bath Q + Driving force F(t)=F0 cos ω0t

Hamiltonian and Heisenberg equations:
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Non-Markovian Heisenberg-Langevin equations

Fluctuation forces:
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G.F. Efremov, A.Yu. Smirnov,
Sov.Phys. JETP 53, 547(1981)
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Qubit with heat bath (no driving force) :
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Population difference:

Evolution of z-polarization:
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with the frequency:

Rabi oscillations of the excited level population PExc(t):
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Qubit with heat bath and driving force.

Exact resonance +Weak qubit-bath coupling + Rotating Wave Approximation :
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with the steady-state z-polarization:

Rabi oscillations of the “dipole moment” (at zero bias):
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and the additional decoherence rate (non-zero bias):

A.Yu. Smirnov, 
Phys.Rev. B 67, 155104(2003);
Phys.Rev. B 68, 134514(2003).
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For the strongly driven qubit (ΩR>>T1
-1)  Rabi oscillations 

of both population and z-polarization disappear for the 
same relaxation time T1:
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Quantum
States:

|L〉  = left rotating current
|R〉  = right rotating current

I. Chiorescu et al., 
Science 299, 1869 (2003);
       (Time domain)

E. Il’ichev et al., 
Phys. Rev. Lett. 91,097906 (2003).
        (Frequency domain)

Superconducting Loop: Macroscopic two-level system

I = Iq σ z

)2/)(/( 0Φ−Φ= extqI πε

Rabi oscillations in a flux superconducting qubit.

Bias:



D-Wave Systems Inc.D-Wave Systems Inc.
THE QUANTUM COMPUTING COMPANYTM

 

Rabi oscillations of
upper level population.

I. Chiorescu et al.,
Science 299, 869
(2003);

Measurements:

nsT Rabi 1501 ==τ

nsT relaxeq 900,1 == τ

nsT eq 20,2 == ϕτ

Decay time of 
Rabi oscillations:

Relaxation time of 
undriven qubit:

Dephasing time of 
undriven qubit:
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Decay rate of Rabi oscillations:

Relaxation rate of undriven qubit:

Dephasing time of undriven qubit:
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Frequency dispersion 
of the heat bath spectrum

For the flat spectrum,
it should be:

),0()( SS R ≈Ω

8.3/5.39 1,1 TnsT flat ==

Difference between T1 and T1,flat points to 
the decoherence suppression in 3.8 times 
by external driving field
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Much higher  suppression of decoherence by the high-frequency field -

Spin 1/2 irradiated by circularly polarized light (rotating magnetic field):
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Rabi spectroscopy and noise manipulation 
in a flux qubit coupled to a tank circuit

E. Il’ichev, et al.
Phys. Rev. Lett. 91,
097906 (2003).
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Tank as
a low-frequency
linear detector
of current fluctuations
in the qubit

Qubit: 
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Spectrum of voltage fluctuations in the tank (theory) 
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A.Yu. Smirnov, Phys.Rev.B 68,134514 (2003)

Direct detection 
of radiation 
at Rabi frequency :
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Spectrum of voltage fluctuations in the tank (experiment)
ωΤ /2π =6.284 MHz,
QT = ωΤ /γΤ = 1850, 
Lq =24 pH, Iq =500 nA,
k2 = 10-3,T= 10 mK

Decoherence
times:

Spectrum

)(2/1 ωVQS
at different 
HF power

Peak value 
of the spectrum,
as a function 
of HF amplitude 
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Rabi spectroscopy as a weak continuous measurement

Measurement-induced decoherence 
(backaction of the tank on the qubit):
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Conclusions.

Recent measurements of Rabi oscillations in
superconducting flux qubits have demonstrated a
possibility to suppress decoherence and
control a noise level in the flux qubits
by applying a strong driving field.


