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Stationary and non-stationary noise in superconducting quantum devices Ivar Martin (Los Alamos) Lev Bulaevskii (Los Alamos)



Sasha Shnirman (Karlsruhe) Yuri Galperin (Oslo)



Outline • Intro – superconducting qubits 101 • Microscopic models for individual 2-level fluctuators inside Josephson junctions • Dephasing by non-thermal glassy fluctuators Complimentary perspective: Study noise by qubits Firenze, May 20, 2007



Josephson Charge Qubit



(Cooper pair Box) M. Büttiker, V. Bouchiat et al.



• charging energy (Cooper-pairs)



• Josephson coupling



• Hamiltonian



2-state system =qubit



A.Shnirman, G. Schön, Z. Hermon, PRL 97



Decay of Ramsey fringes at optimal point π/2



π/2



Vion et al., Science 02, …



1/f noise charge noise:



-charge noise: charged defects in barrier, substrate or surface lead to non-integer induced charge. Static offset, 1/f noise.



-critical current noise: neutral/charged defects in barrier. -flux noise: trapped vortices, magnetic domains, magnetic impurities, nuclear spins



Charge-phase qubit Vion et al. (Saclay 02)
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H = − Ech (Vg ) σ z − EJ (Φ x ) σ x



Quantronium



EC ≈ EJ



0.5



E1 0.25



less sensitive to charge noise



0



Operation at saddle point Ech(Vg0) = 0 , dEJ(Φx0)/dΦx = 0



E
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- minimizes noise effects
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Φx/Φ0
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- voltage fluctuations couple transverse - flux fluctuations couple quadratically



Vg
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∂Ech
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∂Vg



H = − E J (Φ x 0 ) σ x −



Vg 0



δ Vg σ z −



1



∂ 2 EJ
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∂Φ 2x



Φ x0



δΦ 2x σ x



Decoherence during free evolution: decoherence by ensemble of fluctuators



Coherence times (ns)



500



Spin echo



500



Resonance linewidth Ramsey decay Adiabatic pulses 100
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Tuning qubit parameters can study charge and flux noise separately as a function of frequency



TLS Spectroscopy Simmonds et al, PRL 2004



JJ



SC



?



TLS coherence time longer than that of qubit !!!



SC



Models- coupling to pseudospin S JJ Electric Dipolar SC



SC



Channel blocking



δH=



Both could explain expt. How to distinguish? I. Martin, L. Bulaevskii, and A. Shnirman, Phys. Rev. Lett. 95, 127002 (2005)



Why hard to distinguish? phase states



V



hω p



EJ ϕ



hω p = 8EJ EC



Few quantum levels:



Testing the mechanism (running phase regime) or



?



⎧cos φ Josephson H S = −Ω0 S z − (α x S x + α z S z ) × ⎨ dipolar (same as φ ) ⎩q If



and



SV(ω) – voltage power spectr.



⇒Rabi oscillations (see also V. Kozub JETP 84)



ω



Prediction: two mechanisms are distinguishable Josephson



Dipolar



S



Rabi Frequency ΩR



N



ΩR



Signal/Noise S/N



⎛ ΩR ⎞ ⎜⎜ ⎟⎟ 2 k T ⎝ B ⎠



,



2



Ic RN (0.5GHz) < ωJ < Ic RN (150 GHz)



,



SV(ω)



⎛ ΩR ⎞ ⎜⎜ ⎟⎟ 2 k T ⎝ B ⎠



2



Peak width 5 kHz (intrinsic)



ω



Non-thermal fluctuators in glasses ε



Two-level system:



P(ε) D D ~ 20 K



-T



γ



z= 1 z= 0 P(γ)



T



D



ε



1/γ γmin



γmax



γmin < 1/week



Slow non-thermal fluctuators -- there is more than thermal ones by factor D/T -- they switch only once (if they were stuck in an excited state)



z(t)



1 0 ∼1/γ



1.I.Martin and Y. M. Galperin, Phys. Rev. B 73, R180201 (2006)



Qubit dephasing by slow nonthermal fluctuators



Noise due to the ensemble of fluctuators zi



t< 1/γmax



Free induction decay: ~



SiO2 , Al2O3 ~



109 Hz



Spin Echo: ~



~ 103…4 Hz



Conclusions •



Two possible mechanisms: Josephson and dipolar (φ) I. Martin, L. Bulaevskii, and A. Shnirman, “Tunneling Spectroscopy of Two-level Systems Inside Josephson Junction,” Phys. Rev. Lett. 95, 127002 (2005)



•



Dephasing by non-thermal Ivar Martin and Yuri Galperin, “Loss of quantum coherence due to non-stationary glass fluctuators,” Phys. Rev. B 73, R180201 (2006)



•



Connection between high- and low-frequency noises from an ensemble of almost coherent 2-level fluctuators Alexander Shnirman, Gerd Schön, Ivar Martin, Yuriy Makhlin “Low- and high-frequency noise from coherent two-level systems,” Phys. Rev. Lett. 94, 127002 (2005)



Qubit is a very sensitive spectrometer to locally measure properties of fluctuators in glasses



Thanks: DOE, SQUBIT
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