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Outline

Quantum noise

Josephson junctions

Decay of zero voltage state, MQT

Third cumulant

Noise detection by Josephson junctions

Forth cumulant



Electrical noise of a mesoscopic conductor
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Electrical noise of a mesoscopic conductor

complete information on I(t)

noise correlation functions
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How to measure noise cumulants

central limit theorem reduces higher cumulants for large sampling times
correlated signals at short times due to finite bandwidth

Reulet et al. use analog mixers to generate the third power of I
average by low pass filter
works for low impedance noise sources (50 Ω)
environmental effects

Reznikov et al. digitize signal form low temperature amplifier
works for very high impedance noise sources (MΩ)
amplifier nonlinearity

On-chip detectors Tobiska & Nazarov, Pekola, Lindell et al., 
Heikkilä et al.
coupling of two mesoscopic devices



Josephson Junction
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Current Biased Josephson Junction
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“Particle” in Tilted Washboard Potential
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“Particle” in Tilted Washboard Potential

c

Is = 
I

θ

( )c-I cos( ) I
2e

−θ θ

Transition U=0  U 0→ ≠



MQT Rate
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Bounce Technique

Decay rate form imaginary part of free energy

Langer (1967)
Miller (1975) 
Callan and Coleman (1977),  Stone (1977)

Caldeira and Leggett (1981)



Decay rate in cubic potential
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MQT Rate at Finite T with Dissipation

HG, Olschowski & Weiss, PRB 36, 1931 (1987)
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Detection of Noise Cumulants

NI

noise generating conductor



Josephson Junction Driven by Electrical Noise

Escape rate: exponentially
sensitive to potential variationsNδI



Classical switching rate of a Josephson junction
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Thermal escape in presence of non-Gaussian noise

Thermal escape driven by non-Markovian, non-Gaussian noise

Noise generated by a mesoscopic conductor

Equation of motion
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Generalized Fokker-Planck equation
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Effective temperature
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Rate asymmetry
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Exp. Results: H. Pothier
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Noise Generating Functional
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Tunnel Junction
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Noise From Tunnel Junction

bounce

Rate suppression by 2nd cumulant

Rate enhancement by 4th cumulant
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Summary

Josephson Junctions

Basis for highly sensitive detectors

On- chip detection of non-Gaussian noise  
Device characterization

Ankerhold & HG,  Phys. Rev. Lett.  95, 186601 (2005)
Ankerhold to be published
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