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Fluctuation theorem (FT)

Evans, Cohen, Morris, PRL 1993, Gallavotti, Cohen, PRL 1995

P(—AS)
P(+AS)

= exp(—AS) AS entropy production during T

An exact relation in far from equilibrium --- microscopic reversibility

® Second law of thermodynamics [Jarzynski PRL 1997, Crooks PRE 1999, etc.]
® | andauer principle [Piechocinska, PRA 2000]
® Fluctuation-dissipation theorem & Onsager relations [Gallavotti PRL 1996]



Full counting statistics (FCS)

[Tobiska Nazarov PRB 2005, Saito YU, PRB 2008, Forster Buttiker PRL 2008, Andrieux Gaspardt Monnai
Tasaki NJP 2009]
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FCS & FT

Fourier Transform = Characteristic Function

Z({Aes; s }; B) = Tr [pOVTeiHTV%_iHTVT] = Tr [eiH‘ Te tH+ Tpo]
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Time translation + Gauge transformation
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Universal Relations among Nonlinear Transport Coefficients
Two terminal isothermal system
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[Saito YU PRB 2008]
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QD Aharonov-Bohm interferometer
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Keldysh path-integral

[Kameney, in “Nanophysics: Coherence and Transport” (Elsevier 2005) ]
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Extension of the Onsager relation
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Coulomb interaction induces non-zero nonlinear transport coefficients
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Magnetic field asymmetry in nonlinear conductance

Nakamura, Kobayashi, Leturcq, YU, et al. PRL 2010
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FT for lower order cumulants
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Bidirectional single electron counting
T. Fujisawa, T. Hayashi, R. Tomita, Y. Hirayama, Science 2006
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Experimental Test of FT

YU, D.Golubev, M.Marhtaler, K.Saito, T.Fujisawa, G.Schon, Phys. Rev. B 81,
125331 (2010)
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Summary

1. We combine the fluctuation theorem and the Keldysh formalism.

2. We experimentally confirmed the universal relations among nonlinear
transport coefficients.
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