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Recent experiments [1,2] have generated considerable interest in the dephasing rate of conductors which do not exchange particles but are coupled only via the long range Coulomb interaction. Often one of the systems is viewed as a detector and the dephasing rate is determined by the time it takes to determine the state of the system with the detector [1-5]. This leads to a dephasing rate which is expressed in terms of the variation of the detectors transmission probability (T and the white noise spectral density SI of the shot noise generated by the detector. The dephasing rate generated by the detector is proportional to ((T) 2 V 2 /SI. A measurement time is thus equated with a dephasing time.

In our work we point out that the dephasing rates in Coulomb coupled systems are determined by the charge fluctuation properties of the two coupled systems [6]. The two systems interact only to the extent that they support charges which are not completely screened. A fluctuation of transmission probabilities can be associated with charge fluctuations but it is not in itself a source of dephasing. We present a theory of charge fluctuations in Coulomb coupled conductors which combines the scattering approach with Coulomb interactions treated within the random phase approximation.

At equilibrium, in the presence of thermal fluctuations, we relate the dephasing rate [6] to charge relaxation resistances [7,8]. The charge relaxation resistance together with the capacitance determines the RC-time of the mesoscopic structure and at small frequencies determines the voltage fluctuation spectrum [6-8]. Self-consistent expressions are presented which give the charge relaxation resistance and consequently the dephasing rate in terms of the diagonal and off-diagonal elements of a generalized Wigner-Smith delay-time matrix [9].

In the case of transport, we relate the dephasing rate [6] to a novel resistance, a Shottky resistance [8,9], which together with capacitances determines the low frequency charge fluctuation spectrum in the presence of shot noise. We find that the Shottky resistance is determined by the off-diagonal elements of the Wigner-Smith-delay time matrix [6,9].

Of particular importance are geometries in which charge fluctuations far from any barrier contribute to the dephasing rate of a nearby second mesoscopic system [2,6,9]. Experimentally such a configuration has been realized in the form of a double dot which suffers additional dephasing due to charge fluctuations in a nearby edge state [2]. We discuss the equilibrium charge relaxation resistance and the Shottky resistance for this geometry and discuss the implications of these results [10].
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