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N/I/S/I/N Junction
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e-beam lithography !
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Full Current Statistics
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R(N) = [Z(x)exp(ixN)

dx
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P,(N) = tull nfo

N - number of
electrons transferred

Tﬂm%w t - time of the measurement

<N> Number of particles N

Tails of the distribution
P(N) contain the infor-
mation about rare events



Keldysh Method for Z(x)

Effective Hamiltonian N .
Keldysh path X )=-x(")
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Quan‘rum phase

Cumulant Generating Function ( “N.E. Free Energy” )
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 Higher order currents cumulants

Give the information on ; ., 0"
n-particle correlations ! <<I >> x -1 WS( X)



Levitov-Lesovik Formula

* Method: generating function counting field

expl-S(x)1= Y,  P.AN) exp(i N )

. Countlng e]ectrons ( Levitov, Lee, Lesovik "95 )
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Gambling with Electrons
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Probability distribution P(N) is binominal
like in the theory of gambling

What About Disorder and Interacting Electrons?



Density of Transmission Eigenvalues
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In practice we want disorder averaging to be done at the first step!

Disorder Averaging
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Nonlinear Sigma Model — Q,,(r)

iS[Q] = —%”Tr[D(ar@V — 40,Q)]
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FCS in a Diffusive Wire

Gauge transformation
1A —1x A
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Saddle point approximation — Usadel equation
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FCS Action
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Fluctuations—Ginzburg-Landau Functional

Assumes equilibrium (good for linear response calculations)
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Quantum Keldysh Action...

* 0-D Keldysh s -model
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Strategy
Find saddle point of the action — 0D Usadel equation
» Account for fluctuation around the saddle point
Parameterize Q-matrix manifold with Cooperon modes
* Integrate out fluctuations at Gaussian level

* Regqularize resulting Detf]...]
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...Nonequilibrium TDGL Action

Integrate out electron fluctuations
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@Ilic saddle point
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Cumulant Generating Function

Junction is “weakly” driven out of equilibrium, AT<<eV<<T,
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We get bunching of electrons due to time-
dependent fluctuations of the order parameter

.. the fluctuations are most strong provided
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AGI(G, (&, /AT))

Differential Conductance
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ASI(G,T (e, /AT))
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Nonequilibrium Noise
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Higher Cumulants of Currents

Current fluctuations are parametrically enhanced
close to superconducting transition !
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Low frequency dispersion is set by

AT~10 mK gives max AT,C)V L
w,/211~200 GHz /)




Estimates for the second moment

(ors). =3 (35)

Wire dimensions: L=0.5um, w=100nm, d=10nm

Wire parameters: D=102cm?s, v,=2x10%cm/s, p=2uQ cm

Energy scales: €,,=D/L?=0.3K, 6=0.75mK, '=0.25T,

AS; Ly
GTCO max B




Probability Distribution Function
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Long exponential tail in the distribution P(I) X exp ( _ )\]to /6)

of current fluctuations



