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Electron Waiting Times

Why a theory of WTDs?
Full counting statistics (FCS) typically evaluated in the long time
limit

AT P(n, AT)

T

Driven quantum systems (e.g. single electron sources, quantum
pumps): Characterization on short time scales important

Pictures: Mora et al., Nat. Phys. 6, 697 (2010); Parmentier et al., PRB 85, 165438 (2012)
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Electron Waiting Times

Quantum formalism

» Idle time probability (ITP): probability for no detection in the
time interval [to, to + 7]

» Linear dispersion ~ probability for not finding the particle in
the spatial interval [xo, xo + V7]

WTD and ITP

1 (7,
W(T):T/O 2N (t, 7)dto

Albert et al., PRL 108, 186806 (2012); Vyas et al., PRA 38, 2423 (1988)
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Floquet scattering theory

Formalism

Periodically time-dependent scattering problems: Particles can
absorb or emit modulation quanta AQ
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Floquet scattering theory

Formalism

Periodically time-dependent scattering problems: Particles can
absorb or emit modulation quanta AQ

Vi (’().\(Sll)t

eV + hQ)
Vo eV J

eV — hQd

Floquet scattering matrix

b(E) = S(E.Ey)as(En)
En

eVIl

E, = E + nhQ

connecting incoming (3) and outgoing (b) annihilation operators
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Floquet scattering theory
Evaluating the ITP

W(r) = (r)ozn(r)

.
M) =7 [ M.

VET
M(to, 7) = <: exp <—/ cicxdx) :>
0 to+7

Evaluate in outgoing state
Use Floquet S-matrix to map onto evaluation of an equilibrium
average
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Applications

Quantum point contact with modulated transmission

“Frozen” transmission probability
T(t) = To[l — esin(Qt)]?
Compared to the static case, get two side bands

Se(En, E) = \/?o[énpjtls (6np—1 = On,p+1)/2]

where eV = phQ for simplicity

esin(Qtw

eV + hQ)

Vil g




Applications

Quantum point contact with modulated transmission
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Applications

Lorentzian voltage pulses

NS 7 peiod

T: waiting time




Applications

Lorentzian voltage pulses

W% T: period

T: waiting time

%.0 0.5 1.0 15 2.0 25

n: pulse width divided by period



Applications

Lorentzian voltage pulses

Add a QPC with transmission T:

1
— Poisson

T T T 0.1
— =0.02, T=05
20 0.5
0.4r
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Crossover to Poissonian statistics

Compare Albert et al.,, PRL 107, 086805 (2011) for classical analogue

10
T
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Conclusions

» Formalism for Waiting Time Distributions for driven systems in
terms of the Floquet matrix

» Applications:

» Modulated QPC
» Lorentzian voltage pulses of integer charge applied to a

one-dimensional wire

» DD, C. Flindt, M. Biittiker (in prep.)
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Floquet scattering theory

Evaluating the ITP
VET
M(tg, 7) = <: exp (—/ cicxdx> :>
0 to+7

One-particle operator measuring occupation probability of the
spatial interval [xo, xo + vF7]:

Xo+VET

Q- = /X |x) (x| dx

0

Second quantized version of the operator that applies 1 — Q; to all
particles in the Slater determinant at once:

N

: exp(_QT) = ®(1 - QT)

n=1

See also Levitov et al., J. Math. Phys. 37, 4845 (1996) and Hassler et al., PRB 78, 165330 (2008)
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