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Full Counting Statistics

P (χ, t) = eS(χ,t) =
∑

n

P (n, t) einχ

S(χ, t) Cumulant Generating Function (CGF)

Irreducible moments: cumulants

〈〈n(t)〉〉k =
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Full Counting Statistics

P (χ, t) = eS(χ,t) =
∑

n

P (n, t) einχ

S(χ, t) Cumulant Generating Function (CGF)
Mean Current
〈〈n(t)〉〉1 = 1

e

∫ t

0 dt′〈I(t′)〉 =
t≫τc

t
e〈I〉

t≫ τc correlation time

L.S. Levitov and G. B. Lesovik, JETP Lett. ’93

“Quantum Noise” Ed. Yu. Nazarov ’03
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P (n, t)

〈〈n(t)〉〉2

〈〈n(t)〉〉3

〈〈n(t)〉〉4

Zero frequency irreducible moments (cumulants)

〈〈I〉〉k =
(e)k

t

∂kS(χ, t)

∂k(iχ)

∣
∣
∣
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e−γt Ī = γt

Particle view & Central limit
P (n)

0 10 20 30 40 50 60 70

0.05

0.10

0.15

n

P (n)
√

γt

-20 0 20 40 60

0.05

0.10

0.15

(n − γt)/
√

γt

γt = 10, 20, 40 ¯ Gaussian fit

SM&FT08 – p. 5/22



FCS as large deviation function
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FCS as large deviation function

Poisson distribution P (n, t) =
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Markovian vs Non-Markovian

Quantum mechanics is Markovian
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Markovian vs Non-Markovian

Quantum mechanics is Markovian
H, Ψ(0) =⇒ Ψ(t)
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Markovian vs Non-Markovian

Quantum mechanics is Markovian
but
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Markovian vs Non-Markovian

Quantum mechanics is Markovian
but

real life is non-Markovian !
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Markovian vs Non-Markovian

Quantum mechanics is Markovian
but

real life is non-Markovian !

One has to trace out some external degrees of freedom
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Markovian vs Non-Markovian

Quantum mechanics is Markovian
but

real life is non-Markovian !
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′), ρ(t′)]]
]
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Open systems

H = H0 + HB + HI ρ(t) = TrB [ρtot(t)]

ρ̇(t) =

∫ t

0
dt′TrB

[
[HI(t), [HI(t

′), ρ(t′)]]
]
−→
Markov

ρ̇(t) = Lρ(t)
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n-Resolved Generalized Master Equation

Quantum optics
|ρ(n, t)〉 = TrB[Pnχ(t)]
M.B. Plenio and P. L. Knight, 70, 101 (1998).
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z|ρ(χ, z)〉 − |ρin〉 = W(χ, z)·|ρ(χ, z)〉 + |γ(χ, z)〉
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n-Resolved Generalized Master Equation

Quantum optics
|ρ(n, t)〉 = TrB[Pnχ(t)] ⇒ P (n, t) = TrS[ρ(n, t)]

d

dt
|ρ(n, t)〉 =

∑

n′

∫ t

0
dt′ W(n − n′, t − t′)|ρ(n′, t′)〉 + |γ(n, t)〉

Fourier-Laplace Transformations in χ and z

Dyson equation

z|ρ(χ, z)〉 − |ρ̃in〉 = W(χ, z)|ρ(χ, z)〉
|ρ̃in〉 ≡ |ρ(χ, t = 0)〉 + |γ(χ, z)〉 initial condition
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n-Resolved Generalized Master Equation

Quantum optics
|ρ(n, t)〉 = TrB[Pnχ(t)] ⇒ P (n, t) = TrS[ρ(n, t)]

d

dt
|ρ(n, t)〉 =

∑

n′

∫ t

0
dt′ W(n − n′, t − t′)|ρ(n′, t′)〉 + |γ(n, t)〉

Fourier-Laplace Transformations in χ and z

Dyson equation

z|ρ(χ, z)〉 − |ρ̃in〉 = W(χ, z)|ρ(χ, z)〉
|ρ̃in〉 ≡ |ρ(χ, t = 0)〉 + |γ(χ, z)〉 initial condition

|ρ(χ, z)〉 =
1

zI − W(χ, z)
|ρ̃in〉 = G(χ, z)|ρ̃in〉
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Self consistent Equation

P (χ, z) = TrS [ρ(χ, z)] = 〈0̃|G(χ, z)|ρ̃in〉
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Self consistent Equation

P (χ, z) = TrS [ρ(χ, z)] = 〈0̃|G(χ, z)|ρ̃in〉
Finite frequency from G(χ, z) poles

The P (χ, t) is

eS(χ,t) =

∫

C

dz

2πi
ezt〈0̃| 1

zI − W(χ, z)
|ρ̃in〉

C
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Self consistent Equation

P (χ, z) = TrS [ρ(χ, z)] = 〈0̃|G(χ, z)|ρ̃in〉
Finite frequency from G(χ, z) poles

The P (χ, t) is

eS(χ,t) =

∫

C

dz

2πi
ezt〈0̃| 1

zI − W(χ, z)
|ρ̃in〉

C

Long time limit

S(χ) ≡ z∗(χ) Self consistent Eq.
z⋆(χ) − λ0(χ, z⋆(χ)) = 0
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Self consistent Equation

P (χ, z) = TrS [ρ(χ, z)] = 〈0̃|G(χ, z)|ρ̃in〉
Finite frequency from G(χ, z) poles

The P (χ, t) is

eS(χ,t) =

∫

C

dz

2πi
ezt〈0̃| 1

zI − W(χ, z)
|ρ̃in〉

C

Long time limit

S(χ) ≡ z∗(χ) Self consistent Eq.
z⋆(χ) − λ0(χ, z⋆(χ)) = 0 −→

Markov
z⋆(χ) = λ0(χ)

C. Flindt, A.B. et al., PRL ’08 −→ Bagrets& Nazarov, PRB ’03
SM&FT08 – p. 9/22



Finite Frequency Noise

Mac Donald formula

SII(ω) = ω

∫ ∞

0
dt sin (ωt)

d

dt
〈〈n〉〉2(t)

SM&FT08 – p. 10/22



Finite Frequency Noise

Laplace domain

SII(ω) = −ω2

2
[〈〈n〉〉2(z = iω) + (ω → −ω)]
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Finite Frequency Noise

Second cumulant

〈〈n〉〉2(z) =
∂2

∂(iχ)2
〈0̃|G(χ, z)|ρ̃in(χ, z)〉

∣
∣
∣
χ→0

Knowledge of full pole structure
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Finite Frequency Noise

Second cumulant

〈〈n〉〉2(z) =
∂2

∂(iχ)2
〈0̃|G(χ, z)|ρ̃in(χ, z)〉

∣
∣
∣
χ→0

Knowledge of full pole structure

Knowledge of initial correlations |ρ̃in(χ, z)〉

ρi

t0

ei L

ei R

+

+

/2

ei L/2 /2

e+i R/2
d⇓0

⇓

d0

⇓

⇓

⇓0⇓

⇓ 0 0

χ≠0χ=0t0

χ

χ χ

χ
e
i L/2χ

L
L

RL
R

R
Keldysh
countour
J. K onig et al PRL ’96

A.B. et al. PRL’06
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Non-Markovian Expansion

S(χ) − λ0(χ, S(χ)) = 0
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Non-Markovian Expansion

S(χ) − λ0(χ, S(χ)) = 0

S(χ) =
∑

i Si(χ) Non-Markovian expansion
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Non-Markovian Expansion

S(χ) − λ0(χ, S(χ)) = 0

S(χ) =
∑

i Si(χ) Non-Markovian expansion

Sj(χ) contains λj+1
0 (χ, z)
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Non-Markovian Expansion

S(χ) − λ0(χ, S(χ)) = 0

S(χ) =
∑

i Si(χ) Non-Markovian expansion

Sj(χ) contains λj+1
0 (χ, z)

Sj contains ∂i
z[..]∂

k
z [..]∂h

z [..] with i + k + h = j
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Non-Markovian Expansion

S(χ) − λ0(χ, S(χ)) = 0

S(χ) =
∑

i Si(χ) Non-Markovian expansion

Sj(χ) contains λj+1
0 (χ, z)

Sj contains ∂i
z[..]∂

k
z [..]∂h

z [..] with i + k + h = j

S0(χ) = λ0(χ, z)|z=0
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Non-Markovian Expansion

S(χ) − λ0(χ, S(χ)) = 0

S(χ) =
∑

i Si(χ) Non-Markovian expansion

Sj(χ) contains λj+1
0 (χ, z)

Sj contains ∂i
z[..]∂

k
z [..]∂h

z [..] with i + k + h = j

S0(χ) = λ0(χ, z)|z=0 S1(χ) = λ0(χ, z)∂zλ0(χ, z)|z=0
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Non-Markovian Expansion

S(χ) − λ0(χ, S(χ)) = 0

S(χ) =
∑

i Si(χ) Non-Markovian expansion

Sj(χ) contains λj+1
0 (χ, z)

Sj contains ∂i
z[..]∂

k
z [..]∂h

z [..] with i + k + h = j

S0(χ) = λ0(χ, z)|z=0 S1(χ) = λ0(χ, z)∂zλ0(χ, z)|z=0

S2(χ) = λ0(χ, z)

[

(∂zλ0(χ, z))2 +
1

2
λ0(χ, z)∂zλ0(χ, z)

]

z=0
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Non-Markovian Expansion

S(χ) − λ0(χ, S(χ)) = 0

S(χ) =
∑

i Si(χ) Non-Markovian expansion

Sj(χ) contains λj+1
0 (χ, z)

Sj contains ∂i
z[..]∂

k
z [..]∂h

z [..] with i + k + h = j

S0(χ) = λ0(χ, z)|z=0 S1(χ) = λ0(χ, z)∂zλ0(χ, z)|z=0

Sn(χ) =

[

∂n
z [λn+1

0 (χ, z)]

n!
−

n−1∑

i=0

Si(χ)
∂n−i

z [λn−i
0 (χ, z)]

(n − i)!

]

z=0

A.B., J.König, R. Fazio, PRL (2006) SM&FT08 – p. 11/22



Non-Markovian Theorem

Perturbation theory vs Higher Cumulants
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Non-Markovian Theorem

Perturbation theory vs Higher Cumulants

Sj(χ) contributes only to (j + 1)-th order perturbation
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Perturbation theory vs Higher Cumulants

Sj(χ) contributes only to (j + 1)-th order cumulants
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Non-Markovian Theorem

Perturbation theory vs Higher Cumulants

Sj(χ) contributes only to (j + 1)-th order cumulants

Proof A.B., J.König, R. Fazio, PRL (2006)
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Non-Markovian Theorem

Perturbation theory vs Higher Cumulants

Sj(χ) contributes only to (j + 1)-th order cumulants

Proof A.B., J.König, R. Fazio, PRL (2006)

∂k
z [λ0(0, z)]z→0 = 0 Unitarity λ(0, z) =

z→0
0
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Non-Markovian Theorem

Perturbation theory vs Higher Cumulants

Sj(χ) contributes only to (j + 1)-th order cumulants

Proof A.B., J.König, R. Fazio, PRL (2006)

∂k
z [λ0(0, z)]z→0 = 0 Unitarity λ(0, z) =

z→0
0

〈〈δI〉〉n ∝ ∂n
χ[S(χ)]χ→0
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Non-Markovian Theorem

Perturbation theory vs Higher Cumulants

Sj(χ) contributes only to (j + 1)-th order cumulants

Proof A.B., J.König, R. Fazio, PRL (2006)

∂k
z [λ0(0, z)]z→0 = 0 Unitarity λ(0, z) =

z→0
0

〈〈δI〉〉n ∝ ∂n
χ[S(χ)]χ→0

Sj(χ) = F [λj(χ), ∂i
zλ, ..., ∂k

z λ]
︸ ︷︷ ︸

j+1 times λ
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Non-Markovian Theorem

Perturbation theory vs Higher Cumulants

Sj(χ) contributes only to (j + 1)-th order cumulants

Proof A.B., J.König, R. Fazio, PRL (2006)

∂k
z [λ0(0, z)]z→0 = 0 Unitarity λ(0, z) =

z→0
0

〈〈δI〉〉n ∝ ∂n
χ[S(χ)]χ→0

Sj(χ) = F [λj(χ), ∂i
zλ, ..., ∂k

z λ]

Evaluation n-th cumulants in m-th order perturbation
requires k-th order non-Markovian term

with k = min{n,m} − 1
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Non-Markovian Theorem

Perturbation theory vs Higher Cumulants

Sj(χ) contributes only to (j + 1)-th order cumulants

Proof A.B., J.König, R. Fazio, PRL (2006)

∂k
z [λ0(0, z)]z→0 = 0 Unitarity λ(0, z) =

z→0
0

〈〈δI〉〉n ∝ ∂n
χ[S(χ)]χ→0

Sj(χ) = F [λj(χ), ∂i
zλ, ..., ∂k

z λ]

Evaluation n-th cumulants in m-th order perturbation
requires k-th order non-Markovian term

with k = min{n,m} − 1
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Non-Markovian Theorem

Perturbation theory vs Higher Cumulants

Sj(χ) contributes only to (j + 1)-th order cumulants

Evaluation n-th cumulants in m-th order perturbation
requires k-th order non-Markovian term

with k = min{n,m} − 1

n = 1 and m  k = 0
Current doesn’t require any Non-Markovian corrections!
20 yrs of quantum transport
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Non-Markovian Theorem

Perturbation theory vs Higher Cumulants

Sj(χ) contributes only to (j + 1)-th order cumulants

Evaluation n-th cumulants in m-th order perturbation
requires k-th order non-Markovian term

with k = min{n,m} − 1

n = 2 and m = 1 k = 0
First order noise doesn’t require any Non-Markovian
terms!
S. Hershfield et al. PRB 1993, A. N. Korotkov PRB 1994
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Non-Markovian Theorem

Perturbation theory vs Higher Cumulants

Sj(χ) contributes only to (j + 1)-th order cumulants

Evaluation n-th cumulants in m-th order perturbation
requires k-th order non-Markovian term

with k = min{n,m} − 1

n = 2 and m  k = 1
Second order noise requires Non-Markovian
corrections! Thielmann et al. PRL 2005
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Non-Markovian Theorem

Perturbation theory vs Higher Cumulants

Sj(χ) contributes only to (j + 1)-th order cumulants

Evaluation n-th cumulants in m-th order perturbation
requires k-th order non-Markovian term

with k = min{n,m} − 1

First order non-Markovian GME can be written as a
Markovian GME
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Cumulants: Recursive Scheme

Two step problem:
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Cumulants: Recursive Scheme

Two step problem:

1. Calculate the eigenvalue expansion

λ0(χ, z) =
∑∞

k,l=0
(iχ)k

k!
zl

l! c
(k,l)
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Cumulants: Recursive Scheme

Two step problem:

1. Calculate the eigenvalue expansion

λ0(χ, z) =
∑∞

k,l=0
(iχ)k

k!
zl

l! c
(k,l)

2. Solve S(χ) − λ0(χ, S(χ)) = 0 at a given n-order in
χ ⇒ Cumulants 〈〈I〉〉n

SM&FT08 – p. 13/22



Cumulants: Recursive Scheme

Two step problem:

1. Calculate the eigenvalue expansion

λ0(χ, z) =
∑∞

k,l=0
(iχ)k

k!
zl

l! c
(k,l)

2. Solve S(χ) − λ0(χ, S(χ)) = 0 at a given n-order in
χ ⇒ Cumulants 〈〈I〉〉n

Using the Rayleigh-Schrödinger perturbation
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Cumulants: Recursive Scheme

Two step problem:

1. Calculate the eigenvalue expansion

λ0(χ, z) =
∑∞

k,l=0
(iχ)k

k!
zl

l! c
(k,l)

2. Solve S(χ) − λ0(χ, S(χ)) = 0 at a given n-order in
χ ⇒ Cumulants 〈〈I〉〉n

Using the Rayleigh-Schrödinger perturbation

Algebraical scheme convenient for analitycal
calculations and also in numerical evaluations
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Cumulants: Recursive Scheme

Two step problem:

1. Calculate the eigenvalue expansion

λ0(χ, z) =
∑∞

k,l=0
(iχ)k

k!
zl

l! c
(k,l)

2. Solve S(χ) − λ0(χ, S(χ)) = 0 at a given n-order in
χ ⇒ Cumulants 〈〈I〉〉n

Using the Rayleigh-Schrödinger perturbation

Algebraical scheme convenient for analitycal
calculations and also in numerical evaluations

We do not need numerical derivatives
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Cumulants: Recursive Scheme

Two step problem:

1. Calculate the eigenvalue expansion

λ0(χ, z) =
∑∞

k,l=0
(iχ)k

k!
zl

l! c
(k,l)

2. Solve S(χ) − λ0(χ, S(χ)) = 0 at a given n-order in
χ ⇒ Cumulants 〈〈I〉〉n

Using the Rayleigh-Schrödinger perturbation

Algebraical scheme convenient for analitycal
calculations and also in numerical evaluations

We do not need numerical derivatives

Tested for many different cases
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Cumulants

If λ0(χ, z) =
∑∞

k,l=0
(iχ)k

k!
zl

l! c
(k,l)

Current
〈〈I〉〉1 = c(1,0)
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Cumulants

If λ0(χ, z) =
∑∞

k,l=0
(iχ)k

k!
zl

l! c
(k,l)

Current
〈〈I〉〉1 = c(1,0)

Noise 〈〈I〉〉2 = c(2,0) + 2c(1,0)c(1,1)
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Cumulants

If λ0(χ, z) =
∑∞

k,l=0
(iχ)k

k!
zl

l! c
(k,l)

Current
〈〈I〉〉1 = c(1,0)

Noise 〈〈I〉〉2 = c(2,0) + 2c(1,0)c(1,1)

Skewness
〈〈I3〉〉 =

c(3,0) + 3c(2,0)c(1,1) + 3c(1,0)
[

c(1,0)c(1,2) + 2(c(1,1))2 + c(2,1)
]
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Cumulants

If λ0(χ, z) =
∑∞

k,l=0
(iχ)k

k!
zl

l! c
(k,l)

Current
〈〈I〉〉1 = c(1,0)

Noise 〈〈I〉〉2 = c(2,0) + 2c(1,0)c(1,1)

Skewness
〈〈I3〉〉 =

c(3,0) + 3c(2,0)c(1,1) + 3c(1,0)
[

c(1,0)c(1,2) + 2(c(1,1))2 + c(2,1)
]

Doing perturbation theory in W′

W′(χ, z) ≡ W(χ, z) − W(0, 0)

[W(0, 0) + W′(χ, z)]|0(χ, z)〉 = λ0(χ, z)|0(χ, z)〉

we obtain c(k,l) as function of R = QW−1Q
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Dissipative DQD coupled with a QPC

Ĥ = ĤDD + V̂B + ĤB + Ĥres + ĤT + +ĤDD−QPC + ĤQPC

|0〉, |+〉, |−〉, |2〉��

Stoof&Nazarov PRB ’96

Aguado&Brandes PRL ’04

Kießlich PRL ’07

Gurvitz PRB ’97

Korotkov PRB ’01
...

...
...
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Dissipative DQD coupled with a QPC

Ĥ = ĤDD + V̂B + ĤB + Ĥres + ĤT + +ĤDD−QPC + ĤQPC

|0〉, |+〉, |−〉, |2〉��

Stoof&Nazarov PRB ’96

Aguado&Brandes PRL ’04

Kießlich PRL ’07

Gurvitz PRB ’97

Korotkov PRB ’01
...

...
...

Spin Boson

ĤDD + V̂B + ĤB
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Dissipative DQD coupled with a QPC

Ĥ = ĤDD + V̂B + ĤB + Ĥres + ĤT + +ĤDD−QPC + ĤQPC

|0〉, |+〉, |−〉, |2〉��

Stoof&Nazarov PRB ’96

Aguado&Brandes PRL ’04

Kießlich PRL ’07

Gurvitz PRB ’97

Korotkov PRB ’01
...

...
...

Spin

ĤDD = ε
2 σ̂z + Tcσ̂x
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Dissipative DQD coupled with a QPC

Ĥ = ĤDD + V̂B + ĤB + Ĥres + ĤT + +ĤDD−QPC + ĤQPC

|0〉, |+〉, |−〉, |2〉��

Stoof&Nazarov PRB ’96

Aguado&Brandes PRL ’04

Kießlich PRL ’07

Gurvitz PRB ’97

Korotkov PRB ’01
...

...
...

Coupling σz

V̂B = σ̂z

∑

j
cj

2 (â†j + âj)
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Dissipative DQD coupled with a QPC

Ĥ = ĤDD + V̂B + ĤB + Ĥres + ĤT + +ĤDD−QPC + ĤQPC

|0〉, |+〉, |−〉, |2〉��

Stoof&Nazarov PRB ’96

Aguado&Brandes PRL ’04

Kießlich PRL ’07

Gurvitz PRB ’97

Korotkov PRB ’01
...

...
...

Boson bath

HB =
∑

j ~ωj â
†
j âj
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Dissipative DQD coupled with a QPC

Ĥ = ĤDD + V̂B + ĤB + Ĥres + ĤT + +ĤDD−QPC + ĤQPC

|0〉, |+〉, |−〉, |2〉��

Stoof&Nazarov PRB ’96

Aguado&Brandes PRL ’04

Kießlich PRL ’07

Gurvitz PRB ’97

Korotkov PRB ’01
...

...
...

R/L Leads

Ĥres =
∑

k,α=± ǫk,αĉ†k,αĉk,α
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Dissipative DQD coupled with a QPC

Ĥ = ĤDD + V̂B + ĤB + Ĥres + ĤT + +ĤDD−QPC + ĤQPC

|0〉, |+〉, |−〉, |2〉��

Stoof&Nazarov PRB ’96

Aguado&Brandes PRL ’04

Kießlich PRL ’07

Gurvitz PRB ’97

Korotkov PRB ’01
...

...
...

Tunneling DQD-Leads

ĤT =
∑

k,α=±(tαĉ†kα
|0〉〈α| + h.c.)
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Dissipative DQD coupled with a QPC

Ĥ = ĤDD + V̂B + ĤB + Ĥres + ĤT + +ĤDD−QPC + ĤQPC

|0〉, |+〉, |−〉, |2〉��

Stoof&Nazarov PRB ’96

Aguado&Brandes PRL ’04

Kießlich PRL ’07

Gurvitz PRB ’97

Korotkov PRB ’01
...

...
...

QPC

ĤQPC =
∑

k,α=L,R εkαd̂†kαd̂kα+
∑

k,k′ T0 d̂†kLd̂k′R + h.c.

QPC current

IQPC = 2πT 2
0DLDRe2V/~
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Dissipative DQD coupled with a QPC

Ĥ = ĤDD + V̂B + ĤB + Ĥres + ĤT + +ĤDD−QPC + ĤQPC

|0〉, |+〉, |−〉, |2〉��

Stoof&Nazarov PRB ’96

Aguado&Brandes PRL ’04

Kießlich PRL ’07

Gurvitz PRB ’97

Korotkov PRB ’01
...

...
...

DD-QPC

ĤQPC−DD =
∑

k,k′,j=R,L δTj d̂†kLd̂k′R|j〉〈j| + h.c.

QPC current for |j〉 DQD state

IQPC
j = 2π(T0 + δTj)

2DLDRe2V/~
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Dissipative DQD coupled with a QPC

Ĥ = ĤDD + V̂B + ĤB + Ĥres + ĤT + +ĤDD−QPC + ĤQPC

|0〉, |+〉, |−〉, |2〉��

Stoof&Nazarov PRB ’96

Aguado&Brandes PRL ’04

Kießlich PRL ’07

Gurvitz PRB ’97

Korotkov PRB ’01
...

...
...

Weak responding limit

|IQPC
R − IQPC

L | ≪ IQPC

Ruskov& Korotkov PRB ’03
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Dissipative DQD coupled with a QPC

Ĥ = ĤDD + V̂B + ĤB + Ĥres + ĤT + +ĤDD−QPC + ĤQPC

|0〉, |+〉, |−〉, |2〉�� ∈ HS⊗HB

Weak responding limit

|IQPC
R − IQPC

L | ≪ IQPC

Ruskov& Korotkov PRB ’03
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Bath-assisted hopping rates are

Γ
(±)
B (z) = T 2

c {ǧ(+)[z±] + ǧ(−)[z∓]} with z± = z ∓ iε + Γd

g(±)(t) = TrB{e−iĤ
(+)
B tσ

(±)
β eiĤ

(−)
B t} A.B. et al. JSTAT ’08 SM&FT08 – p. 16/22
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Cumulants and decoherence

Weak coupling A.B et al. JSTAT ’08
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Cumulants and decoherence
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Non-Markovian term

And changing the bath spectral density?
SM&FT08 – p. 19/22



Superpoissonian and Coherent regime

Weak coupling
F

ε
0.6

0.8

1.0

1.2

−800 −400 0 400 800

g = 0
Ch.
Seq.

g 6= 0 @ high T
Mar.
Non-Mar.
Hybr.

g 6= 0 @ low T
Mar.
Non-Mar.
Hybr.

G. Kießlich et al. PRL ’07

High T = 12◦K
Low T = 1.4◦K

Γ+ = 100µeV,
Γ− = 2.5µeV

Superpoissonian only if ∂zΓ
(+)
0 & 0

SM&FT08 – p. 19/22



Superpoissonian and Coherent regime

Weak coupling
F

ε
0.6

0.8

1.0

1.2

−800 −400 0 400 800

g = 0
Ch.
Seq.

g 6= 0 @ high T
Mar.
Non-Mar.
Hybr.

g 6= 0 @ low T
Mar.
Non-Mar.
Hybr.

G. Kießlich et al. PRL ’07

High T = 12◦K
Low T = 1.4◦K

Γ+ = 100µeV,
Γ− = 2.5µeV

Superpoissonian only if ∂zΓ
(+)
0 & 0

∂zΓ
(+)
0 ∝ −

∫ ∞

0
dt t Γ(+)(t) = −τm

SM&FT08 – p. 19/22



Superpoissonian and Coherent regime

Weak coupling
F

ε
0.6

0.8

1.0

1.2

−800 −400 0 400 800

g = 0
Ch.
Seq.

g 6= 0 @ high T
Mar.
Non-Mar.
Hybr.

g 6= 0 @ low T
Mar.
Non-Mar.
Hybr.

G. Kießlich et al. PRL ’07

High T = 12◦K
Low T = 1.4◦K

Γ+ = 100µeV,
Γ− = 2.5µeV

Superpoissonian only if ∂zΓ
(+)
0 & 0

∂zΓ
(+)
0 ∝ −

∫ ∞

0
dt t Γ(+)(t) = −τm

τm Mean memory time!
SM&FT08 – p. 19/22



Superpoissonian and Coherent regime

Weak coupling
F

ε
0.6

0.8

1.0

1.2

−800 −400 0 400 800

g = 0
Ch.
Seq.

g 6= 0 @ high T
Mar.
Non-Mar.
Hybr.

g 6= 0 @ low T
Mar.
Non-Mar.
Hybr.

G. Kießlich et al. PRL ’07

High T = 12◦K
Low T = 1.4◦K

Γ+ = 100µeV,
Γ− = 2.5µeV

Superpoissonian only if ∂zΓ
(+)
0 & 0

∂zΓ
(+)
0 ∝ −

∫ ∞

0
dt t Γ(+)(t) = −τm

Classical intuition fails ! A.B., et al. Physica E ’08
SM&FT08 – p. 19/22



Cumulants from Recursive scheme

Strong coupling C. Flindt et al. PRL ’08
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Finite frequency noise

Strong coupling C. Flindt et al. PRL ’08
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