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In scattering theory: always sub-Poissonian noise

How can it be super-Poissonian?

» Effective transmitted charge greater than e
(example: hybrid systems);

» Instability (multistability) in the system;

» Noise comes from sources other than scattering.




Blonder, Tinkham, Klapwijk ‘82

Voltage threshold:
V>2A/ pe

Charge transferred:

pe

Fano factor:

F=p=>1
Averin, Imam ‘96
Cuevas, Martin Rodero, Levy Yeyati '96




Cron et al '01
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Safonov et al ‘03

Observed:




Safonov et al ‘03

Explanations: two impurities, M and R

M is charged: transport is blocked

M is empty: transport proceeds through R

I+ rr. X

&

I' +1', X +X,

+ 2

X — rates for impurity M

Super-Poissonian noise




Kuznetsov et al '98

Expected:

Observed:

Super-Poissonian
enhancement




Y.M.B., Buttiker '99

Possible explanation:
instability in quantum wells
due to charging effects

u.

No charging -> fixed

1EF u=c,v/(c, +cy)

Charging: u to be found self-consistently




¢, (u—v)+cu=0luj

Generates multistability

I A




Sources of noise:
- Random transmission;

- Fluctuations of the band bottom
/\ u
>

. Results:

,J =e—,c, =—e—
) I c, +c, +c, ou ou

F=l+2(A+FR_FLj2A= 7 (v) ol o0

At the threshold: ¢, +¢c, +¢, =0 => A > ©

Super-Poissonian values




-"Shot noise”: fluctuations around
one of the states
(diverges when the state becomes
unstable).
-"Random telegraph noise” : hopping between
the states.

Both types in combination, if properly accounted for:
Finite Fano factor




Convert mechanical motion into electric current and
vice versa

electrode

- shuttles

S0urce

doubly-clamped beams

cc.V  Spot Magn Det WD Exp ]
00 kY 2.0 160000x TLD 6.2 1 Pt wire




TL

Double barrier plus charging energy
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Sub-Poissonian!




SET device coupled to a harmonic Y.M.B., Usmani,
oscillator and Nazarov ‘05

A

Examples: I
» Suspended carbon nanotubes

» Shuttling molecules

Regime:

» Weak coupling

» Underdamped vy I
» Instability




Very sharp features!
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Weak mechanical feedback: Strong mechanical feedback:
Amplitude small Amplitude large

Strong feedback: requires negative “quality factors”




Example:




Dimensional analysis: S [ /°¢
Common situation: the only time scale £ F_l

[llel’= §S,[lel Poisson value of shot noise

NEMS: the longest time scale ¢l O/,

SUell'Q/w, Strong enhancement!

One-peak distribution function:

S/S, 0@/ w,) (hallW)

Two peaks: further enhancement due to switching




Classical: (@) = 2j dte™ (I1(z)I(z + 1))

class

Quantum: |8, () =2[dte” (I(z)I(z+1))

The current operators do not commute!

NOIEMNG)

How to measure quantum noise? Quantum

detector!




Non-equilibrium noise, zero temperature
4 S

2hoG

S(w)=2FG(elV|-hw)




Monochromatic radiation:
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Tien and Gordon '69
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dc current: (V)= Zﬁ(

What if the radiation is external noise?
Describe it as effect of environment.




No environment:

— 2

I = 1RjdEdE'fL(E)[l—fR(E')]5(E—E')

In environment: Jo(E—-E")Y—> P(E-E")

P(E) related to the properties of the external noise

S (E/h)
E2

G, rdw
P(E):{l— hQ j — SV(a))}é(E)JrGQ




Onac, Deblock, Kouwenhoven ‘05

Andreev reflections are
suppressed

Voltage threshold:
V>2A/e

External noise can be
read-out from the
tunneling current




Two states: n=0 and n=1 Onac et al/ ‘03

Splitting tuned by gate voltage
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No external noise: no current
through the excited state

Current: Additional peaks in the CB region:
[} due to excitations by external noise




Buttiker ‘90

Sup = (L, () + T, (1), (1)

w=0

Current conservation: Sy <0

What is the sign of cross-correlations?

» Fermions - always negative;
» Bosons — may be positive;
» Anyons - ?77?




524 Buttiker ‘90

A: voltage is applied to I
B: voltage is applied to 3
C: same voltage is applied to 1 and 3

[t T
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Fermions: SC

SA

Bosons: S.=8,+35, —




Samuelsson,
Sukhorukov, Buttiker ‘03

4 sources: 1,2,3,4

(2 active: 2,3)

4 detectors: 5,6,7,8

Conductance: No AB

Noise: AB interference!!!

Demonstration of two-particle nature of noise.




