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1. Why current fluctuates?

2. How strong fluctuations are?

3. Can we use current noise? 



CLASSICAL VS QUANTUM THEORY OF NOISE

QUANTUM THEORY: 

• scattering formalism, RMT

• Keldysh  technique

• Non-linear σ-model

CLASSICAL THEORY: 

• Boltzmann-Langevin equation

SYSTEMS: 

• Diffusive conductors 

• Chaotic cavities

• SN and SNS systems

COMPLETE
CLASSICAL THEORY OF 
TRANSPORT WAS MISSING

SPI formalism



OUTLINE OF LECTURE 1

1. Introduction to noise, motivation.

2. Stochastic network: Basic requirements.

3. Langevin equations.

4. Stochastic Path Integral.

5. Field theory: Diffusive wire.

6. Relation to standard methods.



SIMPLE INTRODUCTION TO NOISE
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not easy 
to measure



ELECTRON TRANSPORT – RANDOM PROCESS



CUMULANTS OF CURRENT



NOTES ON BALLISTIC CONDUCTOR 1NOTES ON BALLISTIC CONDUCTOR 1



NOTES ON BALLISTIC CONDUCTOR 2NOTES ON BALLISTIC CONDUCTOR 2
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“NIGHT CLUB’’ PHYSICS



1. Generalized charges are classical

2. Separation of time scales, 

• Fast fluctuating currents,

• Slow fluctuating charges,

3. Continuous charges  <=> large parameter

Examples:

BASIC REQUIREMENTS, NETWORK
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R0



NOTES ON LANGEVIN EQUATIONS 1NOTES ON LANGEVIN EQUATIONS 1



NOTES ON LANGEVIN EQUATIONS 2NOTES ON LANGEVIN EQUATIONS 2



NOTES ON LANGEVIN EQUATIONS 3NOTES ON LANGEVIN EQUATIONS 3



NOISE OF MESOSCOPIC BILLIARD

µL µRfC

IL IR

Mesoscopic billiard

Network representation



MESOSCOPIC BILLIARD: EXPERIMENT



GENERALIZATION: STATISTICS OF SOURCES



GENERALIZATION: NETWORK EVOLUTION

A node is called 
“absorbing” if H 
is independent 
of its charge.



DERIVATION OF THE PATH INTEGRAL IN 4 STEPS

1. Time discretization,

2. Independent Markovian currents   =>

3. Conservation of charge, 

4. Integrate out QL and QR,  continuum limit.
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SADDLE-POINT APPROXIMATION

Dominates



FULL COUNTING STATISTICS OF A BILLIARD

µL µRfC

IL IR

Mesoscopic billiard Network representation



FIELD THEORY
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gauge 
invariance

invariance
under 
translations



TWO TERMINALS: UNIVERSALITY

mapping!

two terminal 
conductor



DIFFUSIVE WIRE



SPI AND STANDARD METHODS

SPI V non-
perturbative

in Λ and W

weak transitions, Wτ0¿ 1

Gaussian noise


