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Content of the talk:

1.  The  model of  one-dimensional potential with short-range correlated
      random force:  formulation and possible physical origin

2.  Basic parameters and regimes

3.  Sub-diffusion  regime    = T/E
0   

< 1  :

     non-stationary distribution of escape times. 

4.  ac response and noise within dynamically self-induced well :
     simple aging effect  
     



  

Diffusion in a random-field-induced potential

Static random forceF    is the driving force

   is the thermal noise:

Realizations:

Kink   in  the 1D Random-Field  Ising model
Phase boundary between 2 phases  near  disordered 1st-order transition
A particle coupled to an linear  defect  in 2D  disordered media



  

Basic parameters and regimes
Typical “bare”  energy relief Typical relief around moving particle

Probability to find high energy barrier

where

The corresponding length is 

 ~ exp(E/T)  is the delay time



  

Derivation of the (E) distribution

Random potential relief  (x)  is defined  by  a  random walk

where

Probability to find high energy barrier

This RW can be considered like a Langevin equation
 in presence of noise (x t) and potential :

Effective temperature:



  

average velocity > 0

Dynamic phase transition:  when goes to  unity,   v   0

At    <  1  the average time  to travel the segment of length   L    diverges

That indicates the lack of self-averaging among the energy barriers:
very rare but also very  deep potential wells  dominate statistics



  

Non-stationary drift at     < 1

The origin of sublinear drift  can be understood as a result of subsequent 
      trapping of a particle by more and more deep potential wells
 as the total time of motion increases: this is an example of  aging effect

New  notion will be useful:   renormalized distribution of time delays

Probability density to find a
particle in a well with delay time
t  after  it moves for the time t

The corresponding renormalized distribution for energy barriers:

at  > 1

The barrier size

Stationary regime sets in at 



  

Typical relief around moving particle
at  > 1

l
R
      as  t

w
    at  < 1

Non-stationary  time-delay  distribution  at   < 1 :  

On time-scales   t << t
w
   particle can be considered

 to sit inside symmetric  potential well of the form



  

ac  response and noise within dynamically
 selfinduced potential  well 

Distribution function P(x,t) determines probability density  to find a particle
near the point  x   at  time  t  in presence of  an oscillating force 

is the equilibrium solution inside renormalized potential  well

can be expressed in terms of  eigenfunctions and eigenvalues

of the Schrodinger – like equation

(in the limit of  infinite waiting time  t
w
 )

R



  

Relation between  Fokker-Planck  and
( imaginary-time)  Schrödinger  equations

Fokker-Planck equation for probability density:

Stationary solution:

under the condition

Transformation leads to

where 



  

Susceptibility in terms of the Schrödinger  eigenfunctions :

Note that as it should be

It is possible to show that at low energies    <<  1/
1
 

1 
=

Localization length does not
 depend on energy  l


T/F (for  bare potential  U(x) )

g()   is well-defined for  renormalized
           potential U

R
(x) only



  

Dissipative response and noise in   t
w
 limit

at small    << 1

Noise power:

Nearly  1/f    noise   at  low  values of     



  

Dissipative response and noise at finite  long  t
w
 

Distribution of the delay times:

The eigenstates within a well are now  quasi-discrete, with a nonzero decay rates

is much larger than  1/t
w

Nonstationary “1/f”   noise



  

Aging in spin glasses

 = 0.1 Hz



  

Conclusions

● Simple 1D  model  accounts for  dynamically 

   generated hierarchy of  relaxation modes 

   and aging   behavior

● On  moderately high frequency scales, 

 1/    noise is obtained, with 1-  << 1  at low 

     temperatures

●  For a finite   tw   a correction to a pure power law

 depends on the scaling  parameter   tw 
     in agreement

  with experiments  on spin glasses (M.Ocio et al)
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