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t << Phase slips are absent
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Phase-dependent Hamiltonian with “pinning”

Stochastic Transfer Matrix  method  [10]

(1981)
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Stochastic Transfer Matrix  method

Basic scale of the pinning >>  V
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Asymptotic analysis

   Statistics of  shocks  in Burgers turbulence

Small    <<  

but alsoV)

Here Fourrier expansion works  better:

(1981)

Stability analysis  
w.r.t.  second 
harmonics selects  
solution
with the Logarithm
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Generating functional 

Cusp singularity
at low T
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Average the functional  over  
n

small

Slide 10



  

Estimate for the neglected terms 

Correlation length

Is much smaller than L
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Structure of free energy minima:
now we show that the estimates 

Indicate   the fractal  structure of free energy minima  
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Observables

Distribution function of phases
 at local  minimum  in nearly uniform
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Slowly time-dependent  behavior 

One of the major characteristics:  dissipative response 

E  is the freeenergy barrier  between two states

Δ  is the energy difference   between these states

 

 for barriers  E  and asymmetry  
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Combining all  above estimates:

In the time domain:

 (t) =  (1/T) dC(t)/dt  (t>0) Fluct-diss. relation Slide 17



  

What did we learned ?

● 1D Ising spin glass with long-range interaction can 
be described by slow phase variable

● Free energy relief in terms of this variable has fractal 
structure whose parameters can be estimated

● Upon temperature decrease, more and more fine 
tree-like structure develops

● Relaxation is logarithmic in a broad range

 of time-scales 
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5  problems to solve
1. Generating functional  (defined in slide 7) and corresponding action   

refer to the free energy  >
n
( definedfor the recursion  >  from

 the left end of the chain to the reference site  n  
Actually one should consider the sum  

n
(>

n
(

n
(

of two parts of free energy since this is the physical free energy
in the middle of the chain
The problem:  
a)  to produce scaling estimates similar to those
presented in slides 1011 ,   but the total 

n
( ;   

b) to check if the distribution of zeros of the function d
n
(d

is the same  as was derived for  d
n
(dslide 13) ;  if it is not

the same, to derive the correct one. Slide 19



  

2.  Imaginary part of  response Im   was calculated (slide 17) 
     assuming  Gibbs distribution  for different metastable 
    states, each of them defined by some minimum of   function
    

n
(However, this assumption of full equilibrium is not 

   valid if  aging dynamics on timescales  t
a
   is considered

    Namely, thermodynamic Gibbs  distribution will be established
   for modes separated by energy barriers E < <  T ln (t

a
/t

0
) ,  

   whereas  modes with  barriers E >>  T ln (t
a
/t

0
)   will be populated

   just randomly.  As a result,  function  1/cosh2(/2T) in the integral
   on slide 17 should be replaced by some nonequlibrium function, 
  dependent  on the value of   t

a

  The problem:  to find (approximately)  this  nonequilibrium 
  and nonstationary distribution function for the range of
  E  ~  T ln (t

a
/t

0
)   and  then calculate aging part of the 

  response function Im  .

      Slide 20



  

3. Simulate numerically  this 1D spin glass  model  
   (for example, via  Monte-Carlo method);  check  if  the fractal
    structure of low-free-energy minima  does actually exist; 
    find overlap distributions and other characteristics.
    First step:  to choose relevant range of the parameters
    (Q,c,, number of spins N, temperature T
4.  “Intermediate” numerical approach:  try to simulate random 
     functions (x with probability distribution defined by the
     action S

0
 (slide 19)   and check the estimates I proposed

5.   Consider  quantum version of the same Ising problem: 
     add  to the Hamiltonian a transverse-field  term    

i 


i

x    

         with   relatively small   T
c
and  try to derive an

      effective action  in terms of the phase variable  .  
      What happens then to the fractal  structure of energy
       valleys described on slide 13  ?  Will  quantum parameter
      provide some low cutoff  effective  in the T=0 limit ?
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