
Question: Question: What is the probability distribution function (PDF) of a 
                  macroscopic quantity in a far from equilibrium system?

Results: Results: picture gallery - surface growth experimentspicture gallery - surface growth experiments
                              scalability of parallel algorithms, 
               turbulence and surface fluctuations,
               upper critical dimension of KPZ equation
               1/f noise and extreme statistics

Recent attempts: Recent attempts: Nonextensive statistics (Tsallis )
                              Superstatistics (Beck - Cohen)

Simpler question: Simpler question: Do power-law correlations (effective criticality) imply 
                                     (1) nongaussian PDF-s,
                                     (2) universal forms according to universality classes?

Aims: Aims: (1) Construct a picture gallery of scaling functions (PDF-s).
           (2) Identify underlying nonequilibrium features by comparing PDF-s 
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Gaussian and nongaussian distributions I

Extensive quantity in 
a noncritical system
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Gaussian and nongaussian distributions II

Extensive quantity in 
a critical system

nongaussian fluctuations
around the mean

no central limit
   theorem
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Example: Ising model at Tc - emergence of universal scaling functions 
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Boundary condition dependence - a characteristics of nonequilibrium systems



Nongaussianity - width distribution of interfaces

Ag on glass
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Nongaussian distributions - Edwards-Wilkinson (EW) interface
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Nongaussian distributions -Kardar-Parisi-Zhang (KPZ) interface
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Nonidentical, singular, 
nongaussian fluctuations
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attachment: growth along the normal
+ surface tension effects

Q: Is there an upper critical dimension?

No parameters to fit

PRE65,  026136  (2002)



Scalability of Parallel Algorithms (fluctuating time-horizon)

G. Korniss et al. PRL84, 1351 (2000)
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Only local minima
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How does the number of 
active computers grow with L?

αLNactive ~

1=α EW

Events:
Poisson arrivals



Turbulence and the d=2 EW model

S. Bramwell et al. Nature 396, 552 (1998)
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Experiment

Critical Distribution of 
energy dissipation

Distribution of  d=2 
XY magnetization 
below Tc. (finite-size)
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Aji & Goldenfeld, 
PRL86, 1007 (2001)

dissipation is mainly 
on the fluctuations 
of  the shear pancake

Possible connection to extreme statistics?



Width distributions for              signals

∑=
n

nh
2

2w

t)(th

0 T
[ ]

2

~ ∑−
n nhn

n eh
ασP

αf/1

Stationary distribution for Fourier modes

Integrated power 
spectrum

Question:Question:                   Is there an
for which extreme statistics 
distribution emerges? 
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Extreme statistics for            .

∑=
n

nh
2

2w

t)(th

0 T

1=α

( )yPT ασ Φ=)w( 2

new scaling 
variable

T

Ty
σ

〉〈−= 22 ww

2
2

2
2T ww TT 〉〈−〉〈=σ

integrated power spectrum

1=α ( ) yeyey
−−−=Φ1

Fisher-Tippett-Gumbel 
extreme value distribution

2/1≤α ( ) 2

~ yey −Φα

α−〉〈 n~h 2
n

Central limit theorem is 
restored for 2/1≤α

PRL87, 240601 (2001)

1→α



Extreme value statistics

N numbers are drawn from a distribution )(0 yP
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Question: Question: What is the limiting 
                  distribution of the largest number?
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Where do the power laws come from?

History - examplesHistory - examples 1/f noise - voltage fluctuations in resistors 
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Extreme value statistics - resistivity fluctuations

Experimental data on GaAs films: A.V. Yakimov and F.N. Hooge



Boundary condition effects

Nonperiodic signals
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Exact results for ∞=  2, 0.5,α
Numerics:

Window b.c.:

Small difference for 1=α The difference increases
with increasing .α
Example with 2=α



Randomness of the digits ofπ

Observing the right 
boundary conditions 
is  clearly important.

Roughness-
distribution
of  π

Mapping of       onto a surfaceπ

0 … 4

5 … 9



Periodic 1/f signal

d=2 EW surface

The fluctuations of red line display a perfect  1/f power spectrum. 



Spin Chains with Energy Flux

Transverse Ising model
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