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Universal Distributions & Correlators




1) 1+1 KPZ/ASEP g
exponents, famous RM pdfs

i) 2+1 KPZ Class

-Simple Height Distributions (HD)
-SLRD & EVS (local)
-Universal Limit Distribution

-Universal Spatial
& Temporal Covariance
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A model is proposed for the evolution of the profile of a growing interfa
growth is solved exactly, and exhibits nontrivial relaxation patterns. The sto
ied by dynamic renormalization-group techniques and by mappings to Burge
random directed-polymer problem. The exact dynamic scaling form obtained
interfacgais in excellent ggreement with previous numerical simulations. Prd
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KPZ Stochastic Growth
Eden cluster, ballistic deposit, RSOS surface
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We present results from an experimental study on the kinetic roughening of slow combustion
fronts in paper sheets. The sheets were positioned inside a combustion chamber and ignited from
the top to minimize convection effects. The emerging fronts were videotaped and digitized to
obtain their time-dependent heights. The data were analyzed by calculating two-point correlation

3 functions in the saturated regime. Both the growth and roughening exponents were determined and
)
g

found consistent with the Kardar-Parisi-Zhang equation, in agreement with recent theoretical work.
[S0031-9007(97)03836-2]
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FIG. 3. The spatial correlation function G(r) for three differ-

o0 ent burns of the copier paper (data have been shifted for clarity
and the units are in mm). Filled circles denote the case where
25 the average global tilt of the interface has been subtracted out.
: The solid lines denote 2y = 1. Inset shows corresponding data
for the cigarette paper.
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FIG. 2. (a) A series of successive digitized flame fronts taken
every 5 s following the ignition of copier paper. (b) Evolution
of the time-dependent surface width w(z).
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Universal Distributions for Growth Processes in 1 + 1 Dimensions and Random Matrices

Michael Prihofer* and Herbert Spohn'

Zentrum Mathematik and Physik Department, TU Miinchen, D-80290 Miinchen, Germany
(Received 14 December 1999)

We develop a scaling theory for Kardar-Parisi-Zhang growth in one dimension by a detailed study of
the polynuclear growth model. In particular, we identify three universal distributions for shape fluctua-
tions and their dependence on the macroscopic shape. These distribution functions are computed using
the partition function of Gaussian random matrices in a cosine potential.
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PNG=LIS
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SS/DPRM/ASEP- Johannson, 2000
ODB- Gravner, Tracy & Widom, 2001
aBD- Majumdar & Nechaev, 2004
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FIG. 1. The height 4 of a PNG droplet with nucleation events
corresponding to the permutation (4,7,5,2,8, 1, 3,6).
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FIG. 2. From left to right: the probability densities of the uni-
versal distributions 2, x1, and xo for curved, flat, and stationary
self-similar growth, respectively.

TABLE 1. Mean, variance, skewness, and kurtosis for the dis-
tributions of 2, x1, and xo as determined by numerically solv-
ing Painlevé II [19]. (x"). denotes the nth cumulant.

Curved (y2)  Flat (y;)  Stationary (xo)
(x) -1.77109  —0.76007 0 l d l
(e 0.81320 0.638 05 1.15039 .
3 <§3>E [xD? 0.2241 029355 < 035941 scalea cumulan tS/

0.09345 0.1652 0.28916

5P skewness s & kurtosis k

Experimental determination of KPZ height-fluctuation
distributions

L. Miettinen®, M. Myllys, J. Merikoski, and J. Timonen

Department of Physics, University of Jyviskyld, P.O. Box 35 (YFL), 40014 Jyviskyld, Finland
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Abstract. Height-fluctuation distributions of nonequilibrium interfaces were analyzed using slow-
combustion fronts propagating in sheets of paper. All distributions measured were definitely non-Gaussian.
The experimental distributions for transient and stationary regimes were well fitted by the theoretical dis-
tributions proposed by Prihofer and Spohn in reference [9]. Consistent with the Galilean invariance of the
system, the same distributions were found for horizontal fronts and, when determined along the normal to
the slope, for fronts with a non-zero average slope.
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Fig. 3. Height-fluctuation distribution for horizontal fronts
in the transient (w ~ t1/%) regime, and a fit by a (scaled
and shifted) theoretical distribution fi. A theoretical inver-
sion of the measured distribution is shown in the inset. The
dots denote the measured data and the circles the data with
an avalanche suppressed.
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Universal Fluctuations of Growing Interfaces: Evidence in Turbulent Liquid Crystals

Kazumasa A. Takeuchi® and Masaki Sano

(Received 28 January 2010; published 11 June 2010)

Department of Physics, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan

We investigate growing interfaces of topological-defect turbulence in the electroconvection of nematic
liquid crystals. The interfaces exhibit self-affine roughening characterized by both spatial and temporal
scaling laws of the Kardar-Parisi-Zhang theory in 1 + 1 dimensions. Moreover, we reveal that the
distribution and the two-point correlation of the interface fluctuations are universal ones governed by

the largest eigenvalue of random matrices. This provides quantitative experimental evidence of the

Fig. 8 Histogram of the rescaled
local height

g = (h — veot)/(I't)!/3 for the
circular (solid symbols) and flat
(open symbols) interfaces. The
blue circles and red diamonds
display the histograms for the
circular interfaces at r = 10 s and
30 s, respectively, while the
turquoise up-triangles and purple
down-triangles are for the flat
interfaces at t =20 s and 60 s,
respectively. The dashed and
dotted curves show the GUE and
GOE TW distributions,
respectively, defined by the
random variables ygyug and
XGOE.- (Color figure online)
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universality prescribing detailed information of scale-invariant fluctuations.
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CdTe/Si Semiconductor
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|. Squared Local Roughness Distribution:

— 2+1 KPZ Eqn
- 2d Expt
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1+1 KPZ Class: SLRD
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1+1 KPZ Class: MHD
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TABLE I. 2+ 1 KPZ model parameters, point-plane DPRM geometry; equivalently, KPZ stochastic growth from a flat substrate.

Model folve) A A X [} B (&) (&%), s k

u5, Kim DP 0.38390  —0.1585 1.1978 0389 02518 0.2402 -0714 0250 0422 0343
g5, DPRM —0.55336  —0.2182 1.74215 0381 09363 0.2425 -0675 0211 0433 0356
e3g. DPRM —2.64381 —0.1439  21.03 0387 375.3 0.248 -0.754 0208 0435 0362
g4 DPRM —1.80949  —0.5014 2.8248 0380 77198 0.235 —0.851 0240 0412 0320
KPZ Euler 0.17606 20 002295 0388 1.192x 1073 0.2408 —0.690 0243 0418 0343
2 + 1 RSOS 031270 —0.414 1.2005 0383 0.66144 0.2422 —=0.737 0233 0.427 0349
2D DLG-dimers ~ 0.34141 —0.6094 1.2201 0375 1.0359 02415  —0830 0256 0.414 0338
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2+1 KPZ Spatial Covariance
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DPRM free energy per unit length. It is the distribution
P(£) which lies at the heart of 2 + 1 KPZ class universal-
ity, and the matter demands, in addition to knowledge of 6,
a precise determination of KPZ-DPRM wv,,/f.. To this
end, we have relied heavily upon a Krug-Meakin [20]
finite-size scaling analysis which, by virtue of a truncated
Fourier sum over modes, reveals that the KPZ growth
velocity in a system of finite-size L suffers a small shift
from its true asymptotic value: Av = (dh/dt) — v, =
— %A/\ /L?>72X; for the DPRM problem, the corresponding

DPULILL LULLJULLULL AUU VL. UILULLAWULY, 1L 1ULIUWS 1LULLL Uiv
fact that at early times with conical IC, the KPZ nonline-
arity dominates, generating Cole-Hopf paraboloids with
small superposed distortions arising from the additive
KPZ noise term. While such noise is visible for each
individual run, ensemble averaging produces a smooth
parabolic profile—see Fig 2, proper, which follows from
10* realizations of our DPRM random energy landscape.
Alternatively, for the KPZ stochastic growth models,
such as 2 + 1 RSOS, we study the tilt-dependent growth
velocity [23], Fig. 2(b). For 2D driven dimers, A is known

TABLE I. 2 + 1 KPZ model parameters, point-plane DPRM geometry; equivalently, KPZ stochastic growth from a flat substrate.
Model Foo(Veo) A A X 0 B (&) (£%), s k

u5,. Kim DP 0.38390  —0.1585 1.1978 0.389 0.2518 0.2402 —0.714 0250 0422 0343
g5, DPRM —0.55336  —0.2182 1.74215  0.381 0.9363 0.2425 —0.675 0211 0433 0356
e3;.. DPRM —2.64381 —0.1439 21.03 0.387 375.3 0.248 —0.754 0208 0435 0362
g4p.c DPRM —1.80949  —0.5014 2.8248 0.380 7.7198 0.235 —0.851 0240 0412 0320
KPZ Euler 0.17606 20 0.02295 0388 1.192x 1073 0.2408 —0.690 0243 0418 0343
2 + 1 RSOS 031270  —0.414 1.2005 0.383 0.66144>|< 0.2422 —0.737 0233 0.427 0.349
2D DLG-dimers  0.34141  —0.6094 1.2201 0375 =2>1.0359 0.2415* —0.830 0256 0.414 0338

“Ref. [15] Kelling&Odor-PRE84,061150(2011)
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TABLE 1. 3D KPZ universal moments, pt-pt DPRM geometry; equivalently, 3D Eden growth from a point seed.

A

>

e3 DPRM
u5 Kim DP
¢5, DPRM

g51 . DPRM
SHE Ito_6

Eden A Fireball |

— 3d KPZ

KPZ system Frolvoo) L (&) (£%). (&) /(212 Is|

u5, Kim DP 0.38390 0.71821 241 0.347 4.09 0.338
g5, DPRM —0.55336 0.98433 —2.286 0.312 4.09 0.329
8512 DPRM —0.66593 0.83954 —2.266 0.319 4.01 0.323
3 DPRM —2.64381 4.1481 -2.24 0.304 4.06 0.335
SHE It6-6 —0.13988 0.36136 =227 0.336 3.92 0.303
SHE It6-12 —0.96884 0.21438 =222 0.330 3.86 0.348
Eden A* 0.21979 0.8630 -2.39 0.377 3.89 0.306
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