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Universal Distributions & Correlators

Kinetic Roughening, Nonequilibrium SM, Directed Polymers in Random Media,...
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(KPZ Ageing)
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Experimental determination of KPZ height-fluctuation
distributions
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Abstract. Height-fluctuation distributions of nonequilibrinm 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 Prahofer 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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GUE (r adia/ geometl'y}, Fig. 3. Height-fluctuation distribution for horizontal fronts

in the transient (w ~ t'/?) regime, and a fit by a (scaled

GOE (flatl O’ e and shifted) theoretical distribution fi. A theoretical inver-
RM Ensemb/esl 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.

more Finnish flame front

expts---

2005,
scaled cumulants; ( /

skewness s & kurtosis k




week ending
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Universal Fluctuations of Growing Interfaces: Evidence in Turbulent Liquid Crystals

Kazumasa A. Takeuchi® and Masaki Sano

Department of Physics, 1

We investig
liquid
scaling Iz of the rdar si-Zhang theory in 1 + 1 dime
distribution and the two-point correlation of the interface fluctuations are
the i e 0 dom matrices. This provides quantitative experimental evidence of the
universality prescribing detailed information of scale-invariant fluctuations.

Time—Dependent
Growth Velocity:

(circular)
KM Toolbox:
Slope=>T"

=(h-v, t/Tt)!/3




1+1 KPZ Class: Limit Distributions

(Crossover: Flat to Stationary—State Statistics) KT-PRL110,210604(2013)
THH/LL-PRE89,010103(2014)

PNG=LIS

(Ulam Problem)

&. ..,

SS/DPRM/ASEP- Johannson, 2000

ODB- Gravner, Tracy & Widom, 2001

aBD- Majumdar & Netchaev, 2004
GOE

Baik—
Rains

KPZ TW-GUE*
LIS Finite Time
Corrections...




KPZ Radial Class: Limit Distribution

(Interplay: TW & KPZ) THH/LL-PRE89,010103(2014)

KPZ TW-GUEx*
LIS Finite Time
Corrections...




2+1 KPZ

Universal Distributions---



(unit variance, zero mean)

skewness s=0.424

kurtosis k=0.346 s=0.2935
k=0.1652

T
¢3, DPRM
cc
u5_ DPRM
g5 _DPRM
. g4, DPRM

2d DLG-Dimers
- 2+1 RSOS
KPZ Euler

a=(E-<E>)E__




G.Palasantzas,Surf.Sci.
507,357(2002)



2+1 KPZ GLASS HD:
Thin Film Expt Almeida—PRB89,045309(2014)

CdTe/Si Semiconductor Film:
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Squared Local Roughness Distribution:

I THH & Palasantzas, EPL105,50001(2014)
(WBC, not PBC!) Almeida (2014): Z. Racz, PRE50,3530(1994)



1+1 KPZ Class: SLRD

(Takeuchi & Sano— Liquid Crystal Expt vs. KPZ Euler...)

Reality check....



Extremal Height Distributions:

(WB C) THH & Palasantzas, EPL105,50001(2014).



2+1 KPZ

Universal Limit Distribution
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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 v, /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, =
— $AX/L*72X; for the DPRM problem, the corresponding

L_)lJUllll \./UIIJC\./LUIC auvuuyviu. UlLllllalCl)’, 1L 1ULIUVV DO 11Ulll ulv
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

0 —-0414 1.2005 0.383 0.66144 0.2422 —0.737 0233 0427 0.349
2D DLG-dimers  0.34141  —0.6094 1.2201 0.375 1.0359 0.2415*  —0.830 0.256 0.414  0.338
"Ref. [15]
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Devil in the detalls...
A, A, O=Alx)\



PRE88,042118(2013)
PRL109,17602(2012)




2+1 KPZ Class

Universal Mean:
<&>=-0.849
& Variance:
<E?>=0.235



2+1 KPZ

Universal Correlators*



2+1 KPZ Spatial Covariancex*

7Lexpt25 . 5 nm/sec



Two-Time Autocorrelator: C(t,s)=cwne>-hws<ns»
Page £ its*di=250%0.02=>s=5: r2age.f: s=100: L=10k: nr=28 > Te(t/s)
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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 v, /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, =
— $AX/L*72X; for the DPRM problem, the corresponding

L_)lJUllll \./UIIJC\./LUIC auvuuyviu. UlLllllalCl)’, 1L 1ULIUVV DO 11Ulll ulv
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

0 —0.414 1.2005 0.383 0.66144* 0.2422 —0.737 0.233 0.427 0.349
2D DLG-dimers 0.34141 —0.6094 1.2201 0.375 =>1.0359 0.2415% —0.830 0.256 0.414 0.338
“Ref. [15] Kelling& Odor-PRES84,061150(2011)
170602-3

Devil in the detalls...
A, A, O=Alx)\



2+1 Stationary—State KP/Z*

(higher—dimensional analog Baik—Rains)

Dynamic correlations in the SS---

Universal Variance—

<€ 2>=0.464

=(h(x,At+t_)-h(x.t,)/(BAL)P

Nonperturbative
Functional RG-

<§02>:O.462
Kloss, Canet,
Wschebor

PRE86,051124
(2012)



3d Radial/pt—pt KPZ Limit Distribution:

u5y Kim DP
5, DPRM

DPRM




2+1 KPZ Class:

3+ Universal PDFs, 2 Correlators, & KM Toolbox
=>Rich, Ripe, & Ready to go---

Arigato!

2+1 KPZ NUMERICS: THH- PRL109,170602 (2012)
PRE88,042118 (2013)
PRE89,010103R (2014) w/LunaLin

2+1 KPZ Expt: Almeida—_PRB89,045309 (2014)
Palasantzas—EPL105,50001 (2014)
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