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Moment analysis of the probability distribution of different sandpile models
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We reconsider the moment analysis of the Bak-Tang-Wiesenfeld and the stochastic sandpile model intro-
duced by ManndJ. Phys. A24, L363(1991)] in two and three dimensions. In contrast to recently performed
investigations our analysis reveals that the models are characterized by different scaling behavior, i.e., they
belong to different universality classes.

PACS numbd(s): 64.60.Ht, 05.65tb, 05.40-a

. INTRODUCTION Ennr— Ennrt 1. )

The Bak-Tang-Wiesenfel(BTW) model was introduced In this way the nei_ghboring sites may be activated and an
as a paradigm of the concept of self-organized criticality2valanche of relaxation events may take place. These ava-
which describes the emergence of spatiotemporal correl gnches are characterized by several physical properties like
tions in slowly driven dissipative systenp$,2]. Despite its Oi}e df’s'ﬁﬁit(?g&?gé thg)il?r)l(gtlc?mneiv(irl)}rigeezra(r)(?apaa(rglljlrer}bl?r:-
Gimensional BTW el i not wel understooe. Especiall 2168t the configuraton s stahihe raius (racis o
he exponents which rmines the avalanche distributi ;
;rg enoF')tokﬁO\tlin ex(;ctcljye.teSevefasl tnsn?eﬁczl Caﬁe?ns;tsbl&gr%ug[igrrllgcsiiosjﬁjag)ées;a;gvagil(;?l\;rgzﬁgc%g probability distri-
made but do not provide consisting resyis-10]. Recently
De Menecket al. performed a moment analysis of the BTW Py (X) ~ X" (4
model[11] which was extended by several authors to differ-
ent sandpile modelgl2—14. Especially the moment analy-
sis of the size distribution of the BTW and Manna sandpile
model has led Chess al. to the conclusion that both mod-
els are characterized by the same scaling exponents and thus X~X" x| 5)
belong to the same universality cldg?]. In this work we , , )
reconsider the moment analysis and compare the scaling b@1€ obtains the scaling relationg, = (7, —1)/(rx—1).
havior of various avalanche quantities for the BTW and '€ Scaling exponents,, describe the static avalanche
Manna model. Our analysis turns out that in contragtl®] properties as well as Its propagation. For instance, the expo-
the moment behavior of both models differs significantly, nent ys, indicates if multiple toppling events are relevant

i.e., the BTW and the Manna model belong to different uni-(ﬁ’safl) cl)rd!rrelevant b;saﬁ 1). Tlhe (re]xpo%antyar %(Iqualzls |
versality classes. the fractal dimension of the avalanches. A possible fracta

behavior of the avalanche boundary corresponds to the in-
equalityD — 1<y, <D. Finally, the exponeny,, is usually
Il. MODELS AND SIMULATIONS identified with the dynamical exponent

. . . . A stochastic version of the BTW model was introduced
The BTW model is defined on B-dimensional square by Manna[15]. Here, critical sites relax to zero, i.eE,

lattice of linear sizeL in which non-negative integer vari- .0 if E,=E, and the removed energy is randomly distrib-

ablesE, represent a physical quantity such as the local enyteq to the nearest neighbors in the way that one chooses

ergy, stress, hejght of a sand column, etc. One pertgrbes ”Pﬁndomly for each energy unit one neighbor. EQe=1 the

system by adding particles at a randomly chosenrsiée-  pehavior of the model corresponds to a simple random walk.

cording to Above this value E.=2) is the choice of the critical energy
irrelevant to the scaling behavi¢see Fig. 1

E,—~E,+1, withrandonr. 1) Recently Dhar introduced a modified version of the two-

dimensional Manna model where the energy of critical sites

A site is called unstable if the corresponding variable exis not reduced to zero b ;—E; ;—2. The energyAE

ceeds a critical valug&, i.e., if E;=E;, where the critical =2 is then equally distributed with probability 1/2 to the

value is given byE.=2D. An unstable site relaxes, its value sjtes (+1,j) or otherwise to the sites (= 1) [16]. In this

is decreased b¥. and the two-dimensional2D) nearest case it is possible to extend an operator algebra, which was

characterized by the avalanche exponents with x
e{s,a,t,r,p}. Assuming that the size, area, etc. scale as
power of each other,

neighboring sites are increased by one unit, i.e., successfully applied in studying the BTW mod8l, to this
modified Manna model.
E,—E,—E, 2 Compared to the BTW model the dynamics of the Manna

model with its stochastic distribution of the energy to the
nearest neighbors can be interpreted as a disorder effect. A
*Electronic address: sven@thp.uni-duisburg.de different kind of disorder effects were investigated in di-
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