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Self-Organized Criticality (SOC)
and Sandpile Models
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Fig. 1. 1000)(508 rl;llstgigitized map of the neotropical forest in
Barro Colorado Island, Panama, in 1983.2:4) Gap sites, 5x5m
subplots in which vegetation height is less than 20 m, are plotted
by black dots.

Analysis of Structures of Forests by Ising-Gibbs States
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Fig. 2. Log-log plot of the gap-size distribution for BCI and the

cluster-size distribution of down spins in the Ising-Gibbs state
with K = 0.37 and h = 0.016.}!) The size of the gap cluster
(down-spin cluster) is determined with Neumann neighborhood.
For the Ising-Gibbs state, we performed the Monte Carlo simu-
lations on a 700x 700 square lattice with the periodic boundary
condition and averaged over 10 data, each of which is obtained
after discarding 1500 Monte Carlo steps. Clusters contained in
a 199x99 region on the lattice are counted and the points in the
distribution have been logarithmically binned in boxes of powers
of two.
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2. HERMITIAN MATRIX-VALUED PROCESS
AND DYSON’S BROWNIAN MOTION MODEL

eLet Bj(t), |§ij (t)1<i,j<N, be mutually independent (standard one-dim.) Brownian
motions started from the origin. Define

5B <)
5;; (1) =1 Bi(t) (1=1])
58O (> ))

%&m (i < i)
& (t) =+ 0 (1=])
a%%m (i> )

Consider the N x N Hermitian Matrix-Valued stochastic process

E(t) = (fij (t))lgi,jg,\, = (Sij (t) + \/jlaij (t))Ki,jSN
That is,
5., (1) s, () ++v=18,() s, +v-1a,0) .. s,(t)+V-1a,(t)
5, (1) == 1a,, (t) 5,2 (£) Su(0)+V=1a,(t) ... s, (1)++-1a,(t)
=) =| % (t)—v=1a,(t) S,(t)—~—1a,(t) Sy (t) o Sy (1) -1y, (1)
SlN (t) - ﬁlam (t) SZN (t) - \ﬁlazN (t) S3N (t) - \ﬁlasN (t) SNN (t)
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«Consider the variation of the matrix, d=(t) = (dcfij (1)

It is clear that o
(dg;(t))=0 L<i,j<N)

And by the previous observation, we find that
([dg,®f)=0  (@<izj<N)
(d&, ()dE, (1) =(d&, (t)d&, (1) )=dt  (@<i=j<N)
(d&®))=dt  (<i<N)

They are summarized as

(d&, (t)dé, (1) =5,0,dt  (@1<i, jkn<N)

in~" jk

)1si,jsN

o Since E(t) is a Hermitian matrix-valued process,
at each time t there is a Unitary Matrix U (t) = (uj; (t)).4; ;< » such that

U (t) Z(t)U (1) = A(t) = diag{A (t), A, (1),...., 4, (1)}

where the eigenvalues are in the increasing order
LM <A <....<A,(t), Vte0,0)

Mt = (4,(), 4,(1),.... 4, (1)) e R"
as an N-particle stochastic process in one dimension.

* \We can regard
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Phys. Rev. Lett. 105, 190601
(issue of 5 November 2010) 12 November 2010
Title and Authors

How Animals Avoid Each Other

A foraging spider monkey appears to follow
a specific kind of "random walk" that
optimizes its chances for finding food. Now
theoretical work in the 5 November
Physical Review Letters explores how this
type of motion may help these monkeys, as
well as other animals, avoid unfriendly
encounters with competitors or predators.
The theory predicts how long it would take
for different foraging animals to meet up,
but the formalism could also help in

Mational Geographic/Punchstock

understanding the dynamics of physical Going separate ways. New calculations
systems such as chemical reactions in could help uncover whether spider
turbulent environments. monkeys have adapted a foraging pattern

that avoids run-ins with other monkeys.

The standard example of a random walk is  The theory could also apply to molecules
a drunk man stumbling away from the bar g{fﬁﬂ;‘g;'}ﬁ;ﬁgfgﬁ;ﬂi; search
in random directions for each step. '
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