BEFORE THE  context .
CONTINUUM LIMIT R et e e o

 In reality, particle number is finite

QUANTIFYING FLUCTUATIONS . How can we model large but finite numbers of

individuals and retain stochastic effects?

IN PARTICLE MODELS FOR Fint paride offecs con produce measureati
COLLECTIVE MOTION patterns in the fluctuations

We study N Brownian particles with positions: X;

They interact with each other through a random and a deterministic coupling function
Start from
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individual, : | dX; = NZf(Xi_Xj)dt+TZg(Xi_Xj)dWi( ),
random ! !
particles We can write this as an equation for the stochastic density: p(z,t) = % Z,ff:l o(x — X,)
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End with ) Ohp = 0 (p(f * p)) + DI (plg * p)°) + 1/ =0 (/g * p)n) 1J: spatiotemporal
smooth, / d Deterministic contribution R

Stochastic term

stochastic
By choosing suitable functions, Fi, we can determine analytic results for fluctuations, &g,

about the deterministic limit, p™:
£z

Statistically, both formulations behave the same but (p, F) = / p(z, t)F(z)dx & (t) = ‘/N(<P> Fy) — (p*, F}))
the latter allows us to find exact results A

PHANTOM TRAFFIC JAMS NONLINEAR DIFFUSION

SYNCHRONISATION

N

Ay = — »  K(Z, = Zp) sin(V, — U )dt + V2DAW,, (1)

m=1
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