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Joint work with my advisor, David Weisbart: “Components and
Exit Times of Brownian Motion in Two or More p-Adic
Dimensions.”

http://arxiv.org/abs/2210.16429.
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Brownian
Motion in

BN ® The motion of particles suspended in a fluid at dynamic
p-Adic

Dimensions equilibrium
Rahul . . o
Rajkumar e Statistical Mechanics models (e.g. Einstein,

Smoluchowski) as well as Stochastic Process models

e Applications in mathematics, physics, biology, finance...

Figure: A realisation of the R3-valued Wiener Process model !

1Sullivan.t.j at English Wikipedia., CC BY-SA 3.0 http://creativecommons.org/licenses/by-sa/3.0/, via
Wikimedia Commons
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The Classical Wiener Process
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Motion in

“:'7_“:;1& ® (Varadarajan 1997) Stochastic process from fundamental
Dimensions solution to a pseudo-differential analogue of the heat
Rgimar equation for “a vector space of finite dimension over a

non-archimedean locally compact division ring”
ve =0 (FIMpF)u,  (Mf) (%) = |IX]°F(%)  (5)

® |n the concrete case )?t valued in Q9, density given by the
fundamental solution

pa(t. %) = (Ftemt1") () (6)
_ / (E - 7)e—tII gy )
Q3
171 = max (|yal, - - lyal)
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)_et = <X§1)7 s aXt(d)> ’ )?t,l = (Xt(2)7 s 7thd)>
B(r,a)={x€Qy:|x—a <p}, S(R)={xecQ,:|x| =pF}

For small t > 0, integers r < R, and a € B(R):

d
S 1
P (Xt(l) € B(r.a)| X1 e [ S(R)) <pFR<

k=2

P (Xt(l) e B(r,O)) > [1)
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Characterizing the Components

Theorem (R.R. & D. Weisbart)

® For any positive real number t, the components of X; are
not independent.

® The component processes Xt(i) are identically distributed
with the same diffusion parameters as X;.

A Key Oscillatory Integral
P = [ pale, (e 5)d% (10)
Qf” 7
= [ [ Ry P ez )

N / X(x - y)e™ M dy = py(t, %) (12)
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Exit Time Analysis

o Let Y!” be iid with one-dimensional density p1, and define
Y, = <Yt(1), o Yt(d))
¢ Extending (Weisbart 2021), set

pP—1

—1- 2 =
d pbtd _ 1’

and for any Qg—valued stochastic process Z define
{Z} = sw |12
T o<t<T

e First exit probabilities are the complement of the survival
probabilities:

»({7), <)

P({R), <o) - oS o

—doaq Tp_Rb dio>o 0 (13)
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¢ Generalizing to the setting of (Varadarajan 1997)

® Fine analysis of the nature of component dependency

® Distinguishing X: and Y; in fixed dimension

® Further connections with p-adic physics and
non-archimedean modeling

e Efficient simulation
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