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Stochastic Neural Field Equations
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Stochastic Neural Field Equations

Stochastic reaction equation:
thj(t) = AYj(t)dt + de(t)

Eigenvalues of A:
A +iw

Stochastic neural field equation:

diYj(t) = =Y;(t)dt + MSY;(t)dt + cdW(t)

M&(t) = ew(i — (1),

2 2
W(X):blexp[— <;1> ] —bgexp[— <;<2> ] by > by, do > dh,

_ Y if ’Y| < Yax,
(¥) —{ 0.0Y i [Y] > Yo,
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Stochastic Neural Field Equations

[0)
T
205 ..
g NP
5 \ g 0 10000

0 = <5

100 o 0000 100 5000

0 50 0" 5000 50 T .
Space Time Space ve T
0.4
w 0.2
10
0 8
0 40 46
Offset (x) Time
04
a a
2&4 2
502 - 02
g 0 @ o2
Q 0 10
@ 60 40 4 060 6°
20 0 2 ) 0, 4

Spatial Frequency Time o Time

Spatial Frequency

Spatial Frequency

Amplitude

wi

0 10
60 6
40
20 Tt
Offset (x) Time
Q15
[
o
s
§05
Q
@ 0
60 40

20
Time

Priscilla E. Greenwood, Lawrence M. Ward (IMexican Hat coupling of quasi-cycle oscillator



Stochastic Neural Field Equations

Stochastic reaction equation:

thj(t) = AYj(t)dt + de(t)

Stochastic neural field equation:

dyY;(t) = =Y;(t)dt + MSY;(t)dt + dW;(t)
Stochastic reaction neural field equation:

dpY;(t) = AY;(t)dt + MSY,(t)dt + dW;(t)

Yl(t) = (:ZE:;), 9_, = arctan(vj/uj), Z_[ = (uj2 + \/12)1/2
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Stochastic Reaction-coupling Equations

Stochastic equations for phase and amplitude:
N
)

) chﬂ sin(6)(2) — 01(2))

= 4

db(t)

db; = wjdt + Z(t)’

dt +

) N
dz; = (2ZJ(t) — )\Zj(t)> dt + [IZ_;Cj,chos(Hj(t) — Hl(t))] dt + dW(t),
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Stochastic Reaction-coupling Equationss
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Stochastic Reaction-coupling Equations
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Stochastic Reaction-coupling Equations
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Stochastic Reaction-coupling Equations




Stochastic Reaction-coupling Equations
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Approximate Factorization of Stochastic Reaction-coupling

Process

deY(t) = AY(t)dt + dW(t)
Theorem of Baxendale and Greenwood (2011): if A\/w is small

Y(t) ~ ¥(t) = %R_WJU(M),
~ [cos(s) —sin(s)
Rs = (sin (s) cos(s) )

U(t) is a pair of independent Ornstein-Uhlenbeck processes

where

dU(t) = —U(t)dt + dW/(t)
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Approximate Factorization of Stochastic Reaction-coupling

Process

The phase and amplitude processes of
~ o
Y(t) = —=R_,:U(At
() = Rwl(A)

are
df = —wdt + dp(\t)

where ¢ satisfies

dolt) = G-
Z(t) = \TAZ(M)

where Z satisfies
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Approximate Factorization of Stochastic Reaction-coupling

Process

Stochastic reaction neural field with balanced terms:
A
diY;(t) = AY;(t)dt + EMSYJ(t)dt + dW;(t).

New approximate factorization:

Yi(t) ~ ¥5(1) = %thm(m),

where [U}k satisfies
dtUj-‘(t) = —U}‘(t)dt + MU}‘(t)dt + dW;(t),

i.e., IUJ’-k is a stochastic neural field.
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Approximate Factorization of Stochastic Reaction-coupling

Process

The phase and amplitude processes of

i(t) = \%R_mij),

0;(t) = —wt + $(At),

are

where ¢(t) satisfies

N
d65(6)= | 2 ZCH o0~ 0(0) o+ G
Zi(0) = 5200)
where Z(t) satisfies
N
dZ, — <2211(t) _ zj(t)> dt + [;cj,zjcos(@(t) _ ¢/(t))} dt + dW(t).
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Approximate Factorization of Stochastic Reaction-coupling

Process
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Thank you!
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