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1. Deterministic Poincaré maps
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Random Poincaré maps
SDE: day = g[ibﬁ Jol + 68 (2,) W,

T—](XG) = t(xc;)

— noun
IFuQV schame: %H&il%*g( X ) Ak +68 () FZ ]
/A of >0 0%671% Literokwe-

Sl ubﬁom C lq“:éQ>O %géi? IWes, E Kﬂolo)oaﬁ) l90)
s of ksl et | P Hicenko, G Maddoy 08

Theory and applications of random Poincaré maps Januar y 27, 2021 3/21

W\//O 1)



Markov chains
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2. The FitzHugh—Nagumo equation

1 .
dxe = —[x¢ — xf + yi] dt neuron membrane potential
5
dy: = [a — x¢ — by| dt open ion channels
> b = 0 for simplicity in this talk, bifurcation parameter § := 3‘9271
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2. The FitzHugh—Nagumo equation

1 .
dxe = =[x¢ — x2 + ye] dt + %‘ &W? neuron membrane potential
< 3
dy: = [a—x¢ — bys]dt + &, CXW:) open ion channels

> b = 0 for simplicity in this talk, bifurcation parameter § := 3‘922*1

€=0.1,0=0.02, 01 =02 =0.03
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Mixed-mode oscillations (MMOs)
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Random Poincaré map
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Random Poincaré map
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A qualitative result

Theorem 1 [B & Landon, Nonlinearity 25:2303-2335, 2012]
Assume 01,05 > 0. Then \g < 1, and for any initial distribution 1y,

lim PFO{N =n+1N>n} =1- X

n—o0

N is asymptotically geometric.
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Histograms

of distribution of N (1000 spikes)
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Weak-noise regime
Theorem 2 [B & Landon, Nonlinearity 25:2303-2335, 2012]
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Intermediate noise regime
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Summary: Parameter regimes

Regime I: rare isolated spikes
Theorem 2 applies (§ < £%/?)
Interspike interval ~ exponential
Regime Il: clusters of spikes

# interspike osc asympt geometric
o = (0e)Y/?: geom(1/2)

Regime Ill: repeated spikes
P{N=1}~1

Interspike interval ~ constant
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3. Spectral theory of random Poincaré maps
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3. Spectral theory of random Poincaré maps
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3. Spectral theory of random Poincaré maps

Theorem 3: [Baudel & B, SIAM J. Math. Anal. 49:4319-4375, 2017]
The N largest eigenvalues of K are real and positive. 3 60,,c > 0 s.t.
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3. Spectral theory of random Poincaré maps
Freidlin-Wentzell theory:

1 /T
Rate function: I 77(7) = 2/0 (3s — F(745)) T [gg T (7s)] 1 (9s — F(7s)) ds

Large-deviation principle: IP’{xt ~~,0< t < T} ~ ¢ fo.n1()/o?
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3. Spectral theory of random Poincaré maps
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4. Future research

® Asywlfroﬁ@ bgyom)f la(yg olevia tions
(PYQJTN]V\B{? esults in arXiv: 20008643 )
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