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Bifurcation Analysis of Periodic Traveling Wave Solutions in
Excitable Reaction-Diffusion Systems

In this talk, | will show the existence and stability of periodic traveling waves (PTWSs) in two-
variable excitable reaction-diffusion systems. We introduce a system of reaction-diffusion
equations to mimic the excitability of cardiac cells. Our results show two types of
bifurcations in the periodic traveling waves. The Eckhaus and Hopf bifurcations are two
basic bifurcations in the PTWs. There are two families of PTWSs: fast and slow. The first one
is stable in the case of the standard FitzHugh-Nagumo excitable system. However, we
observe that it becomes unstable in our model and bifurcates to an oscillating wave. We
explain this phenomenon by numerically calculating the essential spectra of the periodic
traveling waves. In addition, the standard FitzHugh-Nagumo model cannot capture the
irregular action potentials of sufficiently large periods in a one-parameter family of
solutions. Motivated by this, we propose a modified FitzHugh-Nagumo reaction-diffusion
system by changing its recovery kinetics. We find that the PTWs of sufficiently large periods
cross the stability boundary. Moreover, we observe a reasonable agreement between the
direct PDE simulations and the solutions in the traveling wave ODEs. In two dimensions, we
study the spiral wave instability that agrees with the waves observed in cellular activity.
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