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Phase Transition Analysis of Basal Ganglia-Thalamus-
Cortex Model Induced by Lévy Noise
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Abstract: The pathogenesis of Parkinson’s disease is closely related to the abnormal beta band
firing rate of cortical neurons in the brain. Based on a basal ganglia-thalamus-cortex model, the
microcircuit in the striatum is considered into the model. In the deterministic model, the effect of
connection weight between medium spine neurons with D, receptor and D, receptor on firing rate of
neurons in the cortex is analyzed. The bifurcation results show that the decrease of connection
weight caused oscillating firing rate of neurons in the cortex. Then, Lévy noise is added to the deter-
ministic model,and the effect of the noise intensity D,stability index a,and skewness parameter 8 of
Lévy noise on oscillating firing rate are analyzed. The results show that the increase of D, and the
decrease of f cause a phase transition from stable steady state to oscillation state, and Hopf
bifurcation point of the deterministic model shift to the right so as to expand the oscillation region.
These critical transition points can be predicted through autocorrelation at lag-1, kurtosis, skew-
ness,and variance. These results provide insight into the influence of stochastic noise on the firing
rate of neuron in the cortex.
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