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Abstract

We study a network model composed of three interacting neuronal pop-
ulations: pyramidal (Pyr) cells, parvalbumin-positive (PV) interneurons,
and somatostatin-positive (SST) interneurons. Starting from a network of
globally coupled quadratic integrate-and-fire (QIF) neurons with hetero-
geneous inputs, we reduce the full spiking network to a low-dimensional
mean-field model consisting of 9 ordinary differential equations (ODEs)
— three for each population.

This reduced system captures the essential dynamics of the network,
allowing for tractable bifurcation and phase space analysis. We demon-
strate the emergence of multistability, oscillatory switching, and coexist-
ing rhythms (mixed beta states) across the populations. In particular, we
find that the strength and directionality of inter-population interactions
critically depend on SST-IN-mediated inhibition, which modulates tran-
sitions between distinct beta-band oscillatory states.

Our results reveal how multiple subtypes of inhibitory neurons coor-
dinate to generate and regulate complex beta dynamics, with potential
implications for understanding neural mechanisms underlying motor con-
trol, cognitive function, and beta-band abnormalities observed in disorders
such as Parkinson’s disease.
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