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Abstract: 
 
We analyze a four-dimensional model of electrical activity in a neural population with synaptic coupling and spike-frequency adaptation 
(SFA), which was derived as a mean-field model of a population of quadratic integrate-and-fire neurons. We show that traditional slow- 
fast analysis, with the SFA term as the slow variable, is insufficient for explaining the bursting behavior seen in simulations, and propose  
that nonstandard geometric singular perturbation theory (GSPT) must be applied to explain the full model dynamics. In particular, a small 
additive parameter in the population firing frequency equation suggests an alternative, non-standard, singular limit. To understand the 
dynamics during the silent phase of bursting, we find the critical manifold and investigate its stability in this alternative singular limit.  
We show that the end of the active phase can be understood as the passage through a contact point. For the active phase, we again go to  
the singular limit and show that the system is near-conservative, in the sense that under an additional slow-fast assumption, the fast 
subsystem has a conserved quantity, which we interpret as a “potential” for electrical activity. This quantity explains why the system 
performs ellipse-like oscillations during the active phase. After a time-rescaling, we find an explicit solution of the fast subsystem,  
which allows us to apply slow-fast averaging and understand the overall dynamics during the active phase. In summary, we apply –  
to the best of our knowledge – for the first time GSPT to a neuronal model in non-standard form, which leads to non-trivial analysis,  
in particular for the active phase. 
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