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The study of extreme events has gained increasing attention in recent years due to its ubiquitous appearance in a 
wide variety of important physical situations ranging from natural disasters to financial crises. Previous studies have 
indicated many factors and mechanisms which may cause such rare, recurrent, aperiodic events which have a large 
impact on dynamical systems. Some of these include progressive spatial synchronization and an interior crisis in net-
works of non-identical relaxation oscillators.

An important factor which often shapes the dynamics of systems in which such extreme events are observed is 
time delayed coupling. For instance, neural activities across different regions of the brain – whose synchrony may lead 
to epileptic seizures – are coupled by time delayed coupling. Moreover, as the flow of information in these networks 
might take different routes to travel from the source to the destination, more than one delay could be associated with a 
single pair of nodes. The impact of these time-delayed couplings on the emergence of extreme events has not yet been 
analyzed. In this talk, we investigate if delay couplings alone can induce extreme events in excitable systems.

To study the impact of such delay-couplings, we investigate a system of two identical FitzHugh-Nagumo os-
cillators diffusively coupled by single or multiple delays. We show that such a system shows rich dynamics which 
comprises of in-phase and out-of-phase extreme events. The stability of the synchronization manifold and its invariant 
subsets plays a crucial role in determining the qualitative nature of the dynamics. We also identify that the region in 
parameter space where extreme events are observed; is sandwiched by two particular bifurcations: a bubbling transi-
tion and a blowout bifurcation. Another striking feature of the events of the second category is the loss of synchrony 
significantly prior to the actual event. This allows us to use the phase difference between the oscillators as a precursor 
to such an extreme event.

Additionally, from a dynamical systems point of view, the delay-coupled FitzHugh-Nagumo system is interest-
ing because it presents an example of amplitude death in coupled identical oscillators. Our analysis shows that the 
intricate interplay of the invariant subsets and their manifolds leads to the system showing extremely long transience 
before convergence to fixed point or chaotic attractors. This interplay also leads to the formation of riddled basins of 
attraction with tongue-like structures embedded in them.  
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Macroscopic oscillations of different brain regions show multiple phase relations that are persistent across time [5]. 
Such phase locking is believed to be implicated in a number of cognitive functions and is key to the so-called Commu-
nication Through Coherence (CTC) theory for neural information transfer [7]. There are a number of mechanisms at 
the cellular level that influence the network’s dynamic and structure macroscopic firing patterns. The question is then 
to identify the biophysical neuronal and synaptic properties that permit such motifs to arise.

To address this issue, we use a semi-analytic modeling approach. We investigate the dynamical emergence of 
phase locking within two bidirectionally delayed-coupled spiking circuits with emergent gamma band oscillations. 


