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CONFERENCIA
El lunes 24 de abril, a las 13:00 h, en el Aula S03 de la Facultad
de Ciencias, el profesor ROBERTO BARRIO, investigador del Grupo
de Dinámica Computacional y miembro del Departamento de Matemática
Aplicada de la Universidad de Zaragoza, impartirá la conferencia:

PLAYING WITH NEURONS:
ISOLATED AND COUPLED
In this talk we present some applications from mathematical neuroscience with detailed
biparametric “roadmaps”. Such a roadmap provides an exhaustive information about the
dynamics of a single neuron that one must have to build small neuron networks and to study
rhythmogenesis in central pattern generators (CPG). In the ﬁrst application we characterize the systematic changes in the topological structure of chaotic attractors that occur at
spike-adding and homoclinic bifurcations in the slow-fast dynamics of neuron models. This
phenomenon is detailed in the phenomenological Hindmarsh-Rose (HR) neuron model and a
reduced model of the leech heart interneuron. For the HR model we show that the unstable
periodic orbits emerging through spike-adding bifurcations can be described by sequences
of the symbolic encoding associated with its complex dynamics. The symbolic description
allows us to understand the correlation between the bifurcations and the corresponding metamorphoses of the intrinsic structure of the chaotic attractor of the HR model.
In the second application, we reveal the existence of heteroclinic cycles between saddle
ﬁxed points (FP) and invariant circles (IC) in a 3-cell CPG network (leech heart neurons).
Such a cycle underlies a robust “jiggling” behavior in bursting synchronization. To study
biologically plausible CPG models we employ novel techniques based on the Poincaré return
maps for phase lags between coupled bursters. Using the combination of these techniques
we are able to aggregate big data to parametrically continue FPs and ICs of the maps and
to fully disclose their bifurcation unfoldings as the network conﬁguration is varied and how
to control the diﬀerent synchronization patterns. Note that some of these synchronization
patterns of individual neurons are related with some undesirable neurologic diseases, and
they are believed to play a crucial role in the emergence of pathological rhythmic brain
activity in diﬀerent diseases, like Parkinson’s disease.

