
Phase synchronization phenomena of neuronal networks are one of many features depicted by real 
networks that can be studied using computational models. We investigate the case in which, once coupled, 
there exist two main neuron clusters in the network: one of them is bi-stable, depicting  phase 
synchronized or unsynchronized states, and the second one shows just an unsynchronized state. We 
observe a chimera-like pattern [1][2], which is stable for large networks and intermittent for small 
networks. The chimera-like dynamics results from individual properties of the neurons while the network 
bistability requires uniformity of the neurons input synaptic currents (given by the collective dynamics).
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Abstract

ReferencesConclusions
● We have shown how a network composed of globally connected heterogeneous neurons produce 

intermittent or stable chimera-like states. 

● Based on the isolated neuron dynamics, we infer how aspects from the individual dynamics like the 
difference in natural frequencies, bifurcation, and bistability promote the states of 
synchronization observed in the network's dynamics. 

● The allocation of heterogeneity around the bifurcation promotes the bi-stable configuration with 
coexistence of chimera-like and unsynchronized states because neurons from one side of the 
bifurcation have different  propensity to synchronize than from the other. 

● As the stability of each state depends on the synaptic current features, setups that present certain 
degree of dispersion in the input signal neurons receive enable intermittent ejections from one 
state to the other (the intermittent dynamics). 

The Izhikevich neuronal model can reproduce several neuronal dynamical features [4]. Spikes are fast 
increase and subsequent decrease of membrane potential, while sequence of fast membrane potential 
spikes are known as bursts [5]. Here we study a complete connected network of Izhikevich neurons 
with distinct parameters a uniformly distributed around a bifurcation, which is demarcated by the 
number of spikes in each burst of the periodic dynamics.

 

Fig. 2 : Inter-Spike Interval (ISI) and Inter-Burst 
Interval (IBI) of a single izhikevich neuron varying 
the parameter a through the bifurcation value a*.
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Fig. 1 : Dynamics of the uncoupled neuron, 
for (a) a neuron before the bifurcation (b-c) 
a neuron in the bifurcation (each from one 
basin of attraction for the bistable dynamics) 
and (d) a neuron after the bifurcation.

The Network of non-identical Izhikevich Neurons
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Fig. 3 : Network order parameter as a 
function of the coupling strength γ. The 
network has N = 100 neurons and uniform 
distribution of parameters a around the 
bifurcation.

Fig 4 :  Parameter space varying the range of 
parameters to add heterogeneity. We show  the 
three possible states: synchronized, 
unsychronized and chimera-like.

Fig 5 : Hysteresis curve for different 
network sizes N, the deviations indicate the 
intermittent dynamics for small networks.

Fig 6 : Mean field of the network for the two 
states of synchronization, its uniformization 
indicates how the stability of the two states 
originates.
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(a) Whole network order parameter R
(cannot quantify quimera-like dynamics)

(b) Group of neurons before the bifurcation
(does not present hysteresis)

(c) Group of neurons after the bifurcation
(the synchronization route depends on previous state 
of the network for this cluster of neurons)
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Fig 7 : Time evolution of the network order for a configuration with intermittent transitions. We show the 
Kuramoto order parameter in time for (a) several transitions in a larger time scale, (b) a amplification of 
two transitions and (c) the raster plot of one transition, the black regions demarcate bursts while white 
regions demarcate quiescent periods. 

The Bi-stable (chimera-like/unsynchronized) 
state requires heterogeneity allocated around 
the bifurcation and sufficient distinction 
among neurons. That is, distinct natural 
frequencies for the neurons along with a 
bifurcation which provides distinct 
synchronization capabilities for neurons from 
each side of it.

Reset in the equations of motion so the solution 
does not “blow up” 

For the complex system to remain in a bi-stable configuration, the synaptic current of the unsynchronized 
state has to force the neurons with a low amplitude signal in contrast with high amplitude forcing signal of 
the synchronized state. In a way the unsynchronized state requires the heterogeneity to not be 
suppressed by the collective dynamics, while the synchronized one requires the neurons to loss 
their individual dynamics over a collective one. Particularly in this model, the uniformity in the 
synaptic current is attached with the number of elements that compound the network, due to the 
mean field approximation used for the global connection. Therefore the parameter distribution provides 
the background for the neurons to perform more than one state of synchronization, and the features of the 
synaptic current enable neurons to match frequencies or to retain their distinct natural frequencies.

We use the Kuramoto order 
parameter [3] to measure phase 
synchronization of groups of 
neurons. We are interested in its 
dependence on some parameters 
of interest and its time evolution 
for the intermittent configuration 
indicates transitions for states of 
synchronization.

Burst occurrence time

We change the variable by a 
phasor based on the 
beginning of bursts of each 
neuron.

The absolute value of the average 
over all phasors of a group of 
neurons indicates:
Phase synchronization state if 
R ≅ 1, or non-synchronized state 
if R ≅ 0.

Parameters:
b = 0.20  ; c = -50.0 ;  
d = 2.0    ; I =  10.0 ;
a distinct around
a* = 0.0167800863
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Equations of motion for neuron #i :

https://www.linguee.com.br/ingles-portugues/traducao/propensity.html
https://www.linguee.com.br/ingles-portugues/traducao/through.html

