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Background: Synchronization is a
phenomenon observed in neuronal networks
involved in diverse brain activities. Neural
mass models such as Wilson-Cowan (WC) and
Jansen-Rit (JR) can simulate synchronized
states. Although they have been studied for
decades, their ability to demonstrate second-
order phase transition (SOPT) and criticality
has not received enough attention.
Objective & methods: Two networks of
coupled WC and JR nodes with small-world
topologies were constructed and Kuramoto
order parameter was used to quantify the
amount of synchronization. In addition, we
investigated the presence of critical states
using synchronization coefficient of variation.
Results: Both networks reached to high
synchrony by changing the coupling weight
between their nodes. Moreover, they
exhibited abrupt changes in the
synchronization at certain values of the
control parameter not necessarily related to a
phase transition. SOPT was observed only in
JR model associated with a critical point.
Conclusion: Synchronization with high
variability is a necessary, but not enough
condition for SOPT and one needs to find an
associated critical point for further
verification. Critical points in networks of
dynamical systems exhibit characteristics that
are invariant, and our findings study could
advance our understanding of brain disorders
such as the absence seizure activity at low
frequencies.

First, we consider the time series of each node in two models and calculate KOP between them. Figure 1
shows the synchrony value against the coupling coefficient in the JR (A) and WC (B) models, respectively.
Vertical blue bars represent dispersions for ten runs (standard deviations). As a result, the coupling
coefficient equals 1.25 and 4.25 (A), and 0.08 and 0.18 (B) are candidates for phase transition points.
To investigate the second-order phase transition (SOPT), we compute the coefficient of variation (CV) in
Figure 1 against the control parameter (Figure 2). Two peaks in the CV during the continuous phase
transition (at 1.25 and 4.25) are the marker of SOPT in JR model. Also, WC model can not show any peak
and consequently SOPT.

In order to achieve SOPT, synchronization with high variability is a necessary condition, but not enough, and
one needs to find an associated critical point for further verification. critical points exhibit clear
characteristics and invariance of scale. Our findings could advance our understanding of brain disorders such
as the absence-seizure activity at low frequencies.

Multiple criteria can measure neural interactions. One way to recognize the degree of synchronization in a
network of coupled ensembles of identical oscillators is via the so-called Kuramoto order parameter
(KOP). The value obtained with this criterion is equal to:
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Where ∅𝑘(𝑡) is an instantaneous phase of the 𝑘’s node in time t and 𝑁 represents the number of nodes.𝑅
gives a value range in [0, 1] with 0 representing no phase synchrony (asynchronous state) and 𝑅 = 1 when
full synchronization occurs.

Synchronization plays an essential role in the dynamical behavior of neural networks. Brain
synchronization plays a crucial role in determining normal and abnormal brain function as well as in
understanding information processing in a deeper way. Moreover, some brain disorders, such as epilepsy,
can be predicted and detected through synchronization[1]. Synchronized states can be simulated by neural
mass models such as Wilson-Cowan (WC) and Jansen-Rit (JR).
In this research, we constructed Watts-Strogatz networks for JR and WC oscillators separately. Based on
the critical brain hypothesis, the healthy brain function is at or near the transition between different
dynamical regimes. It is reported that these critical states have beneficial properties including optimal
information transformation and high processing[2]. So, we investigated the second phase transition
(critical state) in these two networks since it is a dynamical candidate for the development of healthy
brains[3]. A variety of parameters must be adjusted to enable different activities. In this study, coupling
gain between nodes has been considered to change.
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Figure 1. The KOP
value according to
the coupling
coefficient in JR (A)
and WC (B) models.
Phase transition
points may be found
at the first and last
points of blue-
highlighted regimes.

Figure 2. The
coefficient of variation
(CV) against the
coupling coefficient in
JR(A) and WC(B)
model. The peaks
match with the same
values in Figure 1,
where transitions
happen.


