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Abstract—Lesions in the brain can break the neuronaliniform random probability such that € [4.1,4.3], N is
synchronization and significantlyffact brain function. In the network size¢ is the coupling strength and the other
this work we propose a simplified model to study the dyparameters are set as= g = 0.001.
namical €fect of random lesions. We show the existence of Several works have shown that this kind of network ex-
a phase transition from the synchronized state to the desymibits phase synchronization [9, 10]. This property can be
chronized state caused by the desynchronization of the nagvaluated by defining a phase according to burst frequency

attacked neurons. such that for each neuron we have
1. Introduction n—n®
() _ Kk
. . . on’ = 2nk+ %ﬁ, (3)
The neurons in the brain are connected according to a nk‘+l - nkJ

complex pattern of connectivity [1]. The topological orga- . i ,
nization of the brain has been associated with integratidﬂ whichne andny,, are the times of two succesive bursts.

and segregation properties [2]. The presence of lesions '€ Phase synchronization can be determined by the Ku-
the brain causes abnormalities in the topological organf@moto order parameter,

zation and has been associated with Alzheimer’s Disease, N

Autism, Schizophrenia and other mental illnesses [6]. As r, = £| Z g, 4)
the synchronization plays an important role in information N =1

processing and cognition [3, 4, 5], neural desynchroniza- w

tion can be responsible for symptoms caused by neurode- <R> = l Z I, (5)
generative diseases. i

Several studies have been made to understand the impact . =~ . :

of lesions in the brain [7, 8]. However the basic proper'—n which is sﬁC|entIy large. The Kgramoto order pa-
ties behind the lesions remain unclear. Based on this Wi met_er,< R >, is 1 when the netw_ork is completely syn-
analyze in this work the couplingffect caused by ran- chronized and 0 when desynchronized.

dom lesions in a synchronized neural network of glob-

ally coupled Rulkov neurons. Despite the simplicity of3. Phase Syncrhonization for Globally Coupled Rulkov
the model we have observed a non-trivial behavior in the Neurons

synchronization-desynchronization transition. : . .
For global coupling there is a critical value, such the

network goes from the desynchronized state to the partial
2. Neural Network synchronized state. For Rulkov neurons the critical vaue i
~ 0.02 as shown in the Figure 1, the phase transition is
dependent of the network size. Figure 1 shows that when
e coupling strength is = 0.04 the network reaches the
maximum possible value for the order parameter and we
consider the network completely synchronized in phase.

To study the transition from the synchronized to thé®
desynchronized state we will consider a simplified mod E
of globally coupled Rulkov neurons (all to all connections

i)

N
L
oy TN O

D = Wl g @ _ -
Decoupling neurons randomly, it is possible to desyn-
wherex s called the fast variable aryds the slow variable, chronize the network. To analyze thigext we first choose
a is associated with the burst frequency and is chosen byaa ¢ in which the network is completely synchronized in

(1)
Xn+l

4. Desynchronization Induced by Random Attacks
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Figure 2: Desynchronizationffect caused by random at-
tacks in the whole network. In both figures the colors rep-
resent diterent initial coupling strength for the moment in
Figure 1: Kuramoto order parameter for Rulkov neuronghich we start the attacks in the network. In the figure
globally coupled. The dierent colors representftérent (3 we present the Kuramoto order parameter as a function
network sizes. of the coupling strength and in the figure (b) we present
the Kuramoto order parameter as a function of the discon-
phase and also other two casess 0.3 ande = 0.2, for nected neurons (DN). The black dashed line in the figure
comparison. For each specifiove disconnect the neurons (2) is the order parameter for the case without attacks (w.
one by one evaluating how the order parameter decreas&s$ion)-
When a neuron is disconnected from the network the cou-
pling strength is reduced by the factor

(N - l), (6) The authors thanks to Thomas Lorimer for his fruitful
N suggestions and comments. This work was made possible

in which | is the number of fiected neurons. Figures 2 through the partial financial support from the Brazilian re-
(a) and 3 (a) show that the network desynchronizes witpearch agencies: CAPES and CNPq.
a lower coupling, the lower the coupling strength is in the
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5. Conclusions
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Figure 3: Desynchronizationffect in the non-attacked
cluster in the neural network. In both figures the colors
represent dierent initial coupling strength for the moment
in which we start the attacks in the network. In the figure
(a) we present the Kuramoto order parameter as a function
of the coupling strength and in the figure (b) we present
the Kuramoto order parameter as a function of the discon-
nected neurons (DN). The black dashed line in the figure
(a) is the order parameter for the case without attacks (w.
lesion).
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