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Chimera States - A Brief Introduction

Introduction
The plethora of systems considered during the study of coupling 

between entities exhibiting nonlinear behaviour has led to the 
emergence of a new field of study encompassing biological science 
and mathematics, where the connectivity between neurones proves 
to be a worthwhile quest. But this is not restricted only to the above 
mentioned domains. In this respect, the one thing that interests the 
scientific community at large is the random presence of synchrony 
and its absence in a cluster of nonlinear systems. Any large scale 
complex network is capable of exhibiting this phenomenon. First 
observed by Kuramoto et al. [1-3] the phenomena mentioned here 
has got a very interesting name dating back to the time of Homer. 
Chimera - a three headed fire-breathing monster having the head of 
a lion, the body of a goat and the tail of a serpent - is the name given 
to this phenomenon.

In a population of interconnected nonlinear systems identical 
in nature, the occurrence of chimera states can be indicated by  
simultaneous existence of coherent and incoherent states amongst 
different clusters of the population. The coherent oscillators have 
their phase locked and the incoherent ones are desynchronised 
amongst each other. The basic idea behind it was that, since  
the behaviour of the network as a whole cannot be termed as  

 
synchronous between its elements and neither can be termed as 
asynchronous, the confusion created is similar to that of a chimera 
as one cannot exactly classify the chimera as a particular animal. It 
should be kept in mind that similar phenomenon can be observed 
in the case of a population consisting of non-identical systems. 
But there as the asynchronous nature is attributed to the in 
homogeneity of the network, it cannot be termed as chimera. An 
example of the existence of chimera state in a population of similar 
nodes is shown in Figure 1.

This figure gives a superficial idea about how the chimera 
state might look like in a neural network consisting of about eight 
hundred nodes. The abcissa in Figure 1a is the node index and the 
ordinate is the one of the state variables. As can be seen, between 
the nodes three hundred and four hundred there is a continuum 
of the state variable thus indicating that the nodes are in sync 
with each other. This is further bolstered by the continuous line in 
Figure 1 showing that their phases are locked. Now that we have 
given a brief glimpse of what chimera states might look like in a 
homogeneous population of nonlinear oscillators, we are ready 
to point towards certain field of research where this concept has 
proven its use. This is given the next section.
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Figure 1: One of the
1a: State variables of each node of a network and their corresponding 
1b: Phase.
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Application Areas
The experimental verification of the existence of chimera states 

has been widely studied. The areas researchers had focussed on 
are-chemical oscillators, mechanical oscillators, optical oscillators, 
electronic systems, electro-chemical oscillators and biological 
systems to name a few. In this section we try to discuss each of 
these important areas with brevity.

Chemical systems
In [4], the authors deal with two subpopulations of identical 

chemical oscillators (Belousov Zhabotinsky type oscillators) which 
are globally coupled and are coupled amongst the subpopulations. 
The coupling inside each subpopulation is stronger than that 
between the two subpopulations. On external perturbation via 
light, it has been observed experimentally that although one of 
the groups have constant synchronisation amongst its elements, 
the other one had synchronised as well as unsynchronised and 
semisynchronised states amongst its elements. The chimera 
state appeared to be asymptotically stable and if the system size 
increases then so does its occurrence. This might be because of the 
fact that the oscillators used in this experiment are of relaxation 
type. This state would not have occurred of the coupling was only 
global. These type of observations were also reported in [5].

Mechanical systems
The simplest example of a mechanical nonlinear system is the 

pendula. In [6], the authors have considered a collection of Huygen’s 
clock (twenty in number) to exhibit the existence of chimera as 
well as ‘imperfect chimera’ states. Numerical simulations have also 
been done considering a hundred coupled pendula and the results 
have shown correlation with those obtained from the experiments. 
Experiments with similar systems have been done in [7] to show 
that in two subpopulations of metronomes1  coupled with mere 
springs can exhibit chimera states with the sole variation of the 
coupling strength.

Optical systems
In [8], using a a liquid-crystal spatial light modulator to achieve 

optical nonlinearity in a spatially extended iterated map system, the 
authors have been able to study the coherence and incoherence in 
a population of similar nonlinear oscillators, which are inherently 
responsible for the emergence of chimera states.

Electronic systems
A modified Ikeda time-delayed equation has been considered 

as the nonliear system in [9]. Several clusters of this system has 
been coupled to observe that some of them show synchronisation 
whereas others are in chaotic fluctuations. The physical realisation 
of this had been done using a bandpass FM (Frequency Modulation) 
delay oscillator. In both the numerical as well as experimental 
scenario, multistable virtual chimera states (robust to system 
parameters) of different modality were observed.

A more complex nature of nonlinear system is exhibited by those 
which mimic the spiking of neurones. In this respect, the authors of 
[10] have used the FitzHugh-Nagumo (FHN) neuron coupled with 
its nearest neighbors in a chain configuration to experimentally 
demonstrate that chimera states appear without any fine-tuning of 
both the coupling and oscillator parameters. It has also been shown 
that the chimera states emerge with quiescent and synchronous 
domains when the position of the circuit in the chain was varied.

Electrochemical systems
Electrochemical systems like the tank reactor have been used 

to observe chimera states. In [11], a network of electrochemical 
systems has been constructed where each node is an oscillatory 
nickel dissolution reaction occurring on the surface of an electrode 
of an array of electrodes. Consisting of a total of one hundred and 
forty connections, this network was able to exhibit chimera states 
when the coupling was varied [12,13].

Biological systems
All the above examples discussed have considered systems 

which help in idealising a controlled environment in order to 
stody effective dynamic characteristics. However, they are not 
that tangible in day to day life. But when it comes to physiological 
processes like the circadian rhythms or neuron electrophysiology 
things become more interesting as with these we are able to relate 
on different levels. It was revealed by a study on Diffusion Tensor 
Magnetic Resonance Imaging that the connectivity between the 
neurones in a mammalian brain (also human) has a hierarchical 
structure [14-18]. Naturally the scientific community dealing with 
studies relating to chimera dug deeper in order to see whether 
these systems exhibit chimera like states under global and local 
coupling. In this respect, the Hindmarsh Rose neurone model found 
popularity. One such work is [19], where chimera like states has 
been observed in modular networks.

Conclusion
So we have tried to give a short introduction to chimera states 

with utmost breivity. But what has not been included here are the 
ways in which chimera states can be controlled so as benefit for 
their appearance. One might imagine that since such states occur 
in complex networks of homogeneous population, it can have 
primal importance in the field of electrical networks like power 
grids, social network analysis as well as the much pursed neural 
networks.
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