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We study chimera states in one-dimensional and two-dimensional Gaussian coupled map lattices
through simulations and experiments. Similar to the case of global coupling oscillators, individual
lattices can be regarded as being controlled by a common mean field. A space-dependent order pa-
rameter is derived from a self-consistency condition in order to represent the collective state.

Keywords chimera state, coupled map lattices, nonlocal coupling

PACS numbers 05.45.Xt, 82.40.Ck, 89.75.Kd, 85.60.-q

1 Introduction

In 2002, Kuramoto and Battogtokh found that an array
of identical oscillators with nonlocal coupling could be
split into two domains with certain parameters and ini-
tial conditions: one composed of coherent oscillators that
are mutually synchronized with a unique frequency and
the other composed of incoherent oscillators that desyn-
chronized with distributed frequencies [1]. In this regard,
they developed the mean field theory, which worked very
well for globally coupled systems, in simulating the col-
lective dynamics of nonlocal coupled oscillators. This
phenomenon was called the “Chimera state” which refers
to anything that is composed of incompatible parts. An
exact solution for the chimera state was obtained by in-
troducing a new complex parameter and studying a one-
dimensional ring of phase oscillators that were coupled
nonlocally by a cosine kernel [2, 3]. The dynamics and
bifurcations of the chimera state were clarified by study-
ing two interacting populations of phase oscillators [4–
6]. In two-dimensional spatially extended systems, the
chimera state manifests as rotating spiral waves with a
phase-randomized core [7]. An analytical description of
such a spiral wave chimera was provided in addition. Its
rotational speed and the size of its incoherent core can
be calculated by using perturbation theory [8]. Clus-
tered chimera states were also found in a ring of identi-
cal phase oscillators that were coupled in a time-delayed
and spatially nonlocal fashion. The existence of time-
delay induced phase clustering was verified through the
solutions of a self-consistency equation for the mean field
[9].

Not only nonlocal coupling identical phase oscillators,
but also non-phase models, such as neurons [10] and
chaotic maps, can yield chimera states with certain pa-
rameters and initial conditions. A nonlocal coupling net-
work of chaotic iterated maps was experimentally con-
firmed to contain coexisting spatial domains of coherence
and incoherence [11]. In this paper, we present chimera
states in one-dimensional or two-dimensional Gaussian
coupled map lattices. Similar to the mean field theory,
which has been successfully applied to global coupling
oscillators, an order parameter is defined to represent
the collective state. In contrast to the study in Ref. [11],
we apply Gaussian coupling, which represents the true
distribution of a laser beam. We define an order param-
eter for a coupled map system, which can be used as
an observable value for the system when we attempt to
control the chimera state.

2 Experimental setup and model

Our experimental system is comprised of a liquid-crystal
spatial light modulator (SLM), lens, quarter-wave plate,
polarizing beam splitter, CCD camera, computer, and
laser (635 nm). Figure 1 presents the experimental setup
for our system.

Collimated 635-nm light from the laser passes through
a polarizing beam splitter and quarter-wave plate, which
is oriented 45◦ from the long axis of the SLM. The SLM
reflects the light with a relative phase shift between the
fast and slow axes. The reflected light passes through
the quarter-wave plate and beam splitter again before it
illuminates the camera. We use the computer-controlled
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Fig. 1 Experimental setup.

SLM to apply arbitrary and spatially-dependent phase
modulation to the optical wavefront by using a birefrin-
gent liquid crystal suspended between an array of re-
flective electrodes and a transparent cover glass. Each
of the electrodes acts as an independent pixel that can
impose an arbitrary phase shift ranging from 0 to 2π
between the two polarization components of the incom-
ing light by applying an electric field in order to reorient
the liquid crystal. The polarization optics create a non-
linear relationship between the phase shift φ applied by
the SLM and the intensity of the light incident on the
camera [11, 12],

I =
I0
2
(1 + cosφ). (1)

We use the light intensity I as a feedback signal in
order to communicate with the SLM and choose an ap-
propriate lookup table such that the phase shift φ is pro-
portional to the light intensity:

φ = 2πI. (2)

The current light intensity has a nonlinear relationship
with the light intensity at the previous moment, which
can be expressed as follows:

In+1 =
I0
2
[1 + cos(2πIn)]. (3)

In this setup, we use a lens to project every SLM pixel
onto a single camera pixel. The SLM we used has 512×
512 pixels. We construct a network of iterative maps by
using a computer to link the camera to the SLM. Each
pixel in the SLM or camera corresponds to a node in
the network of coupled maps. The dimensions of such
a CML can be up to 512 × 512. Feedback is achieved
by iteratively updating the phase applied to the SLM by
each pixel, which depends on the light intensity measured
by the camera.

In this paper, we use one-dimensional and two-

dimensional Gaussian coupled map lattices as follows:

ϕn+1
i =2πa

{
I(ϕn

i )+
1

2R

R∑
k=−R

ε[I(ϕn
i+k)− I(ϕn

i )]

}
(4)

ϕn+1
i,j =2πa

I(ϕn
ij)+

1

4R2

R∑
k,l=−R

ε[I(ϕn
i+k,j+l)−I(ϕn

i,j)]


(5)

Here, i, j = 0, 1, 2, . . . , N − 1. n denotes the discrete
time. Each element is coupled diffusively to all the el-
ements within a distance R on either side and ε de-
scribes the Gaussian distribution of coupling. ε =
a0exp(−qd2). q = 9

2R2 guarantees that R is equal to
three standard deviations. a0 represents the strength of
the Gaussian coupling. d = min(|k|, N − |k|) for one di-
mension and d =

√
d21 + d22 where d1 = min(|k|, N−|k|).

d2 = min(|l|, N − |l|) for two dimensions.

3 Chimera states

Figure 2 characterizes the dependence of the dynamics
of the one-dimensional system on the coupling strength
a0 and coupling range r = R/N by plotting snapshots
of the phase. The phase is incoherent when the cou-
pling strength a0 or couple range r is small, as shown
in Figs. 2(a), (b), (d), and (g). When the system cou-
ples with medium strength and distance, it is divided
into two groups. One is coherent while the other is in-
coherent, as shown in Figs. 2(c), (e), (f), and (h). When

Fig. 2 Snapshot of the phase with different coupling
strengths and ranges. r = R/N represents the coupling
range. R is the coupling distance. a0 represents the strength
of the Gaussian coupling ε = a0 exp(−qd2). (a) r = 0.230,
a0 = 0.50; (b) r = 0.230, a0 = 0.85; (c) r = 0.230, a0 = 1.00;
(d) r = 0.414, a0 = 0.50; (e) r = 0.414, a0 = 0.85; (f)
r = 0.414, a0 = 1.00; (g) r = 0.450, a0 = 0.50; (h) r = 0.450,
a0 = 0.85; (i) r = 0.450, a0 = 1.00.
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Fig. 3 Snapshot of the phase in the two-dimensional system. r = R/N represents the coupling range. R is the coupling
distance. a0 represents the strength of the Gaussian coupling ε = a0 exp(−qd2). (a) r = 0.25, a0 = 0.60; (b) r = 0.41,
a0 = 0.65; (c) r = 0.47, a0 = 1.50.

Fig. 4 Experimental results for the phase of the two-dimensional system. r = R/N represents the coupling range. R is
the coupling distance. a0 represents the strength of the Gaussian coupling ε = a0 exp(−qd2). (a) r = 0.25, a0 = 0.60;
(b) r = 0.41, a0 = 0.65; (c) r = 0.49, a0 = 1.50.

the coupling strength and distance become sufficiently
large, the system reaches chaotic synchrony, as shown in
Fig. 2(i).

The two-dimensional system exhibits similar phenom-
ena, as shown in Fig. 3. As the coupling distance and
strength increase, the system first becomes chaotic, as
shown in Fig. 3(a). Then it enters the chimera state,
as shown in Fig. 3(b). The spatial distribution of this
two-dimensional system is divided into two domains: one
coherent and phase-locked, and the other incoherent and
desynchronized. In other words, the phase distribution
is continuous in the region near the four corners and
chaotic in the middle. Finally, it reaches chaotic syn-
chrony, as shown in Fig. 3(c).

Figure 4 presents our experimental results. Using dif-
ferent parameters, the system exhibits the chaotic state
(a), chimera state (b), and synchronously chaotic state
(c).

As a generalization of the theory of synchronization
transitions in globally coupled phase oscillators with fre-
quency distributions, a complex order parameter with
modulus A and phase Θ is introduced into the continu-
ous nonlocal coupled phase oscillators [1]:

A(x, t) exp[iΘ(x, t)] =

∫
dx′G(x− x′) exp[iΦ(x′)]. (6)

where G(x−x′) represents the coupled equations. Thus,
the system is transformed into an assembly of indepen-
dent oscillators under the control of a common force field

represented by A and Θ. Similarly, we define an order
parameter for the coupled map lattices system:

An
j exp[iΘn

j ] =
a0
2R

R∑
k=−R

exp[− 9

2R2
(j − k)2] exp[iϕn

k ].

(7)

The spatial profiles of Aj and Θj are presented in
Fig. 5. We can see that the force mean-field amplitude is
stronger in the coherent domain and weaker in the inco-
herent domain. The order parameter amplitude reaches
its maximum at the center of the coherent domain. The
dynamics of the system can be summarized as follows:
The system is divided into two subgroups of lattices. In
the first group, the force amplitude is large enough for
the lattices to be entrained, meaning they are coherent.
In the second group, the force amplitude is too weak for
entrainment, meaning the lattices are desynchronized.
The threshold of force amplitude for entraining the lat-
tices increases as the coupling strength a0 increases, as
indicated by Ac in Fig. 5. Table 1 reveals that the crit-
ical order parameter increases as the coupling strength
increases with a set r. Table 2 reveals that the order
parameter also increases with an increasing r while a0 is
set. Therefore, the order parameter reflects the instan-
taneous spatial distribution of the system to a certain
degree, and the critical order parameter is an important
physical quantity for describing the coherent and inco-
herent spatial distributions in the chimera state.
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Fig. 5 Order parameter. r = R/N represents the coupling
range. R is the coupling distance. a0 represents the strength
of the Gaussian coupling ε = a0 exp(−qd2). (a) r = 0.414,
a0 = 1.00; (b) r = 0.414, a0 = 0.85.

Table 1 r = 0.41. The critical order parameter Ac with
varied coupling strength a0.

a0 Ac

0.50 0.2292
0.52 0.2969
0.55 0.3406
0.58 0.4056
0.60 0.4631
0.62 0.5108
0.65 0.5202

Table 2 a0 = 0.65. The critical order parameter Ac with
varied coupling range r.

r Ac

0.40 0.4335
0.41 0.5202
0.42 0.5914
0.43 0.6942

4 Discussion

We studied chimera states in Gaussian coupled map lat-
tices. Similar to the case of global coupling oscillators,

the individual lattices can be regarded as being con-
trolled by a common mean field. In both systems, a
suitably defined order parameter representing the collec-
tive state is derived from a condition of self-consistency,
which must exist between the collective dynamics and
the dynamics of the individual lattices. Because the or-
der parameter is space-dependent and its amplitude A
reaches a maximum at the center of the coherent do-
main, we can consider A as an observable value for the
system. This will allow us to develop a control scheme to
dynamically modulate the position of the coherent por-
tion of a chimera state in the future.
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