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Fora coupledmaplatticewith a medium strengthof nonlinearity,patternselectionandcompetitionoccur. Intermittentcol-
lapseof theselectedpatternis foundastheincreaseof nonlinearity.Theintermittencyis studiedthroughthespatialandspatio-
temporalpowerspectra.The lattershowa flicker-like noiseat low frequencyonly for modesofwavenumberscorrespondingto
theselectedpatterns.Thescalinganalysiswith thechangeofthewavenumberandthewindow sizeis performed.

1. Introduction and model a wide class of mappingssuch as the circle map
x+A sin(27tx)+D.

As the nonlinearity a is increased, we have
Turbulentphenomenacanbe seenin a varietyof

encounteredwith the patterncompetitionphenom-
systems,such as fluids, optics, solid-statephysics,
chemicalreactions,liquid crystals,plasmas,andalso ena, i.e., patternswith certainwave numberscom-pete and a complex spatiotemporalstructure is
in biology. Onepromisingapproachto suchsystems

formed [14].
is to regardtheturbulenceas spatiotemporalchaos.

In the presentletter, intermittencyassociatedwithFor this approachthe constructionof a field theory
thepatterncompetitionis investigated.Firstwe take

of chaosbasedon a simple model is essential.
the spatialpowerspectraS(k) for x~(i). They show

Oneof the most remarkablesuccessesin recent
thecoexistenceofa peakatk~andabroad-bandnoise

field theoryislatticegaugetheory[1]. Followingthe at k~0.Second,we take the space—timeFourier
spirit ofthe theory,we haveproposeda latticechaos

transformationof x,,(1), thepowerspectraP(k, w).
model usingcoupledmaps [2—5]. It is found that they show an W_a behaviorat low

A coupledmap latticeis a dynamicalsystemwith
frequencyonly for themodeswithk k0.Thedepen-

a discretetime, discretespace,andcontinuousstate
denceof the exponenta on the wavenumberk0— k

[2—13].As a simpleandstandardmodelfor thespa- andon thenonlinearityparametera is investigated.
tiotemporalchaos,the following diffusive coupling

Lastly, a window is introducedto studythe coher-
model is used [2,4,6,10—15]:

encein spaceandscalingbehavior.

x~±1(i)=(l—~)f(x~(i))

+~[f(x~(i+ l))+f(x~(i—l))] ‘ (U 2. Intermittencyby patterncompetition

(phenomenology)
wheren is a discretetimestepandi is a latticepoint
(i= 1, 2 N) with a periodicboundarycondition. As hasalreadybeenreported [2—4,71,the model
The functionf(x) is chosento be thelogistic map

(1) shows period-doublingbifurcations of kink—

f(x) = 1 — ax
2 antikinksto chaosasthe nonlinearityparameterais

increased.If thenonlinearityis small,thekink struc-
butthe phenomenato be shown latercanbe seenin ture itself doesnot move and the chaoticmotion is
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Fig. I. Space—timediagram for the model (I), with a= 1.75,
= 0.3, N= 100 andstartingwith arandominitial condition.Every

64th time stepis plotted from 0 to 200x64. If x
64,,(i) is larger

thanf = ( — I + .,j 1 +4a )/2a, thecorrespondingspace—timepixel
is paintedasblack, while it is left blankotherwise. 1000

confinedwithin eachdomain.As the nonlinearityis
increasedfurther, suchdomainboundariesstart to
move. Throughthe boundarymotion, somespatial
structuresareselected,as is seen,e.g.,in fig. 1. The
statisticsof thespatialpatterncanberepresentedby 0 0 50.0 K256 100.0

the spatial powerspectradefinedby

S(k)= <<s(k, n)>>

~x~) e2~1~/~)) , ~(K)
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Fig. 2. Spatial powerspectraS(k) for themodel (I). Random
initial condition. Calculatedfrom 1000 time stepaveragesafter

0.0 - .~. .“~ . discarding10000 transients.(a)a=1.85. (b) a= 1.89. (c)aS1.98
0.0 50.0 K256 100.0

(s=0.1 andN=256)).
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where <<>> is the long time averageaftertransients
d have decayedout. The spatial power spectrafor
~S(K) ~=0.l are shown in fig. 2. The peakat k0=~is

3000.0 remarkableat 1.75<a<1.88. In the real space,spa-

tial zigzag patternsare self-organized.For larger
nonlinearity(1.88<a) competitionofthebroadband
at ki~i0(turbulentbursts) andk~k~=1/2 (zigzag
structure) canbe seen.In theseparameterregions,
the zigzag patterncollapsesin an intermittentway.

2000.0 A similar kind of intermittencyby patterncom-
petition canbe seenin a wide rangeof parameters
for our model.A competitionbetweenthe patterns
with k=k~1= 2/il and k02= 1/6 are seenat i=0.3
forexample,ascanbeseenin figs. 2d and2e.In this
case,thepeaksin S(k) at k=k~1andk1,2~0appear

1000.0 at somenonlinearity.As a is increased,broadband
noiseatk~0 growstill thepeaksat k= k0 disappear.
“Fully developed”turbulenceis observedat largera,

wherethe powerspectraare roughly approximated
1 by S(k)ccexp(—constxAk

2)[9] and have no
~ prominentpeaksat ks~0. .

0.000 100.0 I(512 200.0 Here,thecasewith ~=0.l (k~=1/2) is studiedin

detail,butsimilarphenomenologyandargumentson
the power spectrahold for other couplings~ with
correspondingkr’s.

e
[SIK)

3. Power spectra for time and space

300.0 It is foundnumericallythat the time seriesof the
snapshotspatialpowerspectras(k, n) show a tem-
porally intermittentbehavioronly for ~ at the
parametersfor the pattern competition intermit-

tency. This selectiveintermittentbehavioris quan-

2000 ~‘ titatively studied by the spatiotemporal power
spectra,i.e., thepowerof space—timeFouriertrans-
formationof x

2~(i):

P(k,w)
2

100.0 =((~~x2~(J)exp(2itikj+2itiwn)~)).

Insteadoftaking thesummationoverall latticepoints
j=l, ..., N, we sometimesusea window, that is, we
take a summationonly over the restrictedregion,

0.000 ‘ 100.0 K512 200.0 1= 1, 2, ..., M (MEN). Here,we show the casewith
M=N. Changewith the window size is discussedin

Fig.2. Continued.(d) a=l.73. (e)a=l.76 (~=0.3andN=512). the next section. The results on the selectivew~
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spectraare independentof the size of a window M. temporalpowerspectraQ(k, w) for s(k, 2n). Both
In orderto removethe period-2bandlike structure, of the results for P(k, w) and Q(k, w) give essen-
the time stepis takenalternately(x7,,). tially the same results for the low-frequency

Remark.Another way of calculation is a direct phenomena.
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Fig. 3. Log—log plot of space—timepowerspectraP(k, w) asa function of w for a= 1.9, e=0.I: (a) k=0, (b) k= 1/8, (c) k=3/8. (d)
k= 4/8.Thepowerspectraarecalculatedin thesameway asin tables1 and2. The systemsizeN= 256 andthewindow sizeM= 256.
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Table I
Low frequencyexponentsaasa functionof bifurcationparametera: The exponenta for P(1/2, w) ‘-..a is estimatedfromthe512x 2
timestepssimulationsofmode(I) with 50 ensembles,after10000stepsoftransients.Randominitial condition.ThesystemsizeN= 256
andthewindow sizeM= 256. Fora> 1.91, thespectrahaveaplateauatvery low frequency(a <1/32) andtheexponentais estimated
fromthedataat l/32<w< 1/4.

a 1.88 1.885 1.89 1.895 1.90 1.905 1.91 1.915 1.92 1.93
a 1.99 1.89 1.86 1.76 1.72 1.64 1.64 1.64 1.64 1.65

At theparameterregionswithpatterncompetition Table 2

intermittency,oursystemshowsthefollowingflicker Low frequencyexponentsaasa functionof wavenumberk:The

noisefor the modeswith k~k0. In fig. 3, P(k, ~) ~ exponentais estimatedin thesamewayasin table1. Thesystem
sizeN=256 andthewindowsizeM=256,a= 1.90. For k< 15/32,

plottedfor k=0, 2/8, 3/8, and1/2. As k approaches the spectrahaveplateausat very low frequency(w<l/16) and

1/2, thelow-frequencypartsgrow andP(k,~,a) w ~a theexponentsaareestimatedfrom thedataat 1/16<w < 1/4.

is clearlyseenfor k= k0 (= 1/2).Notethat theflicker
noiseis selectivelyobservedonly forthemodesk~Ic,,,. k 8/32 10/32 12/32 14/32 16/32

Forthepatterncompetitionoftwowavenumbersk~1 a 1.21 1.28 1.52 1.58 1.72
andk~2,we haveobservedthe flicker noiseof P(k,
w) for k~k01andk~k02.

At the onsetof the collapseof the zigzagpattern
(a~1.88), a is closeto 2, which meansthat the
relaxationtimediverges.As the nonlinearityparam-
etera isincreased,thepoweradecreasesfrom 2. The ~ L~
selective co~a behavior holds for k= 1/2 at - - - •-

1.88~ 1.915.Collapseof thezigzagpatternoccurs - ,.• - - - - -

morefrequently for largera, which leadsto a faster - -

decayof the correlation function and small a. The
changeof awith the parametera is shown in table
1. Fora>~1.915, thepoweris roughlyestimatedfrom
the data at w 1/10, since they have plateausat
w~i0. i0

5 ‘

Next,weconsiderthe changewith wavenumberk. - - -o- -

As k is decreasedfrom k= 1/2, the powerdecreases .0 0

gradually.,the exponentsa are shown in table 1,
where again, plateausat w 0 develop as k is
decreased.For smaller k, the plateausat w 0

0. -
increasesand the spectraapproachthe lorenzian - - - .~. -.

form.

~ ::::.~. D~--D

- -a
- - __A_ - — -

4. Window analysis — - ... - -

I I I I

8 Is 32 B~ 128 M 25G
In the phasetransitionproblemsuchas spin sys-

temson a lattice, the notions of order parameter,
scalinganalysis,andrenormalizationgrouparepow- Fig. 4. The low frequencyparts of P(k, w) versusthe window

sizeM.A(k)=P(k, l/256)+P(k, 2/256)+...+P(k,8/256) are
erful. To openthe studyof lattice theoryof spatio-

plottedversusthewindow sizeM.a= 1.90andN= 256. ~ k=0/8,temporalchaos, it will be useful to developthese A k= 1/8, ~ k=2/8,0 k=3/8,and• k4/8. Thepowerspectra

notions.The spatialpowerspectras(0,n) ands(1/2, arecalculatedin thesamemannerasin tables1 and2.
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n) maybe regardedasanextensionof ferro andanti- stationaryfeatureof theturbulenceand (ir)relevancy
ferro orderparametersin spin systems.In this sec- of modesclearly.
tion we developthe scalinganalysisfor the dynamics
of the order parameterwith the use of a window ~‘.

Let us focuson the powerof somespectralmode 5. Summaryanddiscussions
P(k, w). Thespectralstrengthof suchmodechanges
with the window size M. The strengthapproaches We havereporteda new type of robust intermit-
some constantwith the increaseof M, if the corre- tency. It arisesfrom patterncompetition.A selected
lation length is finite andthe systemattainssome patternwith k=k0 doesnot remainstableandcol-
local equilibrium. Near the critical point of the pat- lapsesintermittently through bursts. This type of
tern competitionintermittency,the spatial correla- behaviormay beobservedin other nonlinearprob-
tionlengthcanbeverylarge,andthespectralstrength lems, e.g., in fluid experiments,where the pattern
can changeas M’~”’~for M’ezM~and approachesa competitionis observed[17,18].
constantfor M> M~. We haveintroduceda kind of filteredpowerspec-

The numericalresultsfor the low-frequencyspec- trastudy.The essentialpoint isthat theflicker-noise
tral strengthA areshown in fig. 4. Herethe strength appearsonly for modesk~Ic0. The filtered power
A is estimatedas spectrastudyfor theexperimentsin the patterncom-

petition is recommended.
8

~ P(k, w, =i/l024). Filtered analysison the power spectrahas been
I developedin the fluid turbulenceproblems,which

We notethatA(k) decreasesas M~’<~(fl( k) <0) for maybring aboutfruitful resultsin thenonlinearfieldtheoryproblems[19]. Theselectivityby the modes
k=0, 1/8, and2/8 asM is increased.The decrease we observedmaybealso seenin otherproblemssuch
stops at M~M. (~64) and stays constantfor

as the brain wave.M> M~.On the otherhand,A is increasingas
Thepresentintermittencyseemsto belongto adif-

(fl>0) for k= 1/2 up to ~ We note that /1(k) ferent class from the Pomeau—Mannevilleone
ispositiveonly for k~k~,while it is negativeforother [20,21] andto becloselyrelatedwith anothermech-
modes. anismsuggestedby Crutchfield [22,10] ~. The w

The abovescalingbehavioris expectedto hold up behavioris widely seenin intermittencyproblems
to M—*co at the critical point, if we believein the [23]. The importantdifferencehere is the robust-
knowledgeof phasetransitionstudiesin spinmodels. nessandselectivity to wavenumbersin our case.
Our resultsnearthetransitionshowa crossoverfrom The changeof relevancywith the wavenumber
Mifik) to a constantat ~ strongly reminds us of the renormalizationgroup

Takingthe resultsof scaling into account,we may analysisin the phasetransitionproblems[241. The
concludethat themodewith k~k0 is relevantin the scalingpropertywith filteredpowerspectraandwin-
sensethat the powerincreaseswith the size of the dow analysismaybetheoreticallyformulatedthrough
window, andothermodesare irrelevantat the crit-

somekind of renormalizationgroup analysis.
ical point.

At a < 1.88, thechaoticburstcorrespondingtok= 0
is transientand a single zigzagpattern covers the Acknowledgement
whole spaceas n—*cc. If we perform the window
analysisat the transienttime regimewherethe cha- I would like to thankY. Iba, S. Takesue,K. Ikeda,
otic burstsstill exist, the Ma-behavioris observed M. Sano,and J. Crutchfield for usefuldiscussionswithout thecrossover.Fork= 1/2,/1 is positive,while

it is negativefor othermodes.This showsthe non-
~ For spatialintermittencyof Pomeau—Mannevilletypeseeref.

[5].
~ For a similar approachto a discreteepidimeologicalmodel, ~ In ref. [tO] a new typeof intermittencyis reported.which Is

seeref. [16]. closelyrelatedto ours.
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